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machine: in one end

VOU put vour raw
un-annotated loaic diagram,
ancl out ot Y’H-H”H'l COMes

vour fully wire wrapped

socket board trame drawer svstem

vour choice
oo ther with
aFinal Fxe eption /\'r-}'nx'/

a Final String [ist

an 1C Location List

lists tor [C Type and Socket Size
]\\,’!t‘/irt';)//\f

a Pin Assignment List

an Unused Circuit Elements and Pins List
a Pin by Pin Wire List

|

and vour diagram back, fullv annotated.

This machine uses

a computer,

and people,

and hardware

all under the same root,
and gives vou a chance
to correct or change

vour circuitry

bhefore we go to hardware.
We deliver in as little as two weeks,
including time for vou

Lo review.
We've been doing this

for more than five vears,
almost in secret.

Now we're telling vou
and the world because

it's about time.
\Write or phone

the keeper of the EECO machine,
Dick Hunter.




Introducing Model 9300
Quality that’s Quick & Quiet

Model 9300 Vacuum Column digital tape transport has
characteristics common to all Kennedy recorders — and
a few new ones. It's quick (125ips); quiet (noise level of
less than 70db), and it has the built-in quality of all
Kennedy products.

Utilizing side-by-side vacuum columns and a capacitive
tape-location detector for improved tape life; air bearings
and Tribaloy coated read-after-write heads to reduce
tape wear and improve data integrity, Model 9300 is ideal
for minicomputer and data collection applications
requiring complete reliability at high tape speeds.

Model 9300 comes complete with all the operational
features of the 9000 Series. Performance is guaranteed
by crystal controlled timing, read threshold scanning, our

read-after-write shortened skew gate and other exclusive
Kennedy features. Operation is simplified by such
operator-oriented features as a front-accessible test
panel, quick-release hubs and simplified tape loading.

Model 9300 has a standard tape speed of 125ips, with
data densities of 200/556¢pi or 556/800 on the 7-track
unit and 800cpi, 1600cpi or 800/1600cpi on the 9-track
transport. The format is NRZI/PE.

Model 9300 is not only quick and quiet — it's very
competitive. That's quite a lot, considering the
Kennedy quality.

KENNEDY CO.

540 W. WOODBURY RD., ALTADENA, CALIF. 91001

(213) 798-0953
| -

KENNEDY - QUALITY ‘- COUNT ON IT

CIRCLE 2 ON INQUIRY CARD




? This Tally printer knows the shortest
way to double or triple your throughput.

ALY Vo ybi SeRia FRINIAR
Yhts 16 VE NEW TALLY 1-1008 $Laihi FRiINILEE

. 16 4t
ThTE RIORELTANILITY aND ORI R S R T YT T T

FLENIRVLITY BRiNG & W R
: PECIIEY -
NI SIPENE Lo Tu THE MiGR ArSeb Aoyl v ut e

TeRh Ak .
TSV AKD BLCTW T PRINY I s EAVILY CRARELD RIREES Canin ok

SEL ADRLTLONAL 1 EAT
e GIEN AT TAE JALLY Ve VGO ADEN. 1N VA Sx Yovh SATS BORTIR

volnr Bouit 4o 818

Fuint wisis A3k Ciain

maTRLE a

o srEes 7 ANHeR FER SLLONE
i Rt iNG )

rarie winnt \3D 3.8 BN
Ak A 1o RLALIOK SRARMETERN
CEATATAL FORRAT CONTRGLE

FRANYS CIVE PART VORRS

PEPTS cosr. A30L 8. AAGTH AT, XKD AtsinaTon wABAY T REE/ESTN0

JALLY 1-1060 BARIAL PRINIER

Tuik, 18 THE NAN TALLY 144008 sERiaL PRINTER PRINTANG A 56 Ere msan 1en ComIRNL R1 AR INTERMAL R
< ks
P8 RIGHBELIARILITY ANB CNIOUE FLERIRILLYY SRING & Mk BLRENTION. 10 1ML NIGH SreAD BLNIAL PRINTER BARK

TAiLy 1-1080 BURIAL PRINIER

THiE 18 T WEW TALLY 1o AE ERIAL PRINTER PRINIING %) (a0 crs uSER INE SONTEEL Bt A ANTRRNAL HIERGPROLEERN:

1108, MIGH RELIABILETY AND 10U TLEAIRILITY BRING & BEM canxsion 16 THE MIBHCSRRLD SLAIAL PRINTER WARRE] .
ERCRLLENT PRINY SUALYY TnkCToAs ANOVE AND STLBM T PRINY Cywe AkD TAVILY CRANGED RISAOR caRYRIBEE

AT ABDE1IONAL FEATVAES MUIEY ST ¥ Thiky, v=1bbo 1BEALFEY VES 1N yous Bata BrRIEH

peiNt BEED D &7
PRINT MiDEH \aE Colms

! naATRIK Vit

SRV BFELE SUIRLHEE PEn BLEOKE

ANt BPATING 5 Lants PEA Y

pAFER WiBIR Pea T B TR L

vl 7 Wil g SRARACTERS



THE
MAGAZINE
OF DIGITAL
ELECTRONICS

COVIPUTER

AUGUST 1976 e VOLUME 15 e NUMBER 8

DEPARTMENTS

8 CALENDAR
12 LETTERS TO THE EDITOR

16 COMMUNICATION
CHANNEL

26 DIGITAL TECHNOLOGY
REVIEW

50 DEVELOPMENTS

57 DIGITAL CONTROL AND
AUTOMATION SYSTEMS

118 MICRO PROCESSOR/
COMPUTER DATA STACK

138 PRODUCTS
166 LITERATURE

167 GUIDE TO PRODUCT
INFORMATION

170 ADVERTISERS’ INDEX

Reader Service Cards
pages 171-174

CIRCULATION
OVER 55,000

Copyright 1976, Computer
Design Publishing Corp.

DESIGN

FEATURES

66

74

7

85

- 95

102

108

136

WESTERN ELECTRONIC SHOW AND CONVENTION

This year Wescon will observe its 25th anniversary “Silver Celebration”
with the 35-session Professional Program which wili concentrate on tech-
nical applications and trends of mini and microcomputers, design aids, and
peripheral equipment, as well as specific needs and attitudes of designers,
users, and manufacturers

IEEE COMPUTER SOCIETY INTERNATIONAL CONFERENCE

Underscoring the pervasiveness of computers, COMPCON '76 Fall's tech-
nical sessions emphasize the successful marriage of technology and func-
tion. Highlights include the Great Debates series, applied tutorial work-
shops, and up-to-the-minute technology roundups

PROGRAMMING HINTS EASE USE OF FAMILIAR MICROPROCESSOR
by Bruce Gladstone and Paul D. Page

Despite reported shortcomings, the 8080 has sufficient power to solve many
applications problems if certain programming techniques are used to take
full advantage of its instruction set

NEW METHOD FOR MAGNETIC ENCODING
COMBINES ADVANTAGES OF OLDER TECHNIQUES
by Arvind M. Patel

Consolidating the superiority of no dc component in the signal read from
tape with high recording efficiency, not found with other methods, zero
modulation recording is also self-clocking and relatively unaffected by
base-line or peak shift in the readback signal

MATRIX COMPUTATIONS FORECAST COMPUTER

MAINFRAME RELIABILITY

by Ramanuj Sharan

A prediction process identifies those areas where efforts can produce max-
imum system level reliability improvement

HARDWARE VERSUS SOFTWARE FOR MICROPROCESSOR 1/0

by John L. Nichols

When implementing input/output interfaces to a microcomputer, tradeoffs
among memory size, processing speed, and special 1/0 hardware must be
considered to achieve the most economical solution for the problem at hand

MACRO PROCESSOR SIMPLIFIES MICROCOMPUTER PROGRAMMING

by Nari Sohrabji

Macro language facilitates programming of microcomputers by producing
code with the efficiency of assembly language and ease of high level
language, thereby providing time and cost savings

POWER DACs PROVIDE PROGRAMMABLE VOLTAGES
FOR MINICOMPUTER-CONTROLLED TEST EQUIPMENT

Digital input of 13 bits to these combined DAC/power sources produces a
+100-V swing at a minimum of 100-mA continuous output to a maximum of
1.0 A
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UID introduces the push-button switch
you don’t have to mount on a PC board.

UID did it for you.

expected. UID’s switch will add quality
and durability to your product.

These switches are available
with any combination of standard
momentary, push-push, or interlock
actuations with operating forces as

Put down your soldering iron
and send your switch inspectors out
for a leisurely lunch.

AMF/UID announces a new
single and four-station push-button
switch mounted to its own integral
printed circuit board for quick
connection. That means you can drop
some time-consuming steps from
your manufacturing process and
avoid flux contamination and related
problems.

This switch is enclosed and
practically immune to the elements.
Since it was expressly designed to
operate in low-energy, high-reliability,
long-life circuits, over one million
trouble-free operations can be

UID Electronics

low as 7 oz. All materials meet UL
Flammability specs of 94VO. Any
circuit interconnection can be made
on the integral PC board.
Silver-plated contacts are
standard, but gold-plated or other
precious metals may be specified. If
the standard edge connections don't
meet your needs, PC or wire wrap
terminals can be provided.
Challenge UID’s design
engineers to meet your specific
requirements. For more information,
call or write: Dean R. Venator,
UID Electronics Division, AMF
Incorporated, 4105 Pembroke Road,
Hollywood, Florida 33021. Telephone
(305) 981-1211. TWX #510-954-9810.




Introducing Ultra-Fast.

At 600 volts and 105°C., our
competition can’t touch it.

But our customers can.




Our new Ultra-Fast fully-insulated
FASTON terminals are UL Recognized
at 600 volts and 105°C.

Which is volts—or degrees—ahead of
other fully-insulated quick disconnects.

But while Ultra-Fast delivers plenty
of electricity to your product, it won’t
deliver any to you—or whoever
services your product. Because it’s
shockproof. And shortproof.

And its design is evidence of AMP
leadership in the manufacture of safe,
high-performance connectors.

Consider the pre-insulated one-piece
housing design, for example. It takes the
place of costly interlocks, shields, and
post-insulation. And the unique,
consistently-controlled, insulation
overhang is sufficient to keep stray leads
—or fingers—from making contact.

Ultra-Fast also has front-end slotted
membranes. They provide clearance at
the base of the tab so that the receptacle
and tab dimple detents can be fully
seated.

AMP and FASTON are trademarks of AMP Incorporated.

CIRCLE 7 ON INQUIRY CARD

Of course, Ultra-Fast offers you the
engineering expertise you'd expect from
AMP. Things like funnel entry to
prevent lead stubbing. Thicker housing
walls. Wire size color coding. Visual
inspection of the wire, before and after
the crimp.

And Ultra-Fast—Ilike all AMP
connectors—comes with the quality
advantages of AMP tooling: fully- and
semiautomatic machines that can turn
out as many finished leads per hour as
production demands. And AMP
technical assistance: knowledgeable,
experienced technical assistance that’s
there when you need it. Where you
need it.

Find out more about how our new
Ultra-Fast can give you fully-insulated
connection for your products.

And fully-insulated protection for
the people who handle them.

Call Customer Service at (717)
564-0100, or write: AMP Incorporated,
Harrisburg, Pa. 17105.

ANMP

INCORPORATED

aendie
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CONFERENCES

SEPT 8—The Invitational Computer Conf,
Marriott Hotel, Newton, Mass. INFORMA-
TION: B. J. Johnson & Assoc. 2503 East-
bluff Dr, Suite 204, Newport Beach, CA
92660. Tel: (714) 644-6037

SEPT 20-22—Convergence 76, Internat’l Sym
on Automotive Electronics and Electric Ve-
hicles, Hyatt Regency Hotel, Dearborn, Mich.
INFORMATION: J. M. Leahy, Micro Switch
Div, Honeywell Inc, 17515 W Nine Mile Rd,
Southfield, MI 48075. Tel: (313) 424-3744

SEPT 22-24—APL76 Conf, Ottawa, Ontario.
INFORMATION : Comshare Ltd, 304-11 Ade-
laide St W, Toronto, Ontario M5H 1M2
Canada

SEPT 26-29—EASCON-76 (Electronics and
Aerospace Systems Conf), Stouffer's Nat'l
Center Inn, Arlington, Va. INFORMATION:
EASCON-76, Suite 636, 821 15th St, NW,
Washington, DC 20005. Tel: (202) 347-7088

SEPT 28-30—Canadian Computer Show-Salon
De |'Ordinateur, Place Bonaventure, Mon-
treal. INFORMATION: Show Mgr, Derek A.
Tidd, Industrial and Trade Shows of Canada,
481 University Ave, Toronto, Ontario M5W
1A7 Canada

OCT 4-5 and 19-20—Instrumentation and
Computer Fair, Philadelphia Marriott, Phila-
delphia, Pa and Sheraton Inn/Washington-
Northeast, Lanham, Md. INFORMATION:
Instrumentation and Computer Fair, Market-
ing Ventures, Inc, 5012 Herzel Pl, Beltsville,
MD 20705. Tel: (301) 937-7177

OCT 10-14—ISA-76 (Instrument Society of
America Internat’l Conf and Exhibit, Hous-
ton, Texas. INFORMATION: Instrument So-
ciety of America, 400 Stanwix St, Pittsburgh,
PA 15222, Tel: (412) 281-3171

OCT 12-14—EUROMICRO, Second Sym on
Micro Architecture, Venice, Italy. INFORMA-
TION: Jan Wilmink, Program Chm, Euro-
micro Symposium, Twente U of Technology,
PC Box 217, Enschede 7801, Netherlands

OCT 12-15—Micro/Minicomputer Exhibit,
US. Trade Center, Frankfurt, Germany. IN-
FORMATION: Bureau of International Com-
merce, U.S. Dept. of Commerce, Washington,
DC 20230. Tel: (202) 377-3748

OCT 13-15—Second Internat’l Conf on Soft-
ware Engineering, San Francisco, Calif. IN-
FORMATION: Dr C. V. Ramamoorthy, Pro-
gram Chm, Dept of Electrical Engineering
and Computer Sciences, U of California-
Berkeley, Berkeley, CA 94720

OCT 19-21—1976 Mini/Micro Computer
Conf and Exposition, Brooks Hall/Civic Audi-

torium, San Francisco, Calif. INFORMA-
TION: Mini/Micro Computer Conf and Ex-
position, 5544 E La Palma Ave, Anaheim,
CA 92807. Tel: (714) 528-2400

OCT 19-21—1976 IEEE Semiconductor Test
Equipment Sym, Cherry Hill Inn, Cherry Hill,
NJ. INFORMATION: Annual Test Symposium
Committee, IEEE Philadelphia Section, U of
Pennsylvania, Moore School of EE, Philadel-
phia, PA 19174

OCT 20-21—9th Annual Connector Sym,
Hyatt House, Cherry Hill, NJ. INFORMA-
TION: Electronic Connector Study Group,
Inc, PO Box 1428, Camden, NJ 08101. Tel:
(609) 424-4014

OCT 25-27—17th Annual Sym on Founda-
tions of Computer Science, Houston, Texas.
INFORMATION: Prof Michael J. Fischer,
Program Chm, Dept of Computer Science,
FR-35, U of Washington, Seattle, WA 98195

OCT 26, OCT 28, and NOV 18—1976/77
Invitational Computer Conferences, Chicago,
Il Minneapolis, Minn; and Dallas, Texas.
INFORMATION: B. J. Johnson & Associates,
2503 Eastbluff Dr, Suite 204, Newport Beach,
CA 92660. Tel: (714) 644-6037

NOV 1-3—Cybernetics and Society Internat’l
Conf, Mayflower Hotel, Washington, DC.
INFORMATION: W. H. vonAlven, FCC, 1919
M St, NW, Washington, DC 20554

NOV 8-11—Third Internat’l Joint Conf on
Pattern Recognition, Del Coronado Hotel,
Coronado, Calif. INFORMATION: A. Rosen-
feld, U of Maryland, Computer Science
Center, College Park, MD 20742

NOV 8-11—Mini- and Microcomputers, Hotel
Toronto, Toronto, Canada. INFORMATION:
Mini- and Microcomputers—Hamza, PO Box
3243, Station B, Calgary, Alberta T2M 4L8
Canada

NOV 8-12—Exhibition of U.S. Computers
and Peripheral Equipment, US. Trade Center,
Sydney, Australia. INFORMATION: Irwin D.
Nathanson, Office of International Market-
ing, DIB-233, U.S. Dept of Commerce, Wash-
ington, DC 20230. Tel: (202) 377-4957

NOV 17—Computer Networks: Trends and
Applications, Gaithersburg, Md. INFORMA-
TION: Harry Hayman, PO Box 639, Silver
Spring, MD 20901. Tel: (301) 439-7007

NOV 23-25—COMPEC’76 (Computer Periph-
eral, Small Computer, and Systems Exhibi-
tion), Wembley Conf Centre, Wembley, Mid-
dlesex, England. INFORMATION: Trident
Conferences and Exhibitions Ltd, Abbey
Mead House, 23a Plymouth Rd, Tavistock,
Devon PL19 8AU England

NOV 23-27—Conf-Exhibition of Automation
and Instrumentation, Milan, Italy. INFOR-
MATION: Federation of Scientific and Tech-
nical Associations, Piazzale Rodolfo Morandi,
2 (Piazza Cavour)-20121 Milano, ltaly

NOV 25-DEC 1—electronica 76 (7th In-
ternat’l Trade Fair for Components and
Production Facilities), Munich Fairgrounds,
Munich, Germany. INFORMATION: Muiin-
chener Messe- u. Ausstellungsgesellschaft
mbH, Munchen 12, Postfach 12 10 09,
Messegeldnde, Germany

SEMINARS

AUG 16-20 and SEPT 20-24—Digital Sys-
tems Engineering, Holiday Inn, Boston, Mass
and Sheraton-Gatehouse, Rochester, NY.
INFORMATION: InfoScope, Inc, 157-159
Whitehead Ave, PO Box 227, South River,
NJ 08882. Tel: (201) 238-2220

SEPT 20-22—Input/Output Systems Semi-
nar, New York Sheraton Hotel, New York
City. INFORMATION: Input/Qutput Sys-
tems Association, 999 Bedford St, Stamford,
CT 06905. Tel: (203) 323-3143

SHORT COURSES

AUG 16-20—CRT and Matrix Display Sys-
tems Design, U of Wisconsin-Extension, Mad-
ison. INFORMATION: John T. Snedeker,
Dept of Engineering, U of Wisconsin-Exten-
sion, 929 N Sixth St, Milwaukee, WI 53203.
Tel: (414) 224-4193

AUG 30-SEPT 3—Data Compression: Theory
and Applications; Software Design for Data
Communication Systems, SEPT 13-17—Com-
puter Architecture, George Washington U,
Washington, DC. INFORMATION: Director,
Continuing Engineering Education, George
Washington U, Washington, DC. Tel: (202)
676-6106

SEPT 12-17—Microprocessors and Minicom-
puters—Interfacing and Applications Using
the DEC LSI-11, Virginia Polytechnic Insti-
tute and State U, Blacksburg, Va. INFOR-
MATION: Harold Walsh, American Chemical
Society, 1155 16th St, NW, Washington, DC
20036

COMPUTER DESIGN/AUGUST 1976



9ix smart reasons that malse the
MDS 4025 Tape Drive the Intelligent Choice.

Just a few of the reasons why over 5000 units are satisfying customers around the world.

@
125 ips The fastest speed ever
e d in a unit this compact
9"x19"). To preserve.tape

ility and data gdality, the
mes in contact only with
vrite he and the tape

n
00 ips rewind The quickest re-
3] ine this size
rbeen able to offer. Dur-
eed rewind, tape flies
contact with the head and
er. Consequently, tape

>aris r‘mrwmizedl

Volume production Mohawk Data
Sciences is recognized as a leaderin
the OEM equipment field. Our 4025
Tape Drives are highly regarded for
their unsurpassed quality and per-
formance record. It's no wonder that

Boston

460 Totten Pond Rd.
Waltham, Ma. 02154
(617) 890-5870

Herkimer
Palisade St.

(315) 867-6472

Herkimer, N.Y. 13350

patible reel
safety sensors
strategic points

the largest OEM companies have in-
stalled over five thousand 4025 Sys-
tems to date. Proven quality. Proven
capability. MDS turns smart reasons
info many intelligent choices.

Los Angeles

Q01 E. Cerritos Av.
Anaheim, Ca. 92805
(714) 772-0803

CIRCLE 8 ON INQUIRY CARD

Air bearings The MDS 4025 feq-

tures air bearings at all tape tum-
around points. The tape fravels on
a pillow of air. so the edge wear
and fape friction commonly pro-
duced by roller bearings are elim-
inated.

For more smart reasons about
the MDS 4025 Tape Drive,
call or write your nearest
MDS OEM Sales Office.

Mohawk 2

Data Sciences
The Intelligent Choice.






The emergence
of a new

thinking machine.

The SEL 32/35.

Twice the power for half
the price.

If your computing needs
could be answered by such
machines as Data General’s
Eclipse, or DEC’s PDP 11series
or Interdata’s 7/32, consider
the SEL 32/35.

Rather than get into bits and
bytes, there’s really only one
thing you need to know about
the SEL 32/35: You get two to
four times the power for every

“compute” dollar spent. Period.

That’s a pretty powerful
statement. But the SEL. 32/35
is a very powerful machine.

Extra power can go a long
way to maintain the balance
you need in your computer
system, so essential for reliable,
peak performance.

And extra power, for fewer
dollars, can do wonders when
you're trying to balance a
corporate budget.

For more information about
the new arrival in our family of
computers, just circle our
number on the Reader Service
Card. Or, for faster action, call
us direct.

Either way, we’ll see that you
get all the vital statistics on our
new baby.

SYSTEMS

ENGINEERING LABORATORIES

6901 West Sunrise Boulevard
Fort Lauderdale, Florida 33313
(305) 587-2900

European Inquiries: 85 bis Avenue Albert 1er 92500/ Rueil. France

CIRCLE 9 ON INQUIRY CARD
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Or else when the power fails, your computer
can lose its mind, its memory...and your data.
But an Elgard Uninterruptible Power System
can give your computer all the protection it
needs—up to several hours of back-up time,
plus continuous isolation from line spikes
and transients. Elgard models are available in
0.5KVA through 40KVA capacities.

You'd better buy protection. Get in touch
with us for complete information. Before your
computer is rubbed out. Elgar Corporation,

San Diego,

ELGA California 92111,

Elgar also is a leading pro-
ducer of AC Line Condition- Phone (71 4)

ers and AC Power Sources. 9565-1155.

8225 Mercury Ct.,

LETTERS TO
THE EDITOR

To the Editor:

The American National Standards
Institute (ANSI) X3A1l ad hoc com-
mittee on dot matrix printing is study-
ing OCR-A and OCR-B characters as
currently being printed using dot
matrix techniques.

Manufacturers who believe that
they are capable of printing these
characters using a dot matrix tech-
nique are invited to contact the com-
mittee chairman, Bruce Norlund. He
can be reached by writing to him at
150 Congress St, Keene, NH 03431,
or by calling him at (603) 352-1130,
X2203.

Bruce K. Norlund
Keene, NH

To the Editor:

In the May 1976 issue of Computer
Design a software product announce-
ment was run for Sofco, Inc concern-
ing PDP-11 cross assemblers for vari-
ous microprocessors. Your readers
should be advised that similar cross
assemblers have been developed at
government expense by Battelle-
Northwest, and are public domain.
The Intel 8080 and the Motorola
6800 are two examples used in a re-
port available through the National
Technical Information Service, 5285
Port Royal Rd, Springfield, VA 22151
(report number BNWL-SA-5701).
This report discusses the techniques
involved in constructing cross assem-
blers using macro definitions. The
macro sets for the 4004, 8008, and
8080 are also available from the Intel
program library. I have also developed
a macro set for the Computer Auto-
mation LSI/2, but this is unavailable
through published references.

Thomas A. Seim

Battelle

Pacific Northwest Laboratories
Richland, Wash

Letters to the Editor should be ad-
dressed:

Editor, Computer Design
Professional Building
221 Baker Avenue

See us at WESCON, Booth #491 Concord, MA 01742
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You asked for
an easily configurable mini.

It's a snap to put together
Honeywell’s Level 6 mini to do the
things you want. For example,
suppose you want a system for

data capture, storage and retrieval.

Here’s how you configure it.

L start with a rack-mountable
Model 6/34 with 24K words of
MOS parity memory, multiply/
divide, realtime clock, 64 vectored
interrupts, and bootstrap loader.

Now let's say you need four
local entry stations and an opera-
tor's console with supporting
peripheral capability. So you add:
* AMultiple Device Controller
board to which you attach a con-
sole CRT, serial printer, and
512K byte dual diskette.

e A Multiple Device Controller
board to which you attach 4 CRTs.

Now your configuration is com-
plete, including all cables, mount-
ing hardware and GCOS/BES1
software. Andit's only $19,978.*

Honeywell

You've goi it.

2.If you want communications
and disk capability, here’s what
you do. Start with the basic
Model 6/36 processor with 32K
words of memory. Then add:
» A Multiple Device Controller
board to which you attach a
console CRT and serial printer.

* A Mass Storage Controller board
to which you attach a 2.5 megabyte
cartridge disk.

* A Multiple Line Communica-
tions Processor board to which
you attach 6 CRTs on full duplex
lines and a host processor
communications link.

* GCOS/BES2 software.

Again, your system is complete,
and the price is only $30,147.*
There's lots more. Besides

those mentioned, we offer a variety
of central processor, communica-

tions, and peripheral options, plus '7
{

additional software. And it’s all
backed by the extensive know-how,

CIDCIE 11 ON INAIIDY .AADD

*U.S. price in quantities of 50.

experience, and worldwide service
organization of Honeywell.

We’'re excited about our easily
configurable mini. To find out more,
just circle the reader service card.
Or write us. Honeywell Information
Systems, 200 Smith Street (MS487),
Waltham, Massachusetts 02154.
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*almer used

& o
deripherals on price

Ebenezer “Itchy Palms” Palmer.

Born prematurely in the bargain
basement of a discount department store.

Shortened his first name to “Eb” to
save writing time.

Once used a borrowed tea bag for
126 consecutive days.

Prided himself on always buying his
minicomputer peripherals on price:
rock-bottom.

But “Itchy Palms” Palmer’s penchant
for parsimonious peripheral purchasing
was beginning to cost him a lot in
returned devices, repairs, headaches and
lost customers.

Until one day, while eating his way
through a bag of day-old fortune ‘cookies,
“Itchy Palms” came across the follow-
Ing message:

“The truly wise man pays for his
mint peripherals only once. Plessey Micro-
systems can expand your minicomputer
systems with a complete line of highly-
reliable, hard-working mini peripherals
that won’t come back to haunt you. And
Plessey Microsystems is part of an inter-
national billion dollar corporation which
prides itself on providing complete and
comprehensive product support services.”

“Pay only once,” smiled Palmer.
“Won’t come back to haunt me. Compre-
hensive product support””

They were talking 4is language.

So from that day on, Eb Palmer
bought all his mini peripherals from
Plessey Microsystems.

He ended up spending much less in
the long run.

=
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And he rewarded himself with a cup
of well-aged tea.

If you’d like to find out how Plessey
add-on core memories, single and dual
disc drives and punched tape readers can
expand your mini without depleting
your resources, just call us today.

Miser’s Delight

Plessey has delivered thousands of reliable low-cost
memories which are being used in a variety of appli-
cations around the world.

Our latest offering is more of the same: 32K
words on a single plug compatible card.

The PM-1132 core memory has an access time of
350 ns, is available with or without parity, and occu-
pies just two slots in your PDP-11 series mainframe.
The PM-1132 is plug compatible in either the stand-
ard or new modified unibus backplane, and can be
selected on any 4K address boundary. Also available
is the new PM-S1132, an NMOS semiconductor mem-
ory which is plug compatible with the DEC MS11-EP,
FP, and JP M05 modules. The PM S1132 contains up
to32K x 18 on a single hex board with a 400 ns access
time and a 500 ns cycle time.

Orif 32K is more than you need, try one of our 8K
or 16K modules with your DEC, Data General, and
Interdata minis. They’re all plug compatible and can
be mixed and matched with memories from the mini
manufacturers.

It's a new high in mini memory performance. And
anew low in minicomputer data storage costs.

Plessey Microsystems

(714) 540-9945




COMMUNICATION CHANNEL

by John E. Buckley
Telecommunications Management Corp
Cornwells Heights, Pa.

In-WATS System Access

The majority of today’s information
processing systems operate with some
element of interactive or time-shar-
ing processing. Those remote termi-
nals which use this method of sys-
tem access typically dial the cen-
tral computer site for processing
access. The advantage of using dial
access is the ability to avoid any com-
munications cost until actual data
exchange is to take place. Dialed
services are charged by telephone
companies on a basis of connection
duration as well as distance be-
tween connected points. Terminal
sites which have occasional or in-
frequent access requirements, such
as with an inquiry application, can-
not cost justify the monthly charge
of leased line. Even when the
leased line is a multiplexed facility
or multipoint line, the proportional
part of the shared facility allocated
to each terminal also can be pro-
hibitive.

Time-sharing systems that provide
processing services to a number of
different company clients have been
confronted continually with the prob-
lem of providing the lowest cost ac-
cess to their various users. Common
access schemes include installation
of extensive leased line networks
which are multiplexed into low
speed, 30-char/s channels with each
channel having a local dial access
telephone number. When typical
interactive terminals were unbuff-
ered direct keyboard entry devices
limited to a 300-bit/s transmission
rate, such multiplexed networks
were adequate.

16

Today’s technology for remote
terminals embodies the capabilities
of microprocessors and local data
storage. Operating philosophy of
these newer and future terminals is
to perform assembly of data entry
at the terminal location and then
to transmit completed data at rates
of 2400 bits/s. These more recent
terminal devices can be used effec-
tively for both data base entry and
inquiry functions. While more com-
prehensive remote terminals pro-
vided a significant increase in trans-
mission and processing efficiency,
they preclude any application of
traditional multiplex networks.

In order to realize some form of
direct communications access cost
control, many companies have re-
sorted to one of three methods of
billing communications access costs.
Most common method is to have the
telephone bill associated with the
remote terminal charged directly to
the processing center. This provides
a separate bill each month for each
terminal. Direct cost allocation is
therefore readily performed.

A second method is to instruct all
remote terminal sites to call collect
to the computer center. In this way,
the remote user is not charged di-
rectly; total communication access
cost is master billed to the processing
center. However, direct cost alloca-
tion is still possible by analyzing
direct toll charges and sorting them
by calling number.

Third method is to assign a credit
card number to each remote termi-
nal site. Each dialed access to the

computer center uses the credit card
number which provides a master bill
to the center; this bill is subdivided
by each remote site’s usage.

All these methods are applicable
to dialed or switched network ac-
cess, and are intended to provide
the least possible and most visible
communications access cost to the re-
mote user and/or the central com-
puter site.

Users of even the more traditional
lower speed terminals have found
that direct dial access can provide
operational and reliability advan-
tages over a leased line multipoint
or multiplex network. One of the
major advantages of dealing with
a switched network is virtual im-
munity to line failure. Leased line
network, whether multipoint or mul-
tiplex, is always susceptible to sig-
nificant downtime in the event of
common network failure. Because of
inherent characteristics of switched
network within the U.S., every time
a connection is dialed a totally dif-
ferent configuration of network com-
ponents is interconnected to estab-
lish the connection. If a particular
connection therefore exhibits an in-
compatible error rate, the abnormal
network component can be bypassed
by redialing.

March 1976 tariff changes for
switched network usage created a
significant low cost access method
for these systems. These increases
raised rates for station dialed toll
charges and, most significantly, in-
stituted a major increase for any
dialed connection (such as credit
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150" PROFILE

high density DIP sockets from R-N
ICL SERIES

CUT COSTS, SPEED PRODUCTION

with these new IcL low-profile DIP sockets from Robinson-Nugent. De-
signed for high speed automatic assembly and maximum shock and
vibration resistance. Has famous R-N ‘‘side-wipe” single

leaf contacts, body meets UL94V-0 flammability rating. 8

thru 40 leads available.

Check the advantages of these high density sockets today!
Write for complete specifications on this new R-N low-
profile ICL DIP socket now.

For maximum package density with traditional
R-N reliability, specify this new low cost,

OBINS ON
R/ NUGENT ING.

800 East Eighth Street, New Albany, Indiana 47150 « Phone: (812) 945-0211—TWX: 810-540-4082
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A Statement of Our
Objectives:

«> »




In a word —that’s it. -

And nothing else
could so eloquently
express our intent:

To provide the
people and companies we
serve with products and
services as absolutely
reliable as possible;
helping them achieve
greater system availability
than ever before possible.

We're AMCOMP.

A company actively
engaged in manufacturing
fixed-head discs and tape
drives, video recording
and display equipment,
and clustered terminal
systems —an industry
leader in future devel-
opment within these
product areas.

We are head-
quartered in Sunnyvale,
California in a ninety-
three thousand square
foot complex; with addi-
tional manufacturing in
Singapore, and sales and
service centers in major
U.S. and European
markets.

In our thirteen
years to date (under the
banners of Data Disc
and Bright), we have
served an ever-widening
spectrum of clientele,
both large and small —
computer systems manu-
facturers, prime users,
and military and govern-
mental organizations.

We would sincerely
welcome the opportunity

to be of service to you, too.

AMCOMP Inc.
686 West Maude Avenue,
Sunnyvale, CA 94086
(408) 732-7330.
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card or collect) which involves a
telephone company operator.

Available under AT&T tariff
FCC#259 is In-WATS service. While
this service also experienced recent
rate increases, the proportion of in-
crease was far less than those im-
posed on other switched tariffs.

Many voice communication appli-
cations have implemented In-WATS
service, providing lower communica-
tions costs for customer service and
customer inquiry applications such
as hotel and rent-a-car reservations.
All use the In-WATS tariff to al-
low customers to reach a centralized
reservation center. However, use of
the In-WATS tariff in data com-
munications applications has been
extremely limited. In the past, rate
differential between In-WATS ser-
vice and other switched network ser-
vices has not been significant. In view
of the recent increases, however, In-
WATS service for switched connec-
tions offers major cost advantages to
data communications users.

In-WATS service is easily recog-
nized by the unique 800 area code
designation, which remote users can
dial without a toll call penalty to
access a centralized facility at which
the service is installed. The present
In-WATS tariff reflects a configura-
tion revision implemented in the
spring of 1975 which provides a
minimum of two In-WATS lines for
each unique In-WATS service or-
dered. Prior to this, an In-WATS
customer was charged for each in-
dividual line.

Most costs incurred by the tele-
phone company in establishing a
switched network connection occur
during initial setup of the actual
connection. Telephone system users
who experience excessive busy sig-
nals create an adverse revenue situa-
tion for the telephone companies.
If a remote location in California
calls a number in New York City
only to find that it is busy, the
California caller will hang up and
attempt to place the call later. In
effect, the phone company already
incurred the majority of the cost by
establishing the connection only to
find a busy condition. The call was
then disconnected without the tele-
phone companies’ obtaining revenue.

When In-WATS service is in-
stalled, volume of calls attempting
to establish connection to that In-
WATS number is significantly higher

20

 Data Calls
2184

. Racommended In-WATS (Band 5)

“Total Monthly Minutes
Average Hour Usage
Grade of Service
Line 1

~ Line 2
Line 3
Line 4

One Band 5 FBD Service (two lines)
One Band 5 MT Service (two Ilnes)

Total In-WATS Cost
Net, Monthly Savings

than volume of calls being placed
to a normal dial access number. As
a result, the incidence of calls ex-
periencing busy signals is higher. In
order to minimize this adverse situa-
tion, the phone company decided to
increase the probability that a call
attempting to reach an In-WATS
number would be completed success-
fully. With the present tariff, two
lines are installed when a single
initial In-WATS service is ordered,
even though the customer is charged
for only one line. Therefore, two
calls can be in progress simultane-
ously, significantly reducing both
the number of busy signals and the
number of redialed calls.

Key to this advantage of In-WATS
service is the definition of a unique
In-WATS service. As with the more
familiar Out-WATS service, Inter-
state In-WATS service is divided
into five bands. Band 1 typically
provides access from states that are
adjacent to the state in which the
service is installed. Band 2 pro-
vides access from states that are
adjacent to those adjacent states,
etc. Band 5 In-WATS service can
accept calls from any telephone in
the continental U.S. with the excep-
tion of calls originating from within
the state in which the service is
installed.

In addition, there are two billing
procedures for In-WATS. A full

' Calling
' s,'rass.asj

13,039
46.6 c::s, ,
- P04
5413 minutea FBD =
4239 mlnutes MT (FBD)
-2673 minutes MT
714 minutes MT .
L $1675.00
~ $1099.06
. $2774.06

s462489

Business Day (FBD) charges a fixed
price per month for each In-WATS
service and permits up to 240 hours
of usage each month on each line.
Usage beyond this is charged at a
minimal per hour rate. Measured
Time (MT) In-WATS establishes a
minimal monthly billing for each
In-WATS line for the first ten hours
of actual usage. Any usage beyond
that is charged on a per hour rate.

In-WATS service therefore is a
combination of a unique band desig-
nation and unique billing procedure.
If a user needs four band 5 In-WATS
lines (two FBD lines and two MT
lines), the telephone company will
install the four lines, but will bill
for one band 5 FBD and one band
5 MT In-WATS service. If another
band 5 MT line were required, the
additional In-WATS service would
be installed with only one line since
it is no longer unique to this par-
ticular installation.

Table 1 is an example of savings
potential available with Interstate
In-WATS. Data for Table 1 have
been compiled from a computer cen-
ter accessed by collect calls from
remote terminals; this was designed
to avoid calling costs to the remote
user. In a typical month sampled,
13,039 minutes of data transmission
incurred a collect calling cost of
$7398.95. As these remote terminals
are located throughout the U.S., it
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Hughes' low-cost C-9 display terminal
makes a minicomputer work like a giant.

Here's an interactive graphic terminal that
does with hardware what most terminals
need software to do. It needs only a mini-
computer or telecommunications coupler
and a 110-volt outlet to give you a ready-
to-work system. And it costs less than
$10,000.
More for your money
The new C-9 terminal offers high resolution,
selective erase, serial interface (standard),
and several other features otherwise
offered only by units costing almost twice
as much—like 17-inch diagonal, 1029-line-
scan, cathode-ray-tube video monitor with
high light output screen for easy daylight
viewing....computer independent zoom
and pan....a joystick for graphics and
alpha-numerics interaction....a hardware
graphic processor for scaling and rotating
graphics and alpha-numerics.

The architecture of the terminal

embodies a micro-processor driven by
micro-programs contained in read-only
memories. A serial interface connecting
the detached keyboard to the CRT display
eliminates restrictions imposed by parallel
interfaces used in other models.
Optional features
You can extend the C-9's capability even
further with options like enhanced graphic
hardware package with rotations, reflec-
tions, and line-texturing features or pro-
grammable gray levels for graphics (16
levels) and digital raster continuous tone
images (256 levels). We also offer parallel
interfaces for a variety of minicomputers
and interfaces to popular digitizers for
local data input and control of the inter-
active CRT cursor.

The new C-9 offers a continuous writing
mode and a new capability which guar-
antees that writing occurs only during

| SRR R e TR G G R G R SR 4
HUGHES AIRCRAFT COMPANY

INDUSTRIAL PRODUCTS DIVISION
IMAGE AND DISPLAY PRODUCTS

B R s s S S T e e e e e

vertical retrace time.

Smoother curves and lower costs
The patented Conographic™ generator,
using conic curves to plot curvilinear in-
formation, produces smoother curves from
much less data, thus requiring less computer
memory, simpler software, less computer or
telecommunications time. Result: The lowest
total cost of ownership of any graphic
terminal available today.

Many FORTRAN 1V software programs
are available, including a new set of
Tektronix-compatible subroutines. The
basic software package, called CONO-PAC,
is available at no extra cost.

To find out how your minicomputer can
work like a giant for much less cost, contact
your local representative, or Hughes Image
and Display Products, 6155 El Camino Real,
Carlsbad, California 92008. Or call
(714) 438-9191.

TM—Conographic is o trademark of Hughes Aircraft Company.




Why cushion packaging for data processing hardware?
Because only a couple Ibs. keeps more than 200 Ibs. in its place.

Ifthe dataprocessing hardware you buildis & a ery, returning to shape after impact.
subjected to the hard knocks of mostevery % ; /' Availability? Glad you asked. Fabrica-
transportation mode, then ETHAFOAM™ " tors of ETHAFOAM can readily design and
brand polyethylene foam for cushion deliver the parts needed to protect your
packaging is for you. data processing equipment. You'll wind
Pure and simple, ETHAFOAM is one of up with packaging that's lightweight and
the most efficient packaging products volume-efficient for low transportation
you can use. Only a few ounces will costs. Pleasing in appearance, too.
protect the computer terminal shown Cost? Competitive in cushioning, but
here from impact shock, i - thanks to its design versa-
vibration and abrasion. You % ' ; tility and other cost-cutting
often get better protection features, ETHAFOAM brand
than corrugated inserts pro- polyethylene foam will
vide because ETHAFOAM probably wind up costing
is a resilient closed-cell you less.
plastic foam. Often better For more information,
protection than molded check with your nearby
foam parts, too, because fabricator of ETHAFOAM.
ETHAFOAM won't shatter He's listed on the following
and boasts excellent recov- page..
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TABLE 2
Interstate In-WATS

Check here
for the
fabricator of

Total Interstate Incoming Data Calls

ETH AFO AM Connection Station Dialed
Data Calls Minutes Calling Costs

nearest you. 2184 13,039 $4630.47

ARKANSAS Recommended In-WATS (Band 5)

Prescotech, Fort Smith (501) 646-2973 Total Monthly Minutes 13,039

CALIFORNIA : :

Dew Foam, Van Nuys (2133)&8'3 11131 i Average Hour Usage 46.6 CCS

D o ke e il Grade of Service Po4

Republic Packaging, City of lndustzy (213 965-1660 Line 1 5413 minutes FBD

Tharco Precision, Oakland (415) 56 :

Wilshire Foam, Carson (213) 549 Line 2 4239 minutes MT (FBD)

Zero Manufactunng, Burbank (213) 849-1444 U 3 2673 btz MT

COLORADO ne minutes

Tharco Containers, Denver (303) 373-1860 Line 4 714 minutes MT

:oNNFEcTI;:Ut'fI' a— One Band 5 FBD Service (two lines) $1675.00

United F3§$ Pg\:lcg{uc}( (203) 599-1242 One Band 5§ MT Service (two lines) $1099.06

FLORIDA Total In-WATS Cost $2774.06

il i lando (305) 855-7860
e g Net Monthly Savings $1856.41

Durable Rubber, Chicago (312) 384 7010
Foamcraft, Chlcago (312) 243-

Republic Packagmg, Chicago (312) 233-6530
KENTUCKY

PackagmghServnces Lounsvnle (502) 778-5565
Prescotech, Louisville (502) 585-5866

Republic Packagmg, Lexmgton (606) 254-7715
MARYLAND

Republic Packaging, Glen Bernie (301) 766-0126

MASSACHUSETTS

Can Pak Service, Feeding Hills (617) 786-0000
Foam Products, Spencer (617) 885-6304

GSF, Lawrence (617) 662-6700

Keil Brothers Mansfield (617) 339-8440
Rogers Foam, Somerville (617) 623-3010
Tainer Tech, Northbndge (617) 234-7301
United Foam, Georgetown (617) 662-7600
MICHIGAN

Creative Foam, Fenton (313) 629-4149
Foamade Industries, Royal Oak (313) 548 5555
Geo. A. Cantrick, Detroit (313) 871-4

Stephenson & Lawyer Grand Rapids (616) 949-8100
MINNESOTA

Charles Industries, Minneapolis (612) 535-2225
Federal Packagmg, Minneapolis (612) 533-1631
MISSOURI

Foam Products, St. Louis (314) 739-8100

NEW JERSEY

Crescent Products, Paterson (201) 278-9368
Paramount Industnes P|scataway (201) 755-1400
Rempac Foam, Passaic (201) 773-8880

B. Zeitz & Son Cherry Hill (609) 663-5504
NEW YORK

Bernel Foam, Buffalo (716) 875-2900
Prescotech, Buffalo (716) 822-2100

Styro Sales Long Island City (212) 786-1791
NORTH CAROLINA

Hibco Plastics, Yadkinville (919) 679-8856

OHIO

Donray Products, Cleveland (216) 449-6450
Merryweather, Barberton (216) 753-0353

Scotf Manufacturing, Columbus (614) 276-3588
OKLAHOMA

NEOC Manufacturing, Oklahoma City (405) 236-3623

OREGON
Republic Packaging, Portland (503) 620-0207

PENNSYLVANIA

A. R. Chambers & Son, Pittsburgh (412) 681-8955
Packaging Materials, Phlladelphla (215) 232-9927
TEXAS

Kirkland Sales, Garland (214) 231-7273
Republic Systems Dallas (214) 630-7391
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would typically require that band
5 In-WATS service be considered.
Based on average hourly use, P04
grade of service was established as
the required quality of access. P04
is a designation using a Poisson Dis-
tribution which indicates number of
lines required in an average hour
with a busy or blocking factor of no
more than four busy calls for each
100 calls attempted. As shown in
Table 1, this grade of service can
be realized for volume measured
with four band 5 In-WATS lines.
Recognizing the unique provisions
of the In-WATS tariff, the customer
would order one band 5 FBD In-
WATS Service and one band 5 MT
In-WATS service which would pro-
vide the desired four lines. Based on
Poisson Distribution, total In-WATS
monthly cost is estimated to be
$2774.06. Net monthly savings of
over $4600.00 can be realized in
this one application area with use of
Interstate In-WATS service.
Assuming these same collect calls
had been placed as station dial calls,
thereby avoiding the telephone com-
pany operator-assist charge, they
would incur a toll cost of only
$4630.47 for the same number of
minutes (Table 2). Each remote
terminal would be instructed to di-
rect dial the central computer and
either pay for their toll call com-
pletely or have unique billing ren-
dered by the telephone company for
each remote terminal dial access
line. Even though direct dial calls

produce a significant cost reduction,
the same In-WATS network can still
provide savings of over $1800.00 a
month.

For applications utilizing more so-
phisticated remote data terminals
capable of transmitting at higher
rates (such as 2400 bits/s), use of
switched network connections can
offer significant advantages with re-
spect to transmission efficiency, as
well as associated central process-
ing costs. Too often system designers
are content merely to emulate previ-
ous relationships between various
tariffs in determining their network
design. Use of In-WATS tariff for
data transmission has never received
significant application because of the
post minimal economic advantage be-
tween In-WATS and other switched
network services.

Due to the recent rate increases
and to the unique provisions of the
Interstate In-WATS tariff, the tariff
in general provides the most reli-
able and most cost-effective means
of interactive or time-sharing sys-
tem access. Any computer communi-
cations system which uses a number
of remote terminals on an interac-
tive or time-sharing basis should
evaluate their present transmission
loading with respect to the tariff.
The majority of existing systems will
no doubt discover a significantly low-
er cost common access method while
also realizing unlimited network
reliability of dialed connection. [
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36" PLOTTER WITH COST-PERFORMANCE PLUS
THE NEW SERIES OF

DP-8 DIGITAL PLOTTERS

PICK THE ONE YOU NEED TODAY

e Three low-cost, high-performance
models

Nine switch-selectable step sizes
One or three pens

3 or4.5ips

: . DP-8V
Quiet operation 3 IPS, Single pen
$7600

Positive paper feed

Can be driven by existing interfaces
Priced from $7600
Options:

12" paper handling drum — $900
36"’ paper take-up spool — $300
Plexiglass cover — $450

Paper tear-off bar — $125 Ido S b e
Plot timer clock — (contact
factory for price)

9 switch-selectable step sizes
$8400

DP-8:53 4.5 IPS, 3 pen,
9 switch-selectable step sizes

$9500
houstGon | p DER
instrument PANY DIVISION OF BAUSCH& LOMB @)
ONE HOUSTON SQUARE (at 8500 Cameron Road) AUSTIN, TEXAS 78753
(512) 837-2820 TWX 910-874-2022 cable HOINCO

TELECONESUROPEAN OFFICE Rochesteriaan 6 8240 Gistel Belgium
Phone 059/277445 Telex Bausch. 19399
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PHILIPS

AMPL/OIV AMPL DIV
mv

3%

rocus

The reasons to buy Philips are
ALL IN THE FAMILY!

All the important elements of waveform measurements that you
need . . . accuracy, flexibility, ease of use to minimize human error
and low cost, are in the Philips family of compacts.

Just as circuits and systems get smaller and faster, so too, do our
oscilloscopes.

The 50 MHz model, PM3240, for example, weighs in at a mere
18 1/2 pounds. And because it's used as much outside the lab as
in, we've given it a logical front panel layout where every
control falls naturally to hand. The PM3240 has also been designed
to operate from almost any supply, including DC; to have a bright
8 x 10 cm display and good circuit access for short service down-
times on the oscilloscope itself.

MOVING UP TO 120 MHz

For higher bandwidth applications, the 120 MHz model, PM3260
is available. This 19.8 pounds light instrument therefore keeps you
well ahead of Schottky TTL speeds and at the same time goes on
triggering to over 200 MHz to meet the great majority of ECL
applications.

Like the 50 MHz model, the PM3260 includes layout features such
as clear separation of the main and delayed timebase, as well as
operation from DC plus 100 - 240 V supply having frequencies from
46 - 440 Hz.

DIGITAL DELAY

Find and display the n th bit in a data stream from 1 to 99,999
with a presettable digital delay counter. A TTL-window trigger
enables the oscilloscope to display exactly what the tested circuitry
reacts to. The PM3261, at 120 MHz, will solve many digital
measurement problems with easy to use capabilities never provided
in one oscilloscope before.

Find out more by contacting Philips or utilize our toll free
Hot Line number 800 645-3043. New York State residents call
(516) 921-8880 collect.

Philips Test & Measuring Instruments, Inc.

In the United States: In Canada:
400 Crossways Park Drive 6 Leswyn Road
Woodbury, N.Y. 11797 Toronto, Ontario Canada M6A 1K2
Tel: (516) 921-8880 Tel: (416) 789-7188

PHILIP3

ILIPS

For further information, circle 17 on Inquiry Card. For a demonstration, circle 100 on Inquiry Card.



DIGITAL TECHNOLOGY REVIEW

Network Processor
Provides Capability for
Flexible, Modular Growth

System 4100 Network Processor, an
intelligent time division multiplex-
er, is the first member of the series
4000, which is intended to provide
growth flexibility and modularity
without cost penalties. The system
provides users with dynamic recon-
figuration, network performance sta-
tistics accumulation, and centralized
network control.

Available from Western Union In-
formation Systems, 82 McKee Dr,
Mahwah, NJ 07430, the network pro-
cessor allows multiple terminals to
be multiplexed onto one line operat-
ing in point-to-point configurations at
a throughput of up to 9600 bits/s
in each direction simultaneously. It
terminates  synchronous  terminal
lines with speeds to 7200 bits/s, asyn-
chronous lines with speeds to 1200
bits/s; and will handle dedicated or
dial-in lines.

The system is controlled by a mono-
lithic 8-bit microprocessor which ad-
dresses up to 64K bytes of ROM,
p/ROM, or RAM with 16-bit address
lines. Its instruction repertoire in-
cludes 72 wvariable length instruc-
tions, seven addressing modes, a vari-
able length stack in memory, vec-
tored restart, and markable inter-
rupt. Cycle time is 1 pus and average
instruction execution requires from 2
to 4 uS.

Users have the ability to structure
communications networks  without
worrying about obsolescence. As the

Western

Union Information Systems’
model 4100 intelligent time-division mul-
tiplexer allows users to restructure con-
figurations either from the host proces-
sor or the keypad on its operator panel.
Panel functions also permit the oper-
ator to monitor equipment, analyze in-
ternal operations, and localize hardware
and network malfunctions
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network grows, new configurations
can be down-loaded either from the
host processor or from the keypad
on the system’s operator panel.
Through the panel, system personnel
can monitor the equipment, analyze
internal operations, and localize
hardware and network malfunctions.
Options include autospeed control
which permits line speed to be de-
termined for dial-in terminals, with
a maximum of four speeds being
used on any line; a tandem opera-
tion option permits drop, insert, and
bypass features at each node. Using
a line contention option, dedicated
lines on different system units may
operate on a common slot in a multi-
plexer network. Low traffic lines may
share trunk capacity without dedica-
tion of a needed time slot to a single
line source. When a line completes
transmission, the slot is released
automatically for assignment to the
next request.
Circle 140 on Inquiry Card

Sonic Digitizer Locates
Points Through
Triangulation

NT series sonic digitizers produce
triangular coordinates, rather than
orthogonal, wusing two solid-state
point sensors mounted at the ends
of a single bar. Since sensors are
mounted along only one side of the
display, they allow free movement
anywhere on the surface. Units, avail-
able from Science Accessories Corp,
970 Kings Hwy W, Southport, CT
06490, provide 0.01” or 0.1-mm/
count resolution and 0.1% of full
scale accuracy, without requiring a
special digitizing surface.

Sonic digitizers locate points on a
plane by generating a supersonic
pulse at the end of a stylus or cursor
placed over the point in question.
Using air as the ranging medium, the
time required for the pulse to reach
the sensors is measured to determine
the distance of the point from the
sensors. While previously available
units used two linear microphones
located at right angles to one another
as sensors, and produced orthogonal
coordinates, the NT series uses two
solid-state  point sensors  (ears)

NT series sonic digitizers consist of
sensor bar, containing two point sen-

sors and preamplifiers, electronics
package, and cursor or stylus. Measur-
ing the time required for sonic pulses to
travel from the point in question to the
sensors, the unit provides the location
of the point in binary or BCD code

mounted at the ends of a single bar,
and produces triangular coordinates.

NT-101, basic model in the series,
consists of stylus or cursor, electron-
ics package, and sensor bar. The
stylus is used where speed is im-
portant or where hardcopy trace is
required; the cursor where accuracy
is necessary. Each incorporates a
source for the supersonic ranging
pulses. The stylus has a pressure
switch which is automatically acti-
vated when the point is touched to
the display surface; cursor has a
hand-operated button to signal when
digitization is desired.

Electronics package generates the
power for a supersonic pulse each
time a signal is received from an
external source or the stylus touches
the surface. It also signals “ready”
to external controls, signals when
sonic energy reaches the sensor, and
provides a “busy” signal during digi-
tization.

Sensor bar can vary in length
from 8% to 48” permitting digitiza-
tion over a 36 x 48" area with stylus
or 17 x 24” with cursor or stylus.
It contains two point sensors and pre-
amplifier electronics. If necessary
the bar can be eliminated and the
sensors mounted separately.

Outputs from the -101 are in the
form of two gating, signals; the -201’s
output consists of ranges to each
sensor in binary form. In addition
to digital output, the -211 also in-
corporates compensation to correct
for minor differences in the speed of
sound which occur with air tempera-
ture variations.

(Continued on p 35)
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GCOMPUTER ADUANGES

Anessential “missing link” which
will help the measurement and compu-
tation industries achieve their com-
bined growth potential is a new
standardized, digital, data bus interface.
Today, non-standard interface links are
costly and complex. The movement to-
ward distributed processing with mini-
computers, and distributed intelligence
in peripherals and instruments, is being

DATA BUS STANDARD
SIMPLIFIES INTERFAGING.

accelerated by new LS| and micropro-
cessor technology. These trends com-
pound the interface problem and
demand a digital data bus standard for
interfacing computers, calculators, in-

struments, and peripherals. The new
IEEE-488 standard meets this demand
simply and effectively.

Standards are important as
technology evolves. Think how stan-
dard lightbulb sockets have allowed the
electrical industry to lower costs and
provide inexpensive lighting to millions.
Think how standardizing highway traf-
fic flow has encouraged entire new

HEWLETT-PACKARD’S HP-IB 21MX MINICOMPUTER.

SIMPLICITY AND POWER FOR AUTOMATIC TESTING.
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vehicle industries and has made satel-
lite communities practical. Think how
standard telephone addressing and
electronics has stimulated worldwide
communication.

These elements of mechanical
connections, traffic paths and message
protocols are the same elements key
to standardizing the three main cate-
gories of digital data communications
interfaces. Itis encouraging to see new
standards in some of these categories
beginning to emerge.

First is the digital data path be-
tween computers and local terminals.
It is low speed (up to 2 Kilobytes/sec)
and today the industry generally favors
EIA RS232C as the mechanical and
electrical standard with ASCII charac-
ters for data formats.

Slightly higher speed data trans-
mission (up to 6 Kilobytes/sec) and

longer distance transmission such as
phone lines require modems and mes-
sage communication protocols. Today
EIA RS232C/RS422/RS423 are the
emerging mechanical and electrical
standards; also the synchronous, bit
oriented protocols (e.g., SDLC/HDLC/
ADCCP) are growing in acceptance.

The most recent important stan-
dard to emerge, |[EEE 488, isin re-
sponse to a need for medium speed
(up to 1 megabyte/sec), local interfac-
ing of instruments, controllers and
peripherals.

This IEEE-488 interface bus
standardizes several characteristics.
The mechanical interface is standard-
ized much like the light bulb socket, i.e.,
cables and metric connectors are
specified. It includes electrical charac-
teristics, and traffic path standards
analogous to highway flow regulations.

And there the functional message pro-
tocol standards such as those which
enable direct telephone dialing. The
result is an interface bus that allows
interconnected system components
to communicate effectively and in an
orderly, unambiguous manner.

By standardizing on the IEEE-
488, industry users are free to focus
their creative energies on higher level
problems. Training and explanation be-
comes easier, and users benefit
through multiple vendor availability and
mass production.Cooperation on such
standards can provide the catalyst for
increased synergism between com-
puters, calculators measurement in-
struments and peripherals and can
help stimulate the explosive growth and
efficiencies seen in other industries that
profited from standardization.

EVOLUTION OF A STANDARD

Often at Hewlett-Packard, the
definition of a new product results from
an engineer's frustration at not having
the right instrument to solve his prob-
lem. The solution, i.e., the design of a
new instrument, comes either from that
engineer or one at the next bench. This
historically is known as the “next bench”
phenomenon. Many HP products have
resulted from an engineer solving his
specific need, only to discover that he
has designed a solution to a industry
wide problem.

Such was the case several years
ago. Hewlett-Packard engineers ob-

served that other HP divisions were
producing instruments that were diffi-
cult to interface together. The interface
problem these engineers experienced
was exactly the same problem encoun-
tered by engineers at nearby benches.
Engineers in several divisions worked
together to solve this local device inter-
face problem.Their work in turn helped
create the original interface concepts
which served as the basis for discus-
sion at national and international stan-
dard activities. European and American
manufacturers and users were aware
of the problems and worked toward

common solutions. Their four years of
joint efforts resulted in a medium
speed digital interface standard. This
was adopted as |[EEE Standard 488-
1975. It was subsequently adopted by
the American National Standards In-
stitute as ANSI Standard MC1.1. There
is the possibility that the interface sys-
tem concept will soon be internation-
ally accepted by the IEC to serve
manufacturers and users regardless of
national origin. HP has implemented
this standard as the HP-IB “Hewlett-
Packard Interface Bus”

PUTTING THE HP-1B° T0 WORK

New HP-1B/21MX Minicomputer Controls Multiple Instrument Clusters, Accesses Data
and Develops New Programs—All at the same time.

In the past, interfacing instru-
mentation systems for measurement
and testapplications has been complex
and costly. Not any more. With the
HP-IB/21MX Minicomputer, automatic
test systems for production, and labor-
atory research; and automatic data
acquisition systems can be imple-
mented more easily and simply. HP
offers for the first time a minicomputer
with a multi-programming operating
system as a controller for instruments
which conform to the |IEEE-488
standard.

Take the simplicity of HP-IB in-
terfacing. Add HP's 21MX Minicom-
puter and Real-Time Executive (RTE)
software for the power and control.
Choose from over 100 HP and non-HP
IEEE-488 compatible instruments, cal-
culators and peripherals to handle test
and measurement. Within hours, flexi-
ble and powerful measurement and

*HP-1B is Hewlett-Packard's implementation of
|EEE Standard 488 and identical ANSI Stan-
dard MC1.1—Digital Interface for Program-
mable Instrumentation.
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test systems can be up and running.
OEM'’s, freed from device interface
problems, can focus their resources on
the customer interface.

Controls multiple instrument
clusters. Because the Real-Time HP-IB
Minicomputer supports multi-program-
ming, it can simultaneously control
several HP-IB clusters of up to 14 in-
struments each. Test/measurement
equipment can be organized into mul-
tiple physical or functional groups—
each connected to the HP-IB/21MX
Minicomputer by its own HP-IB inter-
face bus.

New instrument clusters can be
added or reconfigured without down-
time or affect on existing clusters.

Systems can grow as needs
grow. And, because of the new Real-
Time HP-IB Minicomputer's speed as
an HP-IB controller, throughput is in-
creased in high volume or production
testing.

Consolidates test measurement
data. The Real-Time HP-IB Minicom-
puter’s multi-priority program schedul-

ing allows highest priority and alarm
tasks to run immediately and devotes
“idle” time to other chores such as cor-
relating and analyzing data, or produc-
ing timely management reports.

HP's new IMAGE/1000 data
base management software adds a
complete set of “software tools” for
consolidating files into a single data
base. Once the data base is estab-
lished, IMAGE/1000’s English-like
QUERY language lets users inter-
actively find any stored information by
searching under multiple “key values”
such as a part number, vendor code or
failure type. IMAGE/1000 permits easy
report generation with automatic sort-
ing, summation, pagination and
averaging.

Allows concurrent program de-
velopment in multiple languages.
While the Real-Time HP-IB/21MX Mini-
computer is busy controlling instru-
ments and consolidating data, it can
also be used for program development.

For the first time engineers can
readily access instruments and devices
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via the IEEE-488 and with the popular
scientific language FORTRAN V. HP's
Multi-User Real-Time BASIC, which
can be learned in a few hours, and
HP’s assembly language are available.
This Multi-lingual approach brings the
utilization of HP-IB to a wider cross
section of users.

Supports Muiltiple Terminals.
The Real-Time HP-IB Minicomputer
also offers multi-terminal accessiblity.
Several people can use the system

immediately and simultaneously—for
program development, data entry or
system control. As a result, testing and
production data such as quality assur-
ance information is available when
needed for decisions.

Augments data networks. Finally,
the Real-Time HP-IB/21MX Minicom-
puter extends the data gathering cap-
abilities of today's computer networks.
Off-the-shelf hardware/software data
communications packages make it

O/
easy to connect the HP-IB/21MX Mini-
computer to other HP 21MX computers
or to link it upwards to a central HP
3000 or IBM 360/370.

Simple HP-IB interfacing plus
21MX power: That's the Real-Time
HP-IB/21MX Minicomputer story. For
more information on how these sys-
tems can help you gain management
control over your automated testing,
circle A on the attached reply card.

HP-IB/21MX JUST MADE AUTOMATED TESTING EASIER AND FASTER

Muitiple Instrument Clusters

Each independent cluster of up to 14 instruments
is connected to the 21MX Minicomputer via a
separate HP-IB interface cable.

HP-IB

Add New Clusters Easily

With on-line configuration capability, new independent
instrument clusters can be added or changed without
downtime or affect on existing clusters. Programming

test procedures are simple BASIC “"PRINT/READ”
FORTRAN “WRITE/READ" statements.

Component Test Clusters

A monolithic DAC is tested with
an HP multiprogrammer and
digital volt meter.

RF power meter.

Subassembly Test Cluster

At the same time C-band micro-
wave amplifiers can be tested
with a sweep oscillator and an

Instrument Test Cluster
And, at the same time, a sweep
oscillator can be tested with a
frequency counter.

New Real-Time HP-IB/21MX
Minicomputer
The HP-IB/21MX Minicomputer
which automates test/measure-
ment procedures, and permits
concurrent program develop-
ment and data retrieval consists
of a 21MX Minicomputer and
cartridge disc memory, man-
aged by HP’'s RTE-Il or RTE-IlI
Real-Time Executive software.
Prices are $19,000 for non-disc
and $34,000 for disc based sys-
tems. Each HP-IB interface can
be added to a 21MX Minicom-
puter for $1,000 U.S*
For a demonstration of the Real-
Time HP-IB/21MX Minicom-
puter, check A on the reply
card.

*Domestic Prices FOB
California.

Computer Network Connections

department consolidates

|
BASIC

Data Base Access

users simultaneously.

Incoming Inspection
Satellite

A remote HP-IB/21MX
Minicomputer in the
nearby incoming com-
ponents inspection

test data via the network
connection system.

|
FORTRAN IV

|
HP ASSEMBLY

Multiple Terminals for Concurrent Program Development or

The Real-Time HP-1B/21MX Minicomputer permits fast multi-lingual
program development or data access with new IMAGE/1000 by several

Central EDP

HP supported hardware
and software connect the
HP-1B/21MX Minicom-
puter to other 21MX
Minicomputers or to an
HP 3000 or IBM 360/370
in a distributed manage-
ment information
network.
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Due to the astronomical numbers of circuit elements and interconnections on
today’s PCB’s, the production of perfect boards is rare.Therefore, automated
fault finding methods that are comprehensive and fast are of central importance
to economy-minded production managers. Low quality boards that leave the

company mean high warranty costs.

In just a few years, the digital
printed circuit board has exploded in
size and complexity so dramatically
that boards with 200 integrated circuits
or 10,000 logic gates are not uncom-
mon. Testing boards can make life
difficult for designers, production man-
agers and customer service managers
alike.

The design engineer needs to be
totally sure that the design on the draw-
ing board is testable, and to what ex-
tent.

The production manager's role
in life is to produce quantities of good
boards, faster and economically. But
the common practice of testing only a
typical 50 percent of a board’s functions
falls far short of a rigorous production
test.

An industry rule of thumb is that
each IC on a board will account for a
1 percent failure rate. A 100-IC board,
would average one failure per board.
If only 50 percent of a board is tested,
a large percentage of passed boards
will still have faults. The use of manual
or semi-manual fault locating tech-
niques costs precious troubleshooting
hours.

Then, there is the customer ser-
vice department! Here, the pressure
especially builds to have faster and
more accurate testing methods.

And ultimately, this deteriorating
situation is an anathema to company
executives who are aware that fully 30
to 40 percent of production costs for
today's digital PCB's is attributable to
testing them and assuring their quality.

Some good news . . . While the
complexity of printed circuit boards has

exponentially increased, the price of
powerful minicomputers has sharply
decreased. Consider the advantages of
testing PCB's with a computerized
system.

Atthe earliest design stages, the
board’s component connections are
entered into the system by a simple and
standard format. The minicomputer's
stored memory incorporates a com-
prehensive library of commercially
available IC's and other circuit com-
ponents and how they work. With this
data, and employing built-in pattern
generating procedures, the minicom-
puter “simulates” the board.

Is the board testable? The com-
puter indicates to the test engineer the
quality of the test, that is, the percent-
age of all possible faults on the board
that can be detected as presently
designed.

Knowing quantitatively how test-
able the new design is, is extremely
valuable. It indicates to the designer
whether a need exists to add test points
and test paths to increase the test-
ability. The judicious placement of a
single test point can sometimes lead
to a dramatic increase in board test-
ability. With the design still only on
paper, the cost of the change is only
slightly more than the cost of a pencil
equipped with an eraser.

At the same time that the com-
puter software programs check the
design, the test program is produced.
This will be used in the production
stage and later for customer service.
The board is now ready for production.

Using a minicomputer-based
dedicated system, the production man-

IMPROVING THE TESTING OF COMPLEX
PRINTED GIRGUIT BOARDS....

agers test tools can be the same soft-
ware programs generated by the com-
puter automatically from the design
stage circuit descriptions.

The board is placed in an easy-
to-operate fixture adaptable to most
PCB's without expensive or time con-
suming construction of special fixtures.

Throughput is key to economy.
A board tester should be designed for
throughput. Testing the board’s logic
takes place in a matter of seconds.
Then the tester directs the operator to
move a probe to areas that are not test-
able from the edge connectors, to pre-
cisely diagnose faults. Simple English
language commands enable operators
with little technical training to perform
the job.

The customer service manager
can use the same test programs so
software costs, amortized over three
departments, are minimized. There
may be hundreds of different PCB's
handled by the service department, so
testing software must allow for efficient
on-line recall of the board testing pro-
grams.

The prime cost of running the
customer service department is
troubleshooting. The system must find
faults and find them fast. Tests must be
thorough so that faulty boards are not
returned to the field. The “no trouble
found cycle, where faulty boards cycle
between customer and service center,
will then be broken. Engineers in the
lab, production areas and customer
service centers benefit from this PC
Board testing approach.

THE DTS-70 DIGITALTEST SYSTEM
THROUGHPUT, RELIABILITY AND SIMPLICITY

Hewlett-Packard builds thou-
sands of complex PC boards for use in
instruments, calculators and computer
systems. Each HP division run as a
small company itself, is naturally con-
cerned with the design and manufac-
ture of fault free boards. Frequently,
problems encountered at one HP
manufacturing factory are the same as
the next. The familiar “next bench”
phenomenon has evolved to a grander
scaletothe “next factory” phenomenon.
Engineers in the Automatic Measure-
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ment Division knew that a system de-
signed to solve their own and other HP
Divisions PC board test problems
would be a solution for other com-
panies as well. The system they de-
signed—the new DTS-70 Digital Test
System—represents a new dimension
in digital PC board testing.

The DTS-70 system permits up
to three test stations to operate with a
single 21MX Minicomputer equipped
with disc memory. This lowers the cost
of production testing significantly. Con-

current with one test station, a prepara-
tion station can be used by designers
to enter new circuits for initial design
analysis. Optional test generation soft-
ware called TESTAID-IIl simplifies and
speeds PC board test preparation.

The DTS-70 system will test large
circuit boards in a few seconds. If a
fault is present, the operator is given
information necessary to locate it in
about one to two minutes. A “guided
probe” is used for diagnoses. The mini-
computer provides information as to
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where and how the probe should be
placed by the operator.

For efficient system design the
HP-IB interface bus is used as the
DTS-70 interface bus. For example the
HP-IB interfaces the DTS-70 to the re-
pair-ticket printer which produces hard-
copy fault isolation information that can
beconveniently attached to fault boards

sent for repair.

The DTS-70 system was de-
signed with production problems in
mind and it can be used by unskilled
operators. Dialogue instructions are
easily and quickly communicated by
the system through an HP-2640 key-
board-video terminal.

When not being used for testing,

the powerful minicomputer system can
perform tasks such as production
scheduling, inventory control, shop-
loading and materials requirements
planning analyses.

For more information on the
DTS-70circle B on the reply card.

The board under test rides
smoothly on guides and is
secured in position with lever
action designed to minimize
operator fatigue.

Fault isolation is made easy for operators with a mini-
mum of training. Instruction messages appear on the
display indicating precisely where the probe should be
placed to isolate the faulty circuit.

HP 21MX BASED DTS70 SPEEDS PC BOARD TESTING

Simply worded repair instructions are
produced on a hardcopy ticket. This ticket
is attached to the faulty board for use at
the repair station.

FAST, ACCURATE FAULT LOCATION

Determining if a PC board is
good or not, is only a first step. The
really important next step is to actually
locate the fault so the board can be re-
paired. DTS-70's FASTRACE software
searches for these faults using two
techniques. When used in conjunction
with each other, Fault Signature
Search and Guided Probing work
much the same as do the famous

sleuth team of Sherlock Holmes and
Dr. Watson.

When a crime occurs, Sherlock,
with his keen power of deduction, eval-
uates people even remotely associated
with the crime. He then obtains a “crimi-
nal profile” and comes up with a list of
prime suspects who match this profile.
If there is only one prime suspect
matching the profile then the crime has

been solved. More likely, there are sev-
eral prime suspects remaining after
SherlocK's initial investigation.

DTS-70 first uses an Automatic
Fault Dictionary Look Up technique
which consists of searching through a
list of faulty output patterns generated
by the TESTAID Simulator for a match
with the output pattern measured from
the board being tested. If a match is
found, then a list of “fault candidates”
associated with the measured faulty
output pattern is noted. This is analo-
gous to Sherlock Holmes' contribution
to solving the mystery. Then Dr. Watson
questions each prime suspect and in
turn goes through an exhaustive evalu-
ation of every clue. Dr. Watson leaves
no stone unturned in his pursuit of the
criminal and when he is convinced of
the culprit’s identity, he is always right!

Then a technique takes over
which guides the operator to probe for
additional information. When a bad sig-
nal is measured, its driving signals are
also measured in a logic “backtrace”
sequence. Finalisolation of the fault oc-
curs by actually measuring the point at
which the failure exists. Using the Fault
Signature/Guided Probe approach, the
DTS-70 locates faults with unprece-
dented speed, typically less than a
minute and, with Sherlock Holmes ac-
curacy.

For more information on fast, ac-
curate fault location circle C on the
reply card.
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USER TESTED PERFORMANGE

HP-IB improves testing efficiency for TRW
Computer testing debugs new model cars for Ford

-

TRW's advanced technology will be
applied this summer when a computer
life detection instrument package they
designed will probe for life on Mars.

At TRW, the design of a com-
puterized life detection instrument
package that will probe for biological
signs of life on Mars this summer, is an
example of the technology applied by
this designer and manufacturer of sci-
entific, military and commercial space
craft systems. Precise measurement
and testing is a critical aspect of activi-
ties at their Space Pack facility in
Redondo Beach, California. There the
company's Defense and Space Sys-
tems Group relies on 25 HP 2100/21-
MX computer based Scientific and
Measurement Systems for engineering
and manufacturing testing.

Don Broutt, who manages
TRW's automatic test systems depart-
ment, adopted the HP Interface Bus to
link numerous test instruments to his
HP computers and to numerous HP
calculators.

“Many of our programs involve
extremely limited production runs . . .
some products, for example, are one
of a kind. Before adopting the interface
bus, our efforts to reestablish test sta-
tions for each program was like re-
inventing the wheel. Now when setting
up a new test station with the HP-IB, we
can easily add or reconfigure instru-
ments in a computerized network with
minimal set up time;’ explains Broutt.

With improved flexibility comes
improved cost, according to Broutt.
Pre HP-IB testing required specially
engineered printed circuit board inter-
faces for each unique test device. If a
device served as both a “listener” and
“talker” it required two boards. Now
one board within a computer allows
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interfacing with up to 14 devices meet-
ing the |IEEE-488 standard. Similarly a
single standard cable now replaces
specially-engineered cables formerly
required for each unique test
instrument.

“In our pre-HP-IB testing, we
wrote special driver software for each
unique device. This consumed exces-
sive amounts of computer memory.
Now our engineers simply use a sub-
routine for each device to access an
HP-IB standard driver. Gone is time
consuming reference to hand books
for device translation. Once a sub-
routine is written, the device interface
is transparent to our engineers, relates
Broutt.

Now, with the growing availability
of test devices using IEEE-488 and the
expanding use of the HP Interface Bus,
TRW, is able to reduce the cost of inter-
face design. The manpower and re-
sources formerly allocated to this func-
tion, can now be applied to other
priority projects.

A Hewlett-Packard Minicomputer moni-
tors Ford’s Shaker System which simulates
the stress and strains of normal and
extreme driving conditions.

Ford Motor Company’s de-
bugging of prototype cars increases in
complexity from one year's model to
the next. Electrical and mechanical sys-
tems are enhanced to help control
product cost, more stringent emission
control and safety standards are man-
dated yearly, and an extremely com-
petitive market places emphasis on
product innovation and reliability.

At Ford Motor Company, a com-
prehensive computerized testing pro-

HEWLETT ﬁ PACKARD

Sales and Service from 172 offices in 65 countries.

1507 Page Mill Road, Palo Alto, California 94304

gram enables the Car Engineering and
Product Development Groups to meet
these challenges.

Key to the testing programs are
six HP 2100 based Scientific and
Measurement Systems computers,
combined with an innovative mix of
analog measuring devices, torture
chambers, testing apparatus and high
speed minicomputer data acquisition
stations.

With computerization, test re-
sults are now available four times faster
than previously, and in some tests,
data is processed as it is captured.

Prior to Ford's marriage of HP
computers with measuring devices,
constant operator intervention was re-
quired to set calibrations and adjust
measuring instruments. Tests were not
nearly as comprehensive as with its
computerized system.

One test called the Shaker Sys-
tem involves computer testing of model
cars that simulates driving upon a
variety of surface conditions—from
normal driving to extremes such as
speeding a car down a tortuous pair of
railroad tracks.

When tested under the Shaker
System, each wheel of the car is placed
on a hydraulic ram. The front wheels
are excited in phase and 180 degrees
out of phase. Vibrations sensed from
accelerometers attached to critical
points, like the steering column, are
converted digitally for the computer's
analysis. The HP minicomputer con-

‘trols the programmable generator and

the two-channel digital to analog con-
verter. Resulting signals activate the
ram's servo control mechanisms.

Each discrete point monitored
contains a natural or built-in frequency.
As the exercised frequency implanted
by the HP 9600 approaches the natural
frequency, a resonance effect appears,
in effect magnifying the vibration.

Computerized statistics and
plots enable Ford engineers to design
automobiles with natural frequencies
attenuated to an accepted level or
moved out of the driving range of
normal operations to preclude the
resonance effect.

When asked to compare the
preciseness of his company's compu-
terized testing to prior methods, a Ford
engineer replied: “Like measuring
something with a micrometer instead
ofaruler’
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DIGITAL TECHNOLOGY REVIEW

The programmable NT-501 is pre-
programmed to convert dimensions
according to a preselected scale,
measure length of a line, establish
an origin on a plane, provide digital
coordinates for a point on a plane,
or calculate the area beneath or
within a figure on the plane. Choice
of program is made by manipulating
a thumbwheel switch.

Outputs are in the users’ choice
of binary or BCD coding. A display
indicates which operating mode has
been selected. The unit is capable
of interfacing with magnetic tape,
punched paper tape, or punched card
units; with RS-232 or current-loop
communications; or with minicom-
puters, programmable calculators, or
analog devices.

Prices for the units range from
$800 for the -101 (single unit) to
$4950 for the -501.

Circle 141 on Inquiry Card

Band Printer, Rotating
Memory Products Aimed at
Minicomputer Systems

Horizontal-font band printers which
produce 300, 600, or 900 lines/min.,
and rotating memory equipment
aimed at minicomputer and small
business system applications repre-
sent the contribution that Control
Data Corp, Minneapolis, MN 55400
is making to the minicomputer sys-
tems market. Printers use a thin
stainless steel band and print on a
horizontal surface to provide high
quality characters at 10 or 15
char/in.; disc units include a mini-
module drive using “Winchester”

technology, a fixed disc drive, and
a floppy disc subsystem.

Band Printers

Using a horizontally moving char-
acter band, 9380 series printers main-
tain vertical alignment of charac-
ters, and produce uniform density
from top to bottom of characters be-
cause print hammers impact the
band’s flat character surface. Opera-
tors can change bands in less than
30 s without removing the ribbon;
eleven different bands are available
with 48-, 64-, 96-, or 128-char sets.
Once the band is in place, the print-
er automatically adjusts to the size
of the character set.

A patented control circuit main-
tains ribbon travel at constant speed
and tension, allowing the 2”-wide
ribbon length to be increased to 48
yards for longer life. Fast document
throughput is provided by a servo-
motor-controlled form-feed mechan-
ism that reaches peak paper speed
of 20 in./s as the first line advances.
Paper motion is monitored photo-
electrically, preventing the loss of
data if a forms failure occurs. Basic
controller used in the printers con-
tains a full line buffer memory. It
includes  single-ended  transmitters
and receivers, and allows communi-
cations on an input/output cable that
can be up to 50 feet long.

Models in the series all provide
132 columns and 64 characters at 10
char/in. in the standard configura-
tion. Model 9383 operating at 300
lines/min., and 9386 at 600 lines/
min, are available with a 15-char/in.
option. Model 9389 prints at 900
lines/min.

Disc Drives

Rotating memory products include
the 24M-byte 9730 mini-module
drive. Evolved from the Winchester
disc technology, the sealed module

Control Data’s 9380 series
printer uses a print charac-
ter band that moves hori-
zontally to provide quality
print. Microprocessor con-
trol offers applications flexi-
bility

contains spindle, recording media,
rotary actuator, and read/write heads,
making the unit tolerant of various
operating environments and virtual-
ly maintenance free. Claimed MTBF
is 8000 hours. Using fixed-sealed mod-
ules for the storage medium, the
basic drive accommodates horizontal
or vertical mounting.

The smaller capacity Falcon 9414
fixed-disc drive offers 6M- and 12M-
byte capacities at a low price be-
cause the one or two recording discs
are not removable. Basic unit con-
sists of a direct-driven spindle and
dc drive motor, head-positioning me-
chanism, logic chassis, and air filtra-
tion system. The read/recovery circuit
will operate with or without missing
clock patterns such as are found in
variable sector formats. Read/write
heads are positioned over the discs
using a closed-loop proportional servo
system.

Using an Intel 8080 microprocessor
to control one or two floppy disc
drives in a single chassis, 9471 and
9472 flexible disc subsystems provide
simple interfaces and handle all
complex format and error checking
functions internally, for minimal im-
pact on standard hardware and soft-
ware designs. 3740-formatted data
are stored by transferring track and
sector addresses of data to the units.
The subsystem handles writing and
detection of overhead areas, such as
record synchronization and check
characters for each record.

Circle 142 on Inquiry Card

75-in./s Tape Transport
Replaces Vacuum Columns
With Floating Shuttle

The 75-in./s Floating Shuttle™ tape
transport avoids complexities and lim-
itations of current vacuum column
transports through use of a light-
weight shuttle which buffers tape
during start/stop operations. Accord-
ing to its developer, Qantex Div of
North Atlantic Industries, Inc, 200
Terminal Dr, Plainview, NY 11803,
the electromechanically-buffered dig-
ital tape transport incorporates 30%
fewer parts than vacuum column
transports, resulting in lower weight,
simpler design, lower power con-
sumption, improved MTBF, and
quieter operation.

During normal start/stop opera-
tions, the control capstan of a tape
transport brings the tape up to speed
or to a complete halt within 5 ms.
Since the large take-up and supply
reels cannot accelerate or decel-
erate at this rate, some kind of tape
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Supply reel

Record/read
heads

Takeup reel

Half-ounce
shuttle
"'stores’”

l tape

75-in./s tape transport

uses a lightweight “fly-

ing shuttle” to buffer

tape during start/stop
operations, replacing

18" vacuum column and
shatte complex tension arm
mechanisms. Electro-
mechanical  buffering

i allows Qantex to use
30% fewer parts, and

provides low power
consumption, improved

MTBF, and quiet oper-

Tape loop length/
tension sensor

ation

[— Capstan

reservoir or buffer is needed to per-
mit fast acceleration at the capstan
and more gradual movement at the
reels. Historically, mechanical ten-
sion arms have provided the neces-
sary buffering to tape velocities of
45 in./s; at higher speeds vacuum
column buffering became necessary
because of the ceiling imposed by
the mass of the tension arm struc-
ture. The flying shuttle concept pre-
serves mechanical simplicity without
imposing the limitations on velocity
that are introduced by tension arms.

Evolving from the mechanical ten-
sion arm concept, the 0.5-oz shuttle
is moved up and down by tape pull
during acceleration and decelera-
tion, affording the capstan dynamic
independence from the slower ac-
celerating supply and takeup reels.
In essence, the shuttle replaces the
tension arms, thereby eliminating its
mass, instead arranging the two tape
idlers on a lightweight framework
that is constrained to travel up and
down in response to capstan accel-
eration and deceleration.

On read or record command the
two capstans will accelerate to full
speed within 5 ms. Since the supply
reel is stationary, the upper capstan
can draw tape only from the shuttle.
Consequently, the shuttle is pulled
upward, delivering tape at the same
time, by capstan rotation. By moving
upward, the shuttle also absorbs tape
pulled from the downstream side of
the record/playback heads by the
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lower capstan. The shuttle continues
its upward displacement, simultane-
ously increasing the reel motor’s drive
signals, until the supply and take-
up tape reels attain full speed. At
dynamic equilibrium, the shuttle re-
mains displaced from its central or
neutral position just enough to de-
velop the reel drive signals required
for 75-in./s tape velocity.

During deceleration, the shuttle
moves downward to absorb tape from
the still turning supply reel, which
feeds tape out to the gradually de-
celerating takeup reel.

The floating shuttle tape transport
(FSTT) handles tape reels to 10%”,
recording and reading bidirectional-
ly at 75 in./s, and rewinding at 300
in./s. Standard recording modes are
800 bits/in. NRZI, or 1600 bits/in.
phase encoded, providing either 7-
or 9-track operation.

Circle 143 on Inquiry Card

Product Line Extensions
Include Tape Drive for
Uninterruptible Systems

Products introduced by Pertec Corp,
Peripheral Equipment Div, 9600
Irondale Ave, Chatsworth, CA 91311,
encompass an advanced design series
of vacuum column magnetic tape
transports, tape drives that operate
from batteries for use with uninter-
ruptible systems, 25M- and 50M-byte

extensions of D3000 series disc drives,
and 12M- and 24M-byte fixed disc
drives. Basic features include systems
parts commonality, modularity, and
high reliability. Interfaces are indus-
try compatible to allow plug re-
placeable installation. All are geared
toward minicomputer applications.

Tape Drives

T1000 vacuum column tape drives in-
corporate dual 1600/800-bit/in. read-
after-write hard-coated heads and fea-
ture speeds from 75 to 125 in./s,
autoload tape threading, modular
electronics, and built-in self-test. Air
bearings are designed in at all turn-
around points along with ceramic
guides; a vacuum capstan provides
precise, positive tape handling, and
maximum reliability. Among the fea-
tures that enable the unit to pro-
vide the 0.3” interrecord gap neces-
sary for high density group code
recording are digital capstan servo,
minibuffer vacuum column system,
and 1%-hp pneumatic package.

Based on T7000 and T8000A mag-
netic tape transports, and incorporat-
ing a 48-V dc-to-dc converter as well
as formatters, two transport series op-
erate with 48-Vdc batteries for use
in uninterruptible systems. The con-
verter accepts raw battery power
and, through a switching regulator
that operates above 20 kHz, converts
battery voltage to unregulated dc
voltages to supply the regular or
buffered formatter as well as the
tape transports. Both drive and for-
matter regulate the dc input into
required dc voltages.

The converter provides high “white
noise” immunity for reliable opera-
tion in hostile noise-producing en-
vironments. Options include an in-
put line which remotely synchronizes
the converter and minimizes the site
noise spectrum, and a remote/local
LED display which indicates which
fuse has blown when a power fail-
ure occurs.

Disc Drives

Designated D3400E and DS3600E,
these 25M- and 50M-byte units offer
four platters, three fixed and one
removable cartridge; each platter
can be individually write protected.
An optical positioning system pro-
vides fast, reliable positioning. Sec-
toring can be mechanical or elec-
tronic.

Extending the D1000 family are
24M-byte D1660 and 12M-byte
D1460, which use two IBM-3336-type
and 2316-type nonremovable platters
and provide 4400 and 2200 bits/in.,
respectively. Moving coil linear motor
positioners controlled by electronic
servos accomplish reliable positioning
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Design with

the complete
cable/connector

system.

With cable, connectors
and assembly tools from one
design and manufacturing source,
you have added assurance the
connection will be made surely,
with no shorts or “‘opens.”

And “‘Scotchflex” now
offers you more design freedom
than ever. From stock you can
choose shielded and non-shielded
. 24-30 AWG cable with 10 to 50
t . conductors, and an ever-

o i s increasing variety of more than
positive alignment with precisely

spaced conductors in 3M’s flat, The 3M DELTA pin and
flexible PVC cable. The connector i el
contacts strip through the
insulation, capture the conductor,
and provide a gas-tight pressure
connection.

Assembly-cost savings are built
in when you design a package with
“Scotchflex”” flat cable and
connectors. But more important,
3M Company offers you the full
reliability of a one-source system:
cable plus connectors plus the
inexpensive assembly aids that
crimp the connections quickly
and securely (with no special
operator training required).

The fast, simple
“Scotchflex” assembly
sequence makes as many
as 50 simultaneous multiple
connections in seconds,
without stripping,
soldering or

100 connectors to interface
with standard DIP sockets,
wrap posts on standard grid
patterns, printed circuit
boards, or headers for
de-pluggable applications.
3M’'s DELTA “D" type pin
and socket connectors are
now also available. For
full information, write
Dept. EAH-1, 3M Center,
St. Paul, MN 55101.

/ 2m

¢ Iine-
See our catalog in EEM—Page 1056.

““Scotchflex’ is a registered trademark of 3M Co.
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Programmable, parallel I/0 lets you define the
direction and data transfer characteristics of six

8 bit I/0 ports. Reconfigure the interface or entirely
alter the /O structure by changing no more than
four program instructions.

8080A CPU group —accepts interrupts orig
from the programmable I/O ports, the communic
tions interface and directly from peripheral devices.

Drivers provided for memory and 1/0 expa. ;
Simply plug any of the SBC 80 RAM, EPROM/
ROM, I/0 or Combination expansion boards into
the standard SBC 80 card cage.

Plug-in standard TTL drivers or line terminators
to easily tailor the I/0 interface to meet your
system requirements.

1K bytes of high speed, low power static RAM.

The first complete single

The Intel® SBC 80/10 Single Board Computer, with
programmable 1/O, is designed for the profit conscious
OEM in a hurry. The SBC 80/10 is the fastest and low-
est cost way of getting your products to market. And
when your equipment sales increase to the point where
it makes sense to build your own Single Board Com-
puter, we'll make arrangements for you to use our bill
of material, fab and assembly drawings, and artwork.

Now it’s possible to standardize on one computer
board for all your products. Everything you need —
CPU, ROM, RAM and I/O is on a single 6.75" x 12"

*100 quantity, domestic USA price only. I/O drivers, terminators, EPROMs or ROMs not included

board. And since we've extended the programmable
nature of the CPU to the I/O interface you can use the
same board even when you make an interface change
or completely redesign your product’s input/output
section. Just initialize the programmable 1/O devices
with the appropriate program instructions and you
have individually defined the direction and data
transfer characteristics of the six on-board ports. Pro-
grammable [/O makes your products more versatile
and cuts parts cost and development time.

Cut development costs even more with the Intellec



Programmable serial interface lets you choose
virtually any asynchronous or synchronous com-
munications technique. Data format, control
character format, parity, and asynchronous serial
transmission rates are all under program control.

Both teletypewriter and RS 232C interfaces are included,
choose the one you need.

Selectable baud rate generator— pick the com-
munications frequency you want.

o

al

L3

0 %8

.
4

”
0.
4 h:l ]
DTN Y

Capacity for 4K bytes of erasable and repy
mable EPROMs or ROMs for user’s program
storage. Plug-in any mix in 1K byte increments.

' board computer for $295,

MDS™ Microcomputer Development System with The Intel® SBC 80/10 is available from distributor
optional Diskette Operating System and unique stock. To order contact: Almac/Stroum, Component
ICE-80 In-Circuit-Emulator. Develop and debug your Specialties, Components Plus, Cramer, Elmar,
system software directly on the SBC 80/10 using the Hamilton/Avnet, Industrial Components, Liberty,
symbolic debugging capability of ICE-80. Pioneer, Sheridan, or L. A. Varah.

The 80/10 is supported by macroassemblers, text For your copy of the SBC 80/10 brochure, use the
editor, Intel's PL/M™ compiler, a user’s library withover  bingo card or write: Intel Corporation, 3065 Bowers
150 programs, and comprehensive documentation. Avenue, Santa Clara, California 95051.

Training is available at training centers or sched- 2 <
uled at your plant. For additional technical assistance 5 i d l
contact your Intel Field Applications Engineer. I e lver So
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Incorporating a 48-V dc-to-dc converter as well as formatters, Pertec’s T7000 and
T8000A magnetic tape drives operate with batteries for use in uninterruptible sys-
tems such as those in the telecommunications industry

of read/write heads. Heads are ramp
loaded with a load force established
by a spring integral with the head
support arm, eliminating compli-
cated mechanisms and adjustments

associated with other approaches. A
0.3-micron filter system assures pro-
tection against disc or head contami-
nation.

Circle 144 on Inquiry Card

16M-Byte Add-On Memory
Remains Continuously
Available to CPU

Advanced techniques used in the in-
7168 solid-state memory system per-
mit up to 16M-byte capacity to re-
main continuously available to the
IBM 3168 CPU. Intel Corp’s Memory
Systems Div, 1302 N Mathilda Ave,
Sunnyvale, CA 94086 designed the
add-on memory in a standalone frame
and incorporated a microprocessor
powered maintenance panel and a
modular power supply scheme, to
provide this continuous availability.

Basic storage element is Intel’s
4096-bit n-MOS RAM. Sixty-four of
these devices are organized 32K x 8
on a PC memory module; 36 mod-
ules make up an incremental storage
unit (ISU). Each ISU is divided into
two independent halves and each
megabyte of storage is spread be-
tween two ISUs, allowing the mem-
ory to operate in 4-way or serial in-
terleave mode. From 1M to 8M bytes
of memory are stored in a single
standalone frame which connects
through cables in parallel with the
CPU memory port. When used with
the minimum allowable 1M-byte of
IBM memory, the unit stores up to
7M bytes. A second unit can be used
to increase total memory to 16M
bytes, which is considered the maxi-

mum main memory usable by the
CPU.
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The power distribution system pro-
vides raw ac power to individual
power supply modules which power
the ICUs; the maintenance panel
also has its own power supply. This
concept allows the system to be
powered down in 1M-byte increments,
while all other 1M-byte increments
remain online to the CPU. This avoids
the possibility of an overall system
failure due to failure of a centralized
ac-dc converter or dc voltage regu-
lator, allows potential power prob-
lems to be isolated to a 1M-byte
increment, and conserves power in
systems with less than full storage
capacity.

Containing an 8080 microcomputer
system, the maintenance panel not
only expedites maintenance of the
Intel memory but identifies any fail-
ing memory in the 370/168. It pro-
vides the operator with error logs for
total memory and a power supply
display.

Circle 145 on Inquiry Card

Single-Board Processor's
Dual Bus AHows Interface
to Mini/Micro 1/O Devices

A dual I/0 bus system in the single-
board 5/16 processor bridges the gap
between microprocessors and mini-
computers, allowing interfacing with
both minicomputer peripherals and

the low cost I/O devices being sup-
plied for microprocessors. Interdata,
Inc, Oceanport, NJ 07757 based the
processor’s dual bus design on the
increased importance of peripheral
costs that has resulted from lower
CPU and memory costs.

Housed on a single circuit board,
the model 5/16 incorporates a full
16-bit processor with 16 general-
purpose registers, 114 instructions,
line frequency clock input, and built-
in self-test. It has 8K bytes of n-MOS
dynamic R/W memory (expandable
up to 64K bytes) with a 600-ns mem-
ory cycle time, and directly addresses
up to 64K bytes. Up to 48K bytes
of ROM replacement for main mem-
ory is available as an option.

The dual I/0 bus system has both
a standard Interdata multiplexer bus
and an industry standard Micro Bus.
The multiplexer bus assures com-
patibility with the company’s soft-
ware and peripherals while the
Micro Bus permits interfacing with
low cost microprocessor I/0 devices.
The Micro Bus is compatible with
I1/0 buses of both the Intel 8080
and the Motorola 6800.

Extending the top of the company’s
16-bit family, the 8/16, announced
in conjunction with the 5/16, is
claimed to be faster and less expen-
sive than either DEC’s PDP-11/35
or Data General’s Nova 3. It includes
16 general-purpose registers, direct
memory addressing, and support for
up to 64K bytes of 750-ns core mem-
ory. Options include hardware multi-
ply/divide, single and double pre-
cision floating-point hardware, power
fail/auto restart, and bootstrap loader.

Enclosed in a 5-slot chassis with
a 25-A power supply and current
loop interface, the 5/16 sells for
$1395 in quantities of 100; as a basic
processor board with 8K memory,
price is $868 (100 quantity). A basic
8/16 with 32K memory costs $4160
in quantities of 50; configured in a
16-slot chassis with 50-A power sup-
ply, hexadecimal display panel, 60-
Hz clock, power fail/auto restart,
bootstrap loader, disc and teletype-
writer interfaces, and single and
double precision floating-point hard-
ware, the unit sells for $16,761
(quantity 10).

Circle 146 on Inquiry Card

256K-Byte Memory Boards
Fabricated from 16K Chips
Form 8M-Byte Memory

Large capacity main and disc mem-

ories intended for use with its 300
and 400 central processors have been
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u've seen display systems
ike these...
ut not at these prices!

()

TV MONITORS

)

COLOR TV
MONITOR

)

12 channel, 16 shades in each of 3 colors: $9,450

How about RGB color with half intensity
blink, or high resolution B/W graphics,
for only $6,450?

These aren’t stripped down either. They're
complete operating systems with a standard
interface, and quantity discounts are
available.

Those are just a few examples of how
we've changed the graphic television display
market. All of our systems work with stan-

dard TV monitors, and have these standard
features:

e 3.0 usec access to any point on the screen
e Hardware character generator with four
character sizes

Hardware vector generator

Up or down scroll

Non-destructive cursor

Automatic location update

Resolutions of 256 x 256, 256 x 512, or
512 x 512 (higher resolutions available).

In addition, even those things that aren't
standard aren’t expensive. Special inter-
faces for most minicomputers, for example,
are only $300 extra. Other options include:
memory readback, video look-up tables with
readback, keyboard, manual cursor controls,
and more.

So, before you make any decisions about
computer imaging systems, talk to us. We
give you the big picture, but not the big
price. For detailed specs, and/or a quo-
tation, call or write.

GRININELL SYSTEMS

2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100

CIRCLE 20 ON INQUIRY CARD
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introduced by Prime Computer, Inc,
145 Pennsylvania Ave, Framingham,
MA 01701. Providing four times
greater capacity on a single 16 x 18”
board than its predecessor using 4K
chips, the 256K-byte MOS memory
board is fabricated from Intel’s 16K
memory chips. The 300M-byte disc
unit, a complete subsystem that in-
cludes disc drive, 12-platter remov-
able disc pack, and controller, fea-
tures automatic error corrections.
For use primarily with the model
400 processor, which can address up
to 8M bytes of main memory, the
256K boards can be packaged in a
memory extender unit to provide 8M
bytes in a 27-slot chassis. Access time
is 400 ns. Automatic error correct-
ing code (ECC) is a standard fea-
ture. The ECC system appends a
special 5-bit code to all data stored
in memory. This code is used in con-
junction with error checking firm-
ware to automatically detect and
correct all single-bit errors without

interrupting CPU activity. Most mul-
tiple-bit errors can be detected as
well. To further enhance memory
integrity, the operating system is
capable of testing each page of mem-
ory and automatically paging around
detected malfunctions.

Augmenting main memory capaci-
ties on model 300 and 400 proces-
sors, the 300M-byte disc subsystem
can be expanded by adding up to
three more disc drives per control-
ler for maximum 1.2G-byte capacity.
Reliable operation and error-free
data transfers are provided by sys-
tem integrity features that include
automatic header label checking,
cyclic checkword calculation, and an
automatic error correction feature.
Implemented in a combination of
hardware and system software, the
error correction feature automatical-
ly corrects up to 11 bits in one burst
error.

Circle 147 on Inquiry Card

System Architecture
Divides Workload
Within CPU Complex

ECL logic, multilayer printed circuit
boards, semiconductor memory, and
independent instruction and periph-
eral processors are incorporated in
the 90/80 virtual system to provide
high performance, reliability, and
efficiency. Introduced by Sperry Uni-
vac, a div of Sperry Rand Corp, PO
Box 500, Blue Bell, PA 19422, the
virtual system allows easy transition
from 90/60 and 90/70 systems as
well as from series 70 computers.
Conversion aids for the IBM 370/145
are offered to provide an alternative
to those planning to upgrade to the
370/158.

Designed such that instruction
processor and peripheral processor
have separate processing capabilities,
the system architecture allows work
to be distributed within the CPU
complex. Functions proceed in each
unit without interference from or
with that of the other processor.

Processing and control portion of
the system, the instruction processor
contains sequencing and processing
controls for interrupt action timing
facilities, initial program loading, and
instruction execution. Its 32 32-bit
general-purpose registers are arranged
in two sets: one reserved for execu-
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tive or privileged mode, the other
for use by user programs. This de-
sign reduces the interrupt processing
time overhead required when only
a single set of general registers is
used.

The microprogrammed peripheral
processor provides I/O processing
facilities. Permitting eight I/O chan-
nels, with a minimum of one byte
multiplexer (one optional) and one
block multiplexer (six optional), the
peripheral processor transfers data
to main storage at 8M bytes/s; byte
multiplexer transfer rate is 183K
bytes/s. Both processors can initiate
requests for main storage independ-
ent of one another.

Main memory is made up of 4K
n-MOS storage devices. Capacity
ranges from 524K to 4129K in 524K
increments. Providing 280-ns read
access time with a cycle time of 450
ns/8 bytes, the memory uses an error
correction code technique to correct
single bit loss and detect double
bit loss, ensuring data reliability.
The technique reduces the incidence
of “stops” due to main storage fail-
ures and allows most failures to be
repaired during nondisruptive main-
tenance periods.

Other reliability features include
an online fault analysis  technique
provided via microprograms. Multiple
level hardware instruction re-try is

aided by software fail-safe tech-
niques, error logging, and dynamic
reconfiguration around failed devices.
The system handles a full com-
plement of peripheral equipment in-
cluding disc subsystems, magnetic
tape units, card reader, and printers.
A multichannel communication con-
troller integrates hardware and soft-
ware functions to optimize communi-
cation capabilities.
Circle 148 on Inquiry Card

Video Display Terminals
Designed for
Cost/Benefit Ratio

A low cost remote video display and
a fully featured user programmable
unit with detachable keyboard have
been added to the B series terminal
line by Beehive Medical Electronics,
Inc, 870 W 2600 South, Salt Lake
City, UT 84125. Both units are de-
signed to provide many features yet
retain economy.

The user-programmable B500 fea-
tures an expandable program mem-
ory, down-load capability from the
CPU, data transmission at rates to
19,200 bits/s, and full- or half-
duplex online operation. This unit
incorporates 4K RAM display mem-
ory, and provides program storage in
4K p/ROM or 8K ROM; up to 48K
of RAM is available to permit ex-
panded editing capabilities. The de-
tachable typewriter-style keyboard
has an 11-key numeric pad.

Edit functions, RS-232-C compati-
bility, 25-line x 80-character dis-

play capacity, line and block trans-
mission, addressable cursor, upper and
lower case characters, scrolling, and
4-level video are standard features.
Optionally available are flexible disc
unit, expanded software capability,
256 programmable characters, and

L

User-programmable B500 video display
terminals from Beehive Medical Elec-
tronics incorporate 4K R/W display
memory, and provide p/ROM or ROM
program storage. Detachable typewriter-
style keyboard has 11-key numeric pad
in addition to function keys
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TAKE IT AS A

COMPLEMENT

STOP AND
COMPARE

Size and weight are two of the most impor-
tant specifications when selecting a portable
scope for field service, in-plant maintenance
or mobile test applications. Series PS940
Mini-scopes from Vu-data offer the best per-
formance to size/weight ratio of any others
on the market—and at a price that can cut
your new scope purchase dollars in half!

Typical Portable Vu-data PS940
Wt. 25Ibs. Wt. 101lbs.
Size 1300in.? Size 400in.?
Price $2,145 Price $1,145

INTERESTED? Call Al Agent at (714) 279-6572, or
write to us at 7170 Convoy Court, San Dtego,
 California 92111.

See us at Wescon Booth #678
CI RCLE 21 ON INQUIRY CARD

#
CHANNEL 2§
o

3 ¥y

If you re interested ina sarwce scope that will do the job without
the burden of “overkill” features, then examine a PS940. These
are scopes that can be carried to every job, every time without

~ hesitation. They’ll probably give you a better return on investment
than any scope you now have. Join the numerous other major
‘service groups who have aiready selected a Vu-data mini-scope

-buy one!

Ffom a Leadar in Portable Oscilloscopes

CORPORATION
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edit features that include word search,
word delete, sentence delete, and
block move.

Accommodating strict budget limi-
tations by providing low cost, vari-
ety of options, and diverse features,
the B100 is a self-contained, op-
erator/computer-accessible  terminal
with 12” digital type monitor for-
matted to display 12 or 24 lines of
80 characters each. Transmission
rates are switch-selectable from 110
to 19,200 bits/s. Erase mode and
hardcopy capability with printer in-
terface are standard features; op-
tions allow formatting, blink, edit-
ing, and function keys.

List price for the B500 is $2695;
the B100 sells for $1495. OEM dis-
counts are available.

Circle 149 on Inquiry Card

Character Clip/Cartridge
Printer Offers
Flexibility, Low Cost

Character clip/cartridge technology
is used in the model 5560 printer
to enhance character registration as
well as offer flexibility and lower
costs, Data 100 Corp, 6110 Blue
Circle Dr, Minneapolis, MN 55435
developed the concept to provide
high quality output by allowing the
operator to replace defective char-
acters.

Producing 600 lines/min., the stan-
dard unit is furnished with a 132-col
print line and 64-character ascu font.
Printing is performed in a horizon-
tal position to permit smooth paper
movement and provide extremely
even lines.

Character set is contained on
96 individually replaceable clips to
provide flexibility and versatility.
Holding four characters, each clip
is a metal plug that mounts on two
rubber belts, riding between them.
96 clips mounted on the belts com-
prise the character belt which fits
into the cartridge. A steel guide rail
at the front of the cartridge, and
two guides that curve in front of the
clips maintain positioning during
movement. The entire cartridge is
easily removed to change or replace
the font; individual clips can be op-
erator replaced to fix defective char-
acters, guaranteeing high quality
print.

Housed in one leg of the canti-
levered unit, the electronics package
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is configured around a processor that
provides printer control, emulation
capability, and printer diagnosis rou-
tines. The bipolar LSI processor has
a 130-ns cycle time, and is partitioned
into CPU, which handles arithmetic
tasks; interface, which provides path
to customer equipment and data stor-
age for the processor; and an auxil-
iary section which handles all high
voltage functions (eg, motor on/
off). p/ROM is used to store the
program that runs the printer; RAM
holds data necessary for housekeep-
ing duties and computer input.

Hammer driver boards are located
underneath the printing head. Ham-
mers (one per column) are fired
dynamically in time as characters
pass the hammer. The hammer bank
can compensate for any feed varia-
tion dynamically within a print line,
character to character.

Horizontal print surface both en-
hances smooth paper movement and
allows easy operator access for paper
loading and forms setup functions.
Paper movement is handled by a
servomotor driving four large trac-
tors. There is a paper puller at the
rear to get paper out of the machine.
Both velocity feedback and an op-
tical encoder are used to keep track
of line spacing.

Circle 150 on Inquiry Card

512K-Byte Add-On Memory
Allows Reconfiguration,
Use of Multiple Systems

The EcoM® 70 core memory system,
from Standard Memories, 4120 Birch
St, Suite 105, Newport Beach, CA
92660, provides up to 512K bytes of
add-on or replacement memory for
PDP-11/70* computers. Electrically
connected to the computer’s memory
bus via four controlled-impedance
flat cables, the unit incorporates re-
configuration controls which allow
DEC memory to be totally discon-
nected; a memory bus continuity fea-
ture permits multiple systems to be
used for large storage applications.

Memory modules are 3D, 3-wire
coincident current core memories us-
ing planar large card construction.
MM-122 provides 16K x 18 bits or
32K bytes; MM-124, 32K x 18 bits
or 64K bytes. The 124" high, rack-
mount chassis assembly houses up to
16 memory modules and one control
card. Capacity ranges from 64K to

512K bytes in 64K increments (MM-
122), and from 128K to 1024K in
128K increments with MM-124 mod-
ules. Maximum system execution times
are: 800-ns read/write cycle, 100-ns
write access, and 425-ns read access.

Electrical interface between the
CPU memory bus and memory mod-
ules is accomplished with four con-
trolled-impedance flat cables. Eight
flat cable connectors on the control
card permit the user to either termi-
nate the memory bus at the memory
system chassis or provide memory bus
continuity to other memory units, per-
mitting the use of multiple memory
systems, since the PDP-11/70 is cap-
able of addressing up to 4M bytes
of memory.

A remote programming box fitting
directly under the enclosure chassis
contains on/offline switch, recon-
figuration controls, chassis cooling
fans, and ac power controls which
allow the memory system to auto-
matically power up/down with the
computer system. On/offline switch
permits the memory system to be
electrically removed from the mem-
ory bus. Reconfiguration controls al-
low the user to easily move the start-
ing address and ending address of the
memory system to any location on
the bus.

Circle 151 on Inquiry Card

Simple Modular Makeup
Enhances Reliability,
Service of Printer

Four major modular assemblies
make up the 9232 matrix printer.
Achieved through incorporating a sim-
ple mechanical design and using
integrated electronic circuitry to con-
trol and move printhead and tractor
mechanisms, the printer design in-
creases reliability, and provides
processing capability.

Heart of the printer, developed
and manufactured by Datapoint Corp,
9725 Datapoint Dr, San Antonio, TX
78284, is a processor which controls
‘both the flow of data and the printer
mechanism. An additional function is
running built-in diagnostics which
check and demonstrate all control
functions and generate a complete
character set. The processor also per-
mits bidirectional printing for high
throughput, high speed spacing, and
line feed slewing.

Maintenance is eased by both the
unit'’s mechanical simplicity and its
modularity. The unit disassembles
easily into subassemblies: paper trac-
tor, printhead, carriage, and elec-
tronics assemblies are easily re-
placed. No special tools or align-

COMPUTER DESIGN/AUGUST 1976



“The only problem

4051 software won't solve
Is what to do with
my free time’

Our flexible program structure
leaves you ample time for cre-
ativity. Tektronix has streamlined
data entry, storage and editing. Our
desktop computing and interactive
software have eliminated many
routine and repetitious steps.
Results come quicker with solution-
oriented software that exploits the
full versatility of our 4051 BASIC

~ Graphic Computing System.

oftware Inke our hugh powered

programs that let you work at your
own pace, accumulate weeks of
data, edit, revise and analyze for
the greatest possible integrity of
final solutions.

Modular mathematics...featuring
fast, stable, state-of-the-art algo-
rithms that may be extracted and

used as separate programs. The

linear programming package can
solve a program with 40 variables
in less than 10 minutes.

In the interactive 4051 library,
you're drawn into every solution.
Ask your Tektronix Sales Engineer
for the whole 4051 software story.
Or write:

Tektronix, Inc.

Information Display Group
P.O. Box 500

Beaverton, Oregon 97077
Tektronix Datatek NV

P.O. Box 159
Badhoevedorp




What our bottom-of—the-line

— e
——

The ALPHA LSI-3/05 Series:
ComputerAutomation’s low-cost line of 16-bit, full-scale,
fully compatible computers.




can do for your bottom line.

Stack the ALPHA LSI- 3/05

millicomputer up against any
other low-end computer.

Preferably while you're
sitting down, because on
price alone, you're bound
to be astounded.

Ready? $701 total
packaged price. And that's
complete with 256 words
of MOS RAM, and a CPU
that offers a really powerful
instruction set, Power Fail
Restart, Real-Time Clock
and Autoload capability.

Try to buy an equivalent
computer at twice the price.

Have it your way.

You also get the capa-
bility to configure your computer
pretty well the way you want it.
A choice of packaging, of course,
that includes either the Oper-
ator’s or the Programmer’s Con-
sole, power supplies and so on.

A choice of two standard
/O options.

And a choice of optional
memory configurations that

Maxi-Bus compatible ALPHA LSI-3/05
achieves unprecedented cost-effectiveness
with ComputerAutomation’s new Distributed

I/O System.

All prices shown are for lots of 100 (U.S.A. only).

Snclude RAM/ROM, RAM/

EPROM and RAM-only in sizes
from 256 words all the way up to
32K words. Totally addressable.

Family connections
save you still more money.

So far, what we've been
talking about could easily add
another five or six figures to
the bottom line of your ledger.

But there’s more. Really
big savings on off-the-shelf
software, peripheral controllers
and I/O interfaces.

The reason is that the
ALPHA LSI-3/05 millicomputer
is a full-fledged member of
ComputerAutomation’s LSI
Family ... Maxi-Bus compatibility
and the whole works. So, every
piece of Family hardware we've
ever developed will work like
it was made for the ALPHA
LSI-3/05. Including Computer-
Automation’s exclusive new
Distributed I/O System. . .just
like you see it in the picture.

With this versatile inter-
face system, you can interface
virtually any kind or combina-
tion of peripherals. Parallel or
serial. Just by plugging them in.

Your cost? Probably less
than $200 per interface.

The pros know.
Computer-wise OEM'’s
will tell you that product
requirements sooner or later
get ahead of the hardware.
For instance, the computer
you buy today may not have
enough I/O or memory capac-
ity for tomorrow’s Mark 11
iper Widget.
. Then you'll have to scrap
our software and your
terface designs, because
y're not about to work on
some other machine.
You lose.
Of course, with our LSI
Family of compatible computers
you don't.

You can switch to a differ-
ent CPU or a different memory
anytime. Faster, slower, bigger,
smaller. The electrical interface
will still be the same; the original
programming will still work.
You win.

From the people who
brought you the NAKED MINI®

And the NAKED™MILLI.
And the Distributed I/O System.
And the PICOPROCESSOR.

And now the ALPHA
LSI-3/05 millicomputer.

One cost breakthrough
after another. Breakthroughs
that didn’t just happen...a
lot of profits got plowed back
into R&D.

But then, that's the price
of leadership.

ComputerAutomation
NAKED MINI Division

U.S.A. 18651 Von Karman, Irvine, CA 92713
(714) 833-8830

EURORPE 31/35 Clarendon Road, Watford,
Hertfordshire, WDI, IJA England (0923) 39627

For further information, circle 23 on Inquiry Card.
Please have a salesman call—circle 24 on Inquiry Card.



Don’t be decked by all of the
general data about only buying
your disk system from your
mainframe manufacturer! DATUM's
4091 Series Disk Systems will
do the job for less. We guarantee if!

Take, for example, the DATUM embedded disk with (and transparent to) the system in which they
controller for the Data General Nova® 2, Nova® 3, will be used. Your processor will think that it is deal-
Eclipse® minicomputers: « Embedded in NOVA® ing with a member of its own family. You will thus

chassis « Looks like Data
General 4234 Controller «
Detached header mode
included « Completely
media-compatible « Runs
under RDOS-4 or RDOS-5
« Accesses up to four 10-
Megabyte drives such as
Diablo 44 or the Pertec 3442
« Will perform overlap seeks
+ No special software
required « Complete data
error checking

All DATUM controllers
and systems are developed
using the minicomputer and
software with which they
are to function. This assures
that they are compatible

Clip and mail coupon
immediately and we will rush you
more defails!

Peripheral Products Division

1363 S. State College Blvd., Anaheim, CA
92806 » 714 /533-6333 * EUROPE: Datum
House, Cranford Lane, Harlington,
Middlesex, UK « O1-897-0456

(>
patuminc
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have service compatibility
at all levels. DATUM diag-
nostics, supplied with every
installation, will check out
machine performance.

Once your DATUM disk
controller is up and running,
once we have trained your
people, your operating prob-
lems will disappear. And
remember, DATUM warrants
and services all of the equip-
ment that it supplies.

Only DATUM has de-
signed, built and installed
over 6500 controllers and
systems for use with most
minicomputers and so many
different peripheral devices.

DATUM, INC. « Peripheral Products Division

Gentlemen:
(] Please have a salesman call upon my firm immediately.

O | have an urgent need for a disk system and would appreciate your circumventing
normal response time and phoning me now.

Name _ Company
Street Address City, State, Zip
Telephone No. Position

Computer and Model Number

CIRCLE 98 ON INQUIRY CARD COMPUTER DESIGN/AuUGUST 1976



DIGITAL TECHNOLOGY REVIEW |

ment equipment are required. Where
synchronization with other printer
components is necessary, light emit-
ting diodes are provided to indicate
when the assemblies are correctly
aligned.

Since the equipment is intended
for use by office personnel, controls
are simple to use. By moving the
ribbon along with the print mechan-
ism, the ribbon path is kept short,
facilitating ribbon changes. Each trac-
tor assembly features its own line
spacing, form feed, and vertical align-
ment controls. Forms length is con-

trolled by a removable plastic chain.
Each link in the chain represents
%" of paper; small plastic flags in-
serted between links set the forms
length from 1 to 24”.

Functionally, the machine prints
132-col lines at 80 char/s; and pro-
vides from 25- to 425-line/min.
throughput. Line spacing is 6 to 8
lines/in., individually selectable on
each tractor. Character set is the 96-
char Ascu upper and lower case font.
Underscore, super, and subscripts are
possible.

Circle 152 on Inquiry Card

32-Bit Computer Offers
1M-Byte Memory, Pipelined
Instruction Execution

A low price, 32-bit computer, the
1V /35 offers 1M-byte memory, double
the capacity of its predecessors, to
permit increased operating system
services, larger user tasks, and ex-
tended global libraries. In addition,
the unit has 32 direct memory proces-
sor I/O channels, eight virtual mem-
ory context environments, and com-
putation capability for standalone
measurement, control, and communi-
cations real-time tasks. It doubles
virtual memory addressing, multi-
programming environments by im-
plementing eight 128-byte memory
mapping files.

Introduced by Modular Computer
Systems, Inc, 1650 W McNab Rd,
Fort Lauderdale, FL 33309, the pro-
cessor is intended for use as a host or
intermediate element in distributed
communication network configura-
tions. A communications processor
version adapts to byte-string process-
ing applications.

The IV/35 CPU performs pipeline
instruction execution operations us-
ing parallel data buses and adders
in combination with 2- and 4-way
memory operand interleaving and
operation lookahead access. Instruc-
tion execution times are variable due
to the effects of pipeline execution.
Many register-to-register instructions
can be executed in a minimum of
320 ns, if the instruction is avail-
able in the lookahead pipeline when
execution of the preceding instruction
is completed.

Increased efficiency in the multi-
programming operating system re-
sults from implementation of eight
128-byte memory mapping files. These

eight virtual program environments
are controlled by a memory manage-
ment system which provides high
speed hardware for all memory al-
location/deallocation and memory
context switching functions.
Increasing the number of direct
memory processor channels to 32 al-
lows high speed peripheral block
data transfers into the multiported
memory system. The four simultane-
ous memory access paths provide si-
multaneous CPU and I/O access
capability. The 4-port memory inter-
face enables up to four transfers to
be made during the same cycle time.
A basic IV/35, priced at $42,500,
includes 32-bit parallel bus and
arithmetic unit, 128K-byte 1-us core
memory, memory expansion capabil-
ity to 1024K bytes, 4-port memory
interface, control console, memory
parity, and cabinet.
Circle 153 on Inquiry Card

Modular Control System
Simplifies Newspaper
Production Processes

Embodying the copy management
concept for automated newspaper
copy control and production, model
6000 is a computer-based system that
simplifies copy entry and editing, fil-
ing, typesetting, including hyphena-
tion and justification, and copy classi-
fication. Developed by Amcomp, Inc
(formerly Data Disc), 686 W Maude
Ave, Sunnyvale, CA 94086, the sys-
tem features fully redundant archi-
tecture for reliability, as well as
modular hardware and software.

The system uses DEC PDP-11 CPUs,
Amcomp 6800 clustered terminal con-
trollers, UNIX operating system, and

special programming techniques to
support systems having small single
processors or large multiple proces-
sor systems having over 100 termi-
nals. Configurations may contain mov-
ing head and head per track discs,
magnetic tape units, printers, and
visual display terminals.

Entered directly from the wire
service, from terminal keyboard, or
OCR unit, copy can be edited from
a visual display terminal, and then
maintained on the system in three
versions: original input, latest filed
version, and a working copy for ac-
tual editing. Directory mode is high-
ly interactive; directories can be
maintained by any number of user-
selected criteria and their structure
can be changed online.

After selecting a story from the
directory, editing is accomplished via
the display’s keyboard. Capabilities
include block definition and manipu-
lation, string replacement, and char-
acter editing.

Composition facilities accommodate
both straight and display matter.
Nested format capability permits
nested usage as well as online dis-
play, edit, and update. Hyphenation
and justification are interactive.
Circle 154 on Inquiry Card

Hand-Held Calculator
Performs Functions on
Fractional Entries

The AL-8, an 8-digit calculator de-
signed to calculate fractions, has been
introduced by Casio Inc’s Computer
Products Div, 15 Gardner Rd, Fair-
field, NJ 07006. In addition to four
basic arithmetic functions, the unit
provides full 4-key independent
memory, which allows subtraction,
addition, recall, and clearing of mem-
ory, and a percent key for calculat-
ing markups and discounts.

A small slide switch under the
unit’s display allows results to be
cut off or rounded off to two deci-
mal places. A second more sophisti-
cated switch selects six different
modes featuring various symbols,
each allowing the user to perform a
different function. These functions in-
clude square root, grand total re-
mainder (allows user to divide one
number by another, and display the
remainder), arithmetic on numbers
expressed in fractions, measuring time
intervals expressed in hours, min-
utes, and seconds, and standard de-
viation. The AL-8 operates on two
penlight batteries or on ac with an
optional adapter; price is $24.95.
Circle 155 on Inquiry Card O
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DEVELOPMENTS

16- x 16-Bit Multipliers
Meet Military/Commercial
High Speed Applications

Ability to multiply two 16-bit words
to generate a 32-bit word makes the
MPY-16 family applicable for both
military and commercial high speed
processing. A, B, and C versions can
perform a complete double-precision
16- x 16-bit parallel multiplication
in 300 ns or less. The military grade,
high reliability units will also be
made available in radiation hard
configurations.

Developed by TRW Inc’s Defense
and Space Systems Group, Redondo

Beach, Calif, the circuits incorporate
more than 18,000 components on a
single %-in. sq silicon chip that is
housed in a 64-lead flat package.
Multiplication is carried out by an
array of adder cells using the suc-
cessive-add algorithm. Each of 60 de-
vices in a cell contains about 3 mils?
of chip area for a total of approxi-
mately 200 mils? for a cell. Only
a single 5-V power supply is used.

Dual-railed emitter follower logic
(EFL) used in the full adder cells
results in both the high speed and
low power consumption (1.4 mW/
gate). Total power consumption is
5.1 W. Non-inverting AND-OR gates

X REGISTER

X INPUT

Y INPUT

M REGISTER

PRODUCT

MOST SIGNIFICANT PRODUCT

L REGISTER

PRODUCT

LEAST SIGNIFICANT PRODUCT

Input and output parallel format
of MPY-16, a 16- x 16-bit, 2's
complement parallel multiplier.
Sign and 15 bits form the most
significant product

eliminate delay times in logics re-
quiring signal inversion. The major
multiplier array logic achieves speed-
power performance of <3 p]J.

Inputs and outputs are fully TTL
compatible, and outputs have 3-state
control. A data bus under program
control provides several time-shared
input and output options. I/O signal
leads are reduced to as few as 25.
The 3-port chip offers separate in-
puts and outputs for single precision
operation or combined for double.

Two control signals load the in-
put latches and begin multiplica-
tion. The 32-bit product is read out
in two steps by the control signal
directly to the 16-wire data bus.

Of the three configurations, the
most complex—MPY-16A—has both
input and output registers under sep-
arate clock control. These registers
are D-type flip-flops using a single
phase TTL clock input. A double pre-
cision product is available. Configura-
tions B and C operate with less
power and do not incorporate regis-
ters; both operate in a continuous
asynchronous multiply mode. B has
single precision most-significant prod-
uct (MSP) available; C has both
MSP and LSP available. Three-state
control on the outputs is available
on all three configurations. Three-
state control on inputs is available
on B and C. (Three-state input con-
trol reduces the input load current
for bus operation, inhibits the inputs,
and zero fills the multiplier.)

The multipliers are expected to
be offered for sale by the end of
1976. Probable price will be about
$250 in small quantities.

3-STATE 1
INPUT O—D—‘

RND O—

XIN

TRIM 6

MSB

SIGN, P1-P1.
SAEIE1S MSB PRODUCT

Variations in configuration complexity of MPY-16
area shown in color is not included

1
TRIL
* MSB
SIGN, P16-P30

2
& 16
-
)

YIN &
16

LSB
PRODUCT

MPY-16C 16
MULTIPLIER
ARRAY

* MSB
SIGN, P16-P30

MSB
SIGN,P1-P15
* OPTION P31z ¢

{=1) MSB PRODUCT

family. B version is same as C except that

3-STATE

* OPTION P31z ¢
=1)
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The

Intelligent
Buy!

Ontel®*1795

The remarkable Ontel OP-1 series...

Priced from $1,795...

User programmable...
Modular structure...

Up to 64K of memory...
Designed for field upgrade of
features...

Cluster or stand-alone
configurations...

Up to three microprocessors...
Easily programmed...

Full range of communications
controllers and peripheral
interfaces...

Application packages include: word
processing, text editing, forms
generation...

Unequaled flexibility, versatility

and dependability...

Contact me today for complete
information...

Frank A. Kirby
Vice-President—Marketing
Ontel Corporation

250 Crossways Park Drive
Woodbury, NY 11797
(516) 364-2121

CIRCLE 26 ON INQUIRY CARD
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DEVELOPMENTS

Manual Control Device
Cuts Computer System
Energy Consumption

Power control interface for comput-
er systems such as the IBM/360 and
370 utilizes the central processing
unit (CPU) as the source and ulti-
mate receiver of power sequence con-
trol signals. Under standard proce-
dures, the power-on sequence to satel-
lite devices is automatic. A single
switch turns on all interconnected
machines and places the entire sys-
tem in operational mode. When sys-
tem power is on, I/O devices such as
discs, tapes, and control units are on.
These peripherals consume energy
whether or not they are needed for
a given computer operation.

However, because all power con-
trol signals do emanate from the
CPU, designers attempting to remedy
this energy waste situation need work
with only a single source. Discon-
necting power control cables from
the CPU and reconnecting them to
an external switching device can be
accomplished without altering either
the CPU or the I/0 devices or affect-
ing the emergency power-off controls.

Personnel at International Busi-
ness Machine Corp’s General Prod-
ucts Div in San Jose, Calif did just
that. A proposal from the Product
Assurance Laboratory for a remote
I/0O power control station was im-
plemented on a System/370 at the
Product Test Laboratory. The result
is a reduction in the electrical en-
ergy consumed by the system. Only
the peripherals required for the proj-
ect being run at any given time need
now be on and using power. All
others can be turned off.

Remote 1/0 power control station. Oper-
ator can “power down” unneeded ma-
chines of a computer installation by
locating desired machine on diagram
(above control box), noting its iden-

tifying number, and flipping toggle
switch corresponding to that number

52

Introduction of the remote I/0
power control station appropriately
reroutes the peripherals’ power sup-
ply cables from the CPU and, in
effect, converts the normally auto-
matic power-on process to a manual
procedure. The operator can switch
power selectively.

In the IBM unit (see photo), power
control cables are connected to
switches on a small control box. These
switches energize or de-energize the
various machines individually, based
on the operator’s decision as to which
are needed at any given time.

Installation of the control station
is quite simple: the power sequence
control cable is disconnected at the
satellite device, a special tee con-
nector is inserted, and the sequence
control cable is run to the centrally
located control station.

Operation is just as simple. The
system operator locates the desired
satellite device on the locator map
above the switches on the control
station, correlates the device loca-
tion number with the control station
switch number, and momentarily op-
erates the appropriate toggle switch.
The associated lamp then lights, in-
dicating that power-on has begun.
When the operator no longer re-
quires the satellite device, he momen-
tarily operates the same toggle switch,
dropping power to the device. If the
operator tries to use a device that
is not powered-on, Operating System/
360 or 370 alerts him.

The control station developed for
the San Jose Test Laboratory comput-
er installation involves 16 satellite
devices but can be expanded to con-
trol 24. Only 14 parts are required.

Fiber Optics Cable Has

High Resistance To Mechanical Stresses

25 mm

diameter

“KEVLAR" 49 ARAMID FIBER

“HYTREL" POLYESTER
ELASTOMER JACKETS

DuPont PFX-S fiber optics cable. Minimum bending radius
of 3 mm is only slightly greater than the cable’'s 2.5-mm

DU PONT POLYMER
FIBER CLADDING

A plastic-clad, pure silica core cable
for data transmission, PFX-S fea-
tures attenuation of 80 dB/km at a
wavelength of 800 nm. Cable-to-
cable splices and connections to LEDs
can be made with little transmission
loss as a result of the large numer-
ical aperture of the single fiber
cable (calculated at 0.4). At 700
nm, attenuation is 60 dB/km.
According to tests conducted dur-
ing test marketing, the fiber optics
materials resist radiation better than
glass bundles, and are resistant to
vibration, microbends, impact, water
immersion, and temperature cycling
from —80 to 150°C. Applications
are expected to be in computer in-
terconnections, medium-run-length

transmission where fiber ruggedness
is important, and military systems.

Developer of the cable, E. 1. du-
Pont de Nemours & Co, Wilmington,
Del, claims the extremely tough fiber
optics material “will resist mechan-
ical stresses better than other glass
or silica fiber optics currently avail-
able.” It can be bent around a 3-mm
diameter without breaking.

Other specifications of the mate-
rial include: exit numerical aperture
0.27 (—10 dB), core dia 200 um
(0.008”), clad fiber dia 600 um
(0.024"), inner jacket dia 1.25 mm
(0.049”), outer jacket dia 2.5 mm
(0.098”), min bending radius 3.0 mm
(0.118”), and tensile strength 30 kg
(66 1b). O
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Microprocessors take

control with
Teledyne |/0O
converters

x
=]
=4
2
©
@
@
w

TYPICAL SYSTEM BLOCK DIAGRAM

Modular packaging of input/output interface service wiring from logic connections. For pc
circuitry. That's what Teledyne 1/0 Converter boards, we offer the same circuitry in our 675
Modules provide microprocessor based industrial Series low profile package. Both series include
controls for maximum |/0O flexibility and ac and dc input/output converters.

expandibility. This single circuit modular concept
features all-solid-state circuitry, 1500V optical
isolation, and high noise immunity. Our 671 Series
modules plug directly into a low cost custom-
designed mounting panel, which physically isolates

So for the best in I/0 interface circuitry for
microprocessor based industrial controls, contact
the people who know the “ins and outs’ of this
business — Teledyne Relays.

A. 675 Series — Low profile 1/0
converter modules for pc
board mounting

B. 671 Series — Panel mounted 1/0
converter modules (with integral
LED status indicators)

C. 671P Series — Custom-designed
mounting panel

™ TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545
CIRCLE 27 ON INQUIRY CARD



Some of these components will probably

- FUNCTIONS IN

SNAP-ACTION V3, 8AM AND SX

SWITCHES PROVIDE HIGH RELIABILITY

AND ARE CAPABLE OF HANDLING

HI8H OR LOW ENERGY CIRCUITS ;

PROVIDE OUTSTANDING PERFORMANGCE

FOR SELECTION, TIMING AND DISPENSING
VENDING AMMACHINES.

[ =
= |BSE |

o

IDEALLY SUITED FOR

DIGITAL CASSETTE

RECORDERS AND

CARTRIDGE DRIVES,

THE 26 EAM MOTOR

USES A HOLLOW ROTOR TO PROVIDE
THE LOWEST POSSIBLE ROTOR MASS,
RESULTING IN VERY LOW INERTIA.
DIRECTLY INTERCHANGEABLE WITH
MOTORS MADE QUTSIDE USA.

MINIATURE SERIES B

SWITCHES PROVIDE

THE ATTRACTIVE

APPEARANCE , SMALL
SIZE AND RELIABILITY
NEEDED FOR HAND -
HELD DIGITAL TIMERS.
OFFER A WIDE
VARIETY OF OPERA -
TORS INCLUDING

TOGGLES, PADDLES,
PUSHBUTTONS ,

LIGHTED AND UN-
LIGMTED ROCKERS.




never wear out. The others will just come close.

The solid state keyboard, AML
lighted pushbuttons and solid
state position sensors you see here
will probably never wear out.
; Because they're all solid state.

g Each is based on a Hall
. B effect integrated circuit. A circuit
U i P that's been tested through billions

of operations without failing. Even

e
& &8

once. And proven by performance
in a variety of applications. The
other components you see here
come close. Simply because of the
way they're designed and put
together.

t?w - Like the long-life versions
= , ' ' ' ' ' l l of our snap-action V3, SM and SX

fvi

& + : AR precision switches. Available in a
s NN wide variety of sizes, electrical
C‘ \q & capabilities and ratings, terminals,
. A *a& - _ actuators, contact forms and
‘ - operating characteristics—they've
1 ~ been tested to a mechanical life of
RRR ' € over 10, 000,000 operations.
o Or the Series 8 miniature
manual switches. Designed with
188 Q epoxy-sealed terminals on most
: versions for extra reliability. And
offered with virtually any operator
you might need. Plus terminals
that include solder, quick-connect,
A printed circuit or wire-wrap.
The same standards of
quality and product flexibility go
into the 26EM DC motor. It's a
miniature motor designed with
SHIFT low inertia operational character-
istics. And just one of a line that
ranges up to the 500VM, a motor
capable of accelerating to 4000
RPM and stopping over 1000
s 2 times per second.
P — If you'd like more infor-
’ mation on any of these com-
ponents, contact your nearest
MICRO SWITCH Branch Office
or Authorized Distributor.
And find out how you can
‘R LH COMPONEMNTE ARE get a component that goes on
EALLY SVITED FOR APPLICATIONS LIKE torever. Or at least comes very,
;énts méwwwa AND OTHER caM:%ﬁé; very close.
IPHERAL BEQUIPMENT, FOR INSTAN
HE SD KEYBOARD OFFERING MHIGH MICRO SWITCH
ELIABILITY, LOW PROFILE AND LOW FREEPORT ILLINOIS 61032
OST,‘THE AL LIGHTED PUSH’UTTQNSI A DIVISION OF HONEYWELL
TURING QUALITY APPEARANCE AT
A LOW COST, ELECTRICAL FLEXIBILITY,
INCLUDING SOLID STATE VERSIONS, PLUS Circle 28 for Data;
ACOMPLETE LINE OF SOLID STATE Circle 50 for Salesman Call
POSITION SENSORS OFFERING ALAMOST
INFINITE LIFE AND COMPATIBILITY
WITH COMPUTER LOGIC.

LOCK

032 )|
)

MONAT 4
m
>

MICRO SWITCH products are available
worldwide through Honeywell International.




s

They're gonna make you a star.

In just a very short while,
we'll be giving static RAM
users the same thing we’ve
already given dynamic RAM
users.

The fastest MOS device on
the market.

Using the same super tech-
nology that gave you the
world’s first 150ns 4K
dynamic RAM, we’ll soon
be giving you the uPD410
series of 4K static RAMs
with speeds down to 100ns.

So right now you can start

designing products where that
kind of speed at that kind of
density can really help make
you a star.

For your present applica-
tions, we’ll also have slower
versions you’ll want to use
right away.

In addition to access times
down to 100ns, our n-channel
silicon gate 4K x 1 static
R AMs will also feature cycle
times down to 200ns, 12
wW/bit maximum standby
power, three-state output,
proven cross-coupled Flip-

Flop storage cell structure to
eliminate soft errors and the
need for refresh circuitry.

And they’ll be pin compat-
ible with the industry standard
22-pin dynamic part.

The uPD410 series of 4K
static RAMS.

For people into termi-
nals, add-on memories, main-
frames, and minis, it’s quite a
coming attraction.

NEC Microcomputers, Inc.,
Five Militia Drive, Lexington,

MA 02173. 617-862-6410.

NEC MIicrocomputers, inc.

(Data sheets now at reps and distributors.)

REPS: East—C & D Sales 301-296-4306, Contact Sales 617-273-1520, Trionic Assoc. 516-466-2300; South—Merino Sales 214-233-6002, Perrott Assoc. 305-792-2211, 305-275-1132,
813-585-3327, Wolffs Sales Serv. 919-781-0164; Midwest— K-MAR Eng. & Sales 816-763-5385, McFadden Sales 614-221-3363, R.C. Nordstrom 313-559-7373, 616-429-8560, R.F.
Specialists 312-698-2044; West—Mike Duffy Assoc. 303-934-7392, Electronic Component Marketing 714-524-9899, 714-295-6122, 213-340-1745, Summit Sales 602-994-4587, Trident
Assoc. 408-734-5900, Tri-Tronix 505-265-8409, 206-454-0940; Canada— R.F.Q. Ltd. 416-626-1445, 514-626-8324 DISTRIBUTORS: Century Electronics, Diplomat (Chicopee Falls,
Woodbury, Mount Laurel, Little Falls, Newport Beach, Clearwater, Dayton, Elk Grove Village, Farmington, Minneapolis, St. Louis, Salt Lake City, Sunnyvale), G.S. Marshall
(Sunnyvale), Harvey Electronics (Lexington, Norwalk, Woodbury, Fairfield), Intermark (Santa Ana, San Diego, Sunnyvale, Seattle), Lionex Corporation, Mirco Electronics,

R-M Electronics, Semiconductor Specialists, Technico.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Microcomputers Replace Gas Station Attendants

Remember the man to whom you used to trust your
car? Remember how he used to offer to check your
oil when you bought gas? Remember even farther back
to when he would clean your windshield while your
tank was being filled ?

If the present trend continues, that trusted man will
eventually become as obsolete as the car he used to
fill with leaded gasoline. The movement now is to seli-
service gasoline pumps from which customers will fill
their own tanks. Station personnel will be present
only to be certain the pumps operate properly and
to collect payment.

Conversion from attendant operation to self-service
is not, however, a matter of simply laying off per-
sonnel and putting up signs with pump operating in-
structions. Both pumps and procedures must be auto-
mated to simplify the actions that the customer must
perform, ease any qualms the customer may have about
operating a gas pump, and assure the station owner

that full payments are made and that all records are
continually updated.

Degree of automation varies among available dis-
pensing systems or those being designed—even within
the product lines of individual pump manufacturers.
For instance, Bennett Pump Co of Muskegon, Mich mar-
kets two systems: Baby Benn and Gentle Benn, cover-
ing low and high capacity systems. Baby Benn, a lower
cost unit, works on only three hoses at a time for three
dispensers (pumps). However, Gentle Benn operates
on as many as 12 pumps. According to Bennett vice
president Al Raschke, this system is the first to use
microcomputers to control both individual gas pumps
and all functions at the central attandant’s booth or
kiosk. The initial Gentle Benn system installation was
in Grand Rapids, Mich but several others are now
operating.

This microcomputer control system was developed
in association with Process Computer Systems, Inc, 5467

REMOTE
PUMPS ELECTRONIC_ DISPENSER (1 OF 12) (PUMP) _ _ _ _ _
LCONTROL CONSOLE (INKIOSK)__ ——F , ; 1
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| OUTPUTS | | |
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' | 1( | | puter-controlled gas dis-
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

CPU MODULE

I
Sl

* CONTROL
SIGNALS

bookkeeping information through the CRT display

Details of control console electronics. Console microcomputer not only controls signals to and obtains
data from microcomputers at individual pumps, it also provides station manager with complete privileged

CRT INTERFACE MODULE

VIDEO
INFORMATION

TO VIDEO
MONITOR

DATA BUS

__DATA BUS

TO PARTYLINE
(SERIAL PORT)

Hill 23 Drive, Flint, MI 48507. Two microprocessor
types are involved: an Intel 8080A in the central con-
trol console and a Fairchild F-8 in each pump. The
microcomputers developed around these two types of
microprocessors provide the versatility to meet both
current requirements and those that would likely exist
if rationing or control were to be instituted.

Gentle Benn at Work

Four modes of operation—all the modes that a self-
service station can have—are available. First, if de-
sired, an attendant can operate the station in a full
service mode with no intervention from the kiosk cen-
tral console. This justifies possible installation of the
system in an area that does not yet have self-service—
such as Ohio—but where it might be instituted in the
near future.

58

The second mode is the most common. This is post-
pay, in which the customer pumps the gas and then
goes to the kiosk to pay for the amount of gas pumped.
Probably 90 to 95% of the self-service gas stations
use this mode.

In some areas, a third mode is being used more and
more: prepay. The customer pays at the kiosk for the
amount of gas wanted before any gas is pumped. Then
the attendant “arms™ the pump for that amount of
gasoline and the customer returns to the island to
pump the gas.

Prepay by volume—the fourth mode—is of value for
commercial sales such as trucking fleets. A truck
driver would be authorized to pump only a certain
number of gallons as opposed to a dollar-worth of
gas. This basic mode could also be used if rationing
or a maximum delivery system were to become neces-

COMPUTER DESIGN/AUGUST 1976
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

sary. An allocation limit would be set for each station
and it would be impossible for anyone to obtain more
than the legal limit on a single pump operation. The
pump would automatically stop at the preset transac-
tion level.

Modes can be changed very easily to meet chang-
ing requirements. For instance, a station might be on
postpay during the day but change to prepay during the
evening when attendants can’t note license numbers
on cars at distant islands where drivers might leave
without paying. Also, this would eliminate the need
to make change during high crime hours.

It is also possible to mix modes among islands at
a station at the same time. Stations might prefer to
have attendants serve some islands but set up other
hoses for self-service. Customers could then choose
between full attendant service at the regular price
and self-serve at a reduced price.

Another option for the station manager is the abil-
ity to switch hoses (or pumps) from one tank to an-
other. If, for example, the manager found that cus-

tomers were being delayed at “no lead” pumps but
“regular” pumps were idle, some hoses could be
switched from “regular” to “no lead” by moving a
few controls in the kiosk console.

Communication between control console and dis-
pensers is bit serial on a partyline basis. Conversion
to microprocessor compatible parallel format is per-
formed by a universal asynchronous receiver transmit-
ter (UART) that is tied into the partyline (see diagrams) .

R. H. (Tim) Mendelsohn, Process Computer Systems
project manager for gasoline dispensing systems, noted
that a poll and select type protocol is used for the
dispensers. Each dispenser controller has a separate
address. When the control console microprocessor polls
the pump microprocessors, each of those microproces-
sors responds only to its individual address. Data from
each pump are then displayed on the console CRT.
Present constraint of 12 dispensers to a system results
from the maximum amount of display room on the
console CRT rather than the number of units that
could otherwise be connected to the partyline.

Pump displays—price per gallon, number of gallons
dispensed, and total dollar amount of a transaction—
are flat pack incandescent devices that fit directly on
the microcomputer printed circuit board. Each pump has
two identical 12-digit displays, the master display on
the front of the PC board and an auxiliary display

ADDRESS SELECT
(DIP SWITCH)

CONTROL ——
VALVES <—

PUMP HANDLE INPUT ——

171000 GAL
PULSE
INPUT

(QUADRATURE
ENCODER)

SERIAL

PARTYLINE
SERIAL
out

patible parallel format

Gas dispenser electronic details. Two-chip microprocessor controls operation of pump and reports to
control console microcomputer which polls all pumps sequentially. Universal asynchronous receiver
transmitter (UART) tied to partyline converts bit serial communication protocol to microprocessor com-

EXTERNAL

INTERRUPT PRE-WARM
PULSER) - 0SC

DISPLAY
MASTER DISPLAY | AUX DISPLAY
. DRIVERS _ DRIVERS
5V HIV -TV
- SUPPLY
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Handling analog signals with any mini...Using RTP

Let’s say you have to measure signals
that originate from low level transducers,
like thermocouples, and some higher level
signals that have been pre-conditioned by
a transducer amplifier. These signals may
range from +2.5mV to +10.24V, full scale.

This application can be handled by an
RTP Bus Converter for your mini, an RTP
Wide-Range Analog Input Controller, and
sufficient 8-channel gate cards to accom-
modate the signals to be measured.

The RTP Bus Converter interfaces the
Wide-Range Controller to your mini by
converting your mini’s parallel 1/0 bus to
the standard RTP parallel bus. Appearing
transparent to your computer, it allows the
Wide-Range Controller to be directly pro-
grammed, as if it were one of the com-
puter’s peripherals. Best of all, RTP Bus
Converters are available for all popular
minicomputers.

The Wide-Range Controller provides the

CIRCLE 30

1400 N.W. 70th Street, Fort Lauderdale, Florida 33309 * (305) 974-5500, TWX (510) 956-9895 ,‘_"

logic, power, and space for up to 16 gate
cards, or 128 channels of input. Need
more? With expansion chassis, you can
handle up to 512 channels with one con-
troller. Still more? Simply daisy-chain
controllers with the RTP parallel bus.

The Wide-Range Controller also allows
random selection of both channel and gain
at rates up to 200 sps, and uses proven
reed relay scanning techniques.

There’s more to RTP than our Wide-
Range, though. RTP is a complete line of
standard products that allows direct input
and output of analog and digital signals to
any popular minicomputer.

Just circle our number on the Reader
Service Card, and we’ll send you “Using
RTP”...a concise RTP subsystem design
overview.

B ComputerProducts,inc.

ON INQUIRY CARD

Wide=-Range

'~

Japanese Distributor: Tamagawa Seiki Co., Ltd. 3-19-9 Shin-Kamata, Ohta-Ku, Tokyo, Japan 144. Phone:03-731-2131.
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on the rear. A prewarm oscillator strobes the display
driver inputs to keep the segments slightly on but
below the incandesce point at which they become vis-
ible. This eliminates the potentially damaging high
in-rush currents associated with cold filaments.

A ferroresonant power supply for the dispenser elec-
tronics provides 5, 12, and —12 V. Fairly wide voltage
fluctuations can be tolerated by the associated regula-
tors. The CRT in the kiosk uses a switching power
supply that has battery backup. Gel cells, sealed lead-
acid batteries, are constantly trickle charged so that
they are fully charged and ready to operate the system
for up to 15 minutes in case of ac line failure. That
time is sufficient for the attendant to clear out sales.

Status of each pump is shown on the CRT in the
kiosk control console. In normal online mode, ‘ the
attendant knows if there is a customer in the process
of pumping, if there is a customer at a dispenser who
is not yet pumping, or if the customer has filled his
tank and hung up the hose—and therefore should
go to the kiosk to pay. In offline mode the attendant
can accomplish bookkeeping duties normally associ-
ated with the sale of gasoline. Instantly available
data include station totals in dollars, gallons, and

Gas dispenser PC board. Incandescent displays (dupli-
cated for front and back of pump) show price per
gallon, number of gallons dispensed, and total dollar
amount for transaction. Prewarm unit keeps display
filaments constantly just below illumination point until
signal causes segments to incandesce for proper read-
out

62 CIRCLE 31 ON INQUIRY CARD
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_ Timing and state displays
In one logic analyzer
from Tektronix

FORMATTABLE MEMORY.

16 channels x 256 bits at 20
MHz

8 channels x 512 bits at 50 MHz
4 channels x 1024 bits at 100
MHz asynchronously; 50 MHz
synchronous sampling.

DIGITAL DELAY. Use the 7D10
to delay by 99,999 events or
words to access virtually any
location in a data stream.

The 7DO01 gives you both logic timing
and state information in the same
display. And many other features
you’ll probably need in a logic ana-
lyzer. The display is large and easy
to read, as you can see from the
photograph. It’s easy to interpret,
too: the trigger marker identifies the
pre, center, or post-trigger point; the
cursor you position yourself for
binary readout of a particular word.
You also get some other important
logic analysis capabilities. Formatta-
ble 16-channel data acquisition plus
a formattable 4k memory: acquire 4,
8, or 16 channels and store 1024, 512,
or 256 bits at a time. Asynchronous
timing resolution to 15 ns, synchro-
nous operation with external clock
rates to 50 MHz. Built-in word or pat-
tern recognition. Active 1 MQ/5 pF

probes that won’t load down the cir-
cuit under test.

One possible logic analysis system,
the 7D01, the 7603 mainframe, and
the 7D10 delay-by-events units,
allows you to delay by up to 99,999
events (or words) and lets you access
virtually any point in a data stream.

The 7D01 operates in any 7000-
Series mainframe. If you already own
a 7000-Series lab oscilloscope,
you're that much closei to moving
into high-performance logic analysis.
For example, in a 4 compartment
mainframe you can have a logic ana-
lyzer and a real-time oscilloscope
in the same instrument mainframe.
Either way, you benefit from the on-
going expansion of the 7000-Series
line, both in the analog world and
the digital domain.

For technical data, circle 32 on Inqui_ry Card.
For a demonstration, circle 33 on Inquiry Card.

CURSOR. For easy visual inter-
pretation and timing compari-
sons. Converts selected word
trom timing to binary format.

PRE-TRIGGER. For viewing
faults before the trigger. Also
offers center-trigger and post-
trigger modes.

16-CHANNEL WORD RECOG-
NITION. Two additional quali-
fiers provide 18-bit parallel pat-
tern recognition.

Buy the 7D01 Logic Analyzer for
$3,195 and the 7603 Oscilloscope
mainframe for $1,850. Add digital de-
lay with the 7D10 for $925.

Send for the technical details in our
brochure, “Tektronix Logic Ana-
lyzers.” Call or write Tektronix, Inc.,
P.O. Box 500, Beaverton, OR 97077.

U.S. sales prices F.O.B. Beaverton, OR. The 7D01
Logig\ Analyzer is currently available only in the
U.S.A.

The 7000 Series

more than an oscilloscope

oy
TEKTRONIDC
- committed to
technical excellence



Dialight
LEDs

The widest choice for your every application.

.343”
=i .030”

5219184

5210183

Available in red or clear LED packages with or without a
built-in current limiting resistor. Red LED is also made
without resistor. Suitable for circuit status indication,
alpha-numeric displays and visual indicators. Features
long wire-wrappable leads. IC compatible with solid state
reliability. High luminous intensity, low power consump-
tion, low cost.

0457
_096">| | 200" =

SERIES

LED logic state fault indicators available in 14 models
with voltage ratings from 1.7 to 14. Suitable for dense
packaging on printed circuit boards—up to 10 units to
the inch—IC compatible. With built-in series resistor.
Polarity identified. Low power consumption.

Dialight, the company with the widest
choice in switches, LEDs, indicator lights
| and readouts, looks for needs . . . your
| needs . ..and then they develop solutions
| for your every application. No other com-
pany offers you one-stop shopping in all
these product areas. And no other com-
pany has more experience in the visual
display field. Dialight helps you do more
with these products than any other company in the
business, because we are specialists that have done
more with them. Talk to the specialists at Dialight first.
You won’t have to talk to

anyone else. Send for your DIA LIGI*T
free new copy of Dialight’s Diaiight, A North American Philips Company
current catalog. e e ol e red

See Dialight.
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gallons per shift; shift totals, for 3-shift operation;
cash and credit totals; and inventory totals.

The attendant can remotely control the price assigned
by product at each dispenser. One input at the con-
trol console for one type of gasoline sets the price
at all dispensers for that gasoline. It is no longer
necessary—as with mechanical dispensers—to remove
the skins from each pump and change price per gal-
lon individually.

One key feature of the microcomputer-based sys-
tem is the diagnostic procedure. Digits on all incan-
descent displays on each island are cycled from 0
through 9 and a corresponding visual test is run on
the kiosk CRT. This permits the attendant to deter-
mine that all displays are working properly, that
there are no burnt-out digits, and that displays are
decoding correctly. It is also a check of the serial
partyline.

A “return” test of the 2-way communications checks
that the correct response is obtained from each dis-
penser microprocessor when it is polled by the con-
sole microprocessor. If a dispenser does not respond °
properly, the CRT will spell out “down” in the column
assigned to that dispenser. In addition, the keyboard
can be completely checked out by another test. In
most cases a serviceman will know the exact trouble
at the time he is called.

Influence on Tomorrow's Installations

Self-service gas pumps are not new. Over 25 years
ago customers fed coins into slots in a box and then
were able to pump a few gallons of gas into a glass
cylinder or globe on top of the tank. Then the gas
was drained by gravity into the automobile’s tank.
(Reporting how many gallons the customer could
pump for a couple of quarters would serve only as
a tormenting digression.) Through the years other sys-
tems have been put into use but none were particu-
larly advanced technologically until the development
of the microcomputer-based systems. None previously
provided the flexibility and control features of Gentle
Benn.

Even beyond the standard features noted for this
automated gas dispenser, other capabilities are likely
to be added in future microcomputer-based systems.
The ability to mix grades of gas from two pumps to
produce a third grade that meets the customer’s specific
desires—popular now in Europe—is one example. Others
include printing receipts, validating credit card charges,
and providing hardcopy printouts for the station man-
ager’s bookkeeping. In addition, because the dispenser
microcomputer does not need to be mechanically at-
tached to the pumping mechanism, a configuration fea-
ture feasible now would permit the electronics cabi-
net to be placed any distance away from the hose
stanchion—a capability that conceivably could result
in an entirely different look for future gas stations.
Circle 160 on Inquiry Card O
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We have it...

INNONEX 300 SERIES
DOUBLE DENSITY DISKETTE DRIVES

WITH ON-BOARD PHASED-LOCK-LOOP CIRCUIT
FROM THE ORIGINATORS OF THE DISKETTE DRIVE

PLUS. ..

COMPLETE SUB-SYSTEMS WITH MICROPROCESSOR CONTROLLERS FOR:

® DEC PDP-8E; PDP-11

® DG NOVA & ECLIPSE

® DCCD-116 & 616

® INTERDATA 74, 7/16, 7/32 & 8/32

® COMPUTER AUTOMATION LSI & 16

Originators of the DISKETTE

75 WIGGINS AVENUE, BEDFORD, MASSACHUSETTS 01730 (617) 275-2110

EUROPE: FREIHERR v. STEIN STR. 22, 6 FRANKFURT/MEIN, W. GERMANY (611)728-8128
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Wescon/76
Silver Celebration

September 14-17
Los Angeles Convention Center

Louis H. Kurkjian
Chairman
Professional Program

Albert Eschner, Jr

Vice-Chairman
Professional Program

Dr Ruben F. Mettler
Keynote
Speaker

In observance of the 25th anniversary, Western Elec-
tronic Show and Convention’s “Silver Celebration” will
be highlighted by a full 35-session Professional Program.
Organized by Chairman Louis H. Kurkjian, Hughes Air-
craft, and Vice-Chairman Albert Eschner, Jr, Hoffman
Electronics Corp, the program will consist of presenta-
tions and panel discussions covering varied aspects of the
use, developments, and trends of computers, electronic
and peripheral equipment, and technology. Current mar-
keting areas, manufacturing views, and professional
needs of engineers will be special considerations.

Wescon/76, co-sponsored by the Los Angeles Council
and San Francisco Bay Area Council of IEEE and the
Southern and Northern California Chapters of the Elec-
tronic Representatives Association, will concurrently pre-
sent 725 exhibit booths in the Los Angeles Convention
Center during the 4-day celebration.

Registration

Two areas have been planned for computerized registra-
tion, which will take place during show hours. Main
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registration will be at Petree Hall, located just off the
main Convention Center promenade. Auxiliary registra-
tion services will be available at the opposite end of the
Center (off Sentous St), adjacent to a separate parking
garage. The $5 registration fee for the full week will
cover both the exhibits and the Professional Program.

Exhibits

Exhibits from 400 companies occupying 725 booths will
be presented on the Convention Center floor; they will
be arranged in product-interest categories featuring Com-
ponents and Microelectronics; Instruments and Instru-
mentation; Production and Packaging Equipment; and
Computers, Peripherals, and Communications. Show
hours will be from 9:30 am to 5 pm on Tuesday and
Thursday, from 9:30 am to 9 pm on Wednesday, and
from 9:30 am to 4 pm on Friday.

Special Activities

On Monday, Sept 13 (the day preceding Wescon), the
99nd  annual Distributor-Manufacturer-Representative
Conference will be held during the morning at the Los
Angeles Hilton, which has been designated as conven-
tion hotel headquarters. About 500 marketing executives
will take part in the DMR Conference. Dr Ruben F.
Mettler, president of TRW Inc, will deliver the Keynote
Address at the Wescon Luncheon which will also be held
Monday at the Los Angeles Hilton.

Other activities will include the all-industry cocktail
reception to be held on Tuesday evening at the Hilton;
and the continuous Technical Film Theater, available
daily to all visitors at no charge.

The Convention Center has parking facilities for 5000
cars. In addition, two park and ride commuter bus
services will be established, operating on continuous
schedules throughout the show. One terminal will be lo-
cated at the TRW parking lot in the Los Angeles Inter-
national Airport area; the other will be a parking facili-
ty near Hollywood-Burbank Airport in San Fernando
Valley. A nominal round-trip fee will be charged.

Professional Program

Five sessions will be held concurrently at 10 am and
1:30 pm on Tuesday, Wednesday, and Thursday, and
at 10 am on Friday, in meeting rooms located on the
mezzanine of the Convention Center. The full program
of 35 half-day sessions will concentrate on applications,
advances, developments, and future speculations, as well
as the needs and viewpoints of engineers and users.
Among the areas of major interest will be sessions deal-
ing with mini and microcomputers, design aids, communi-
cations, LSI technology, medical electronics, manufac-
turing, and marketing.

Approximately 160 speakers and panelists will be
participating in the program. Full manuscript preprints
and audio tapes of most sessions will be available.

Only sessions of particular interest to Computer Design
readers are covered here; information is limited to that
available at press time.
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The mouse with
an elephant’s memory.

CalComp is the leading
independent disk drive supplier.
We've had over 7 years
experience making large high
capacity units. The trick, for us,
was to squeeze this technology
into a 16-pound box.

Our new 142 Floppy Disk Drive.

This is the latest in our
floppy disk line. Its dimensions—
4.9 inches x 8.4 x 15—are not
exactly mammoth, but it has the

memory of an elephant.

It can hold 6.4 million bits of
information. It has 6 millisecond
track-to-track access time. And a
transfer rate of 500,000 bits per
second.

At these prices, you should get
one for the house.

You'd pay more for a good
stereo set than you will for this
remarkable memory device. It’s
astounding that such a reliable,
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high capacity device can cost so
little.

We have shipped over 15,000
floppy disk drives, so you know
we can deliver them in O.E.M.
quantities. And we support our
customers with the CalComp
worldwide service network.

Call or write California
Computer Products, Inc.,
CD-MS8-76,2411 West La Palma
Avenue, Anaheim, California
92801. Telephone: (714) 821-2011.




TECHNICAL PROGRAM EXCERPTS

Tuesday Morning

Session | 10 am-12:30 pm
Microcomputer Applications

Organizer/Chairman: Robert Van Naarden, Digital Equipment
Corp

Room 217A

Session demonstrates how various companies have implemented
microcomputers into their products. It is important to under-
stand not only the product, but also the design criteria for
choosing a microcomputer as well as problems which can arise
during implementation.

“Microprocessor Simplifies Impedance Measurements,” M. A.
Gipe, H. B. Hall, and R. Sullivan, GenRad

“The Microcomputer and Photographic Printing System,” Robert
C. Davis, Bremson Photo Industries

“Microcomputers In Voice Input Systems,” Marvin B. Herscher,
Threshold Technology

Session 2 10 am-12:30 pm Room 217B

Mini Computer Power Supplies
Organizer/Chairman: Cle Riggins, Hewlett-Packard Data Systems

Demands and requirements of computer power supplies are in-
creasing even in today’s world of semiconductor memories and
stringent safety requirements. Session is targeted tp cover de-
signer and user interests and to provide safety requirements and
power source characteristics.

“User Needs of Mini Computer Power Supplies,” Rudolf Severns,
Magnavox

“The U.L. Approach to Safety for the Minicomputer Power Sup-
ply,” Robert Harris, Underwriters Laboratories

“Interfacing Utility Supplied 'Power with Critical Loads,” P. L.
Wheeler, Southern California Edison Co

“Designing Today’s Minicomputer Power Supply,” Kenneth Check,
Hewlett-Packard Data Systems Div

10 am-12:30 pm Room 212A
Automated Microcircuit Interconnections Clinic

Session 3

Organizers/Chairmen: Stanley M. Stuhlbarg, Hughes Aircraft
Co; and Ralph Redemske, Teledvne Microelectronics

This latest in a continuing series of Hybrid Microelectronics
Clinics examines timely and increasingly controversial questions
related to production cost of multi-chip digital and analog hybrid
microcircuits as emerging technologies, in competition with con-
ventional DIL packaging approaches. Topics include semicon-
ductor assembly from tape-chip carriers, automatic wire bonding,
and manufacturing technology involving beam-leaded or flip-chip
device usage.

Panelists: Francois Gallet, Honeywell Bull, Paris, France; H.
Khajezadeh, RCA Solid State; C. Scott Kulicke, Kulicke and
Soffa Industries; Rudy Oswald, Honeywell Inc; William Meder,
Motorola Semiconductor; and James M. Smith, Intel Corp

Session 5 10 am-12:30 pm Room 216
The Engineer After 40

Organizer/Chairman: Harold S. Goldberg, Data Precision Co

Panel debates such statements as: Continuing education does
not help the engineer, employer, or job security; If you are not
in management by age 35 or have not made your reputation
technically by that time, take a course in selling insurance; The
engineer after 40 is living on borrowed time; The needs of over-
40 engineers are different: they need counseling, not technical
training.
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Panelists: James J. Rago, Jr, Cleveland State University; Albert
J. Morris, Genesys Systems; Robert Anderson, Purdue Univer-
sity; and Raymond Price, Stanford University

Tuesday Afternoon

Session 6 1:30-4 pm Room 217A

Microprocessor Design Aids—The uP Manufac-
turer's Viewpoint

Organizer/Chairman: David N. Kaye, Electronic Design Magazine

Hardware and software design aids for microprocessors and micro-
computer systems have come a long way in the last year. These
range from learning modules and kits to sophisticated micro-
processor-based computer systems complete with CRT terminals,
printers, and floppy discs. Several systems are described, with a
glimpse of what the future may bring.

“Fairchild Microprocessor Design Aid Philosophy,” Anthony R.
Beccia, Micro Systems

“Design Aids for the 6800,” Don Kesner, Motorola Semiconduc-
tor

“Design Aids for National Microprocessors,” Philip M. Roybal,
National Semiconductor Corp

“Design Aids for Intel Microprocessors,” Bill Broderick, Intel
Corp

Session 7 1:30-4 pm Room 217B

Pocket Calculator Update

Organizer/Chairman: Rudolph Panholzer, Naval Postgraduate
School

Emphasizing question-and-answer dialogue, session has 5-minute
formal presentations by authors. Most of the time is devoted to
discussion of the impact and importance of sophisticated pocket
calculators on professional engineering and science education.
“The Multiple Dimensions of Programmable Calculator Compari-
sons,” Ed Lybrand, Texas Instruments

“The Programmable Pocket Calculator’s Impact on Our Profes-
sional Lives,” Robert B. Johnson, National Semiconductor Corp
“Closing the Gap Between Calculator Users and Manufacturers,”
Richard J. Nelson, Statek Corp

“Science Education and the 'Calculator—A Perfect Marriage,”
George McCarty, University of California, Irvine

(Paper title to be announced), Glenn Theodore, Hewlett-Packard
Co

Session 8 1:30-4 pm Room 212A

ATE Hardware/Software Developments to Re-
duce Set-Up Costs

Organizer/Chairman: Robert T. Szpila, GenRad

Papers cover the different aspects of the ATE set-up problem.
Both functional and in-circuit testing are explored with a de-
scription of the costs of hardware (fixtures and interfaces) and
software (test program generation) associated with each method.

“Testing Using Automatic Pattern Generation,” Noel P. Lyons,
Fluke-Trendar Corp

“New Test Generation Techniques for Minicomputer-Based Digi-
tal Circuit Test Systems,” Pat T. Harding and R. Wade Williams,
GenRad

“Automatic In-Circuit Program Generation Reduces Printed Wir-
ing Board Test ‘Costs,” ‘Charles M. Hults and Fred A. Schwedner,
Faultfinders Inc

“Improvements in Fixture Design Reduce the Cost of Complex
ATE Interfaces,” L. E. Wysocki, Everett/Charles Inc
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Session 10 1:30-4 pm Room 216

Reliability Comparisons of Manufacturing Process
—Military and Commercial

Organizer/ Chairman: James E. Bridgers, Jr, Hoffman Electronics

Standard military parts have several reliability levels to choose
from, definable in terms of price, schedule, and assigned num-
bers for procurement identity. Standard commercial parts are
also definable in terms of price and schedule by each supplier,
but procurement identity is not an industry standard. Describing
standard manufacturing processes that determine the delivered
reliability attributes for various levels of standard commercial
and military parts, each presentor also provides some procure-
ment tips for commercial parts,

“Motorola Military Vs Commercial Semiconductor Reliability,”
Steve Stephens, Motorola Semiconductor

“Diode Manufacturing Processes; Military Vs Commercial,” Gary
Penny, Siemens Corp

“Sprague Filter Capacitor Processing; Military Vs Commercial,”
Ed Geissler, Sprague Electric Co

Panelists: Link White, Rockwell International; and Robert Hunn,
King Radio

Wednesday Morning
10 am-12:30 pm Room 217A

Microprocessor/ Microcomputer Standardization
Schemes in Industry and Government

Organizer/Chairman: C. E. Holland, Jr, Naval Electronics Lab-
oratory

Session ||

Material covers existing and proposed microprocessor/microcom-
puter standardization schemes within several electronics/com-
puter companies and government military agencies. Schemes
which influence design of military systems, computer mainframes
and peripherals, and consumer products are presented, with their
advantages and disadvantages, especially design time and cost
savings.

“An Approach to Microprocessor/Microcomputer Standardization

in Navy Systems,” Ralph Martinez and Reeve Peterson, Naval
Electronics Laboratory Center

“Military Distributed Processor for Global Positioning System,”
Leo Chamberlin, Texas Instruments

“Microcomputer for Multiple Applications,” C. D. May, Jr, and
R. E. Mellott, ‘Control Data Aerospace Div

(Paper title to be announced), Hank Molloy, Intel Corp
10 am-12:30 pm Room 217B

Interfacing Microprocessor Instrumentation to
the GPIB (General Purpose Interface Bus)

Organizer/Chairman: John P. Brady, Jr, Dana Laboratories

Session 12

Session explores the IEEE 488 GPIB from an equipment manufac-
turer’s viewpoint, as well as from that of the systems designer
and user. The first paper presents an overview of this IEEE
standard, while the remaining papers concentrate on advantages
and disadvantages of the GPIB as seen by those who presently
are working with it.

“IEEE 488—A General-Purpose Means of Providing Measurement
and Stimulus Instrument Communication,” Norbert Laengrich,
Dana Laboratories

“Design Advantages and Limitations in Connecting Computa-
tional Readout Equipment to the GPIB,” Steve Baunach, Tek-
tronix Inc

“GPIB Command Structures,” Pete Silvernale, Wavetek Corp
“The Systems Designer Looks at the GPIB as a User,” Eugene
Fisher, Lawrence Livermore Laboratory

Session 13 10 am-12:30 pm Room 212A

Pattern Recognition Systems

Organizer/Chairman: Demetrios A. Michalopoulos, California
State University

This survey and applications session is designed to update ac-
tivity in the field, predict trends, and indicate specific applica-
tions in medicine (chromosome analysis), forestry, data manage-
ment, and law enforcement.

“Human Chromosome Automatic Recognition,” Mike Merritt,
Rockwell Air Monitoring Center

“The Use of Statistical and Texture Measures in Automatic Tree
Recognition,” Robert P. Chiralo, Aerospace Corp

“Data Base Considerations After Pattern Recognition,” Albert L.
Zobrist and Nevin A. Bryant, Jet Propulsion Laboratory

“Pattern Recognition Applied to Law Enforcement,” John Ri-
ganati, Rockwell International

10 am-12:30 pm Room 212B

Optical Fiber Communication, How, Why, When
Organizer/Chairman: William M. Caton, TRW Systems Group

Session 14

Session is designed to show how optical fiber technology is ap-
plied to communications systems, why this technology is being
selected over competing technologies, and when optical fiber
systems will see wide-spread use.

“Transmission of Common Signals Via Optical Fibers,” Jim E.
Goell and Tom A. Eppes, ITT Electro-Optical Products

“Optical Fibers for Communications,” Eric N. Randle, Valtec
Corp

“U.S. Navy Fiber Optics Applications,” Don N. Williams, Naval
Electronics Laboratory Center

“Interchange Digital Links Using Optical Fiber Cables,” Gerald
Aaronson and J. E. Fulenwider, GTE Sylvania and GTE Labora-

tories

“Role of Fiber Optics in the Army,” Louis Coryell and Larry U.
Dworkin, Army Electronics Command

10 am-12:30 pm Room 216
The Electron and the Mind—Probing and Control-
ling the Human Mind with Electronics

Organizer/Chairman: Erich A. Pfeiffer, Veterans Administration
Hospital

Session 15

Electronic methods and devices have long been used to probe
the functioning of the human mind and even to control some
aspects of human behavior. In this session, some aspects of the
use of electronics in neuropsychological research and therapy
are described, and future developments are explored.

“Human Memory Testing,” Walter H. Riege, VA Hospital and
UCLA

“Manipulation of EEG through Biofeedback Methods and its Ef-
fect on Epilepsy,” M. B. Sterman, VA Hospital and UCLA

“Biofeedback Therapies for Migraine Headache,” Michael J.
Cohen, VA Hospital and UCLA

“Psychotechnology: Building a Smart Environment for Dumb
People,” Robert L. Schwitzgebel, Claremont Graduate School

Wednesday Afternoon
1:30-4 pm

Universal Microprocessor Design Aids
Organizer/Chairman:Zoltan Tarczy-Hornoch, Systron-Donner Corp

Session 16 Room 217A

To solve the problems of multi-family microprocessor users, new
universal design aids, development systems, and debugging tools
begin to emerge, usable with all or most present and anticipated
microprocessor systems. Four such universal approaches, all new
and different, and their applications, advantages, and limitations
are explored.

“Hardware and Software Trade-Off in a Universal Microprocessor
Development System,” Bruce Gladstone, Microkit Inc

“A Universal Instrument for Software/Hardware Troubleshooting,”
Zoltan Tarczy-Hornoch, Systron-Donner

“Visibility of a Universal Bus for 8, 12, 16 Bit Microprocessors
in-a Development System,” Bryan G. Moonier, Micro Specialists
“Universal Emulation Using Bus Intercept,” Roger Doering,
Digital Electronics Co
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Session 17 1:30-4 pm Room 217B

Logic Analyzers: What Are They, and Where Are
They Going?

Organizer/ Chairman: Stanley Runyon, Electronic Design Maga-
zine

Logic analyzers have formed an important new class of instru-
ment. Some industry observers feel that the analyzer’s contribu-
tion is so important that it may one day replace the oscilloscope.
Session provides a forum for discussion, and attempts to answer
questions such as: What form should an analyzer take? What
functions should it perform? Can present analyzers handle all
digital and wP test problems? What will analyzers look like in
the future?

“ogic Analyzers Are Growing Up,” Don Wilkin, Hewlett-Packard
“Uses and Performance Levels of Current Logic Analyzers and
their Future Trends,” Roy Tottingham, Biomation Corp

“The Logic Analyzer: The Compleat System Instrument,” Carver
Hill, E-H Research Laboratories

“The Coming Logic Analyzer Explosion,” Rick Watkins, Tek-
tronix Inc

Session 18 1:30-4 pm Room 212A

Graphic Display of Information—A Discipline
That Has Come Of Age

Organizer/Chairman: Jerry Wasserman, Arthur D. Little Inc

Relevance of graphic display technology to the electronics indus-
try is quite apparent, with much activity among hardware sup-
pliers to develop soft and hard copy graphic display terminals
and systems. Subjects covered will help the engineer, marketing
man, and general manager to react to and comprehend the im-
plications of, and participate in, the emerging arena of graphic
information display.

“Graphic Technology and Its Relationship to the Display of
Spatial Data Software,” Eric Teicholz, Harvard University Gradu-
ate School of Design

“Computer Graphics Hardware,” Lewis McFarland, Tektronix Inc
“Computer Graphics in Business Decision Making,” Erik Albarda,

Arthur D. Little Inc

Session 19 1:30-4 pm Room 216

Application of Charge Transfer Devices to Sam-
pled-Data Signal Processing

Organizer/Chairman: Gene P. Weckler, Reticon Corp

Charge transfer devices are available which offer a cost-effective
way of performing real-time sampled data signal processing, the
basis of which is the summation of lagged products of one signal
relative to a second signal. A comparison is made of digital,
analog, and sampled-data analog signal processing as imple-
mented with various charge transfer devices.

“An Introduction to Sampled Data Analog Signal Processing,”
Robert W. Brodersen, University of California

“Implementation of Discrete-Time-Lag-Product Systems,” Satoru
C. Tanaka and Robert R. Buss, Reticon Corp

“A CCD Lens for Ultrasonic Imaging Applications,” R. D. Melen,
J. D. Shott, and J. D. Meindl, Stanford University

“A Programmable Binary-Analog Correlator,” Udo S. Strasilla,
Reticon Corp

Session 20 1:30-4 pm Room 216
Telecommunications for Civic and Social Services

Organizer/ Chairman: S. H. Durrani, NASA /Goddard Space Flight
Center

A considerable amount of current work is aimed at defining and
meeting the telecommunications requirements for civic and
social services of the 1980s. The next few years will see the de-
velopment of many new systems. Results of experiments and
pilot projects in the areas of telemedicine, teleconferencing, tele-
communications for law-enforcement, satellite-aided systems for
automatic vehicle monitoring, direct TV broadcasting, and search
and rescue are presented in this session.
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“The Cleveland Telemedicine Project,” J. S. Gravenstein, Uni-
versity Hospital

“Teleconferencing: Status and Outlook,” P. Polishuk, Horizon
House International Div

“Innovative Telecommunications Systems for Law Enforcement,”
Robert Sohn, Jet Propulsion Laboratory

“Automated Vehicle Monitoring Via Satellites,” Joseph Bravman,
Fairchild Space & Electronics; and S. H. Durrani, NASA/God-
dard Space Flight Center

“Making It Happen: The Feasibility of Satellite Communications
for Public Service,” J. P. Witherspoon, Public Service Satellite
Consortium

“Gearch and Rescue Programs Using Satellites,” J. Trudell and
D. L. Brandel, NASA/Goddard Space Flight Center

Thursday Morning

10 am-12:30 pm
Microcomputers for Fun and Profit
Organizer/Chairman: Frank J. Burge, Regis McKenna Advertising

Session 21 Room 2I17A

Every other Wednesday evening about 300 people, all members of
the Homebrew Computer Club, a collection of computer hobby-
ists, gather at the Stanford Linear Accelerator auditorium to
swap stories about microcomputer kits, new games, or programs.
The average hobbyist invests $1000 to $1500 in a computer. Ses-
sion covers the hobby market for microcomputer systems, which
some estimate at $10M and growing rapidly.

“The Significance of the Non-Professional Market for Microcom-
puters,” Bob Wickham, Vantage Research

«“What Are Hobbyists Doing with Microcomputers?” Eddie
Currie, MITS

“The Microcomputer for the Home,” Manfred Peschke, Byte
Magazine

“The Future of the Neighborhood Computer Store,” Paul Terrell,
The Byte Shop

Session 22 10 am-12:30 pm Room 217B
Needs and Trends in Medical Electronics—1976

Organizer/Chairman: Morton D. Schwartz, California State Uni-
versity

Objective of session is to present new engineering concepts, tech-
nologies, and techniques which will impact the field of medical
electronics during the 1976-1978 period.

“Electronics in Medicine: An Overview,” Morton D. Schwartz,
California State University

“Biomedical Engineering—Cost Effectiveness and Patient Care
Implications After Five Years of Operation in a Community Hos-
pital,” B. H. Barkalow, Sutter Community Hospitals
“Microprocessor Monitor for the EKG and Blood Pressure, Part
1,” Wayne Darchuk, Paul Hsue, and Martin Graham, University
of California

“Microprocessor Monitor for the EKG and Blood Pressure, Part
II,” Tim Conway, M. S. Roger Dwinelle, Curt Skytte, and J. R.
Singer, University of California

“Impact of Complex Technological Systems in the Intensive Care
Environment,” George I. Hickey, George Hickey and Associates
“Application of FET Semiconductor Technology to Biochemically
Specific Transducers,” S. Moss, J. Janata, and C. Johnson, Uni-
versity of Utah

“Use of Minicomputers in Hospitals,” Brewer W. Ward, St. Mary
Medical Center

Room 212A

Session 23 10 am-12:30 pm

Future LSI Technologies
Organizer/Chairman: B. Dunbridge, TRW Systems Group

Session focuses on a selected cross-section of future technologi-
cal developments in LSI, with an overview of the promising
areas. Both technologists and wusers have come to expect
efficiencies through LSI utilization, in regard to various param-
eters—complex functions, high density, high frequency, and low
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It takes a lot of guts

to get ahead.

5010

X7, K7 MATRIK. EPROABLE
CPTIONAL ASCIE 5
ALY

If you're starting from scratch in
designing your own print mechanism
the Victor Model 129 matrix print head
will optimize your price-performance
ratio.

You can enjoy this popular and reliable
device already built into the Victor
Matrix Printing Mechanism 130[which
can be integrated readily into all types of
data generating devices].

It's also available in the Multi-Position
Printing Mechanism 150 that can print
three documents simultaneously.

You'll find Victor terminals meet your
needs, too.

The 5010 allows interfacing with
RS232C, 8-bit parallel or TTY current
loop. With Intel MCS-40 you have adata
terminal with a mind of its own.

The 5005 terminal comes complete
with a matrix printing mechanism,
integrated power supply, and driver
circuitry. It's designed so you can add
your own control logic, and is ideal
for special applications like ticket or
label printing.

THE VICTORS
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Which all adds up to this: when you're
looking for components and matrix
printers to suit your special needs, look
to Victor!

And come out ahead.

Victor Comptometer Corporation,
System Components Department,
3900 North Rockwell Street,
Chicago, lllinois, 60618

See the complete Victor line at the
Wescon Show.

71



power. This trend is still continuing in the form of bipolar VLSI,
CCD memory, RF LSI, and TI’L.

“CCD Large Scale Memory,” Robert W. Bower, Mnemonics Inc
“VLSI Bipolar Technology,” James L. Buie, TRW Defense &
Space Systems Group

“RF Goes LSI,” David R. Breuer, TRW Defense & Space Systems
Group

«121,JLSI for Complex Logic Arrays,” Donald E. Romeo and
Klaus Schuegraf, Northrop Research & Technology Center

Session 25 10 am-12:30 pm Room 216

High Speed Logic Interconnection Techniques
Organizer/Chairman: R. J. Clark, General Electric Co

Available high speed logic circuits can meet the need for lower
cost, faster, and more complex processing. Increased speed also
poses a new set of design problems: control of line impedances,
crosstalk, reflections due to discontinuities in signal lines and
connectors, thermal problems due to higher density assemblies,
and need for cost-effective interconnection and assembly tech-
niques.

“High Speed Logic Packaging Using Multiwire™ Interconnection
Technology,” J. Hammond, Photocircuits Div, Kollmorgen Corp
“High Speed Logic Packaging Using Stitch Weld Interconnection
Technology,” D. Moore, Moore Systems

“High Speed Logic Packaging Using Solder Wrap® Interconnec-

tion Technology,” R. Whitehead, United Wiring & Manufactur-
ing Co

“High Speed Logic Packaging Using Wrapped Wire Interconnec-
tion Panels,” Len Doucet, Augat Inc

Thursday Afternoon
Session 26 1:30-4 pm Room 217A

High Performance Building Blocks for Micropro-
grammed Systems

Organizer/Chairman: Rudolph Panholzer, Naval Post-Graduate
School

Microprocessors and microcomputers have captured the attention
of just about every electronics engineer. However, many engi-
neers overlook the fact that there exist attractive and superior
solutions to their problems in the form of high performance
functional blocks for implementing microprogrammed systems.
This session balances and complements those offered on micro-
processors and microcomputers.

“Overview—Various High Performance Bipolar Bit Slices,” Peter
Alfke, Fairchild Microsystems

“Microprogramming for the Hardware Engineer,” John R. Mick,
Advanced Micro Devices

“Bit Slices, Fact or Fancy,” Rob Walker, Intel Corp

“The Bipolar Microprocessor Revolution of 1976,” John Birkner,
Monolithic Memories

Session 27

TV Games

Organizer/Chairman: Dave Uimari, Signetics Corp

1:30-4 pm Room 217B

Session focuses on the rapidly developing games market, high-
lighting technical considerations for both coin-operated and
home video games, together with the economic aspects of each.
Predictions are made on the future of games, and other roles
electronics will play in the personal entertainment industry.
“Technical Aspects of Video Games,” Kam Li, Signetics Corp
“Home Video Games,” John Sluzarski, Magnavox Co

“The Future of Games,” Jerry Lawson, Fairchild Semiconductor

Session 28 1:30-4 pm Room 212A
Next Generaiion—Th: LS| Computer System

Organizer/Chairman: William J. Thomas, Four-Phase Systems

Utility of an LSI processor is determined by the cost of the
software and I/O interface; future development will be to ex-
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pand the LSI computer system to decrease these costs. The next
generation will involve processors that execute at the language
(BASIC, PLM, XPL) level; self-sufficient LSI systems on which
software can be developed in a more cost-effective manner;
powerful 1SI I/O support chips; and LSI RAM systems with
much larger capacities, negating the need to minimize software
RAM utilization.

“Semiconductor LSI and Computers of the Future,” Bob Wick-
ham, Vantage Research Services

“Emerging Trends to Reduce the High Cost of Microcomputer
Utilization,” Manny Lemas, Microcomputer Associates

“Microprocessor Vs LSI ‘Computer Systems,” John Stidd, Four-
Phase Systems

“Microprocessor Architecture Vs High-Level Language Execu-
tion,” Charlie Bass, Zilog

Friday Morning
10 am-12:30 pm
Microprocessor Tools and Techniques

Organizer/Chairman: Mike Paige, Science Applications Inc

Session 31 Room 217A

Beyond conventional assemblers, compilers, and development sys-
tems, there are numerous new tools of tremendous utility to the
microprocessor user/designer. Session reviews three ideas used
by experienced designers to economically produce reliable prod-
ucts.

“A Survey of Kits,” Robert Grossman, EDN Magazine
“RAID: A Radical Debugging Tool,” Terry L. Dollhoff, Acuity
Systems

“Automatic Validation of Program Correctness,” Edward F. Miller,
Jr, Science Applications Inc

Session 32 10 am-12:30 pm Room 217B

Single-Board Computers: The Emerging Micro
Versus Mini Battle

Organizer/ Chairman: Dave Bursky, Electronic Design Magazine

Session covers problems of selecting a low-cost computer, discuss-
ing both differences and advantages. Should you use a minicom-
puter on a board, such as the LSI-11 or MicroNova, or a micro-
processor system on a board, such as the SBC80 or SC/MP? In
some applications there is almost no difference between them; in
others, the boards may be worlds apart.

“Hardware Aspects: Micros vs Minis,” Bob Pecotich, National
Semiconductor

“Packing ‘Capability Into Microcomputers and Minis,”
Adams, Intel Corp

“Software Development Tools Needed for Microcomputers,” Bob
Brick, Digital Equipment Corp

“The Capabilities of Micros and Minis,” Ed Zanders, Data Gen-
eral Corp

“Should You Use a Microcomputer to Replace Hard Wired
Logic?” Matt Biewer, Pro-Log Corp

Session 35 10 am-12:30 pm Room 216

The ATE Role in Field Service for Printed Circuit
Boards

Organizer/ Chairman: Richard L. Stein, Computer Automation

George

This session identifies problems facing field service organizations
today, and suggests solutions which integrate various manufac-
turing philosophies into cost-effective field service approaches.

“Overview: Planning a Field Service Philosophy,” Richard L.
Stein, Computer Automation

“Translating Factory Test Programs for Field Service Use,”
Robert E. Anderson, Omnicomp

“Comparison Testing for Field Service,” Donald P. Allen, Fluke-
Trendar Corp

“Digital Field Maintenance: A Practical Approach,” Roger M.
Boatman, Testline Instruments

“Impact of Manufacturing ATE Approach on Field Service,”
David A. Crocker, GenRad
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IEEE Computer Society

International Conference

Mayflower Hotel, Washington, DC, September 8-10

Under the theme “Computers . . . by the millions, for
the millions,” which attempts to point up the increas-
ing pervasiveness of computers, the IEEE Computer
Society’s 13th International Conference will present a
Great Debates series, an applied tutorial workshop,
and a full technical program. Combining a state-of-
the-art roundup of “what’s happening” by acknowl-
edged technical leaders with “hands-on” engineering-
oriented sessions, COMPCON’76 Fall will consist of
29 technical sessions under the direction of General
Chairman Walter R. Beam, Deputy to the Assistant
Secretary for Advanced Technology, and Technical
Program Chairman, Paul L. Hazan, Applied Physics
Laboratory, Johns Hopkins University.

On Tuesday preceding the formal conference open-
ing, an applied tutorial workshop, ‘“Designing With
Microprocessors,” will cover basic concepts and recent
advances in microprocessors and microprocessor inter-
connection, and provide a hands-on demonstration of
the concepts discussed. Also on Tuesday, the tutorial
“Structured Programming” introduces basic ideas of
technique and their theoretical and practical founda-
tions, and goes on to detail the development of simple
and application programs.

Keynote sessions in all major areas will be held
at 11, 11:30, and 12 noon on Wednesday as a fore-
cast of what is to come. Dr Frederico Faggin, president
of Zilog Corp, sets the pace for sessions in the micro-
processor area with “Trends in Microcomputers.” “New
Management and Technology Horizons” introduces ses-
sions dealing with software, and “Real-Time Systems . . .
Undefined But Understood,” presented by Daniel G.
O’Connor, technical director for The Singer Co, points
the direction for following sessions under the head-
ing of Real-Time Systems. Dr H. Dean Toombs, tech-
nical director at Texas Instruments, will keynote the
Components and Memory Technology area with “Semi-
conductors and Memories . . . The Pace is Accelerating”;
Richard J. Clayton, vice president for computer sys-
tems, Digital Equipment Corp, leads off discussions in
the Computer System Technology area with “Innova-
tions in System Architecture”; and ‘“The Applications
Programmer of the Future,” delivered by Prof Fred-
erick B. Thompson, California Institute of Technology,
focuses interest on the Computer Applications area.

Great Debates scheduled for Wednesday afternoon
and Thursday evening focus on Centralized vs Dis-
tributed Processing, and on The Limits of Software
Reliability.

In the mainstream of the Technical Program, ses-
sions on Microcomputers relate details of single-chip
processor design and give specifics of the Z80 micro-
processor system design; also discussed are federated
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microprocessor systems, medium-sized systems con-
structed from multiple computers, and centralized
computing. A panel discussion presents viewpoints of
manufacturer, designer, and user on the microcom-
puter development process and available design aids.

Those more interested in software can attend a ses-
sion dealing with specification analysis and validation
of software requirements, which will review the tech-
niques available and present both prime and subcon-
tractors’ views on validation requirements. Software
design for hardware interaction of real-time systems
and data state design are considered in “Software
Design Methodology.” A macro-estimating methodol-
ogy for ADP resource estimating, and the develop-
ment of a software cost methodology are scrutinized
during “Software Cost Estimating and Sizing.” “Soft-
ware Visibility and Control” will consist of papers re-
lating how software development on the Viking-Mars
program was controlled; describing a software develop-
ment facility for mini and microcomputers; and intro-
ducing a high level human/machine interface lan-
guage processor for interactive information retrieval.

The series dealing with Computer System Technology
will be led off by “Innovation in System Architecture,”
with an analysis of queueing models for multiprocessor
systems, and details of virtual machine research on
the Honeywell 6000. ‘“Practical Applications of Per-
formance Evaluation” features papers dealing with
hierarchies of models and predicting time-sharing per-
formance.

Modular structures for protocols, design requirements
for practical general-purpose multiprocessors, and a
case study of DFMP are topics to be discussed during
one session on Distributed Systems and Networks; prob-
lem partitioning in distributed systems is taken up in
another session which focuses on partitioning in time
and space, partitioning of workloads, and measure-
ment of parallel programs on a multi-mini system.

Sessions devoted to Components and Technology high-
light bipolar and MOS components, and semiconductor
and solid-state memories. Highlights of the session on
bipolar technology include an overview of semiconduc-
tor technology trends, and a review of advances in IIL
technology. The MOS-related session contains a paper
on state-of-the-art high speed n-channel MOS tech-
nology, and the development of nonvolatile MNOS
memory. Applicability of semiconductor memories to
use as add-on memory and in high performance com-
puter applications as well as in microcomputers are
subjects of “State-of-the-Art Semiconductor Memory
Technology.” Magnetic bubbles, CCD, and electron
beam-addressable memory technologies are reviewed
during a session which attempts to detect trends that
may appear in solid-state memory technology. O
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ee things your wa

Elite 1500A Elite 1520A

® Conversational e Conversational

® Roll up e X-Y addressable cursor
® 64 character ASCII ® 64/128 character ASCII
® Modular display (32 x 8 to 80 x 24) e Display 80 x 24
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Elite 1520APL/ASCII Elite 2500A
e Conversational ® Page/line or conversational

® 128 character APL/ASCII ® 128 character ASCII
® Bit-paired or typewriter-paired e Protected format and editing
e Display 80 x 24 e Dual intensity and blink
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with Datamedia Elite Video Terminals

A family of video terminals that offers a wide range of features to perform an even wider range
of data entry and display tasks.

If you're with an OEM firm or a system house, and look at peripherals with one eye on cost and
the other on performance, you'll want to take a long look at these proven products from Datamedia.
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Their modular design makes troubleshooting a breeze, and facilitates conformance to your o Datapro
system needs, and their quality workmanship assures that those needs will be met longer thanyou & cggg‘::_"‘"
thought possible. e’ tion’s latest

And if you believe in service after the sale the way Datamedia does, you'll appreciate the new A c:;';’g&:’gﬁgg
dimension we've given to the word ‘‘responsive.” Q utilizing 14,103

Datamedia. We've been seeing things the right way for users in industry, business services, 'diSD;gv ler‘ljninals
government, education, medicine and research around the world. o ,e{gg}ed txg{'"?;s’

Why don't you see what we can do for you. 2N Datamedia 1500 series

was among the top four
Q rated terminals. The 1500
series scored excellent or
W’ _ good in all categories
o hlm:luclmg: overall performance,

- ardware reliability, ease of
Datamedla o one{alion, displgy c "auity, "
= maintenance, and software an
CO I"pO ratlon technical support.
7300 N. Crescent Boulevard ® Pennsauken, NJ 08110 ® TEL: 609-665-2382 ¢ TWX: 710-892-1693

18311 Lost Knife Circle ® Gaithersburg, MD 20760 ® 301-948-1670
Scientific Devices—Midwest ® 2717 Wilmington Pike ® Dayton, OH 45439 e 513-298-9904
5456 McConnell Avenue ® Suite 150 ® Los Angeles, CA 90066 ® 213-397-3556

Canada: Datamex, Ltd., Ontario/Quebec ® Belgium: Inex, (02) 512 4037 e Finland: Suma, (90) 440391 @ Holland: Infodes Holland B.V., 055-230700 @
Italy: Eltron s.r.1., (030) 55-26-41554 @ Sweden: Teleinstruments ab, 08-38 03 70 e Switzerland: Teledynamics, 01-56 3300 @ United Kingdom: Mellor Data,
020629-8181 @ West Germany: Video Data Systems GmbH, (0 61 81) 7 39 51 @ Australia: Intelec Data Systems, 232-3118 @ Japan: Protech, Inc., (03) 384-0225.
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Contrary to some reports, the 8080 is quite powerful, requiring only
appropriate programming to serve many applications; some useful
programming hints that are not obvious are described here

Programming Hints Ease Use
of Familiar Microprocessor

Bruce Gladstone and Paul D. Page

Microkit, Incorporated
Santa Monica, California

Although many programmers feel that the Intel 8080
microprocessor and compatible devices from other
sources lack some capabilities they have been accus-
tomed to, the 8080 is more than adequate in most
microcomputer applications. Programming techniques
are available and can be applied to make it look more
like conventional minicomputers. These techniques will
have to be applied more and more, because the de-
cision as to which processor to buy is usually made
on the basis of the suppliers’ competence, price of the
part, availability of peripheral chips, and other non-
architectural considerations. On this basis, many large
manufacturers have selected it for use, and five ven-
dors are supplying equivalent parts. Thus the 8080 seems
about to become an industry standard microprocessor;
with this status, innovative programming acquires new
importance.

One of the most frequently voiced criticisms of the
8080 is that it lacks an indirect addressing mode. An
indirect address appears as part of an instruction, and
specifies the location of the address of the operand
to be used with that instruction, as opposed to the
location of the operand (a direct address) or the
operand itself (an immediate address). Significant ad-
vantages are to be gained with indirect addressing in
certain applications, such as calculation of addresses
as the program runs and thus their specification as a
result of program execution. This allows a series of
processes to use the same block of program code, eases
the processing of lists or tables of data, and extends
the on-chip registers for addressing purposes.

The 8080 has a rather generous complement of
on-chip index registers, for such double-addressing
processes as moving a block of data from one memory
space to another. An extension of the registers would
be useful, for example, where each of many buffers
in memory is being filled by a different input device
(Fig. 1). A series of pointers (indirect addresses) in
memory would be most helpful in keeping track of
the buffer locations for the next entries, even at the
cost of a small reduction in processing speed—pro-
vided, of course, the system has adequate read/write
memory for the pointers.

Indirect addressing capability for five classes of in-
structions can be provided in the 8080 at a small
expense in speed and memory space (Table 1). All in-
struction sequences are quite short, so that execution
times are not seriously lengthened. All sequences rest
on the use of the LHLD instruction—Load the H and
L registers Direct—which was not in the predecessor
8008 microprocessor. In both 8008 and 8080 the H
and L registers are the preferred locations for memory
address pointers; with the LHLD instruction, the pro-
grammer can load H and L registers from a pair of
memory locations. If these locations are in read/write
memory they can be an indirect address source.

Once that indirect address is in the H and L regis-
ters, a variety of instructions can use it. For example,
PCHL puts the contents of H and L registers into the
program counter; thus if LHLD is followed by PCcHL,
the program executes an indirect jump. The LHLD
instruction transfers the indirect address from memory,

7



COMMUTATOR
/ OR EQUIVALENT

INDIRECT
e Fig. 1 Indirect addressing.
Input devices 1 through N put
data into their respective input
buffers. Each buffer's address
is stored at an indirect ad-
dress for that input; the in-
direct address serves as a
pointer into the buffer. After
BUFFER 2 each word is received, the in-

direct address is incremented

to point to the next free loca-

tion in the buffer. One program
BUFFER N serves all inputs

BUFFER 1
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into the H and L registers; PcHL then transfers that
address from the H and L registers into the program
counter, thus forcing a jump to the indirect address
location.

The indirect CALL is slightly more complicated. Ordi-
narily the CALL instruction jumps to a subroutine, auto-
matically storing a return address in the microproces-
sor’s last-in first-out stack so that the main routine
can be resumed after the subroutine execution is com-
plete. The last instruction in the subroutine fetches
this return address. For an indirect CALL, again the
indirect address is loaded with the LHLD instruction.
A cALL is made to a routine (VECTOR in Table 1) that
contains only the single instruction pcHL. The cALL
stores the return address on the stack and PCHL per-
forms the indirect jump.

LOAD and STORE indirect are very straightforward.
As before, LHLD loads the indirect address, and the
move instructions transfer the contents between mem-
ory and the specified register.

Finally, indirect instructions can include all of the
arithmetic and logical operators (add, add with carry,
subtract, subtract with borrow, AND, OR, exclusive OR,
compare, increment, and decrement). In the Table, the
instruction OPR stands for any one of these operations.
Operand M is an address specified by the H and L
registers.

Indirect addressing with indexing is useful where
the indirect address contains a pointer to a table and
an index register contains an offset in that table. In
the example (last line of Table 1), another pair of
scratchpad registers, the B and C registers, contains
the index. The sequence of instructions loads the H
and L registers with the indirect address (LHLD ADDR),
then adds the B and C registers as a single quantity

to the H and L registers, leaving the result in the H
and L registers (DAD is a double-precision add). Thus,
the M in the MOV r, M instruction now refers to ADDR
+ B. Obviously, this indexing technique can be applied
to all other instruction forms listed in Table 1.

Logical Instructions

Among the powerful features of the 8080 is its com-
plement of logical instructions: OR, exclusive OR, and
AND. These instructions are ordinarily used in conjunc-
tion with one of the scratchpad registers, the operand
of an immediate instruction, or a word in memory
(Fig. 2): ORA to set accumulator bits, ANA to clear
bits, and XRA to complement bits. Wherever the speci-
fied register, r, contains a 1, oRA r places a 1 in the
corresponding position in the accumulator; where the
specified register contains a 0, the accumulator con-
tents are undisturbed. Conversely, where the specified
register contains a 0, ANA r places a 0 in the accumu-
lator, and leaves it undisturbed for each 1. Finally,
an XRA r complements the accumulator bits wherever
the specified register contains a 1. ORI, ANI, and XRI
are corresponding immediate instructions.

However, when the register specified is itself the
accumulator, so that the logical step is performed by
an operand upon itself, other useful results are ob-
tained. Instruction XRA A clears the accumulator and
the carry, sign, and zero flags, which warn of condi-
tions arising from a certain preceding operation; while
ORA A is the general flag-setting instruction (except
carry, which it clears). It does not disturb the con-
tents of the accumulator, but sets flags based on those
contents.

ACCUMULATOR BEFORE

IIIOIIIO o]o[rTﬂ

MASK MASK

Fig. 2 Bit manipulation.
Logical instructions OR,
MASK AND, and exclusive-OR set

plifrfr]e]ofefo] [i]e]e]s]oJe e o]

OR AND

ACCUM AFTER ACCUM AFTER

III]IIJI o]olo’o] and clear bits in the ac-
cumulator in accordance
with the mask, which is the
operand of the instruction.

il Operand can be immediate,

register, or indirect (part of
the instruction, in a register,

ACCUMARTER or addressed by the con-

CLD Lol (Lol [oleTelele]

ononpenn

tents of the H and L reg-

AND CLEARS BITS TO 0
WHERE MASK HAS 0

OR SETS BITS TO 1
WHERE MASK HAS 1

isters, respectively)

EXCLUSIVE OR COMPLEMENTS BITS
WHERE MASK HAS 1
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READ-ONLY MEMORY

HEX OR
SYMBOLIC —~
ADDRESSES

PARMBL

Fig. 3 Parameter passing via common
area. When program and subroutine are
in read-only memory, parameters in gen-
eral are not; however, they must be ac-
cessible by the read-only subroutine.
Scratchpad registers in main memory are
useful for this purpose

READ/WRITE MEMORY

1000 [
1003
1004
1005
1006 | \ 4
1007 [ NEXT INSTI

HL=— 1003

| sTAck=— 1007

Fig. 4 Parameter passing via local area. When pro-
gram and subroutine are in read/write memory, param-
eters can follow subroutine call. They are then ad-
dressed by exchanging the words at the top of the
stack with the contents of two scratchpad registers
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Subroutines and Parameter Passing

Memory implementation affects a program’s method of
passing parameters to a subroutine. Frequently in micro-
computer applications, program memory is in a read-
only memory, masked or programmable, and data
memory is in a read/write memory. Thus, in general,
parameters passed to a subroutine are put in a common
area in read/write memory (Fig. 3). This technique
calls for a load immediate (Lx1), which puts the ad-
dress of this common area into the H and L registers
(Lx1 H, PARMBL), and calls the subroutine. The cALL
stores the return address in the stack and jumps to
the beginning of the subroutine. Information about the
storage location of the parameters is available to the
subroutine because the H and L registers were preset
to point at the common area (PARMBL).

In an increasing number of cases, both program and
data are in read/write memory, as a result of the
low cost of this memory and the availability of high
speed nonvolatible storage such as floppy discs and
cassette recorders. In such applications another tech-
nique may be desirable to pass parameters to and from a
subroutine; the program carries its parameters along with
it. In this technique there is less opportunity for errors
where two programmers’ common areas interfere with
one another. An individual programmer can be re-
sponsible for a section of a program, and has to man-
age both his program area and his data area. It is
fairly easy for him to work in the space between two
given addresses, when he must figure out how to fit
both program and data into that space. It is a little
more difficult to work in one block for program and
another block, usually much smaller, for parameter
storage.
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Thus the availability of all read/write memory per-
mits a more minicomputer-like method for passing
parameters to a subroutine (Fig. 4). All parameters to
be passed to the subroutine are stored immediately
after the cALL instruction. When the cALL is exe-
cuted, the return address, which points to the first
parameter, is put on the stack. The first instruction
in the subroutine is an XTHL instruction, which ex-
changes the first byte in the stack with the H and L
registers. This puts the address of the first parameter
into the H and L registers, which point to the parameter
table. Each time a parameter is fetched, the H and L
registers are incremented to point to the next parameter.
In the figure, these fetches are consecutive; but they
need not be, if intervening instructions do not affect
the H and L registers. Finally, after the last parameter
has been passed to the subroutine, the H and L regis-
ters are incremented once more, followed by another
XTHL instruction. This puts back into the stack the
address of the next instruction in the main program.
It also restores the contents of H and L before the
call, but this is probably no longer significant. Later at
the end of the subroutine, the RETURN instruction
picks up the value at the top of the stack and jumps
to the instruction following the parameters, resuming
the main program.

16-Bit Instructions

Still another architecture-associated feature relates to
the problem of 8- and 16-bit microcomputers. In many
applications a 16-bit microcomputer is very valuable.
Although the 8080 is itself an 8-bit unit, its instruc-
tion set includes a series of instructions (Table 2)
that allows it to look like a 16-bit microcomputer.
Some of these are not obvious.

A 16-bit microcomputer is particularly valuable in
data acquisition. Data are acquired from analog
transducers through analog-to-digital converters (ADCs),
which typically are precise to within 10 to 12 bits
(0.1 to 0.025%). Users, having purchased this pre-
cision at significant cost, would not be wise to use
only eight bits of it in the microcomputer. Likewise,
pulling in the data eight bits at a time and processing
them in that form is painful. Thus 16-bit instruc-
tions are very valuable.

A digression into organization of input and output
(I/O) structures is appropriate here. Some manufac-
turers advertise that their microcomputers treat 1/0
as part of memory and that this simplifies design of
I/0 structures. Obviously this is quite possible with
the 8080—and, as a matter of fact, with any micro-
or minicomputer, whether or not it has special 1/0
instructions. In fact, many of the simpler 8080 systems
do exactly this. They require only that the I/O de-
vice registers recognize main memory addresses and
perform load and store operations when these addresses
are activated.

This ability to make I/0O registers part of main
memory address space allows the use of the first two
16-bit instructions. One of these is Load H and L Direct
(LHLD), previously encountered in connection with
indirect addressing; the other is its dual, Store H and
L Direct (sHLD). The “direct” part of these instruc-

tions refers to memory addresses; but if the addresses
are actually I/O registers, the LHLD instruction can
read up to 16 bits from an ADC, while the sHLD in-
struction can put out up to 16 bits to a digital-to-
analog converter (DAC). Thus, with very little program-
ming pain, the 8080 can be turned into a 16-bit I/0
machine. Actual transfers, to and from the I/O de-
vices, occur eight bits at a time, but from the pro-
grammer’s viewpoint the transfer is 16 bits.

Further, a series of instructions, including double-
precision adds, increments, and decrements, allows
the programmer to do some 16-bit arithmetic. For
example, to generate an analog output function, ap-
proximated by a series of ramps, the INx H and
DCX H instructions can increment and decrement the
H and L registers at fixed time intervals. Following
this the SHLD instruction transfers the new value from
the H and L registers to the DAC, the output of which
is a linear ramp. For less than 16-bit precision, some
bits in the 8080 will be unused.

Some 16-bit arithmetic can be performed with double-
precision adds between H and L registers, containing
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addend and sum, and D and E or B and C registers,
containing the augend. The instruction DAD H also
provides a left shift of all 16 bits by one bit position.
It adds the contents of H and L to itself; doubling is
equivalent to the left shift.

While doing these 16-bit conversions, LHLD and SHLD
still work with real memory addresses, doing 16-bit loads
and stores.
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Jump Tables and Module Linkage

Finally, one last programming technique, although it
is not closely associated to the 8080’s architecture,
is useful because it relates to how programs are
written. Generally a good technique is to write pro-
grams in modules, which are individually written and
tested and then brought together. However, a frequent
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PROG 1 ADDR JUMP TABLE

SUBR 1| JMP SUBRIL
SUBR2 | JMP SUBR2L

» | —-sues
CALL SUBR3 SUBR4

SUBR S

SUBRn | JMP SUBRnL

PROG N
SUBR3L J

RETURN

Fig. 5 Jump table. When programs and subroutines
are in different modules subject to independent
modification, jump table offers a convenient way to
keep track of their changing locations

problem is providing linkages between the program’s
various modules. For instance, suppose module 3 calls
a subroutine in module 7. Each time module 7 is modi-
fied, the location of this subroutine is likely to change,
making it necessary to change module 3 each time
module 7 changes. Obviously, for a program made
up of a reasonable number of modules, a great deal
of time is spent continually updating the linkages as
individual modules are modified.

Jump tables offer one easy way around this difficulty
(Fig. 5). For example, suppose program 1 wants to
make use of the subroutine SUBR3 in program N. Link-
age between program 1 and the subroutine in pro-
gram N is made through the jump table, which con-
tains starting addresses of all the subroutines that
the program uses.

To organize the table, at the outset of program
design, the programmer divides the problem into a
series of modules, and decides which module will have
which utility subroutines. Subroutines need not all be
in one module. The programmer assigns a name and
a jump table address to each routine. The jump table
is in a fixed area; in the 8080, a good place is in
low memory, somewhere around address 50 (hexa-
decimal notation) right after the area reserved for use
by the RESTART instructions. Since the length of each
JUMP instruction is fixed at three bytes and its place
in the table has been preassigned, its address will not
change. Thus, each cALL from any program is to a
fixed location in the jump table.

When any module is coded and ready for assembly
or reassembly, it must include a list of jump table
entries that it refers to (A in Table 3) and correct

references to subroutines which it includes (B in Table
3). These must be assembled along with the straight
coding in the modules (C and D). Pseudoinstructions
oRG and EQU are useful for this purpose. orRG defines
a specific address at which the assembler must begin
assigning locations as it translates the program; EQU
equates one symbolic address with another or with a
numeric address. In Table 3 the jump table begins
at 50, as suggested earlier; since a JUMP instruction
in the 8080 occupies three bytes, successive entries in
the jump table must be at 53, 56, 59, and so on.
Modules call subroutines by names that correspond to
jump table entries. With each module is a group of
EQU instructions which assign real addresses to the
subroutines called by that module. Collectively these
real addresses make up the section shown as A in the
listing; this section never changes. There is also an
ORG for each subroutine contained in that module,
placing in the table a jump to the subroutine (shown
as B in the listing); this can change every time the
module is modified.

All that is necessary to link the modules is to load
them one after another in any order into the system,
each one bringing in its part of the jump table and
automatically putting it together. The only unusual
facility that is necessary is the ability to load discon-
tinuous parts of memory.

This technique automatically maintains linkages. The
same technique can provide linkages to data areas
and buffers. Ordinarily, during the debugging phase,
modules must be assigned fixed areas in memory, and
must not expand outside these areas. However, when
debugging is complete, all modules can be reassembled
to compact the program.

The 8080, whatever its shortcomings may be, has
more than enough power to solve a great many prob-
lems as long as the full power of its instruction set
is recognized. Obviously, this is not an exhaustive list-
ing of all the programming techniques possible with
the 8080; however it does at least represent a par-
tial answer to some objections that have been raised.

Bruce Gladstone holds BS and MS de-
grees in engineering from the Univer-
sity of California at Los Angeles. As
vice president of Microkit he has de-
signed microcomputer-based systems
for use in data acquisition, process con-
trol, and special purpose test equip-
ment.

Currently president of Microkit, Paul D.
Page has had experience in hardware
and software development for micro-
computer-based systems as well as op-
erating systems design for large and
medium scale systems. He received a
BS degree in physics and an MS degree
in computer science from the University
of California at Los Angeles.
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Presenting our
better-mouse-trap line.

No frills at all.

When you cut price without cutting quality, soon
no one thinks of it as a cut price. That's where
our Norsman line of Wire-Wrap* P/C connectors
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High performance in magnetic media demands much from
conventional encoding methods, but each method has its own
disadvantages; yet a simple encoding technique for mass storage has

a number of attractive characteristics distinctly its own

New Method for Magnetic Encoding
Combines Advantages
of Older Techniques

Arvind M. Patel

General Products Division
IBM Corporation
San Jose, California

A unique method of magnetic recording combines two
advantages not both found in previous methods—ab-
sence of a dc component in the signal read from tape,
and maintenance of a high recording efficiency on the
tape itself. In addition, the method retains principal
advantages of previous methods in that it is self-clock-
ing for any pattern of recorded data and is not seri-
ously affected by baseline or peak shift in the read-
back signal.

Called zero modulation or ZM, the method is used
in the IBM 3850 Mass Storage System (see box at right).
This machine reads and writes on a magnetic surface with
a rotating read/write head. Rotation requires trans-
former coupling, which cannot handle a dc component;
therefore an encoding method that imposes neither a
dc component nor the disadvantages of other techniques
is required. ZM is a significant improvement over earlier
encoding methods, some of which merely assigned transi-
tions of magnetic polarity to bits in some more or
less straightforward way and often achieved a new
advantage at the expense of an old one. These
methods included non-return-to-zero inverted (NRZI),
phase encoding (PE), group-coded recording (GCR),
frequency modulation (FM), and modified frequency
modulation (MFM), sometimes called delay modula-
tion. Zero modulation uses sophisticated coding of data

to match idiosyncracies of the magnetic recording chan-
nel with waveform properties of the recorded signal.

Importance of efficiency and the absent dc com-
ponent is brought out when ZM is compared with some
earlier codes. NRZI, for example, is the simplest en-

Honeycomb Storage

The IBM 3850 is a mass storage system that serves
as a virtual storage medium supporting magnetic disc
files, in much the same way as the discs serve as
virtual storage supporting main memory. It consists
of an array of data cartridges about 2 in. in diameter
and 4 in. long with a capacity of 50 million characters
each. Although the cartridge contains a length of
magnetic tape, stored data are organized in cylinders
analogous to those of a disc file, and can be trans-
ferred to the disc file a cylinder at a time—that is,
without moving the disc read/write heads during the
transfer. Up to 4720 cartridges are stored in hexagonal
compartments in a honeycomb-like apparatus that in-
cludes a mechanism for fetching cartridges from the
compartments, reading or writing data on them, and
replacing them.
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Fig. 1 Conventional wave-
forms. NRZI is the simplest
waveform, but requires a
wideband amplifier for pro-

cessing, since it has a sub-
stantial dc component. This
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and other difficulties are
overcome with PE and FM
encoding, at the cost of
high transition density—up
to two transitions per bit.
Variations on FM reduce
number of transitions, but

reintroduce the dc com-
ponent

coding method, used on l4-in. wide magnetic tape at
data recording densities up to 800 bits/in.! Presence
or absence of a transition in the NRZI magnetic wave-
form corresponds to 1 or O respectively in the binary
data stream (Fig. 1); successive magnetic transitions,
which alternate in polarity, produce alternately posi-
tive and negative electric pulses in the readback sig-
nal, nominally symmetric about a base line._Principal
drawback of NRZI is that long strings of Os are re-
corded as correspondingly long periods with no mag-
netic transitions, and hence no pulses in the readback
signal; the read clock can lose synchronization during
those periods. Furthermore, wideband circuits with dc
response are required for signal processing and data
detection.

NRZI is also subject to a more subtle difficulty: base-
line and peak shift, alluded to previously. At high
densities, the readback pulses produced by a string
of consecutive 1ls tend to interfere with one another.
When such a string of 1s is preceded or followed by
a string of consecutive Os, this interference is asym-
metrical, causing the first or last few pulses to have
larger amplitudes; thus the base line appears to drift.
A similar shift can arise from a string of consecutive
Os if the dc response of the electronic -circuitry
is slightly off specification. Interference also causes
the pulses to seem to slide into the signal-free zone
occupied by the Os, creating a displacement in time
of the pulse peaks. This peak shift can be a significant
fraction of the nominal time between bits.

Phase encoding (PE)2? was devised to alleviate these
problems, and is used on 14-in. tapes recorded at 1600
bits/in. In PE a 1 corresponds to an up-going transi-
tion and a 0 to a down-going transition at the center
of the bijt cell. Where two or more 1s or 0Os occur in
succession, extra transitions are inserted at the bit-cell
boundaries. Resulting waveform is self-clocking and
has no dc component, since the waveform in each bit
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cell has up (positive) and down (negative) signal
levels of equal duration. However, PE requires twice
the transition density of the NRZI method for a random
data pattern. Thus recording efficiency is poor.

Frequency modulation has transitions at every bit-
cell boundary. However, although FM is similar to PE
in all waveform properties, the 1 and 0 correspond
to a presence or absence, respectively, of any transition
at the center of the corresponding bit cell, rather
than to an up or down transition. In the IBM 3330 disc
file FM has been supplanted by MFM, or delay mod-
ulation, which provides enough clocking transitions
without doubling the transition density.> In MFM (as
in FM) a 1 and a O correspond to the presence or
absence, respectively, of a transition in the center of
the corresponding bit cell. However, additional transi-
tions at the cell boundaries occur only between bit
cells that contain consecutive Os. This method retains
an adequate minimum rate of transitions for clock
synchronization without exceeding the maximum transi-
tion density of NRZI, but at the cost of a more com-
plex data detection process. An additional disadvan-
tage is the dc component, with indefinitely large ac-
cumulated dc charge for some data patterns such as
0110110110....

Modified forms of NRZI include synchronized NRZI
(S-NRZI), and group-coded recording (GCR) used to
record magnetic tape at 6250 bits/in.* In these methods,
the data stream is precoded by adding bits to break
up long strings of O0s. In S-NRZI, a 1 extends each
8-bit group to nine bits and establishes a synchroniza-
tion transition. In GCR, each 4-bit group is mapped
into five bits using a fixed assignment that guarantees
that the coded data stream never contains more than
two consecutive Os. Detection process for both methods
is the same as for NRZI, but maximum transition
density is necessarily higher, and the dc component
can be quite prominent.
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Advantages of ZM

Zero modulation encoding produces waveforms that
closely match characteristics of the magnetic record-
ing channel. Among these characteristics (Table 1)
are:

Minimum energy at low frequencies—achieved be-
cause the long-term dc component is 0, and maximum
accumulated unbalance between positive and negative
pulse durations of the waveform is small. This helps
alleviate base-line shift of high density read signals.
Narrow bandwidth—conserved by constraining pulse
width and ratio of maximum to minimum pulse width.
This helps reduce the problem of peak shift. Resulting
read signal amplitude is relatively uniform—that is, it
has a small dynamic range for any kind of data stream.
Adequate transition rate—as a consequence of the con-
straint on the maximum pulse width, a clock signal
can be derived from the transition rate.

High efficiency—ratio of highest transition density to
bit density is close to 1. With NRZI and MFM the
ratio is exactly 1, and with other codes it is fractional-
ly higher, rising to 2 for PE and FM.

Reliable Error Checking—as a consequence of these
characteristics and various other constraints of the
method, the code structure of ZM is such that error
checking is easy and reliable.

Zero Modulation Algorithm

The ZM algorithm can be readily implemented by a
practicing engineer with the information that follows.
Theoretical details and proofs have been published
elsewhere.” The ZM algorithm maps every data bit
sequentially into two binary digits in such a way
that any 'two consecutive ls are separated by at least
one and at the most three Os. This sequence is recorded
in NRZI. Consequently, the narrowest pulse in the ZM

waveform spans two digits in the coded sequence, and
this is the width of the data-bit cell. Similarly the wid-
est pulse spans four digits, which is twice the narrow-
est pulse width. The resulting waveform is similar
to that of MFM.

This limited range of pulse widths corresponds to
a narrow bandwidth for the waveform, and the narrow
bandwidth has obvious electronic advantages. Short
“pieces” of the waveform of one polarity are always
balanced very soon by equally short pieces of the wave-
form with the opposite sign. Two such sections taken
together make up a section with a zero dc component,
and the waveform made up of such balanced sections
contains minimal energy at low frequencies.

A quick way to estimate the amount of dc in a
train of rectangular pulses representing data encoded
in ZM or any other code is to count positive- and
negative-going excursions, giving a value of =1 to the
narrowest pulses, *=2 to pulses twice as wide, and
so on. This corresponds to integrating the waveform
mathematically, or collecting charge on a capacitor
fed by a current with the given waveform. If the total
strays far from 0, the dc component is present. Under
the zero modulation algorithm, the total changes sign
frequently and never exceeds =3, corresponding to the
limit of three Os between any pair of 1s.

Two-for-one mapping is a nonlinear function of the
preceding and following data sequences and requires
an encoder with memory. In a practical implementa-
tion, amount of memory can be limited as desired by
adding a small amount of redundancy. In its functional
form, however, the ZM algorithm, in general, requires
unlimited memory.

The algorithm can be described in terms of a data
bit to be encoded, one preceding and one following
data bit, and the two coded, digits corresponding to
the preceding data bit; and in terms of two parity
functions that look ahead and back relative to the
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bit being encoded. Look-ahead parity, P(A), is the
count modulo 2 of 1ls in the data stream beginning
with the data bit being encoded and counting forward
to the next O bit; look-back parity, P(B), is the count
modulo 2 of all Os in the data stream from its be-
ginning up to the present bit. For example, in the
data sequence 01011110, P(A) = 1 at the second,
fifth, and seventh bits from the left, P(A) = 0 at
all 0 bits and all the other 1 bits; while P(B) = 1
at the first, second, and eighth bits and O elsewhere.

These rules can be translated into encoding and
decoding functions expressed either in the form of
tables or as equations (Table 2). In both, the symbol
d represents a data bit; a and b, coded digits; and
subscripts —1, 0, and +1, preceding, current, and
following bits, respectively. For convenience, the non-
existent bit preceding the first data bit is assumed to
be 1 and its look-back parity is 0; the nonexistent bit
following the last bit is 0.

The example (Fig. 2) illustrates the relationships
among the various parameters of the data sequence
and the corresponding ZM waveforms.

Although the ZM waveform looks similar to the
MFM, or delay modulation, waveform, the important
difference is that the MFM waveform contains a dc
component, and the accumulated charge often increases
indefinitely, whereas the maximum accumulated charge
in the ZM waveform is =3 units.

88

ZM Algorithm With Limited Memory

Look-back parity is accumulated from the number of
Os simply by updating a 1-bit storage cell as data
bits are encoded. However, look-ahead parity depends
on the length of a string of 1s in the following data
sequence. Since the algorithm imposes no limit on the
length of this string, memory requirement for com-
putation of P(A), in general, is unlimited. However,
a variant of the basic ZM algorithm limits the mem-
ory requirement to any specified number of bits.

When accumulated look-back parity P(B) = 0, en-
coding functions become independent of the look-ahead
sequence:

& = a-oa-l i d-1;—1;-1
bo = do

To force P(B) to 0, a digit, P, can be inserted in a
continuous data stream at fixed intervals of f bits.
This insertion implies that look-ahead parity, P(A), of the
sequence of 1s at the end and beginning of any sec-
tion of f 4+ 1 bits has no effect on ZM mapping in the
modified data sequence. In Fig. 3, some values of P(A)
are denoted by ¢ indicating a “don’t care” value when
P(B) = 0. The only sequences of 1ls affecting the
mapping, then, are those between two Os in the same
section of f + 1 digits. The longest such sequence is
f — 1 digits long. Thus, the memory required to com-
pute P(A) is f — 1 bits.

Thus, to limit the amount of memory, the ZM al-
gorithm is given two important modifications: First,
an extra P-bit with the value of P(B) at position
f is inserted at the end of every section of f data

}if P(B) = 0.

Data 010011110101 11111011100110
P(A) 01000101010010101010100010
P(B) 117011111001111111000010001

ZM pattern 0001001010001000100100100010001000100101010010010100

WoveformlIlIlIIIl'lIlIlI

+3
Charge 0
=3

f

Fig. 2 Basic zero modulation. Substituting two en-
coded bits for each data bit on the basis of infor-
mation in preceding and following bits, and record-
ing the encoded bits in NRZI form, eliminates the
dc component without other waveforms’ disadvan-
tages. However, since it places no constraints on
the data pattern, it can require an infinitely large
memory for implementation
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bits. Second, computation of P(A) at any data bit ex-
tends only to the following f — 1 data bits, as a
binary logic function of the data stored in f bits of
memory:

P(A) = dodi + dodeds + dodeduds + . . .
+ dodads «  » deades + dodads + + v desdes

where t = f if f is even and t = f — 1 if f is odd.
Look-back parity is merely a count of Os as in the case
for unlimited memory.

Encoding process is delayed by f bit periods in a
continuous stream of data, while the memory is loaded
for computing P(A), but the decoding process is de-
layed by only one bit period. Thus decoding errors
in ZM do not propagate.

In the diagram, a value of f = 8 is assumed for
illustrative purposes; but in fact, the value of f has
no theoretical limits. As described later, a shift regis-
ter delays each bit while look-ahead parity is gen-
erated. Small values of f require short shift registers
and encode data quickly; however they add a larger
proportion of redundancy in the form of the extra
P-bit than do large values. Nevertheless, they may
be convenient in some applications. For efficient utiliza-
tion of the magnetic recording medium, large values
of f—eg, 100 or more—are mandated. Although they
impose substantial encoding delays, these are still negli-
gible compared to the access time of a mass storage
system, which is measured in seconds. Large values of
f do not necessarily imply complex encoding logic;
the look-ahead parity generator merely counts the bits
as they pass, and a monolithic shift register is relatively
inexpensive.

Data with Pbits P bit Pbit

atIntervals of 3

Eight Bits o10011110/0101T 1111110111 —-
P(A) 1100010101 1000000000101-—
P(B) 1170111110110000000(011 11 —=

ZM Pottern 0001001010001000101001000101010101010100010101 *- ==

ZM Woveform lll I I l Illlllllll
+3
= PN N\
Charge 0 — S NNV
_3_

Fig. 3 Practical zero modulation. Adding an extra bit
to the data stream at regular intervals in accordance
with a prescribed pattern permits the two-for-one sub-
stitution of ZM to be made with a memory of realizable
capacity. In the waveform, dc component is still 0,
transition density is low, yet added redundancy is minor

Synchronization Signal

When reading, a ZM waveform is decoded into a data
sequence with the help of a clock, which is usually
derived from the waveform. A synchronizing signal of
sufficient length and recognizable ending is useful in
marking the beginning of data. A similar resynchroniz-
ing signal may also be inserted at predetermined in-
tervals in the waveform, such as at ZM memory bound-
aries, for protection in case of temporary loss of
synchronization in magnetic defects.

Several characteristics are required of the synchroni-
zation signal:

(1) It must be distinctive enough not to be confused
with the normal data waveform in its original or
shifted position.

(2) It must satisfy the ZM constraints of maximum
and minimum pulse widths.

(3) It must have no net dc component over its length,
although unlike the encoded data, the integrated total
may exceed three units within itself. The accumula-
tion may be four, five, or six units (or even more if
the synchronization signal is short and infrequent).

(4) Basic synchronization signal should be reasonably
short and the endings compatible with the ZM algo-
rithm for insertion at the memory boundary without
modification.

These specifications could be easily satisfied if some
binary sequence were known to be inadmissible as data.
However, no such sequence is possible for serial data.
Alternatively, a synchronizing signal can be chosen from
inadmissible sequences in ZM-coded patterns. These se-
quences must satisfy the ZM pulse-width constraint but
may exceed the maximum charge constraint.

Among the sequences that satisfy the ZM run-length
constraints, 0 0 1 01 0001010 0 0, either for-
ward or backward, is the shortest that does not occur
in any ZM pattern. Any pattern containing one of these
sequences can be used as a synchronizing pattern.
Two examples are:

W1=01000100101000101000‘1000101001
W2=01000101000101000‘1

The second of these does not satisfy specification 3.
Both examples begin and end with 01, and can be
padded by any number of 01 digit pairs if desired
for clocking. These endings also allow the synchroniza-
tion signal to be placed at the ZM memory boundary
without modification.

In actual application, the synchronization pattern
is placed at predetermined intervals at ZM memory
boundaries. In case of synchronization loss, the clock
is regenerated by the read waveform as soon as the
defect or other cause has passed. With the clock run-
ning, the signal detector can produce the binary ZM
pattern, but the pattern cannot be decoded until the
synchronization pattern re-establishes the ZM pair re-
lation with respect to the clock. If the clock is found
to be out of synchronization, ie, one ZM digit out of
step with the read signal, its complement may be used
for decoding.

89



P(B)
Lotch
Modified
Data Imn_ﬂ' ngl SI?ream
Stream| P'b'g' e
ool FH13 Count
di-2
< A
Counter %3 f“’ﬂ?‘
i | dr-g 9
L2]
O
&
= M
; d >
5 |
|y
&l dg
4

: IM Coded : .
Ell'?‘c?ding s . Sequence | NRZI To Write
logic Encoder Driver

Fig. 4 ZM encoder. Principal feature is a shift register from which data bits are fed to encoding
logic, which is straightforward implementation of equations in text

Error Check in ZM Patterns

Patterns of digits generated by the ZM algorithm
satisfy various constraints, including parity in the case
of ZM with limited memory. These constraints pro-
vide a powerful check capability for bit-detection errors
and synchronization errors at the receiver.

Because error-free ZM patterns possess run lengths
of one, two, or three Os between two 1s, two consecu-
tive ls indicate a pick-up, or a 0 incorrectly read as
1, while four or more consecutive Os signal a drop-out
error. Acquisition of excessive dc charge can be de-
tected with an up-down counter that increments for
every code bit position recorded with a positive level,
decrements likewise when the level is negative, and
signals an error if the total exceeds =3 at any time.
An alternative method of implementing this check
has been worked out.5 Finally, value of P(B) and
charge value must both be 0 at the memory boundary—
a simple but effective check on both synchronization
and random errors. These two checks at the memory
boundary are equivalent in the sense that neither de-
tects any error missed by the other as long as the
checking circuits are working properly. Error check-
ing of ZM patterns at the receiver, an additional bene-
fit derived from the stringent ZM constraints, need
be implemented only to enhance reliability even further.
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Implementation of ZM
Algorithm

In a ZM encoder (Fig. 4), the first step is to modify
the binary data sequence by inserting the P-bit at
fixed intervals of f bits. The P-bit is the value of
P(B) at count f, computed by a simple latch triggered
by each 0 in the data stream. At count f + 1, the
P-bit is inserted in the data stream, and the P(B)-
latch and counter are reset to 0. The modified data
stream passes through a shift register f bits long, which
stores the previous and current data bits and the fol-
lowing f — 2 data bits. From these stored bits the
look-ahead parity function P(A) is generated in ac-
cordance with the binary logic function given previous-
ly. From these values of P(A) and P(B), the current
and next previous bits, and the just-computed ZM bits,
the ZM code sequence is generated. Two feedback
latches store each pair of bits of the ZM pattern as
they are computed, for use in the next bit cycle. These
latches are updated continually as the data bits are
sequentially encoded into ZM patterns.

Initially, look-back parity is set to 0 and feedback
latches are set to 01. Encoding starts after a delay of
f — 1 clock periods during which the first data bits are
shifted into the storage register. This puts d, in the
next to last cell of the shift register, from which it
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Fig. 5 ZM decoder. Data bits are defined in terms of pairs of code bits, taking into account
preceding and following pair along with current pair. Hence the key element is a 6-bit shift
register that shifts two bits at a time and feeds code information to decoding logic

is encoded into the first pair of code bits. The “pre-
vious” bit, assumed to be 1 and initialized accordingly,
either has been inserted in the shift register just ahead
of the first real data bit or can be gated to the ZM
encoder during the first encoding cycle. Alternatively
it can be initialized simply by placing all 1s in the
shift register. This sequential encoding process is con-
tinued for the ZM coded sequence which is converted
into a conventional NRZI waveform. ZM synchronization
pattern, if necessary, may be inserted in the coded pat-
tern at selected (f + 1) -bit boundaries.

ZM decoder (Fig. 5) converts the received wave-
form into a ZM pattern by means of conventional
NRZI clocking and detection circuits. This ZM pattern
passes sequentially through a 6-bit storage register
which stores three pairs of pattern bits. As in encoding,
for the first pair of bits, the ‘‘preceding” pair is set
to 01. Decoding starts after the second pair arrives in the
storage register. The decoder generates each data bit
as a function of the preceding, current, and following
bit pairs, as described previously.

Coded sequence received at the decoder satisfies all
ZM constraints, and every (f + 1)st bit in the de-
coded data stream is the correct P-bit. Any departure
from the constraints or an incorrect P-bit clearly in-
dicates an error. Some or all of these checks can easily
be implemented for error checking.
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INDUSTRIAL CONTROL | SOFTWARE DEVELOPMENT

In recent months there has been an explosive growth in the application of microprocessor technology to industrial control
and manufacturing problems. Further, there has been an acceleration in the availability of new sensors, converters and control-
lers which can be inexpensively interfaced to microcomputers to form truly cost-effective industrial control systems.

At the same time, it is being increasingly recognized that software development and system design are the major time and cost
obstacles to implementing microcomputer solutions.

The two 2-day courses described below were especially designed to bring engineers and project managers quickly up to speed
in these two problem areas and to give them the necessary background and fundamental tools to have an immediate cost-
effective impact on their job function.

Since 1974, ICS has been the leading technical education firm specializing in microcomputer training. ICS has taught over
4000 engineers and managers from 700 companies worldwide. ICS courses are rated “‘excellent’’ by the participants because
they possess the following features:

e Not vendor-oriented e practical e extensive course materials @ experienced faculty e cost-effective training

&% MICROPROCESSORS IN
&5 MANUFACTURING AND
°®" INDUSTRIAL CONTROL

BRIEF OUTLINE

1. INTRODUCTION
@ The microcomputer in the industrial environment
@ Past and future trends e Cost and performance

2. FUNCTIONAL CAPABILITIES OF MICROPROCESSORS
e Operator interfacing e Data acquisition @ Computational
analysis @ Logic (Boolean) decisions e Control of equip-
ment e Display

3. MANUFACTURING AND CONTROL APPLICATIONS
e Data logging @ Programmable controllers e Feedback
control e Instrumentation and measurement e Testing
e Material control e Diagnostics

4. ALTERNATIVES AND TRADEOFFS
e Relays e Programmable controllers @ Analog and/or
digital circuits ® Minicomputers

5. FUNDAMENTALS OF MICROCOMPUTER SYSTEMS
® Basic elements e Interfacing e Software

6. DEVELOPING MICROCOMPUTER SYSTEMS
e Optimum make/buy levels @ Selecting the best-suited
microprocessor @ Developing software e Minimizing costs
® Major pitfalls and how to avoid them

7. THE ECONOMIC REALITIES OF MICROPROCESSORS

8. SURVEY OF AVAILABLE MICROPROCESSORS AND
MICROCOMPUTER-BASED EQUIPMENT

9. CASE STUDIES-APPLICATIONS IN:
@ Heavy industry e Manufacturing @ Lumbermills
e Petrochemical Plants e Other industries

10.HOW TO GET STARTED

& SOFTWARE/SYSTEM
©%» DEVELOPMENT: TOOLS
<&%° AND TECHNIQUES FOR
€ MICROCOMPUTERS

BRIEF OUTLINE

1. INTRODUCTION
e Stages of microcomputer system development

2. SOFTWARE FUNDAMENTALS
e Definitions of software, hardware and firmware e Basic
software building blocks @ 8080 program example:
generating timing pulses

3. MICROCOMPUTER PROGRAMMING TECHNIQUES
@ Basic concepts @ Decision making e Input/Output
® Arithmetic e Data movement

4. SYSTEM ANALYSIS
e Product definition guidelines ® What to do in hardware,
what to do in software @ Example: A system for pattern
recognition and analysis of analog waveforms

5. PROGRAM DESIGN
e Computer languages: micro vs. machine vs. assembly vs.
high level @ Program design guidelines

6. PROGRAM IMPLEMENTATION
e Alternative software development tools e Tradeoffs
and case studies

7. HARDWARE/SOFTWARE INTEGRATION, TESTING
AND DEBUGGING
@ Overview of debugging and testing with exercises
e Hardware/software integration e Program execution
under control of a monitor program e Strategies

8. SOFTWARE/SYSTEM DOCUMENTATION

9. FUTURE TRENDS IN SYSTEMS

COMPREHENSIVE MICROPROCESSOR

COURSE MATERIALS

PLUS:
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Technical Reprints —A 250-page bound volume of carefully selected articles on
advanced hardware and software design techniques and applications examples.

Manufacturers Literature —A 550-page bound volume of up-to-date manu-
facturers data and product descriptions. Includes; microprocessors, support
chips, microcomputer board systems, software development systems,
peripherals, software services and debug equipment.

OVER 1100 PAGES
INCLUDED IN COURSE FEE (May be purchased separately)

COURSE BOOKS — each bound in a handsome 3-ring binder, include 300-
400 pages of up-to-date ICS course notes illustrated with system and circuit
diagrams, flow charts, code, etc. . . and other vital “’know-how’" . .to save you
WEEKS of research and more WEEKS . . . by avoiding making false steps in
microcomputer-based system design and development.

(© Copyright 1976 ICS |,
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ICS AUTUMN COURSE SCHEDULE

INDUSTRIAL CONTROL/
SOFTWARE DEVELOPMENT SERIES

course 220 MICROPROCESSORS IN MANUFACTURING
Two days AND INDUSTRIAL CONTROL

Course 156 SOFTWARE/SYSTEM DEVELOPMENT: TOOLS
Two days AND TECHNIQUES FOR MICROCOMPUTERS

OTHER COURSES BEING OFFERED
Call today for full details

MILITARY/AEROSPACE APPLICATIONS

MILITARY AND AEROSPACE
MICROPROCESSOR SYSTEMS

course 187 BIT-SLICE MICROPROCESSORS,

Course 201
Two days

EOUREE B COURSE 156 CITY Two days PLA’S AND MICROPROGRAMMING
Sept. 14-15 LOS ANGELES COURSE 201 COURSE 187 CITY

Sept. 14-15 Sept. 16-17 CHICAGO Sept. 16-17 LOS ANGELES

Sep. 28-29 Sept. 30- Oct.1 NEWARK, N.J. Sept. 20-21 Sept. 22-23 WASHINGTON, D.C.
Oct. 7-8 WASHINGTON, D.C. Nov. 2-3 Nov. 4-5 SAN DIEGO

Oct. 12-13 Oct. 14-15 BOSTON Nov. 23-24 Nov. 25-26 MONTREAL

Oct. 19-20 Qe 21 ST. LOUIS Dec. 7-8 Dec. 9-10 LOS ANGELES

Oct. 26-27 Oct. 28-29 SAN FRANCISCO

Nov. 9-10 Nov. 11-12 HOUSTON

Nov. 16-17 Nov. 18-19 WASHINGTON, D.C.

Nov. 30-Dec. 1 Dec. 2-3 LOS ANGELES

Dec. 7-8 Dec. 9-10 DETROIT

N

O

N-SITE Traini

Vendor-independent, up-to-date, practical education
in your own plant will have an immediate cost-effec-
tive impact on your organization’s ability to make
advantageous use of the new MICROCOMPUTER/
LS| technology.

ICS has provided on-site courses for:

e Bell Canada @ CERN e CTI-France e General
Electric Co @ IBM e Japanese Defense Agency e Johns
Hopkins University-Applied Physics Lab @ NASA

e NSA e NADC e Olivetti @ Philips-Eindhoven

® Sanders Associates @ U.S. Army e and others. . .

For full details and and scheduling information,
please contact:
Dr. David C. Collins, President
Integrated Computer Systems, Inc.
4445 Overland Avenue
Culver City, California 90230
Telephone: (213) 559-9265

ICS can provide special training course}

AT YOUR FACILTY

These courses include those above plus:

A Manager-Level Overview of
Microprocessors and Microcomputers
(Course 101)
Microprocessors/Microcomputers:

A Comprehensive Technical
Introduction and Survey (Course 102)
Motorola’s 6800 vs. Intel’'s 8080: A
Side-by-side Comparison (Course 168)
Microprocessors and LS| in Telecom-
munications Applications (Course 205)

Computer Image Processing (Course 410)
And others. .. /

Please enroll me in

COURSE(S)

E3 REGITRATION

FILL OUT AND
MAIL TODAY

Special Discount $695

CITY

MAIL TO:

DATE

Send me Free Literature on:
O On-site Courses

0O Other Courses Available
O Future Course Schedules

For European Course Schedules

NAME

TWO DAY COURSE $395
BOTH TWO DAY COURSES

HOURS: 9:00am to 4:30pm

INCLUDES: Lectures, course
notes, reference materials,
hardware demonstrations,
luncheons and coffee breaks,

Integrated Computer Systems, Inc.
P.O. Box 2368, Culver City, California 90230

OR CALL: (213) 559-9265

JOB TITLE

ORGANIZATION

STATE ZIP

or Information Please Contact: ADDRESS
Integrated Computer Systems, Inc.

Boulevard Louis Schmidt 84, Bte 6 Sy

1040 Brussels, Belgium

Tel: (02) 735 6003 Telex: 62473 TELEPHONE

TWX/TELEX
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116 reasons why only
Buchanan® PC Board Connectors

provide Lowest Total Applied Cost!

1 Models available with
.156" or.200" (.508
cm) centerlines

4 Easy-access test points

2 UL Component Recognition

for field wiring \

5 Accepts up to 43 10-amp circuits

6 Screw terminals accept unterminated
solid or stranded wires, #12 thru #30

\ AWG

Angdkhere are 110 more—
the 110 connections you eliminate!

Here's how to achieve significant Lower Total
Applied Cost when building control panels or other
equipment using printed circuit boards.

Simply specify the new Buchanan Connector that
eliminates hybrid interfaces between electronic
circuitry and electrical connections. It replaces
multiple terminal strips and costly interwiring; ac-
tually saves up to 5 separate connection points—
potential trouble spots—per circuit!

Models are available for just about every standard
requirement. For complete engineering and order-
ing information, use the Reader Service Card. Or,
call one of our Factory Regional Offices shown
below. They'll also be happy to talk to you about
special configurations.

3 Available for surface or
through-the-panel mounting———_

8

\ DA DN

LIt
e]

Just one Buchanan Printed Circuit Board Connector (A)
replaces the two terminal strips (B), the edge card connector S
(C), the double wiring (q_), and the 110 costly terminations (E) Models available for surface or through-the-panel mounting,
shown at left. Result: LTAC (Lower Total Applied Cost)! with or without card guides and keys.

Amerace Corporation
CONTROL PRODUCTS | control Products Division
DIVIS'ON 6330 Vauxhall Road 21
- - nion, N. J. 07083, U.S.A.

Telex 138-978
Atlanta—(404) 261-1224 « Cleveland—(216) 333-8540 ¢ Chicago—(312) 437-8354 * New York Metro.—(201) 355-7770 * Los Angeles—(213) 863-5753

/
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As computer applications expand, reliability becomes ever more
critical, and predicting and improving it more important. Predicting,
measuring, and improving reliability are straightforward using

the algorithm and two computer programs discussed here

Matrix Computations Forecast
Computer Mainframe Reliability

Ramanuj Sharan

Control Data Corporation
St. Paul, Minnesota

More and more designers are becoming aware of the
importance of reliability. As computers are being used
in increasing numbers of vital functions the need for
their reliability is being more strongly felt.

Reliability, in general terms, when applied to com-
puters, means that a system should perform what it
is designed to do, over a period of time, without any
degradation. Often reliability is quantitatively measured
as the number of hours a system would operate on
the average without failing; this is known as the mean
time between failures (MTBF). Reliability can also
be expressed as failure rate, which is the inverse of
MTBF. Failure rate is the statistical mean of the num-
ber of failures of a system per unit of time.

An MTBF of X hours is no guarantee that the sys-
tem will be operational for that many hours. It means
only that the mean of the time interval between suc-
cessive failures of a large number of such systems
observed over a long period of time approaches X
hours. Similarly the number of failures per unit of time
would approach the failure rate.

Reliability theory distinguishes three characteristic
types of failures (Fig. 1). These failures are inherent
to the equipment or component and occur without any
fault on the part of the operator. First, some failures
occur very early in the life of a component. These
early life failures, generally caused by poor quality
control, occur during the first few hours of system
operation; components subject to such failures can us-
ually be eliminated by an initial debugging or burn-in—

that is, operating the equipment for a number of hours
under conditions simulating actual use.

Second type of failure is caused by wearout result-
ing from improper equipment maintenance. Most wear-
out failures can be prevented by proper maintenance
or by replacing worn-out parts before they fail.

EARLY PERIOD USEFUL LIFE WEAROUT PERIOD

FAILURE RATE, p

OPERATING LIFE ,t ———

Fig. 1 Failure profile. When plotted against the life-
time, for a very large homogeneous population, the
failure rate is high to start with. It quickly decreases
to its probabilistic failure rate as substandard and
weak specimens are eliminated, then goes up as old
age and wearout set in

95



Third are so-called probabilistic or chance failures.
Neither good debugging nor proper maintenance prac-
tice can eliminate them. These failures occur unex-
pectedly at random intervals. It is very difficult to
predict when such a failure will occur. However, as
all random occurrences, they follow certain rules of
collective behavior which are approximately constant.

This last kind of failure is the subject of this
article. Later sections discuss probabilistic failure, de-
scribe its nature, and show how to measure it, predict
it, and improve upon it.

Life period of a piece of equipment, during which it
is subject only to probabilistic failures, is conventional-
ly called its ‘“useful life.” Reliability of such apparatus
can be mathematically defined by the exponential
formula R(t) = e~® where p is the failure rate, and
t is the operating time for which the reliability, R(t),
is to be calculated. Reliability can now be defined as
the probability that a device with a constant failure
rate will not fail in the given operating time. This
formula is correct for all equipment that has been
properly debugged so that it is not subject to early
failures, but not operated long enough to suffer any
aging or wearout damage. The latter condition im-
plies that the operating time in the formula should
never exceed the useful life of the equipment, be-
cause after this time the machine becomes subject not
to probabilistic failure, but to wearout failure.

Sometimes the MTBF, measured directly in hours,
is used in the reliability formula, which then becomes
R(t) = e~*m where m is the MTBF.

In both versions of the formula, time is not a mea-
sure of the life or the accumulated operating time of
the device. It measures only the span elapsed since
the beginning of an arbitrary operation period, some-
times called mission time. The device is understood to
have possibly participated in earlier missions and is not
expected to reach the end of its useful life during
the mission under consideration. Thus reliability at the
beginning of the mission is 1—that is, non-failure is
certain.

Series and Parallel Systems

As stated, the reliability formula applies primarily
to single components. Most of the time engineers are
more concerned with evaluating the reliability of many
components grouped in a system. System reliability
can be calculated ; two cases are significant.

When components are joined in series to form a
system, all are necessary for the functioning of the sys-
tem. If a single componment fails, the whole system
fails. Reliability for a series system is the product of
individual component reliabilities.

R. = et et ,ePst,,, et

= @ P1+Py+Pg+...+ppt

exp (— Z pi°)

Thus system failure rate is the sum of all individual
component failure rates, assuming that all components
have exponential reliability (Fig. 2).

In a series system, each component is critical to the
system’s proper functioning. System reliability can thus
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15 x 0.00001=0.00015

12 x 0.000005=0.00006

35x 0.000002=0.00007
p CIRCUIT=0.00028

Fig. 2 Series system reliability. Fail-
ure rate of each component type is
multiplied by the number of compo-
nents, and the products are added to
give system failure rate. The recipro-
cal is the mean time between failures
(MTBF)

SERIES CONNECTION OF PARALLEL SUBSYSTEMS

PARALLEL CONNECTION OF SERIES SUBSYSTEMS

Fig. 3 Complex system reliability. If a large system
is divided into smaller pieces, basic reliability formulas
can be applied to the pieces and recombined to yield
a measure for the system as a whole. Each block in
these diagrams may itself be a series or parallel sub-
system

be greatly affected by having even one component that
is less reliable than the others. One way to improve
system reliability in such a situation is to backup
the less reliable component by parallel components
and increase system reliability by parallel redundancy.

Reliability, previously defined as the probability that
a device will not fail during a time, t, has a comple-
ment, unreliability, or the probability that the device
will fail:
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MAINFRAME
[ | [ |
CPU PPU (@'} SM
T os e s mass
MOADULE MOgULE MODULE
| T wres e s wbih ]
COMP 1 COMP 2 LR I A R R ) COMP N

Fig. 4 Data base structure. Mainframe can
be divided into subsystems (CPU, PPU, CM),
subsystems into modules, and modules into
components. This 3-level subdivision is suit-
able for most mainframes; sometimes a fourth
level (chassis or unit) is necessary between
subsystem and module

Q) =1—R(t) =1— e*

Unreliability of a parallel system is the product of the
components’ unreliabilities, and likewise the system’s
reliability is the complement of this product:

Rp(l) =1- Qp(t) =1- Ql(t)Q2(t)Q3(t) e .Qn(t)
=1—[1—Ra(t)J[1— Ra(t)] [1 — Rs(t)]
...[1—Ra(t)]
=1—(1—e™t) (1 —eP)(l—ePs) ... (1 —ernt)

where pj, P2, , Pn are failure rates of various
system components.

Reliability of complex systems with both series and
parallel connections can be evaluated by considering
each parallel section as one subsystem, then combining
the various subsystems in series, repeating the process
as required in more complex systems to reduce every-
thing to a system consisting of subsystems connected

one way or the other (Fig. 3).

Reliability Prediction

Any mainframe reliability prediction program has two
integral parts: procedure and data base. To keep com-
putation simple, assume that the mainframe is a series
system. This means that all components are necessary
for the functioning of the mainframe; there is no re-
dundancy or standby mode of operation. This assump-
tion presents no serious handicap, because most main-
frames encountered in practice are of this type. Those
that have any form of redundancy or standby mode
have it only in very small subsystems; the error in-
troduced by treating them as series systems is insig-
nificant.

Another simplification excludes mechanical hardware,
such as compressors and condensers, from the basic

mainframe, and includes only electrical circuits, com-
ponents, and conductors. This takes in all transistors,
diodes, microcircuits, printed circuit boards, connector
pins, backpanels, and wiring, but not nuts, bolts, and
other mechanical parts of the chassis.

Reliability prediction procedure uses the formula
for series reliability computation, the sum of products
of the number of components, and the failure rate for
each component type. The inverse of the computed sum
is the MTBF.

The mainframe can be divided into many levels of
subsystems. A possible division is into central processor,
central memory, peripheral processors, and secondary
storage. Each of these subsystems can then be further
divided into modules or cards, with a third subdivision
into components (Fig. 4). This 3-level breakdown is suit-
able for most mainframe reliability applications. Some-
times, however, especially in large systems, a fourth
level is necessary—chassis or unit—between subsystems
and modules; for example, dividing the central memory
into its control logic and two or more banks of stor-
age cells.

No hard and fast rule governs the number of levels.
The number chosen depends upon the system’s struc-
ture and the proposed use of the reliability prediction.

The data base to be used by the prediction program
has two parts: failure rate information for each com-
ponent, and structural relationship between various
hierarchical levels. Organization of the data base
should take the language of the prediction program
into account; for example, if the latter is written in
APL, as is a particular Control Data reliability pre-
diction program, the data base should be organized
as arrays and matrices, which APL handles easily.

A linear array contains failure rate data as ele-
mental entries, whose positions associate them with
their respective component types. A 2-dimensional matrix
contains structural information at each level. Number
of rows represents the number of items above the level,
while number of columns represents the number of items
below that level; the entry in a particular position
represents the number of lower-level items of that
particular type contained in each upper-level item of
a type. For example, if a subsystem contains 10 differ-
ent kinds of modules, with 27 different types of inte-
grated circuits, resistors, diodes, and so on, intercon-
nected on the modules, the module-versus-components
structure matrix at this level would contain 10 rows
and 27 columns. If module type 3 contains seven quad
2-way NOR gates (7402s) and 15 resistors of 4.7 kQ,
7 and 15 are entered in the third row, in the columns
corresponding to these components.

Computation starts at the hierarchical level at
which the reliability prediction is desired and pro-
gresses downward through the lower levels, accumulat-
ing component count. At the lowest level the array
contains the total number of components of each type
used. If only two levels are involved, the result is
a matrix of component counts; a deeper analysis gen-
erates a matrix at each step, which multiplies the
matrix at the previous step for a cumulative total.
Using the numbers in the previous example, if the 27
component types on the 10 modules were distributed
in various ways in three chassis, the first two levels
would yield a matrix of three rows and 10 columns,
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27 TYPES OF COMPONENTS
1

3 CHASSIS 10 TYPES OF MODULES

CHASSIS
FAILURE

Fig. 5 Matrix computation. At each level of
analysis a matrix reflects the failure rate in-
formation at that level. Multiplying successive

RATE
MATRIX matrices together and by the component

failure rate array yields a failure rate matrix
for the system as a whole

while the second and third levels would yield an-
other matrix of 10 rows and 27 columns (Fig. 5). Sub-
system total would then be represented by the product
of these two matrices taken in this order, which is a
matrix of three rows and 27 columns. (The product
in the reverse order is not defined in matrix algebra.)
Each entry in this product matrix represents total count

of one component type in one chassis, without regard
to which module types use it; column totals give the
count of that component for the subsystem.

This position information matches the one in the
linear array of component failure rates, which, taken
as a l-column matrix, has as many rows as the com-
ponent count matrix has columns. The latter is multi-



plied by the former; the product is another linear
array, a l-column matrix with as many rows as the
count matrix has rows (three in the example). Each
element of this product matrix is the failure rate of
one chassis (or whatever the structural level is); the
sum of the elements is the failure rate of the subsystem,
and the inverse of the sum is the MTBF for that
subsystem.

Sensitivity Analysis

Being able to predict reliability of computer main-
frames is not very useful in itself. Satisfaction may
follow if the prediction is better than was expected;
however, the story does not have a happy ending if
the prediction is substantially better than what is ex-
perienced. The obvious next question is: “What can be
done to improve reliability?” The answer is “Very
little,” unless the cause of unreliability is known—that
is, which component is contributing how much to the
unreliability. Sensitivity analysis answers those ques-
tions.

Sensitivity analysis can be performed at any struc-
tural level—on the entire mainframe, on any sub-
system, or on any module. Sensitivity analysis pro-
gram begins with the component count array. Column
totals in the count array are multiplied by the corre-
sponding element in the failure-rate array. The prod-
uct, expressed as a percentage of the total, is printed
out (see Table for example). A quick glance at the
Table shows the contribution various components made
to the unreliability. Those components having the high-
est contributions are targets for reliability improve-
ment.

A second part of the analysis program plots a graph
of the MTBF of the subsystems under analysis versus
the failure rate of one component. This plot shows
how much improvement would appear in the subsystem,
if any one particular component were improved. Cost
of achieving this improvement can then be compared
to the benefits expected from overall system reliability
improvement.

Reliability Enhancement Techniques

To bring about the desired improvement in component
failure rates, a number of methods are available. Most
common enhancement technique is burn-in, which con-
sists of operating the components at or around the
system environment for some time before testing or
using them in the system. This process eliminates most
weak and substandard components which would cause
the previously mentioned early-life failures. Duration
of burn-in is usually determined by engineering ex-
perience.

Disadvantages of a long burn-in period include in-
creased inventory expenses, larger capital expenditure in
burn-in equipment, and longer time between receipt
of materials and shipment of finished products. One

way to minimize these disadvantages is to use accel-
erated burn-in, operating the components at elevated
temperatures and voltages. This increases the effec-
tive stress on the components and eliminates the po-
tential failures sooner.

Many variations of these accelerated tests are used.
Some common ones are high temperature reverse bias,
high temperature power-on, temperature cycling, voltage
cycling, and thermal shock. More sophisticated tests
include mechanical shock, vibration sweeps, humidity
life tests, and tests in salt spray and other chemical
corrosive agents. A lot of work in accelerated burn-in
has been done by the military; results are available
to the general public in military standard handbooks
on reliability.

It is very difficult to establish a relationship be-
tween the accelerating factor, and increased stress,
other than from experience and engineering judge-
ment.

Conclusion

Reliability predictions are based on probability and
statistics. Many assumptions must be made during the
model building process. In reality the model is only
as good as the assumptions on which it is based. The
closer the assumptions are to actuality, the better will
be the prediction. The model described here is based
on the assumption of exponential distribution of failure
rates; most electronic components correlate reasonably
well with this distribution, but distributions of actual
samples rarely fit model curves exactly.

Accurate predictions of reliability also depend on ac-
curate failure rate data. When component reliability
characteristics are known, analytical methods can pre-
dict system reliability very realistically. However, quite
often failure rates are based on intelligent guesses
or intuition and the resulting reliability analyses are
wrong by orders of magnitude. Great care should be
taken in this respect, and an effort should be made
to determine the failure rates by running tests on
samples.

Many manufacturers supply high reliability compo-
nents at high prices, but not all of them furnish analyti-
cal data to back up their claims. Therefore failure
rate data supplied by manufacturers should be taken
with utmost reservation, especially when they are not
supported by verifiable tests.

Ramanuj Sharan is a diagnostic engi-
neer with Control Data Corp. A gradu-
ate of the Indian Institute of Tech-
nology at Kanpur, India, he also holds
an MSEE degree from the University
of Minnesota.
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Interdata presents
the first OEM
inicomputer Buyer's Guide

in Memory.

If you're an OEM in the market for minicom-
puters, we say let memory be your guide.

Interdata memory that is. Especially if you're
interested in high performance, low-cost produc-
tion hardware and software—in configurations
that exactly fit your needs. You can have it all plus
superior Interdata architecture, construction, and
reliability. And minicomputer technology that
gives you the competitive edge, no matter what
quantity you buy.

Here’s how to take advantage of these
benefits:

For 8KB to 16KB remember
the Interdata 5/16.

When you select the 5/16, you get the CPU
built for high-volume OEM buyers, who want the
best of both the minicomputer and microprocessor
worlds.

With the 5/16, you get a complete Interdata
computer with MOS main memory on a single
board. It includes a full 16-bit processor with 16
general purpose registers, 114 instructions. 8KB
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of NMOS dynamic random access memory expand-
able up to 64KB. And a memory cycle time of 600
nanoseconds. You also get minicomputer perfor-
mance and upward compatibility to the complete
Interdata family of 16- and 32-bit minicomputers
with our standard Multiplexor Bus.

The 5/16, Interdata’s lowest cost processor,
bridges the gap between the mini and the micro
with its unique new Micro Bus which helps system
designers maximize performance while minimizing
total system cost.

For 16KB to 32KB remember
the Interdata 6/16.

With the 6/16, you get either 600 nanosecond
MOS memory or 1000 nanosecond core memory.
Plus superior Interdata construction and rugged-
ness. And unmatched performance in its price
range.

The Model 6/16 accepts all Interdata high- and
low-speed peripherals and is available either in an
economic package, or in a low cost board set.
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For 32KB to 64KB remember
the Interdata 8/16.

Inranoara

When you select the 8/16, you get the highest
performance member of Interdata’s 16-bit OEM
product line. Perfect for the user who needs high
performance capabilities, the 8/16 gives you
register-to-register instructions in 750 nanosec-
onds and special instructions for real-time applica-
tions. And, it’s available in low-cost packages with
popular options such as single and double precision
floating point hardware.

For 64KB to 1 Megahyte
remember the Interdata
7/32 and 8/32.

3 : B L4 ¥ 2
00, 280 0000800080000 08

l—é’

If youre an OEM interested in large memory,
you should consider Interdata’s 32-bit line of mini-
computers.

Our 7/32 is an economical machine with a
directly addressable main memory expandable up
to a million bytes of 750 nanosecond core. It per-
forms either 16-bit or 32-bit arithmetic and logical
manipulations.

The Interdata 8/32 Megamini™ offers you an
unequalled combination of power, flexibility and
reliability in a compact package. It includes direct
addressing to one million bytes. Full 32-bit hard-
ware with performance enhancers such as dual
instruction look-ahead stacks. Multiple register
sets. Writable control store. Interleaved 32-bit
memory. And fast, floating point hardware. The
8/32 delivers performance characteristics you'll
find only on large scale, more costly computers.

For

OEM minicomputers
remember

Interdata.

Even before you decide on a minicomputer, let
Interdata field sales engineers and systems
analysts help you plan your computer-based prod-
uct. Our ready-to-use, packaged development sys-
tems are designed to help you get your product to
market early. The entire Interdata family of hard-
ware products includes a broad range of periph-
erals ideally suited for the OEM. In addition, Inter-
data offers a family of software products designed
to deliver a dynamically balanced framework for
running your application programs.

Remember, with Interdata you get high per-
formance, low-cost production hardware and soft-
ware—in quantity configurations that exactly suit
your requirements. And it’s all backed by Inter-
data’s unique Computer Life Support program.
Send for more information about Interdata’s OEM
Minicomputers. Or call us. When you remember
Interdata, we remember you.

[ )
EIN"TIEIRIDAT A

Interdata, Inc.

Subsidiary of PERKIN-ELMER
Oceanport, N.J. 07757

(201) 229-4040.

Interdata and Megamini are trademarks of Interdata, Inc.
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DESIGN NOTE

Hardware Versus Software
For Microprocessor 1/O

John L. Nichols

Logical Services, Incorporated
Mountain Yiew, California

Selecting the proper engineering trade-offs among hardware, software, 1/0,
memory, and speed requires use of both old and new techniques, some of
which are outlined here

In considering how to implement in-
put/output interfaces to a microcom-
puter, the designer deals with three
primary resources in addition to his
own time. These are memory size,
processing speed, and special input/
output hardware.

Most programs to perform a given
reasonably complex input/output
(I/0) function can be written in a
number of different ways. In most
cases the program is written to exe-
cute faster, even though more mem-
ory is required to store instructions;
if speed is not an important factor,
memory is conserved but the function
is performed more slowly. (A third
option is a program that takes a lot
of memory and runs rather slowly,
but takes less time to write. Pro-
grammers often overlook this op-
tion.) Similarly,
peripheral interfaces to the micro-
computer, the amount and type of ex-
ternal logic required to support the
I/O program is also a factor. I/0
operations can be performed faster
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when designing °

(transfer more bytes per second)
and require fewer processor re-
sources, by adding external logic.
Most common external logic for
high speed I/0 operations is direct
memory access (DMA), which im-
poses the least reduction in process-
ing time available for other tasks,
but requires the most hardware.
DMA is necessary when the transfer
rate is higher than can otherwise be
sustained, or when the transfer rate
in conjunction with necessary con-
current processing is greater than
can be maintained with an interrupt
operation. In the DMA approach,
data transfers to and from memory
occur at the memory’s maximum
rate, if no other processing takes
place. When using a 1-us memory
with an 8080 microprocessor and a
2-MHz processor clock, the memory-
limited transfer rate is 1M byte/s.
Thus a 300K-byte/s I/0 transfer
takes up only about one-third of the
available time; during the other two-
thirds the processor is free to per-

form other tasks. If a sequence that
takes 4 ps (eight cycles) without in-
terference is ready to start just as a
DMA cycle takes place, it will finish
in 6 ws, or 50% later than normal,
having been interrupted again for
another DMA cycle.

Conversely, the slowest transfer
method is programmed block trans-
fer, which performs I/0 operations
under complete program control, in-
cluding any handshaking operation
required. Not only is this method
the slowest, but without interrupt
logic the processor cannot execute
any other function during the I/0
operation. This method is the best
choice when data rate is low and si-
multaneous processing would not be
useful.

Intermediate Approaches

Tradeoffs among speed, memory
(software), and hardware are illus-
trated by intermediate approaches be-
tween DMA and programmed block
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transfer. Some are applicable to many
different microprocessors and some
can be used only with an Intel 8080
or similar microprocessor. First, as
a reference point, is an 8080 pro-
gram for a synchronous block trans-
fer. Then techniques for eliminating
instructions from this program by
adding external control logic are il-
lustrated. Finally, the program is re-
placed altogether by a technique that
uses the program counter for the
I/0 data pointer.

To move data from a peripheral
device to a buffer area in memory,
the first two instructions of the
synchronous block transfer program
specify the starting point of the buf-
fer area and the length of the data
block, respectively. The transfer is
initiated by setting one bit of the con-
trol output port. This signals the
peripheral to start operation. Then
one bit of the input status port is
tested for a 0 to 1 transition which
indicates that the peripheral has one
byte ready at the input data port.
This process continues until the last
byte, determined by the bit counter,
is transferred. After the last byte
transfer, the output port control bit
is reset, terminating the transfer.

In the program, bit 7 is used for
all three of these functions (repre-
sented by the symbol 80H, or 80 in
hexadecimal notation). At the design
stage, any bit could be specified,
within possible constraints imposed
by the particular components or de-
vices used. Furthermore, any of sever.
al techniques could be applied in set-
ting and checking the bit specified;
eg, instead of the AND Immediate
used here, the program might use an
OR Accumulator, to check the accum-
ulator against itself and permit the
sign bit to be used as the basis for a
jump.

An image of the port’s status/con-
trol register is kept in memory. Fol-
lowing initialization (lines 1-2) this
image is updated with the current
control word, which is then sent to
the port (lines 3-6). A tight loop
(lines 7-10) waits for bit 7 to be
reset; a second loop (lines 11-13)
waits for it to be set again. At that
point a byte is in the data register;
it is stored, and the memory address
and byte count are changed (lines
14-17). Byte counter is a 16-bit word
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Hardware for software. Logic blocks in heavy lines supply
NOT READY signal, effectively relieving processor of need to |
test for 1/0 instruction completion. Additional logic transfers |

data directly to memory (color) and uses program counter as

data pointer (light lines)

stored in two registers, D and E,
which are decremented and tested
independently (lines 18-22). When
both reach 0, transfer is complete;
the control word image is corrected,
read operation is stopped, and the
processor moves on to another op-
eration.

Logic Substitution

Maximum execution time of this
transfer loop is 50 pus, or 20,000
bytes/s. This is relatively slow, part-
ly because testing the synchronizing

signal requires 27 us, or more than
half the byte time. However, adding
the control logic to supply a NoT
READY signal to the processor (heavy
lines in figure) delays completion of
I/0 instruction execution until the
peripheral is ready for the next trans-
fer, so that the program need not
make this test. Six instructions are de-
leted from the program. This not
ready logic increases the transfer rate
to 1 byte/23 pus, or 43,478 bytes/s,
allowing use of a floppy disc (transfer
rate of 1 byte/32 us) without loss of
any flexibility of programmed I/0.
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Other hardware can eliminate one
other instruction by transferring data
directly between memory and 1/0
port. In the program, data being
transferred appear on the data bus
once for the transfer between memory
and accumulator, and again for the
transfer between 1/0 port and ac-
cumulator. However, the technique
works only if the application requires
less than 32K bytes of memory.

The technique removes the most
significant address line from the
memory decoding. Normally, a 16-
bit address can locate any one of
65,536 bytes in the memory; but if
the application requires less than
32,768 bytes, the most significant ad-
dress bit is always 0. Removing it
thus establishes two addresses for
each physical memory location.
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Lower of these two (MSB = 0) is
used for normal access to all loca-
tions; higher is used for I/O opera-
tions. When most significant address
bit, ready line, and pBoUT (data bus
out) are all high, data on the bus are
loaded directly into the output port
register, instead of being placed first
in the accumulator. Similarly, for an
input, the accumulator is bypassed
and data go directly to memory. The
logic is simply added to the not
ready handshaking logic (colored
part of figure).

Although this logic does not
greatly improve the 1/0 transfer rate
(only 5 ps/byte faster), the margin
may make the difference between
success and failure, at a very small
increase in the amount of control
logic.

Pseudo-DMA

If even faster data transfer rates are
required, a Pseudo-DMA (PDMA)
method can achieve up to 1 byte/2
s, using much less logic than a full
DMA capability. The method uti-
lizes the program counter as a data
pointer during the I/0 operation, by
disconnecting the processor from the
data bus and the WR and DBIN con-
trol signals. Then, forcing NOP in-
structions into the processor during
data transfer executes the transfers
at the same speed as NOPs, or
500K /s. Data transfer can be syn-
chronized to slower speeds with the
READY signal.

As in the accumulator bypass, initi-
ation and termination of a PDMA
operation are controlled by removing
two address lines, causing a block of
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The Right Tape Perforators From
REMEX Give More Punch For The Money

120 cps punched tape perforators and corfibos
are now available for the same price you've been
paying for low speed punch units.

The REMEX 6120 series includes the right
perforator configuration for minicomputer, NC,
test and phototypesetting applications:

-a perforator/spooler system, rack mountable or
desk top, for high volume data tape preparation.

-a perforator/reader “combo”—a REMEX
exclusive — combining the high speed punch
with a 300 cps reader for program preparation,
load and edit.

-a high speed punch mechanism for OEM system
integration sized 1/3 smaller than other high
speed perforators.

Ex-Cell-O Corporation
" Reviex DIVISION

All 6120 perforators have motor driven tape feed
and sprocket drive design giving longitudinal
registration within *.015"in 5" of tape. No regis-
tration adjustments are required for the life of
the product.

Life expectancy of the perforator mechanism is
greater than 700 rolls of paper tape and can be

further extended by use of an optional carbide
punch block.

To satisty all application requirements, 6120
perforators will punch paper or mylar tape of

5-8 levels for roll or fanfold, bidirectionally. A six
level advance feed typesetter version is available.

Call or write for information on the REMEX RPS
6120 Perforator System, the RAB 6120 Combo and
the RPM 6120 Punch Mechanism — the right
perforators for your application.

1733 E. Alton Street, P.O. Box C19533, Irvine, California 92713
(714) 557-6860, TWX (910) 595-1715. In Europe and the U.K.: SpA, Microtechnica
Via Madama Christina 147, Torino, Italy 10126.
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Fasterthana
speeding MPU!

Here is the 16K ROM of the future.

With a maximum access time of
450 ns, the S6831 is ready for this
generation of microprocessors—and the next!
And it’s an unbeatable ally of sophisticated
calculators and other demanding applications.

Four versions of this speedy marvel give you
pinout compatibility with all the slower 16K ROMs.
And a turnaround time of eight weeks means you
can improve your product in a hurry.

Whether youtre building an AMI 6800 micro-
computer or another powerful system that needs
fast, low-power memory, our 16K ROM will give you:

Max1mum access t1me of 450 ns

Low power of 150 mw average
S6831 is pinout similar to the S6830 (8K)

S6831A is pmout compatlbleiwnh the Intel | 2316A and 83 16A

© S6831B is pir pmout companble
with the Intel 2316B and

S()8%1C is pmout compatxb]e
with the EA4600

* N-Channel silicon gate
deplenon load technology

2K x 8 bit orgamzanon

Static operation

‘Three-state data output

Three chxp enable mputs

Single 5-volt power supply

TTL compatible Input/Output

Want to get SuperROM on your side? Step into a
phone booth and call your nearest AMI distributor
or sales office. Or writeto @

AMI, 3800 Homestead l s

oo standard
at AM1

It’s a sure way to fight
obsolescence.
AMERICAN MICROSYSTEMS, INC.

See us at booth 1092-1094 at the Wescon Show



Here’s
MI:

SALES OFFICES

Long Beach CA ¢ (213) 595-4768
San Jose CA e (408) 249-4550
Altamonte Springs FL ¢ (305) 830-8889
Elk Grove Village IL e (312) 437-6496
Norwood MA e (617) 762-0726
Livonia M| e (313) 478-9339
Minneapolis MN e (612) 559-9004
Monsey NYe (914) 352-5333
Cleveland OH e (216) 292-6850
Ambler PA ¢ (215) 643-0217
Richardson TX e (214) 231-5721

DISTRIBUTORS
ARROW ELECTRONICS:
Minnesota— Bloommgton (612) 888-5522
CENTURY ELECTRONICS
New Mexico—Albuquerque (505) 292-2700
Utah—Salt Lake City (801) 487-8551
CESCO ELECTRONICS, LTD.:
Canada— Montreal (514) 735-5511
COMPONENT SPECIALISTS, INC.:
Texas—Dallas (214) 357-4576
Houston (713) 771-7237
INTERMARK ELECTRONICS:
Washington—Seattle (206) 767-3160
SCHWEBER ELECTRONICS:
California—Costa Mesa (213) 924-5594
and (714) 556-3880
Connecticut—Danbury (203) 792-3500
Florida—Hollywood (305) 927-0511
Georgia—Atlanta (404) 449-9170
lllinois—Elk Grove Village (312) 593-2740
lowa—Cedar Rapids “Lorenz Sales”
(319) 393-6912
Maryland —Rockville (301) 881-3300
Massachusetts—Waltham (617) 890-8484
Michigan—Troy (313) 583-9242
Minnesota—Edina (612) 941-5280
New Jersey—Somerset (201) 469-6008
New York—Rochester (716) 461-4000
Westbury (516) 334-7474
Ohio—Beachwood (216) 464-2970
Texas—Austin (512) 837-2890
Dallas (214) 661-5010
Houston (713) 784-3600
Canada— Mississauga, Ont. (416) 678-9050
SEMICOMP CORP:
California—Newport Beach
(213) 971-5253 and (714) 833-3070
STERLING ELECTRONICS:
Arizona—Phoenix (602) 258-4531
Louisiana—Metairie (504) 887-7610
Massachusetts—Watertown (617) 926-9720
New Jersey—Perth Amboy (201) 442-8000
New Mexico—Albuquerque (505) 345-6601
Texas—Dallas (214) 357-9131
Houston (713) 627-9800
Virginia——Richmond “Meridian Electronics”
(804) 359-0221
R.V. WEATHERFORD CO.:
Arizona—Phoenix (602) 272-7144
California—Anaheim (714) 547-0891
Glendale (213) 849-3451
Palo Alto (415) 493-5373
Pomona (714) 623-1261
San Diego (714) 278-7400
Colorado—Englewood (303) 761-5432
New Mexico—Albuquerque (505) 842-0868
Texas—Dallas (214) 243-1571
Houston (713) 688-7406
Washington —Seattle (206) 243-6340
REPRESENTATIVES
AMMON & RIZOS:
Oklahoma—Oklahoma Clty (405) 373-2748
Texas—Dallas (214) 233-55
Houston (713) 781- 6240
BARNHILL FIVE:
Colorado—Denver (303) 426-0222
BENEKE & McCAUL:
Missouri—Grandview (816) 765-2998
St. Louis (314) 567-3399
CAN TEC REPRESENTATIVES, INC.:
Ontario— Milton (416) 457-4455
Ontario—Ottawa (613) 225-0363
Quebec—Pierre Sonds (514) 620-3121
COULBOURN DEGREIF INC.:
Maryland — Baltimore (301) 247-4646
HADDEN ASSOCIATES:
California—San Diego (714) 565-9445

HECHT, HENSCHEN & ASSOCIATES, INC.:

Arizona— Phoenix (602) 275-4411
LOWREY & ASSOCIATES:
Mlcl‘ugan—Bnghton (313) 227-7067
MASIN-ESCO, IN

New Jersey— North Caldwell (201) 226-2550
New York—Syosset (516) 364-0310
NORTHWEST MARKETING ASSOCIATES:
Washington—Bellevue (206) 455-5846
OASIS SALES, INC.:

lllinois—Elk Grove Village (312) 640-1850
PRECISION SALES COMPANY:

New York—Syracuse (315) 458-2223

RER INC.:

Alabama—Huntsville (205) 881-9270
Georgia—Tucker (404) 938-4358

North Carolina—Raleigh (919) 851-3007
TECHNICAL REPRESENTATIVES, INC.
Indiana—Indianapolis (317) 849-6454
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memory to have four addresses. For
example, suppose that 4K words in a
16K memory are set aside for PDMA.
If the processor generates a 16-bit
address, normally the two most sig-
nificant bits are always 00.

However, PDMA can force them
to 11. Then, when the PDMA con-
troller (light lines in figure) sees
that the most significant address bits
are 1100, it forces NOPs and per-
forms PDMA output from the 4K
block addressed by the other 12 bits.
When the most significant bits are
1110, a PDMA input operation is
performed into the same 4K block.
For these operations, the controller
supplies the DBIN or WR signal as re-
quired. When the bits are 1111 or
1101, or when one or both of the
highest bits are 0, normal memory
access occurs in the 4K block or else-
where.

Before performing a PDMA opera-
tion, a return instruction must be
placed in the first location in the
memory block, and when using
PDMA, the last address of the data
buffer area for input or output must
be the last address in the memory
block.

To initiate a PDMA data transfer,
interrupts are disabled and a subrou-
tine call executed to the beginning of
the data buffer, setting the high-order
address bits as just described. When
the most significant address digit ad-
vances to D or F, the NOP insertion
signal drops and the next instruc-
tion executed will be a subroutine
return.

Conclusion

The designer who has thoroughly
specified his requirements, studied
the market for available solutions,
and updated his rules of thumb as
required by the new technology
should find the most economical solu-
tion to his problem using techniques
like those described here.
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THE 05
FLOPPY

FOROS/8...RT-11...RDOS. .. DOS
AEDOS-11. .. AEDOS-NOVA . . . IRIS
... YOU NAME IT!

onventi Al
0 subs ateavaﬁablewnh up to four drives
in either standard cabinets or low-profile cabinets.
And the list of interfaces goes on and on. AED .
the world's most flexible floppy disk subsystems

us./

Bytes/ ecturs/]Tracks/ Bytes/
Byte

Recording | Sector| Track |Diskettel Diskette

St
ompatible
3100 Series | 28

ouble Density|
| 6200 Series [64-512| 128-16] 77 [630,784| 16

28 77 256,256 32

VARIAN s PDP-11
INTEL sl NOVA/ECLIPSE
CAl s L 0CKHEED
INTERDATA s MICRODATA

HP sl PDP-8A, E, F, L, M

oA\ PRICES

Qty. 1 Configuration Qty. 100

$2,950 ONE DRIVE §$1,770
$3,650 DUAL DRIVE $2,320
$4,550 TRIPLE DRIVE $§3,162
$5,250 QUAD DRIVE $3,540

Telephone (408) 733-3555

Advanced Electronics Design, 754 N. Pastoria
Sunnyvale, California 94086  Telex 357498
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DESIGN NOTE

Macro Processor Simplifies
Microcomputer Programming

Nari Sohrabiji*

Brand-Rex Company, Teltronics Division

Lakeland, Florida

Macroinstructions save time for the programmer while using the computer
efficiently; but they require a special software processor for use together
with existing assembler program

Macros are a powerful tool for pro-
ducing control programs of micro-
computers. These control programs
are usually fixed, and are stored in
read-only memories (ROMs). Size
therefore has direct bearing on sys-
tem cost. The system designer’s task
is to obtain required performance
with a program of reasonable size.
Also, cost of writing the program is
a major part of development costs;
hence the system designer must im-
plement his optimum program within
a reasonable time.

The designer generally can opti-
mize the size of his program by
writing it in the machine’s assem-
bly language; however, this pro-
gram will take longer to write than
one written in a higher level lan-
guage. On the other hand, program-
ming in high level language usual-
ly produces longer machine code
than assembly language does. Yet,
high level languages, usually derived
from PL/1, are available for many
microcomputer systems.

System programmers would like to
have a language which produces
code with the efficiency of assembly
language and is as easy to use as high
level language. Although this require-
ment existed before the advent of
large scale integration (LSI) micro-
computers, their small size and dedi-
cated nature have increased its im-
portance.
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One approach toward these dis-
similar goals is through use of macro
language. Macros were originally
devised by programmers of general-
purpose computers as shorthand no-
tation for blocks of code repeated
several times in a program. Since
then, macros have been developed
to solve many programming prob-
lems. For example, they can help
resolve the conflict between cost of
programming and cost of program
memory.

Some macro processors (preproces-
sors) produce an assembly language
program; others are integrated with
the assembler to produce machine
code. Comprehensive macro facility
permits the programmer both to call
on a macro library and to define
macros; it can be a considerable
asset. A library of macros oriented
toward a particular application en-
ables engineers who are not soft-
ware specialists to program effec-
tively. Since a macro processor per-
mits use of assembly language state-
ments in source program, the pro-
grammer retains control over the
structure of the program.

Basic Macro Concepts

Basic concept of a macro is text
replacement. As an example, con-
sider the following macro definition:

MACRO COMP *START OF
DEFINITION

*LOAD ACCUMU-
LATOR FROM
STACK

EOR A Q *EXCLUSIVE OR
WITH CONTENTS
OF Q

STA A R *STORE RESULT
IN LOCATION R

*END OF
DEFINITION

This macro may be defined in the
source program or may be available
in a library. It is called in the
source program by inserting the
single macroinstruction “coMP” in
instruction sequence rather than
three assembly language instruc-
tions shown in the definition. When
the macro processor translates the
source program, it produces an ob-
ject program containing the replace-
ment text:

PUL A
EOR A Q
STA A R

An object program which consists
solely of assembly language state-
ments may now be assembled.

“Source program” and “object
program’ are defined as input and
output of a translator. Thus the ob-
ject program of the macro processor
becomes the source program for the
assembler, whose object program is
the machine code.

PUL A

MACND

*Mr Sohrabji is currently employed by
A. C. Nielsen Co, Dunedin, Fla.
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Macro Facilities

Power of the system is fully ex-
ploited when refinements are added
to the basic concept. Among facili-
ties which can be provided are:

Definitions with formal parameters
(replaced by actual arguments dur-
ing expansion)

Use of labels and opcodes as macro
parameters

Macro calls within macro definitions,
which ease definition of complex
macros

Conditional macro definitions (ex-
pansion depends on the arguments
of the call)

Recursiveness, which allows a macro
to call itself

Optional arguments, which permit
calls to be made with fewer argu-
ments than specified in the defini-
tion

Argument lists of arbitrary length
Dynamically created definitions, cre-
ated by macro calls

Design of Source Language

Source languages use three types of
statements: assembly language state-
ments, macro definitions, and macro
calls. In a language and processor
_designed for the Motorola M6800
microcomputer system, format of a
definition is
MACRO (macro name)
(macro body)
MACND

and format of a call is

(macro name) (argument list)

Macro body consists of assembly
language statements and formal
parameters. For example, the macro
comp previously described could
have been defined with Q and R as
variables; it would then be written

MACRO COMP
PUL A
EOR !1
STA A 12
MACND

11 and !2 are formal parameters
which are replaced in the expan-
sion by the actual arguments of the
call. Then comp can be called

COMP M;N;

M, listed first, replaces the first
parameter and N replaces the second.

Assembly language uses one state-
ment per record of the input medi-
um; this format has been retained
in the macro language. Definitions,
calls, and expansions are illustrated
in Figs. 1 and 2, which list typical

“source and object programs. The

actual importance of these programs
is that they illustrate use of macros.
Fig. 1 contains a number of assembly
language instructions, and two macro
definitions, each preceded by a com-
ment identified by asterisks; the sec-
ond definition calls the first macro,
so that this example describes nested
macros.

Fig. 2 is the result of processing
instructions in Fig. 1. Assembly lan-
guage statements and comments are
identical with those in Fig. 1. Defini-
tions of macros SWPIFM and SORT
have been deleted. The call to SORT
is replaced by expansion of SORT,
with arguments of the call replac-
ing parameters of the definition.
Since sorT itself calls another macro,
swPIFM, three times, these calls to
sWPIFM are replaced by the expan-
sion of swpiFM. Thus Fig. 2 lists
instructions of SWPIFM three times,
substituting arguments specified in
the original call, SORT.

Design of Processor

Flow chart for the processor program
(Fig. 3) shows that the processor
reads a record from the source pro-
gram and classifies it. Comments are
immediately passed, unchanged, to
the object file, thus avoiding the pos-
sibility that strings of characters that
may be inadvertently meaningful to
the processor are incorrectly recog-
nized. Then if the record cannot be
identified as part of a definition, mac-
ro call, or end statement, it can only
be an assembly language statement
and is also forwarded to the object
file.

When a definition is encountered,
the name is entered in a string
array, MACNAME, and definition
count, NMAC, is incremented. MAC-
NAME keeps track of macros that
have been defined and NMAc tells
how many there are. The body is
recorded in another string array,
MACBDY, one statement at a time;
indexes to start and finish of the
body are entered in arrays BDYSTR
and BDYSTP. These indexes are trans-
ferred to registers to control macro
processing as part of the initializa-
tion following a macro call.

100 ORG 0
110 A RMB 1
120 B RMB |
130 C RMB 1
140 ORG OOFF
150 LDA A #4
160 STA A A
170 LDA A #5
180 STA A B
190 LDA A #6

STA A C
210 *MACRO SWPIFM PUTS THE LARGER
220 *NO. IN THE FIRST LOCATION.
230 MACRO SWPIFM
240 LDA A !l
250 SUB A 12
260 BPL LI
270 LDA A !1
280 LDA B !2
290 STA A 12
300 STA B !1
310 L1 NOP
320 MACND
330 *MACRO SORT SORTS 3 NOS. INTO
340 *A DESCENDING SEQUENCE.
350 MACRO SORT
360 SWPIFM !1;12;
370 SWPIFM !1;13;
380 SWPIFM 127137
390 MACND
400 SORT A;B;C;

END

Fig. 1 Source program for
macro processor. Macro defi-
nitions are basis for expand-
ing macro call (line 400) into
assembly language listing

100 ORG 0
110 A RMB !
120 B RMB 1
130 C RMB 1
140 ORG OOFF
LDA A #4
STA A A
LDA A #5

STA AC

* MACRO SWPIFM PUTS THE LARGER
*NO. IN THE FIRST LOCATION.

* MACRO SORT SORTS 3 NOS. INTO
*A DESCENDING SEQUENCE.

250 LDA A A

260 SUB A B

270 BPL ZZBA

280 LDAA A

290 LDA B B

BPWN—OV®NO
0000000000
g
>
#*
o

NN -

490 END

Fig. 2 Object program of
macro processor. Single
macroinstruction of Fig. 1 ex-
pands according to definition
to yield 24 assembly language
instructions. This approach
can save much time for user
of microcomputers
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INITIALIZE CALL
PROCESSING
VARIABLES

SAVE INDEX TO MACRO

INCREMENT LEVEL
OF CALL

FIND NUMBER OF
ARGUMENTS

FILL ARGUMENT
ARRAY (ARGS)

JOUTPUT STATEMENT
TO OBJECT FILE

TEST COUNT OF
STATEMENTS
PROCESSED

RETRIEVE VARIABLES
OF OUTER CALL
FROM STACK

SR

INCREMENT INDEX
TO STATEMENT IN
MACBDY

GET STATEMENT
FROM MACBDY

REPLACE LABEL IF
NOT A PARAMETER

INITIALIZE INDEX
TO STATEMENTS IN
BODY ARRAY

i

REPLACE PARAMETERS
WITH ARGUMENTS

SAVE INDEX TO
INNER MACRO

MACRO CALL
t

YES(NESTED CALL)

STACK VARIABLES
OF OUTER MACRO

A
—
Fig. 3 Macro processor operation. Five
B basic types of statements—comment, start

—|  definition, end definition, macro call, and

macro end—direct operation through vari-
ous paths of flow chart

OUTPUT RECORD TO
OBJECT FILE

END OF
DEFINITION

RECORD IS ASSEMBLY
LANGUAGE STATEMENT

'OUTPUT RECORD
TO OBJECT FILE

i

INCREMENT COUNT
OF STATEMENTS IN
BODY

STORE STATEMENT
IN MACBDY

SETDEFINITION FLAG

INCREMENT
DEFINITION COUNT
(NMAC)

EXTRACT MACRO
NAME ——
STORE IN MACNAME

COMPUTE INDEX TO
START OF BODY—
STORE IN BDYSTR

RESET DEFINITION
FLAG

COMPUTE INDEX TO
END OF BODY—
STORE IN BDYSTP
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They stay out front with
Motorola’s M6800 Family

TRW

Programmable terminals in TRW’s new 2001 POS
system allow each store its own unique personality.
They're interactive. They lead operators step-by-step _
through transactions, authorize credit,
compute difficult calculations, and give
customer receipts with word descriptions.
They also provide information for
management reports. The 2001 POS
system relies on Motorola’s M6800.

HEWLETT-PACKARD

Improvement in analog parameter measurement of voice
bandwidth data circuits is the object of Hewlett-Packard’s
4942A Transmission Impairment Measuring Set. It has
automatic self-check, master/slave control, automatic sys-
tem capability, and it’s portable. Microprocessing gave the
system minimum power consumption and size. M6800 gave
it the required analog hardware interface and desired
master/slave control.

RUSCO

Rusco Electronic Systems’ CARDENTRY 500 is far

more than just a site-access security system for MAC0
more than 20,000 separate identities. It’s
programmable, so lost cards are ruled out at
the touch of a button. It also monitors alarm
systems, reports personnel in—out status,
automatically locks and unlocks locations,
manages copy machine usage, and more.
Microprocessing is by the M6800 Family.

Motorola Semiconductor Products Inc. P.O. Box 20912, Phoenix, AZ 85036

MOTOROLA Semiconductors
—and you thought we were just a production house
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Processor keeps track of nested
macro calls by means of a level
indicator which it increments with
every call and decrements after
processing that call. On identifying
a call, arguments are entered into
a string array, ARGS, in sequence.
Statements are retrieved in succes-
sion from MACBDY, beginning and
ending at the addresses specified by
the index numbers in BDYSTR and
BDYSTP. Since a macro may be called
more than once, statements with
labels must be given new labels at

every call, unless the label is a
parameter. Character representation
of a label counter is appended to
the characters ZZ to create a new
label, and the counter is incre-
mented. Labels beginning with ZZ
are prohibited in the source program.

Formal parameters in the defini-
tion are now replaced by the cor-
responding arguments. Correspon-
dence is established by position of
the argument in the list.

If the statement obtained from the
array MACBDY is not a macro call,

HIGH RELIABILITY

LOW COST

o
Ips
7- & 9-TRACK
TAPE DRIVE

NO VACUUM COLUMNS

OR TENSION ARMS

That’s right! The Qantex TDX tape drive with 75 ips read/
write and 300 ips rewind speeds has no vacuum columns
or tensioning arms. How? With a unique patented Float-
ing-Shuttle™ tape buffering technique. This time-proven
technique assures through its simplicity, high perfor-
mance, high reliability, and low cost.

In field use for 2 years, the TDX is available for NRZI
(800 bpi) and Phase-Encoded (1600 bpi). It is compatible
with IBM and ASCII codes, and has no program restric-
tions. Of course, the interconnects are industry standard.
Call or write today for full data and price information on
the TDX, its Formatters and Controllers, and the mili-
tarized version meeting MIL-E-16400.

Jantex

THE PERIPHERALS DIVISION OF NORTH ATLANTIC INDUSTRIES, INC.

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 + 516-681-8350
See us at Wescon '76—Booth #994
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it is passed on to the object file. If
it is a macro call, processing of the
outer call is suspended and wvari-
ables required for processing this
call are stored temporarily in two
stacks. When the inner macro has
been processed, the level indicator
shows that an outer macro remains
to be processed. Corresponding vari-
ables are now pulled from the stacks.
Calls may be nested to the extent of
stack capacity. The macro processor
developed for the M6800 microcom-
puter system has capacity to nest 10
macro calls. Two stacks occupy 200
words of memory.

This macro processor has been
implemented as a preprocessor to
a separate assembler which is avail-
able for this system. Macro processor
program is written in FORTRAN
and uses string manipulation rou-
tines extensively; it may be run on
any general-purpose computer or
time-shared system that has a FoRr-
TRAN IV compiler. It produces an
object file that is a source file to the
cross-assembler, which also runs on
a large computer and produces ma-
chine code.

An integrated system that com-
bines macro processing and assembly
functions can be quite efficient and
can provide special facilities such as
macro expansions which depend on
the context of the assembly lan-
guage program.

Macro facility provides a means for
resolving conflict between ease of
programming and efficiency of the
program. The facility may be used
to the extent desired by the pro-
grammer. Language is designed to
resemble assembly language, provid-
ing a familiar format. The processor
provides facilities useful for pro-
gramming microcomputers, including
facility for nesting macro calls.
Source and object program listings
illustrate features such as label han-
dling, nested macros, and repeated
macro calls.

Bibliography

P. J. Brown, “A Survey of Macro Pro-
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P. J. Brown, Macro Processors, John
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C. Strachey, “A General Purpose
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1965

“M6800 Microprocessor Programming
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Motorola creates
new debugging power

for M6800 systems

e complete hardware and software debug
capability for any M6800 system
¢ extends EXORciser EXbug and Systems
Analyzer debugging into user systems
¢ shares MPU with EXORciser and user system
¢ uses existing commands — no new protocol to learn
¢ no special system configuration software required

¢ choice of EXORciser or user system clock

Versatile USE serves
prototype, preproduction,
and production designs.

Teamed with the
EXORciser* and the recently
introduced Systems Analyzer,
Motorola’s new MEX68USE
User System Evaluator is the
complete system develop-
ment tool, the most versatile
and powerful available.

. With USE, system emula-
tion can be performed in the
EXORciser, external to it, or
in a combined configuration.
The same set-up debugs both
system hardware and system
software. Even testing and
evaluation of assembled
systems on the production
line is a practical matter.

Because it has a shared
processor architecture the
USE — EXORciser system
requires only a single proces-
sor module, with the USE
module replacing the
EXORciser processor. It'sa
simple plug-in operation to
interconnect USE, the
EXORciser, and an external
prototype card, extending the
full debug capabilities of
EXbug* to the user system.
EXORciser options such as
memory and I/O are then
utilized as substitutes for, or
augmentation to, the proto-
typing system during debug.

USE includes the proces-
sor module with a cable and
buffer assembly, plus an
interconnect module for
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optional accommodation of
the Systems Analyzer. It's
priced at $995.00, and the
necessary basic EXORciser is
$2,600.00. However, when
the items are purchased
together as a package a
combined price of $3,350.00
saves you $245.00.

Orders are being
scheduled now for normal
delivery cycles. Technical
information is available from
Motorola Semiconductor
Products Inc., PO. Box
20912, Phoenix, AZ 85036, or
by circling the reader service
number. Motorola data sheets
are also available from
Authorized Motorola distribu-
tors, Motorola sales offices,
and your in-plant VSMF Data
Center.

MOTOROLA Microsystems

—making it happen in microcomputers ...
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“MICROCOMPUTER INTERFACING WORKSHOP

““ )

September 23, 24 & 25, 1916

"I‘)):ﬁarlon Brown Cenfer for Continuing Education-Blacksburg, Virginia

Presented by:
The Departments of Chemical Engineering and Chemistry

and

The Extension Division

Virginia Polytechnic Institute and State University
in cooperation with
Computer Design Magazine

COURSE CONTENT

This 3-day workshop will introduce the participant
to the basic techniques of microcomputer inter-
facing and programming and will enable him to
proceed on a self-teaching basis toward his own
specific applications of microcomputers.

This is a hands-on laboratory course. Participants
will use a unique breadboarding microcomputer
station that is based on the 8080A-type micro-
processor chip and associated support chips such
as the 8255 (programmable peripheral interface
chip), 8251 (universal synchronous/asynchronous
receiver/transmitter chip), and 8212 (8-bit input/
output port chip).

Programming in the workshop is performed using
machine code, which allows each participant to
write simple software 1/0 driver routines that are
necessary to operate the various types of interface
hardware. Assemblers and higher level program-
ming aids will be discussed in sufficient detail to
demonstrate the tradeoffs between the various
programming levels.

Each participant will have an opportunity to use

the 8080 family of chips manufactured by Intel,
Texas Instruments, NEC, AMD, and Zilog. The
course should also prove valuable to owners of
8080 kits and microcomputer systems that are cur-
rently being marketed by E&L Instruments, Intel,
Cramer, MITS, Pro-Log, and Control Logic.

Some experience in digital electronics, minicom-
puters, and programming would be helpful but is
not necessary. In digital electronics, useful topics
to know beforehand include the 74154 decoder,
7474 flip-flop, 3-state busing, and the use of gates
as gating elements to counters and other digital
devices. Technical questions should be addressed

directly to the course instructors, David G. Larsen,
(703) 951-6478, Dr. Peter R. Rony, (703) 951-6756,

or Dr. Paul E. Field, (703) 951-5385.

REGISTRATION AND FEE INFORMATION

Pre-registration forms and fees must be received
and lodging requests made 10 days prior to the
beginning of the workshop. Registration will be
conducted from 8-8:30 am on the first day of the
course.

Registration fee of $195 includes tuition, coffees,
administrative costs, and study materials. Make
checks payable to the Continuing Education Cen-
ter, VPI & SU. A request for refund of prepaid en-
rollment will be honored if notification is received
10 working days before the starting date of the
workshop. Attendee substitution may be made at
any time. Meals and lodging are not included in
the fee. Attendees should make their own room
reservations; a block of rooms is being held at the
Donaldson Brown Center.

To reach Blacksburg, you can fly into Roanoke,
Va. (45 miles away) where limousine or car rental
service is available. By car the Center Facility is 10
miles West of Interstate 81 on U.S. Rt. 460.

WORKSHOP PRE-REGISTRATION FORM

Mail To: Adult Registrar
Donaldson Brown Center for Continuing Education
Virginia Polytechnic Institute & State University
Blacksburg, Virginia 24061 Phone: (703) 951-5182

PLEASE PRINT OR TYPE

*Name:

Social Security No:

Firm:

Address:

City: /Tel:

State: Zip
Occupation: Years of Formal Education
Birth Date: Sex

Month / Day / Year

*If more than one person plans to attend, please include the
above information for each person on a separate sheet.
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"Youcan'tb
a l32-co|unl1’|)1’

printer for any
less.

Or, get any more.’

Bob Howard, President, Centronics

But the low initial
price for the Centronics 700 Series
132-column printer isn’t the whole story.

It’s the lower cost of ownership based on the 700’s
inherent reliability and simplified construction.

The 700’s unique modular construction using four different modules — print-
ing, electronics, forms handling and keyboard — and less moving parts mean easier
maintenance, lower cost and a smaller spares inventory.

Write for the full details of this tremendous offer . . . and information on the
rest of the printers and teleprinters in the new Centronics 700 Series.

Centronics means more than low price.

And more than hardware. It’s the widest range of models, features, options
e Financially strong * Proven delivery response * Over 70,000 printers installed * 109
world-wide sales/service locations * Stringent quality control ¢ Advanced R&D and
manufacturing ¢ Long-term spare parts availability « Customizing for specific needs.

CENTRDONICS IS PRINTERS

Centronics Data Computer Corp., Hudson, N.H. 03051, Tel. (603) 883-0111, Twx. 710-228-6505, Tlx. 94-3404; Eastern Region: (617) 272-8545 (MA); Central Region:
(513) 294-0070, Twx. 810-459-1784 (OH ); Western Region: (714) 979-6650, Twx. 910-595-1925 (CA ) Centronics Data Computer (Canada) Ltd., Ontario, Tel. (603) 883-0111,Twx.
710-228-6505; Centronics Data Computer (UK) Ltd., Cheam, Surrey, England, Tel. 643 0821-4, Tlx. 851 945756; Centronics Data Computer, GmbH, 6 Frankfurt/Main.,
West Germany, Tel. 663321/22, Tlx. 841 413224; Centronics of Puerto Rico, Dorado, Puerto Rico, Tel. (809) 796-1881. Tlx. 3859349
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Your mini/micro computer system is compact, clean,

easy to use and maintain.

Now you don’t have to tie your beautiful little system to
a thumping, noisy, cantankerous electromechanical
printer. Rather, you can use CDI's quiet thermal
printers, available in 30-character-per-second versions
for OEM applications.

CDr's OEM thermal printers are lightweight (Q3 weighs
only 4 pounds), and are stepper-motor driven. There
are no solenoids, ratchets, or linkages to burn out or
break. All solid state circuitry insures maximum per-
formances and can eliminate costly maintenance
headaches. . . . it virtually can pay for itself!

The Q3 Thermal Printer features unique dual font
capability providing both upper and lower case
printing.

Two complete character sets are easily interchange- ¢
able and user selectable. Wide range of fonts includes |
ASCII, APL, or custom.

The new CDI Miniterm 1201 Receive Only terminal is
designed to complement any system. It's small, com-
pact, and so quiet it's even used in hospitals. Ideal for
any desk-top application, the Miniterm 1201 R/O is
compatible with all major brands of CRT's for hard-

copy output. output.

Find out more about the quiet thermal printers espe-

Quietly pays for itself.

-

The Miniterm 1201 RECEIVE/ONLY
TERMINAL . . . Ideal for CRT hard-copy

The Q3 Thermal Printer . . .

for the OEM building it into his

system.

e Compact, only 4 pounds

e Dual fonts

® 80 column thermal printing

e Complete chassis includes
print mechanism, paper
handling, drive and control
electronics, copy lamp
assembly and paper

e Compact, super quiet for desk-top use
e 30 characters per second COMPUTER

Cla”y for the OEM. The kind of engineering excellence o Sleek, modern Sty“ng complements any DEVICES NS,
you expect from CDI, a leader in portable terminal system and decor 9 Ray Avenue

manufacturing. °

96 character upper/lower case; fonts are

Burlington, Mass. 01803

interchangeable and user selectable (617) 273-1550
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The rat race has given you skills
the human race desperately needs.

We know you're busy, so we won't take
much of your time. All we want is to make you a
simple business proposition.

You lend us your expertise for a few hours a
week and we'll give you the chance to prove
that you're not such a rat after all.

What do you have to-do? Nothing
more than what you do everyday.

It that’s finance, then vou'd be a
lot of help in assisting the local Boy
Scouts in stretching their badly
needed dollars.

If it’s behavioral science, perhaps

you could be the key to getting a ghetto young-
ster headed.in the right direction.

If it's marketing, how about helping a
minority businessman get started with a work-
able merchandising plan.

Whatever you do for a living, you can do a

lot for the people living in your com-

munity. Simply write Volunteer,
Washington, D.C. 20013, and we'll

direct you to where your talents are

most urgently needed.

You may work for free. But you

won't work for nothing.

Volunteer.
A Public Service of It'll make you

This Magazine &

a better human being.
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Power on or power off,
reliable core holds the data.
That’s why system engi-
neers are taking a new look
at Ampex MCM, the Micro-
computer Core Memory.
Sure, you can use semi-
conductor memory. Maybe
smallerand cheaperatfirst
glance. Then, the first time
somebody plays with the
power, you lose data. So you
reload. That costs money.
Or you design battery back-
up. That also costs money.

BLOCKS

Matter of fact, every system
provision for data preserva-
tion costs money. In the end,
core costs less than semi-
conductor memory.

Get Ampex MCM.
Ready to plug in and oper-
ate. No fussy assembly of
components on boards. No
support circuitry. Nothing
but the steady reliability of
core. Word lengths from 4 to

18 bits, storage capacity from

256 to 4096 words. Inall pop-
ular binary increments. ..

Build Ampex MCM
into your system, and you
won’t squander time
and personnel bringing
programs back up after the
power goes down. Block
the power play. Get
Ampex MCM.

AMPEX

Ampex Memory Products Division
200 N. Nash St.

El Segundo, CA 90245

(213) 640-0150

R0CESSOR

CORE MEMORY
POWER PLAY
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Microcomputer Interfacing:
How Does a Microcomputer Make a Decision?

David G. Larsen

Virginia Polytechnic Institute

& State University

One of the most important program-
ming characteristics possessed by any
digital computer, including a micro-
computer, is the ability to make a
decision. For a typical microcomput-
er, decision can be defined as the
process of determining further action
based upon the logic state of a flag.
A flag is a single flip-flop that can
be either set or cleared in response
to operations occurring within the
microcomputer system. A flag’s change
of state usually indicates either that
a particular operation has been com-
pleted or that a certain condition
exists as a result of a microcomputer
operation. Flags can be located in-
ternal or external to the microproces-
sor chip; ones that we shall discuss
are internal flags, which are set or
cleared in response to specific types
of microprocessor instructions such
as arithmetic and logical instructions.
Flags that are located within the
microprocessor chip are typically
associated with the arithmetic-logic
unit (ALU), a region within the chip
where all arithmetic and logical op-
erations are performed. In the 8080
chip, for example, five flags exist
indicating the following conditions:

Zero flag—If the result of arithme-
tic or logical operation is zero, zero
flag is set to logic 1; if non-zero,
zero flag is reset to logic 0

Sign flag—If the result of arithmetic
or logical operation is negative, sign
flag is set to logic 1; if positive,
sign flag is reset to logic 0

Parity flag—If the result of arith-
metic or logical operation has even
parity, parity flag is set to logic 1;
if odd parity, parity flag is reset to
logic 0

Carry flag—If the result of arith-
metic or rotate operation has a carry
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Jonathan A. Titus Peter R. Rony
Virginia Polytechnic Institute

Tyehen, lnc & State University

out of the most significant bit of the
8-bit result, carry flag is set to logic
1; if not, carry flag is reset to logic
0. Carry flag is reset to logic 0 after
all logical operations
Auxiliary carry flag—If the result
of arithmetic operation has a carry
out of bit 3 into bit 4 of the 8-bit
result, auxiliary carry flag is set to
logic 1; if not, auxiliary carry flag
is reset to logic 0. Auxiliary carry
flag is reset to logic O after most
Fig. 1 Flow chart decision sym- logical operations
b:)olceas ap;lle.d_ to 8080 micro- Due to limited column space, we
RICISRG- SReRion shall restrict our attention to the zero
flag.

Shown in Fig. 1 is the traditional
flowchart decision symbol applied to

PREVIOUS INSTRUCTION

Instruction
Code Mnemonic Description
302 JNZ If zero flag is at logic 0, jump to 16-bit memory address given
<B2> in bytes <B2> and <B3> of this 3-byte instruction; if zero
<B3> flag is at logic 1, ignore this instruction and proceed to fol-

lowing instruction

MAIN PROGRAM

Fig. 2 JNZ instruction. If
zero flag is at logic 1, in-
struction is ignored and
program control passes to
the following instruction
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Once you make up your mind
not to be a follower,
there’s only one alternative.

You Iead. It’s that simple.
As 3M did back in 1971 when we
introduced the ‘‘Scotch” Brand
34" Data Cartridge. You know the
changes it caused in the industry.

Then, in '73, we introduced
the people-proof, jam-proof,
wear-resistant DCD-3 Drive.

It wasn’t the first on the market,
it was simply the best, with design
features that confirmed 3M’s
engineering leadership. But if
you're committed to this business,
as we are, you're a slave to
constant discontent.

So now, we’d like to introduce
you to our new DCS-3000 series, an
ANSI-formatted system that allows
one formatter to operate up to

DC300A Cartridge with a total
capacity of 23 million bits. Perhaps
its greatest advantage is the ease
with which you can integrate it
into a system. Only one cable to the
user’s logic is required. And the
complete set of status flags is

. available to indicate readiness to
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incom Division

SM CENTER -

48 drives. The media is our standard perform a given function. There’s

an error check during both read
and write operations, and an error
flag to indicate errors. There’s an
automatic search (90 ips) to

tape mark, and a variable-length
erase function.

It adds up to this: now the
system designer has a reasonably-
priced peripheral that delivers
both data reliability and data
interchange capability. We're certain
our competitors are going to be
very interested in this new system.
And if you are too, just write
3M Company Data Products,
Dept. 129, Mincom Division,

Bldg. 223-5E, 3M Center, St. Paul,
Minnesota 55101.

All our competitors
can do is follow us.

DATA PRODUCTS

3numvm

SAINT PAUL, MINNESOTA 55101



S -

an 8080 microprocessor decision. The
next instruction that is executed de-
pends upon logic state of the flag
that is associated with this specific
decision. For example, consider the
JNZ instruction, where JNZ means
“Jump If Not Zero” (Fig. 2). This
Statement refers to the 8-bit result of a
preceding instruction, not the logic
state of the zero flag. When this
result is zero, the zero flag is set
at logic 1 and program control passes
to the next instruction, as shown in
Fig. 2.

JNZ instruction is widely used in
creating programmed time delay
loops, an example of which is pro-
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vided in Table 1. In this program,
both address and instruction bytes
are in octal code; it is assumed that
HI memory address byte is 000. The
program first moves an 8-bit timing
byte into register B; this byte, indi-
cated by an asterisk, has any value
between 000 and 377. Value of the
byte will determine the duration of
time delay.

At LO memory address 002, device-
select pulse is generated to set the
SN7474 flip-flop shown in Fig. 3. Con-
tents of register B are then de-
creased by 1. JNZ instruction im-
mediately tests the logic state of the
zero flag; if contents of register B

DS 3

Fig. 3 SN7474 flip-flop used as
monostable multivibrator

are not zero, flag is at logic 0 and
a jump occurs back to LO memory
address 004. DCR B and JNZ in-
structions are executed repeatedly
until content of register B becomes
zero, at which time the zero flag be-
comes logic 1. JNZ instruction tests
the flag for the last time and shifts
program control to the OUT 3 in-
struction at LO memory address 010.
This output instruction generates a
device-select pulse that clears the
SN7474 flip-flop. Once this has been
done, the microcomputer comes to a
halt.

Program shown in Table 1 gen-
erates single output pulse, duration
of which can take any value be-
tween 0.0125 and 1.925 ms in 0.0075-
ms steps. Some typical pulse widths
generated by the program in Table
1 are summarized in Table 2 for
an 8080-based microcomputer that
operates at a clock rate of 2 MHz.
Calculations associated with conver-
sion of clock cycles to pulse widths
have been discussed in Ref. 1. Num-
ber of clock cycles is a measure of
the actual time that it takes the
microcomputer to execute a single
instruction or group of instructions.
For a 2-MHz microcomputer, a single
clock cycle has a 500-ns duration.
Program in Table 1 and associated
SN7474 flip-flop provide an example
of “substitution of hardware by soft-
ware,” viz., a simple program and
single flip-flop replace a much more
complicated hardwired programmable
monostable circuit.

Reference

1. Bugbook III, Microcomputer Inter-
facing, Experiments Using the Mark 80
Microcomputer, an 8080 System, E & L
Instruments, Inc, Derby, Conn, 1975

This article is based, with permission, on
a column appearing in American Labora-
tory magazine.
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3Mg

We put the features of our
14" DC300A cartridge into
a shirt-pocket size. Then we
designed a drive—small in size,
small in price, for applications
where high data reliability must
be combined with compact size.

The new DCD-1 system
will fit in a 5 inch cube—the
cartridge alone measures just
2.4 x 3.2 x .5 inches. Enough

about size, let’s talk performance.

DATA PRODUCTS 3m
Mincom DiviSion sl o

SAINT PAUL, MINNESOTA 55101

3M CENTER -

Again.

The drive records full width
across the entire tape, which
virtually eliminates errors. It has
an encoding method virtually
independent of tape speed, and
control logic that prevents
the drive from accepting any
command that might harm
the cartridge.

The electronics are designed
to give the system engineer the
greatest application flexibility —

ot there first.

has byte oriented data input and
output and 100,000 byte storage
capacity. It’s also designed
to permit battery operation.
This new system will
change the industry much like
our Y4” cartridge. So it’s time for
our competitors to play follow
the leader again—if they can.
That’s the story in a nutshell.
Just send the coupon for
more details.

All our competitors
can do is follow us.

Mail to: 3M Company
Data Products, Dept. 125
Mincom Division, Bldg. 223-5E
3M Center, St. Paul, Mn. 55101

I'm interested in receiving information on your

DCD-1 Drive.

Name.

Title.

Firm

Address

City.

State. Zip

Phone
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Microcomputer Package
Provides High Speed
Processing Capabilities

A complete microcomputer system
based on a 6502 CPU manufactured
by MOS Technology, the ETC-1000
comprises a 40-key keyboard, pro-
grammable 8-digit display, I/O in-
terfaces, power supply, and memory.
All systems are fully assembled, tested
and ready to run; no external at-
tachments, such as teletypewriters,
power supplies, or memory expan-
sions, are needed to provide basic
programming capability and comput-
er operation. Available expansion op-
tions include communications, real-
time and DMA interfaces, memory
expansions, and various add-on CPUs,

Designed by Electronic Tool Co,
4736 W El Segundo Blvd, Haw-
thorne, CA 90250, the package is in-
tended for system development, con-
trol, and small-scale data processing
applications. As a development sys-
tem, it provides full support for
hardware and software design work;
as a control system, it offers inex-

pensive high speed computing capa-
bility in rack-mountable package;
and for standalone and communica-
tions-oriented data processing, it of-
fers memory expansion, I/O capacity,
and programming flexibility.

Keyboard, mounted on front, in-
cludes full set of hexadecimal keys
for data and address entry, and sys-
tem function keys such as load, re-
set, and examine memory. Eight spe-
cial function keys which may be
sensed under program control by the
user are available for assignment to
user-specified functions. An 8-digit
LED panel display is contained in
the control unit to display memory
contents, system status, and user-pro-
grammed information.

System contains direct I/0 of eight
latched output lines and eight latch-
ing input lines which may be used
under program control to operate ex-
ternal devices. Hardware interrupt
capability with two levels is stan-
dard; eight additional levels are avail-
able.

It is claimed that one or two in-

tions streams at speeds between 110
and 1200 bits/s are supported by the
basic system when appropriate p/
ROMs are included. Speed selection
is accomplished automatically by
hardware. Provided as standard are
20-mA dc current loop interfaces,
with EIA RS-232-C capability avail-
able as an option.

CPU consists of 8-bit CPU, clocks,
control logic, interface buffers, 1024
bytes of high speed R/W memory,
and 256 bytes of EAROM containing
system control functions. ROM and
R/W memory may be added in incre-
ments of 4K and 8K bytes per mod-
ule, up to 64K bytes for the basic
package. Using memory map option,
total storage capacity can be in-
creased to over 4M bytes.

Additional CPUs, such as 8080A,
M6800, 6502, and F8, can be added
on a plug-in basis. Most additional
processors consist of a single module
and include the processor, its private
read-only and writable memory, and
interface circuits to the ETCBUS,
which is the common communication
path among all system elements.

Software currently available in-
cludes a resident assembler, I1/0O
handlers, diagnostics, and other sup-
port tools. Basic and PLM support
are expected to be available during

dependent full-duplex communica- the third quarter of 1976.
ADDRESS BUS
O SEROM Il it

LATCH

ETC-1000 microcomputer system configuration. Ready to use, high performance, self-contained modular digital com-
puter features memory, keyboard, display, and direcct 1/0 system

CLEAR
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8080

ore

non-volatile - high reliability

Dataram introduces the industry’s widest range of byte-designed single-board core
systems for 8080 and other byte-oriented applications.
And when Dataram says “ byte,” we mean true byte systems — with 1K to 32K
bytes, 8 to 10 bits/byte, not 16 or 18 bits/word systems that simulate byte systems.

What that means to you is less power and fewer components...and that means
more for less. More reliability and more performance with smaller size...and lower

product costs.

8080 Core. For people who think small.
Find out more about 8080 Core today. Return this coupon at once, or call us at

609-799-0071.

DR-180 4K x 8 750/250ns | 9.2" x 6.3" +5V, +12V | 30 Watts | 8080
8Kx8 750/250 ns | (233.4 mm x 160 mm) Microprocessor
DR-121 1Kx10 | 900/350ns | 11.7" x 11.5" +5V, —12V | 25 Watts | Cambridge
2K x 8 900/350 ns | (297 mm x 292 mm) Memories’
2K x 10 | 900/350 ns 1K x 9 Unicore
DR-104 4K x 9 750/350ns | 13.5" x 8.3" +5V, —12V | 32 Watts | National
8Kx9 750/350 ns | (343 mm x 211 mm) Semiconductors’
16K x9 | 750/300 ns MOSRAM 104
32K x9 |800/300ns
In addition to standard systems, Dataram offers impressive custom design capabilities.
I'd like to learn more about 8080 Core.
[J Please send information
[J Please have a salesman contact me
[] Please have a technical type call me.
Name
Title Phone
Company
Address
(DN DATARAM B - 2ip
L a CORPORATION [ Please send me information about BULK CORE:
256K byte memory system on a single board
PRINCETON-HIGHTSTOWN ROAD [0 Please send me information about mini-memories for
CRANBURY, NEW JERSEY 08512 minicomputers
TEL: 609-799-0071 TWX: 510-685-2542
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uComputer-Compatible
Analog Output Cards
Have Up to 8 D-A Channels

Eight D-A output channels are now
available on a standalone peripheral
card which is pin-compatible to the
Intel SBC-80/10 and MDS CPU bus.
Datel Systems, Inc, 1020 Turnpike
St, Canton, MA 02021 offers this
card for industrial process control
applications which use an A-D input
channel to monitor a particular
parameter and require a D-A out-
put channel to supply analog feed-
back voltage to an actuator, servo,
solenoid, or other power handling
device.

Model ST-800-DA4 offers a modu-
lar encapsulated dc-dc converter on
the same card with four D-A con-
verters. The dc-dc converter gen-
erates +15-Vdc power by drawing
less than 1 A from the 5-V CPU
power bus. However, because model
ST-800-DA8 uses external *+15-Vdc
power, it does not require a dc-dc
converter and therefore contains
eight D-A converters on the same
size card.

Basic settling time of each D-A
converter, including register loading,
is 4 ps. Depending on programming
mode, two or more 2-byte instruction
sequences are required for updating
each D-A output channel.

Both 4- and 8-channel analog out-
put peripherals are complete, stand-
alone, addressable 1/0 systems. They
include hard-wired 8-bit base address
decoder and jumper-programmable
interrupt level, Programming flexi-
bility is enhanced by on-board first
and last channel registers which
steer incoming data words to indi-
vidual word registers associated with
each D-A converter. The processor,
therefore, does not have to supply
new channel addresses with each
new channel register update. A word
counter is automatically incremented
with data output cycle and is com-
pared to the preloaded last channel.
When last channel is reached, proces-
sor is notified by way of a hard-
wired interrupt level.

An additional feature on both
boards is an interval clock which ini-
tiates update scans by flagging the
interrupt level. This scan timer uses
a logic clock which is adjustable up
to1ls.

Output systems are organized
around the company’s miniature hy-
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brid 12-bit D-A converters, which
have hard-wired full scale voltage
output ranges of 0 to 5 V, 0 to 10
V, 2.5, £5, or =10 V. Input cod-
ing is hard-wired as straight binary
unipolar, offset binary bipolar, or
2’s complement bipolar.

Both systems can be directly ex-

Compatible with Intel micro-
computers, series of D-A
analog output cards are
available with either four
or eight channels, expand-
able to 256 channels

panded up to 256 channels using
complementary ST-800-DAX slave
boards. Additional backplane connec-
tors, card cages, and power supplies
are required. The 8- and 4-channel
systems are built on 12 x 6.75 x
0.375” cards.

Circle 171 on Inquiry Card

Companies Announce
Joint Effort to Penetrate
Microcomputer Market

Mostek Corp, 1215 W Crosby Rd,
Carrollton, TX 75006, and Zilog, 170
State St, Suite 260A, Los Altos, CA
94022, announced an agreement that
combines the two companies’ resources
and technologies in a major ‘coop-
erative effort to capture a signifi-
cant part of the microcomputer mar-
ket. Under terms of the agreement,
Mostek will second-source Zilog’s
Z-80 microcomputer family of com-
ponents, and the two companies will
“jointly define and develop memories
suitable for the microcomputer mar-
ket and additional peripheral chips
for the Z-80 family.” (Full descrip-
tion of the Z-80 microcomputer can
be found in the Feb 1976 issue of
Computer Design, p 132.)

The agreement involves long-term
financial commitments from Mostek
for rights to certain Zilog technol-
ogy, representing a major commit-
ment from Mostek. According to
Ralph Ungermann, executive vice
president for Zilog, the agreement
is unique in the industry: “Zilog is
a generation ahead in microcomputer
technology, and Mostek is an acknowl-
edged leader in the MOS/LSI field,
with high volume production capac-

ity. Both companies are viable in the
business, and in production.”

Acting as active partners in going
after the microcomputer market,
Mostek will concentrate on memories,
while Zilog will focus on periph-
erals. Due to Mostek’s production
capacity and marketing strength, and
to Zilog’s technological and develop-
mental depth in the microcomputer
field, the companies expect to have
an immediate impact on the market.
Circle 172 on Inquiry Card

Slice Processor Family
Will Use ECL Technology
To Increase System Speed

A Dbipolar arithmetic logic unit
(ALU), described as the first L.SI com-
ponent of a new high performance
4-bit slice processor family, is claimed
to be the industry’s first LSI appli-
cation of high speed ECL technology.
According to Motorola Semiconduc-
tor Products Inc, PO Box 20912,
Phoenix, AZ 85036, the basic family
of four LSI components (4-bit ALU
slice, microprogram control function,
timing function, and memory inter-
face function) will be in production
by January 1977. Family of com-
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The Most POWERFUL 8080 or 6800
Microcomputer Development System

at any price...$3,8502° COMPLETE.

Only a truly powerful microcomputer development
system allows you to accomplish your design task
quickly, efficiently, and at a minimum cost.

MICROKIT has the powerful microcomputer
development system you need.

OTHER SYSTEMS OBSOLETE

The MICROKIT-8/16 has a unique CRT display refreshed
directly from the microcomputer memory so it can write the
full 960 character screen at 20,000 cps, faster than the blink-
of-an-eye. Using the fast CRT, our interactive debugger
gives you full screen hexadecimal memory dump displays
instantaneously. With this kind of fast system response,
debugging is a snap.

To match our fast debugger we have a screen based editor
that is quickly learned and easy to use, because it lets you
see the changes you make instantly and in full context on
the CRT display. Rounding out our outstanding software
package is a complete microcomputer resident assembler.

Any system without a display as fast as ours and without
software like ours cannot possibly match the powerful de-
bugging and editing features we offer.

EVERYTHING FOR $3,850

But how is it that the MICROKIT-8/16 has everything (key-
board, display, tape units, and software) included in the
basic price? We keep your cost low by using a standard
television set for the high-speed display, and by using
audio cassette units for mass storage. And with MICRO-
KIT's proprietary recording technique, you get data reliabil-
ity comparable to digital cassette units while data is trans-
ferred to the casettes at the rate of 2000 bps — 20 times
faster than TTY paper tape.

MICROKIT-8/18

BOTH 8080 AND 6800

The MICROKIT-8/16 can be ordered as either an 8080 or a
6800 based system. At $3,850 either system is the best buy
in microcomputer development systems today because they
both include the 8K memory, the display and keyboard, the
two audio cassette units, and the full complement of devel-
opment software — debugger/monitor, editor, and assem-
bler. Furthermore, either system can be easily switched to
the other processor with our conversion packages that
consist of a plug-in processor module and software.

FULL LINE OF ENHANCEMENTS

Rest assured that we also back you up with a complete line
of enhancements including In-Circuit Emulators, EPROM
programmers, add-on RAM or EPROM memories, line print-
ers, “semiconductor disk” memory resident operating sys-
tems, and single or dual drive floppy disks with a super disk
operating system.

MICROKIT-8/16'S ARRIVE READY
TO GO TO WORK FOR YOU

But don’t be misled by our name, our system comes fully
assembled, fully tested, fully warranted, and ready to begin
helping you with microcomputer development the very day
it arrives. The MICROKIT-8/16 is a proven and reliable
system which over the past year has received enthusiastic
customer acceptance.

Our unbeatable features make the MICROKIT-8/16 an ob-
vious choice for the designer requiring a microcomputer
development system. Write or call MICROKIT INC. today,
(213) 828-8539, to see just how well the MICROKIT-8/16 fits
your microcomputer development requirements.

Wescon Booth No. 960 — CIRCLE 55 ON INQUIRY CARD

MICROKIT INCORPORATED

2180 COLORADO AVENUE [ SANTA MONICA, CALIFORNIA 90404 (1] (213) 828-8539
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4-bit slice contains latch/mask logic, ALU, shift network, accumulator, and
bus control logic in single bipolar circuit; 17 select lines are used to con-

ponents for the bit slice processor
also includes a number of associated
memories.

Designated as the M10800 system,
the family is applicable to the high
performance controller and processor
field. It consists of a number of com-
patible building blocks with parallel
orientation to make them fully ex-
pandable to larger word lengths.
Two 4-bit slice circuits in parallel
constitute an 8-bit system used in
many controller applications; four
circuits result in the 16-bit machine
word size; and eight circuits give
a 32-bit word length which is pre-
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ferred in many high performance
computers being designed today.

Regardless of size, the system re-

tains microprogrammability by means
of which a block of high speed mem-
ory can be programmed to house the
system’s instruction set. Micropro-
gram control, like word length, is
expandable. It is possible to con-
figure special-purpose machines from
256 words (or less) of control stor-
age, to highly sophisticated systems
with thousands of control words.
Advantages of microprogramming
are usually offset by system speed,
since each processor instruction re-

quires several microprogram steps.
MECL 10000 circuit technology and
interfacing are used to attain fast
microprogram cycle times. Operation
with worst case system microinstruc-
tion cycle times is less than 100 ns.
In addition, other features (such as
powerful ALU function set) mini-
mize the number of microprogram
steps per system instruction.

Only 1.0 square inch of circuit
board area is required for the 48-
lead quad-in-line “QUIL” IC pack-
age; a matching socket has been de-
veloped and is available.

The processor family initially will
not be supported with a given in-
struction set and associated assem-
bler or simulator software, as the
company feels that most users will
configure the family to emulate an
existing machine and supporting soft-
ware.

Circle 173 on Inquiry Card

Processing System
Minimizes Time of
Design and Programming

The uP series is a modular micro-
computer system designed with major
subsystems on individual logic cards
to allow the designer flexibility in
configuring memory and I/O struc-
ture. Card size is directly compatible
with the existing company logic card
line, allowing for interface develop-
ment and packaging in the same
card file with the microcomputer
system.

An available interface to the DEC
PDP-11 allows the computer to ex-
ercise full control over the micropro-
cessor address, control, and I/O buses.
This, along with a proprietary Micro-
processor On-Line Development Sys-
tem (MODS) and cross assembler
for the series, permits the user to
develop and debug microcomputer
software utilizing the larger system.
RAM/ROM memory module is avail-
able for program development direct-
ly on the microcomputer system.
Series communications features also
allow the system to function as a
remote data acquisition or control
device under supervisory control of
a host computer.

Several modules are included in
the series introduced by Wyle Com-
puter Products, 3200 Magruder Blvd,
Hampton, VA 23666: an 8-bit micro-
computer CPU based on the Intel
8080A, which interfaces directly with
memory and I/O modules, requiring
no buffering; up to 64K of memory
in 1K- and 4K-word increments of
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Let’s talk about a way for you to

save hours in microprocessor software

9 0281022 |
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I mean many
hours of savings
if you've ever
had this prob-
lem: You've

& S just finished
your prototype microprocessor-based
system, made the preliminary checks
on the hardware, and loaded the
Erogram in RAM. You hit the start

utton. Everything’s running
smoothly, then wham! You're out of
business. Things are out of sequence
and the system is doing things you
never intended. Now you could be in
for hours —or even days —of
troubleshooting.

But let me tell you about a much

faster way to spot software problems...

with HP’s 1600S Logic State Analyzer.
This instrument lets you look inside
your operating circuit —right on the
buses and qualifier lines —and see
program implementation. That’s the
fastest way I know to locate software
problems in operating circuits.
Actually, the 16008 gives you two
ways to view program flow:

Mapping. This is a dynamic view
of your system’s operation...a
pattern of dots and lines that are
unique for each program. Each dot is
a specific data word. It’s location
indicates binary magnitude, and its
brightness indicates relative
frequency of occurence.

You might call the map a personal
fingerprint. It’s different Ear every
program. With a little practice, you
can easily spot a suspicious pattern
and locate the word or group of
words that could be the trouble

debugging.

mode, lets you examine the unique
“fingerprint” of every logic system.
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In the TABLE mode, the 1600S displays up to
16 lines of code, with their sequential
relationships in familiar logic notation.

source. Then you simply position a
cursor over the word in question and
push a front-panel switch to go to the
Table display mode.

Table. The CRT now gives you a
display of word flow using the word
you selected as the trigger point.

It displays up to sixteen 32-bit
words at one time. .. in familiar
One’s and Zero’s. You can look at
events leading up to, surrounding,
or following the trigger word. And
even delay up to 99,999 clock cycles
beyond the trigger point to view
events anywhere in your program.

Suppose your problem is an
erroneous data word that causes an

. unwanted jump. Mapping helps you

spot the jump, and the Table mode
lets you quickly compare each data
word leading up to the jump with
your written program.

That’s just a simple example.
HP’s 1600S Logic State Analyzer,
priced at $6800*, can speed more
complex software debugging problems
too. We'd like to tell you more.
And HP has arranged a number of
seminars to make that possible. Find
out how to attend one in your area
by calling your local HP field
engineer. He can also supply you with
complete spec sheets and application
notes detailing the use of mapping

CIRCLE 56 ON INQUIRY CARD

for troubleshooting minicomputer
and microprocessor systems. You'll
discover an exciting new concept in
digital troubleshooting.

*Domestic U.S.A. price only.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1507 Page Mill Road, Palo Alto, California 94304
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Address Bus

- 16 bits

8

levels

1/0 Bus - 8 bits

3§ SR
Control Bus - 14 bits

Typical configuration of uP series. Microcomputer system may include any combination of from one to five memory
and/or 1/0 control modules without additional buffering; any combination of up to eight 1K or 4K RAM, or 256 RAM/
1K ROM modules may be interfaced to a single memory control module

A
RAM, and RAM/ERPROM modules,
with maximum read/write time of
1.05 or 0.50 us; and memory and
I/0 control.

Among the other modules are
analog I/O variations, all adjustment
free over the normal commercial op-
erating temperature range (0 to

70°C). They feature 8-channel pro-
grammable gain, 8- or 12-bit ADC;
8-channel programmable gain differ-
ential amplifier, with internal cali-
bration feature; and 8- or 12-bit DAC.
Digital I/0 module features include
RS-232-C interface for remote serial
communications, general-purpose in-

strument bus per IEEE Std 488-1975,
and 8-bit buffered I/0. Still other
modules include program maskable
priority interrupt with eight discrete
levels, and DMA for direct transfer
of data to or from memory without
CPU intervention.

Circle 174 on Inquiry Card

uComputer Package
Serves as Training/
Evaluating Device

Offered as a complete package con-
sisting of an assembled and tested
microcomputer employing the RCA
cosMAc 1802 processor, training aids,
and user manual, UC 1800 is com-
pletely self-contained and designed
to allow maximum ease of use. Unit
can be used as a training device in
construction and use of computers,
as well as a device for evaluating
microprocessor applications in new
products.

An OEM version also is available
from Infinite Inc, PO Box 906, Dept
CPNR, 151 Center St, Cape Canav-
eral, FL. 32920 as a single board
microcomputer with or without on-
board power supply. It includes full
military temperature range, low pow-
er CMOS, single 3- to 15-V supply,
and TTL compatibility.
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Features of the processor include
bidirectional 8-bit common bus for
I/0 and memory, crystal-controlled
single phase clock, software usable
flags for I/O operations without in-
terrupt, 9l-instruction capability with
variations to 226 instructions for ef-
ficient data movement, and 5-us in-
struction execution time. Microcom-
puter also has built-in keyboard pro-
gramming.

Expansion to 65K bytes is possible
with 16-bit multiplexed address; 256
bytes of R/W memory are provided
on board. Direct control feature al-
lows simple control of 14 I/0 de-
vices; four I/O flag capability and
direct memory access allow data
transfer rates of 400K bytes/s. There
also is parallel and serial I/O data
line capability.

Bus structure of the unit features
memory address bus (8-bit multi-
plexed to 16-bit), and 8-bit memory
and I/O data bus. Timing, clock,

state codes, I/O command, and mem-
ory R/W lines are buffered. Display
is LED digital (hexadecimal) for
address, memory contents, and I/0
port.

Operating from a single power sup-
ply, unit requires 120 Vac, 50 to 60
Hz, 25 W; 120/230 Vac, 50 to 500
Hz input power is available as an
option. Price of complete package is
$495; CPU board alone is $179.
Circle 175 on Inquiry Card

Multiprocessing
Capability Features
Shared Memory

In the multiprocessing technique in-
troduced by IMS Associates, Inc, San
Leandro, Calif for use with the
IMSAI 8080 computer, as many as
six processors can be connected to
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MICRODATA'S
PERIPHERALS

THEY'VE HIRED NOW THOSE MICROPATA |
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THEY INTRODUCED YOu'n THINK NO, THEY HAD To SET WHAT REALLY
THE MOST ADVANCED /£, THEY'D BE UP A SUPER PERIPHERA BURNS ME IS
BUSINESS SATISFIED GROUP TO DESIGN AND THAT THEY'RE
COMPUTER \ WITH THOSE MANUFACTURE DISC AND ABOUT TO
SYSTEM IN ACC OMPUSH - TAPE DRIVES ANP TERMINALS. INTRODUCE
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For immediate need, circle 57 on Inquiry Card.
For information only, circle 58 on Inquiry Card.

PERIPHERALS MARKETING
TODAY.

MICRODATA CORPORATION,
17481 REP HILL AVENUE,
IRVINE, CA 92714

P.O. BOX 1950(,IRVINE, CA927I3
PHONE 714/540-6730
TWYX : 910- 595 - 1764

Microdata
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a single shared memory block (or
several  non-contiguous  memory
blocks) of the computer. Each proces-
sor can operate either independently
or on a shared basis with one or
more I/0 peripheral devices.

Processors access the shared mem-
ory on a priority basis. However,
when two or more processors attempt
simultaneous access, they are auto-
matically sequenced according to a
preprogrammed priority status. An-
other feature of shared memory al-
lows for semaphore resolution be-
tween processors.

Total memory allowed each pro-
cessor is 64K bytes, less the amount
of the shared memory block. The com-
puter chassis has room for several
processors, or each processor may be
installed in a separate chassis with
its own control panel to facilitate
monitoring and manual control.

Hardware required for the multi-
processor logic consists of bus multi-
plexing board, timing and control
board, and bus extension board for
each processor; all are available
either assembled or unassembled.
Circle 176 on Inquiry Card

Family of Bipolar
Computing Elements
Meets Military Specs

Series 3000 family of bipolar com-
puting elements is now available in
three full military temperature series:
standard full military temperature
range; MIL-STD-883, Level B; and
MIL-STD-883, Level C. Standard mil-
itary series, tested to many of the
883 requirements, also can be used
for many severe-environment indus-
trial applications. Level B and C series
conform exactly to MIL-STD-883,
Levels B and C, respectively. Speci-
fications for all three series are guar-
anteed for a supply voltage of V,, =
5 V *£10% over the —55 to 125°C
range.

Series consists of a family of Schott-
ky bipolar, microprogrammable de-
vices used by systems manufacturers
to build high performance central
processing and control subsystems.
Processing element is a 2-bit slice
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of a CPU, which operates at a typical
microinstruction cycle time of 60 ns
and can be used in parallel arrays
to process data with any desired word
length.

The manufacturer, Intel Corp,
3065 Bowers Ave, Santa Clara, CA
95051, guarantees a minimum cycle
time of 95 ns for the device. This
allows a typical 16-bit central pro-
cessor to operate at an overall cycle
time of less than 190 ns, with al-
lowances for system overhead de-
lays and worst case operating con-
ditions.

Devices provided include micro-
program control unit, central process-
ing element, look-ahead carry gen-
erator, multi-mode latch buffer, in-
terrupt control wunit, parallel bidi-
rectional bus driver, and 4096-bit
Schottky bipolar p/ROMs.

Development support products
available with the series include In-
tellec™ MDS-800 microcomputer de-
velopment system, ICE-30 in-circuit
emulator, bipolar ROM simulator,

universal p/ROM programmer, and
other MDS-800 peripherals. Software
includes the croMIs cross microassem-
bler, ICE-30, roM-sim, and Intellec
resident packages. Training courses
for engineers and programmers are
also provided.

Circle 177 on Inquiry Card

Microcomputer Provides
Hardware Base for Both
Education and Design

The 8080+ Development Station, a
microcomputer system, gives the sys-
tem designer hardware continuity
from the earliest phases of micro-
computer implementation through
systems production. Based on the
8080A microprocessor, it allows sys-
tem designers to gain an education
in microprocessors, experiment in the
lab, develop a prototype system, and
go into production using the same
basic hardware throughout. All com-
ponents can be used in an upgraded
system.

A fully assembled unit that re-
quires only 5- and 12-V supply to
be fully operational, the develop-
ment station includes the company’s
8080+ microcomputer with control
panel and wirewrap section, 16K x
8 dynamic R/W memory, 512 words
of EPROM, and the 8080+ operat-
ing system (loaded in 4K x 8 of
writable ROM), which includes resi-
dent assembler, editor, and TTY soft-
ware/hardware interface.

Debugging capability is provided
by the control panel which has hexa-
decimal-entry keyboard, 16 function-
control keys, status indicators, and
4-digit hexadecimal address/data dis-
play. The user can load any regis-
ter or memory location with op
codes, addresses or data; access and/
or alter memory and registers; run
a program at full speed; or step
through one instruction at a time.
Hexadecimal readout provides easy
monitoring of either loaded or ac-
cessed data.

By adding a teletypewriter termi-
nal (interface is provided on the con-
trol panel), programs can be loaded
by paper tape, and the user can pro-
gram in mnemonic codes. Standard
station provides 14K of usable mem-
ory (2K is required for the operat-
ing system). Additional CMOS non-
volatile or dynamic R/W memory can
be added up to 64K.

Non-volatile CMOS memory al-
lows the user to load development
programs as though working with
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the interfacing nightmare.

If you've got a computer,
the easiest way to avoid the kind
of nightmare interfacing can
become with anybody’s machine is
to simply come to us— the world’s
largest supplier of interface
modules.

Besides being number one in
sheer volume, we're also number
one in technology. With a new line
of microcomputer products for the
LSI-11: A DMA module, an expan-
sion backplane that doubles card
capacity, and a foundation module
for custom interfacing. Plus a new

line of high density wire wrap
cards for our larger machines. All
part of our substantial library of
off-the-shelf solid state modules
and compatible hardware fea-
turing the best cost-performance
ratio in the business.

The Logic Products Group can
also help you establish new
designs, give all kinds of applica-
tions assistance, even develop
custom designs from scratch.

Why not send for our new Logic
Handbook describing all our prod-
ucts. It'll give you a pretty good

EHEHBEE“
OGROUp

idea of how we can take on the
interfacing nightmare.

And turn it into one sweet
dream.

For your free Logic Handbook,
call 800-225-9480 (Mass. 617-481-
7400 ext. 6608). Or write: Compo-
nents Group, Digital Equipment
Corp., One Iron Way, Marlborough,
Ma 01752. Canada: Digital
Equipment of Canada,
Ltd. Europe: 81
Route de I’Aire,
1211 Geneva 26,
Tel. 4270 50.
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By

R/W memory, then strap out “write
access,” and effectively have a pro-
grammed ROM. Memory also can be
divided into strappable RAM/ROM
combination.

Battery backup provides data re-
tention for up to three months with-
out system power, so power outages
and system shutoff do not result in
data loss. Additionally, CMOS mem-
ory can be programmed in one lo-
cation and transported to another
without data loss.

The single board microcomputer in-
cludes a 5 x 7” wirewrap area for
customizing designs in development
or production. All address/data lines

Included in development sta-
tion are 8080+ microcom-
puter, 16K x 8 dynamic R/W
memory, 8080+ operating
system (with TTY software),
and three 1/0 cables. System
permits hardware continuity
of microcomputer implemen-
tation in system design and
production

and signal lines are buffered and
available on six 26-pin wirewrap con-
nectors adjacent to the wirewrap area.

Over 150 software programs, in
addition to the operating system, are
available. They include load/dump,
memory exerciser, page, control pan-
el display, start-up package, famil-
iarization package, and math and nu-
merical subroutines.

Designed by Monolithic Systems
Corp, 14 Inverness Dr E, Englewood,
CO 80110, system is priced at $1976
(claimed to be less than one third
the price of equivalent development
stations).

Circle 178 on Inquiry Card

Dedicated pProcessor
Is Designed for
Industrial Control Use

Dedicated program principle of the
7150 microprocessor allows complete
automation of industrial controls and
home appliances. Designed in p-chan-
nel silicon gate MOS technology, the
device controls machine events in a
sequential manner.

It combines advantages of elec-
tronic control with flexibility gained
from using ROM techniques. Memory
is factory programmed to specific user
needs; up to 10 machine func-
tions can be controlled through as
many as 20 different program steps.
A wide variety of systems can be
controlled by the same basic circuit
through program changes.

Functionally, the device fits be-
tween a general-purpose micropro-
cessor and a custom designed circuit
but with a lower component count
than a general-purpose microproces-
sor. It also includes some input and
output logic and linear circuits for
sensing. There are no complex clock
generators to set up, as its operation
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is partially static. External memories
are not needed, and there are no
software development costs.

Working with a timing diagram,
ITT Semiconductors, Commerce Way,
Woburn, MA 01801 can design a
memory for the microprocessor to fit
user needs. Circuit is available in
plastic or ceramic 24- or 18-pin DIPs.
Circle 179 on Inquiry Card

Single-Card Controller
Includes pProcessor,
p/ROM, and R/W Memory

Designed for dedicated applications
such as process control, instrumenta-
tion, and communications systems,
the MC80 microcontroller utilizes an
8080 microprocessor and is contained
on a single card. It includes 256
words of static R/W memory (ex-
pandable to 512 words) and up to
2K of custom application p/ROM
storage. Other features include buff-
ered address and data lines, two 8-
bit parallel I/O ports, crystal clock

designed to facilitate division into
standard baud rates, and 488-ns cycle
time.

System’s structure and compatibil-
ity allow full use of I/O peripherals.
This also permits simulation of the
device by the company’s full-scale
microprocessor system for efficient
hardware and software systems de-
velopment.

Total hardware support is offered,
including plug-in front panel for

checkout, maintenance, and diagnos-
tic programs that permit operational
access to such control signals as re-
set, DMA, ready, and interrupt. Other
front panel module functional capa-
bilities include run, single step, ex-
amine memory, and load memory—
in addition to 1K of static R/W
memory for p/ROM simulation.
Available from Gnat Computers,
8869-C Balboa Ave, San Diego, CA
92123, the device is supported with
single voltage source power supply
board and communications control
board. Also available is a general-
purpose board laid out for wirewrap
sockets and designed to speed de-
velopment of custom interface and
controller prototypes, with sockets
numbered, and power and ground
busing in.
Circle 180 on Inquiry Card

Evaluation Board
Features Built-in
Programmable Memory

A microprocessor prototyping board
for hardware and software evalua-
tion of the 6800-based microcomput-
er systems family in specific applica-
tions features a built-in programmer
for the S6834 EPROM microcircuitry.
This feature, not offered on competi-
tive prototyping systems, provides
capability in developing prototype
microcomputer programs.

Available from American Micro-
systems, Inc, 3800 Homestead Rd,
Santa Clara, CA 95051, the board
can serve as a general-purpose micro-
computer for low volume systems
with use of up to 58 I/O lines and
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Tough Industrial Micros

At a price you can afford.

The PCS 180 Series. From single board stopping, and regulating events. Even
micros for less than $300* to packaged sys- communicating with other computers.
tems with integrated CRT and full ASCII No matter what the application, there’s a
keyboard for $995*. PCS 180 ready to put on its hard hat and go

Microcomputors that won’t cook in sealed to work for you. For more information
enclosures. With memories that stay up when about the PCS 180 microcomputer series
the power goes off. No one can beat the price. call or write us today.

No one can best the performance.
PCS 180s are designed for dirty,
corrosive environments. Gathering, 4
analyzing, and sorting data. Moni-
toring instruments. Starting,

*In quantities of 50 SR WO e s e e i A
% . wmm .
e e A L L L

Please send me more information about OJ PCS single board
+ microcomputers [ the MicroPac 180 [J the SuperPac 180
O all of the PCS hard hats. [J Please have a salesman call.

Name Title

Company

Street

ke e Process Computer Systems

i " {5467 Hill 23 Drive, Flint, Michigan 48507
i £ip © 313-767-8920 Twx-810-235-8667

CIRCLE 59 ON INQUIRY CARD 133



rMICI'-'ID mRocEsson ) ATA STACKJ

expansion of up to 56K bytes of user-
available memory. Measuring 10% x
12” and having two 86-pin edge con-
nectors, it can also be wused for
evaluating incoming microcircuits and
for programming EPROMs on a
limited production basis. Communica-
tion to the board is through a tele-
typewriter. Computer time-sharing
facilities are used to translate source-
to-object code.

High level interpretive computer
language called Tiny Basic, residing
in the EPROM, is furnished at no
extra charge; prototyping operating
system program (PROTO), residing in
the ROM, is supplied with the board.

Board is available in three pack-
age options: in kit form with printed
circuit board and minimum quantity
of parts (EVK100—$295); expanded
kit with 512-byte EPROM (EVK200
—$595); and expanded kit, fully
assembled and tested, having 2K-
byte EPROM with Tiny Basic (EVK-
300—$950).

Circle 181 on Inquiry Card

120-Pin System Tests
Complex LSl Devices
At Up to 10 MHz

A computer-controlled, 120-pin semi-
conductor test system designed spe-
cifically for testing high complexity
LSI devices such as microprocessors,
calculators, and high density mem-
ories, Sentry IV offers extra power,
versatility, and growth potential for
advanced development programs.
With the capability of testing up to
120 pins at speeds up to 10 MHz,
the system facilitates testing and
characterization of advanced semi-
conductor devices regardless of tech-
nology—bipolar TTL, DTL, ECL or
MOS static or dynamic p-channel or
n-channel, or CMOS.

System, introduced by Fairchild
Camera and Instrument Corp, Sys-
tems Technology Div, 1725 Tech-
nology Dr, San Jose, CA 95110, of-
fers up to 12 timing generators for
data and clock timing; four addi-
tional timing generators for output
strobe, each programmable from 10
ns to 10 ms with 160-ps resolution;
and test periods ranging from 100 ns
(10 MHz) to 40 ms (25 Hz). Using
the company’s 24-bit word CPU (with
16K words of main memory and 18M-
bit disc) to provide power, system
can accommodate complex test pat-
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tern generation and control require-
ments.

Extra word length (compared with
16-bit CPUs) allows reduced test
time and higher system through-
put. Compatible with full line of
standard features, peripherals, and
options, the system is functional and
ready for use immediately after in-
stallation.

Two special-purpose processors are
available to minimize the need for
additional memory and attendant
software. Sequence processor handles
addresses and timing sequences for
the largest devices whose range of
test states and conditional branches
can exceed the power of other test
systems. Pattern processor can eval-
uate large-scale memory devices in-
cluding RAMs, ROMs, and p/ROMs
up to 64K bits with extensive cell
patterns that must be fully exer-
cised.

Software designed specifically for
IC testing is provided. Operating
software handles all system control
functions, and applications soft-
ware is available for virtually any
type of device evaluation.

Circle 182 on Inquiry Card

Performance and
Economy Are Achieved
With Interface Products

A wide range of interface and logic
module products for DEC LSI-11
microprocessor has been introduced
by MDB Systems, Inc, 1995 N Ba-
tavia St, Orange, CA 92665. Present
company products for the LSI-11
MPU include general-purpose inter-
face, general-purpose direct memory
module, and universal dual and quad
wirewrap modules. Peripheral con-
trollers are available for line print-
ers, card readers, and paper tape
equipment, as well as asynchronous
and synchronous single line adapters.
A programmable real-time clock is
also available.

Dynamic RAM modules are in 4K,
8K, 12K, and 16K by 16 sizes, and
EPROM, p/ROM, and ROM modules
are available. Hardware accessories
include backplane/card guide assem-
bly, jumper cable assembly, bus
terminator module, and systems moni-
toring unit.

Circle 183 on Inquiry Card

Low Cost Single Card
Logic System Serves
Control Applications

PLS-881 single-card 8-bit 8080A pro-
grammed logic system comes com-
plete with an 8080A microprocessor,
1K of RAM storage, sockets for 4K
bytes of ROM program memory, in-
terrupt input, crystal clock, power-
on and external reset, three 8-bit
TTL output ports, and two 8-bit TTL
input ports. Design features include
simplicity and small size; cards
measure 4.5 x 6.5” with 56-pin card
edge connectors on 0.125” centers
and will fit into standard card racks.

According to Pro-Log Corp, 852
Airport Rd, Monterey, CA 93940, all
parts used in system construction are
either currently second-sourced or
soon will be. After purchasing 250
cards, customers receive a free set
of manufacturing plans allowing
them to build the system in-house.
Circle 184 on Inquiry Card

Static RAM
Is Designed for
Byte-Oriented CPU System

A 64 x 8-bit n-MOS static RAM, TMS
4036 is designed to provide minimum
cost per package count for terminal
and controller systems requiring 128
words or less of RAM. Organization
of the device matches needs of byte-
oriented CPU systems such as TMS
8080 or 9900. Like those systems, the
RAM has a common I/O bus which
is fully TTL compatible. Address,
R/W control, output enable, and
chip enable are TTL compatible.

Unit, from Texas Instruments Inc,
PO Box 5012, Dallas, TX 75222, in-
terfaces directly with the 8080. Pro-
viding easy memory expansion in a
convenient 64-word increment, 3-
state output buffers provide a fan-out
of one series 74 TTL load and or-
tie capability.

RAM is rated for operation over
the 0 to 70°C temperature range,
and is supplied in a compact 20-pin
300-mil wide plastic or ceramic DIP.
Three speed ranges (l-us, 650-ns,
and 450-ns access and read or write
cycle time) optimize performance for
a variety of system needs.

Circle 185 on Inquiry Card O
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Announcing the Harris Slash 6.
Supermini performance.
At super minicost.

If you recognize optimum price/per-
formance value when you see it, you should
see our new SLASH 6. It outperforms most
32-bit minis, at a price that’s better than
many 16-bit minis.

The Harris Slash 6 costs only $14,500*.
You get 600 nanosecond cycle time; 48KB of
MOS memory with error correction; hard-
ware multiply, divide, and square root; 8 pri-
ority interrupts; and a turnkey control panel.

You get building-block architecture

HARRIS

*Volume discounts available.

that lets you expand your systems as your
needs expand. And sophisticated real-time
software that no other machines offer in
this price/performance range.

The Harris Slash 6. The first truly low-
cost/high performance computer for all of
you who were waiting for optimum price
performance value. Harris Computer Sys-
tems, 1200 Gateway Dr., Ft. Lauderdale, FL.
33309. Europe: Techmation N.V.,, Gebouw
105/106, Schiphol-Oost, The Netherlands.

/1 /l /l. COMMUNICATIONS AND
w INFORMATION HANDLING
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PRODUCT
FEATURE

Power DACs
Provide
Programmable
Voltages

for Minicomputer-Controlled

Test Equipment

Digitally

voltages
required for automatic test equip-
ment or servo applications can be
supplied cost-effectively by a pair
of devices that combine digital-to-
analog converters with power output

programmable

stages. Power DAC models 4814
(binary input coding) and 4815
(BCD input coding) can provide a
+100-V output swing with a mini-
mum of 100 mA at all output levels
and up to 1.0 A at higher output
levels. Variations in output voltage
within the rated range can be ob-

MAX OUTPUT CURRENT (A)

0 10 20 30 40 50 60 70 80 90 100
OUTPUT VOLTAGE (V)

As shown here for supply volt-
ages (Vi) of =35 and =*105 V,
the power DACs deliver a min-
imum of 100 mA over the entire
output range with current cap-
ability increasing as output volt-
age increases. Maximum current
of 1.0 A is reached at full out-
put voltage

136

tained by changing the input code.
Typical applications are in testing
PC board assembly or discrete semi-
conductor breakdown voltage.

Resolution of the Burr-Brown de-
vices is 13 bits (12 data bits plus
sign bit), allowing the output ab-
solute value to be retained while
reversing its polarity with only one
input change. Digital input storage
eliminates critical timing require-
ments. Data are transferred to the
digital-to-analog converter (DAC)
on the positive-going edge of a strobe
pulse; to eliminate output glitches,
digital input and sign bit are sepa-
rately strobed.

Description

Each device is made up of a 13-bit
digital input buffer (storage regis-
ter) with strobed input, 12-bit DAC,
and power output amplifier. Inter-
faces are provided for minicomputer
control.

The digital input storage register
consists of 13 IC, positive-edge-trig-
gered flip-flops using TTL circuits.
Although logic level transfer from
the register inputs to the DAC oc-
curs on positive-going edges of the
strobe pulses, strobing occurs at a
particular voltage level and is not
directly related to the transition
time of the positive-going pulse.
When strobe inputs are at either
high or low level, inputs have no
effects on DAC inputs. Strobe and

register are fully compatible with
TTL or DTL circuits.

Digital output from the storage
register is accepted by the DAC in
12-bit increments and converted to
a unipolar output signal. Total ac-
curacy is *0.025% of full scale
reading on the =100-V scale; gain
drift is <=*=70 ppm/°C. Maximum
settling time to within 0.01% of final
value for any input change is 100
us. Offset error is *10 mV. If im-
proved performance is desired—be-
yond these specified guaranteed ac-
curacies—trim potentiometers on the
DAC may be externally adjusted to
null offset and gain errors.

Full scale output ranges of less
than =100 V—still with 13-bit reso-
lution—can be obtained by adding
one external resistor. A factory-
limited typical current output of 120
mA can be altered by changing two
accessible resistors.

Maximum power dissipation is 10
W in free air without heat sink.
At the 120-mA current limit, the
power DAC is short circuit protected
indefinitely at 25°C ambient tem-
perature. Chance of damage and
equipment downtime in the event a
shorted device is found during test
is eliminated.

Specifications

At the operating temperature range
of 0 to 70°C, linearity error is =14
LSB max, max output offset voltage
is =10 mV, and max gain error is
*+0.05% of reading. Drifts are:
gain, 70 ppm/°C max; output offset
voltage, 160 nV/°C max; differen-
tial linearity, =2 ppm/°C max; and
current limit, =2 mV/°C typ. Pow-
er supply sensitivities are =0.02% of
FSR/%Vs for 15 V; 0.002% of
FSR/%Vg for —15, 5, and =105 V.

Units are 0.88” high and designed
for PC board mounting. From 10 to

15 units can be mounted on a single
19 rack.

Price and Delivery

Pricing for the 4814,/4815 power
DACs is $249 each for quantity 1 to
24, $224 for 25 to 99, and $198
for 100 to 249. Delivery for produc-
tion quantities is 4 weeks ARO.
Burr-Brown Research Corp, Interna-
tional Airport Industrial Park,
Tucson, AZ 85734. Tel: (602)294-
1431

For additional information circle
199 on inquiry card.
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Buy our boards now if you want
to stop buying them later.

If you’re thinking of making your own micro-
computer boards sometime in the future, ours are the
only boards to buy right now.

Because the chips on our microNOVA boards
are the same ones you can buy in the microNOVA
chip set.

Which means you can switch from microNOVA
boards to our microNOVA chips anytime you want.

The microNOVA board is a full 4K micro-
computer. With a number of standard features.

Like power-fail/auto-restart. Real-time clock. NOVA
instruction set with hardware stack. Hardware
multiply/divide. Data channel logic.

Yet all the above computer costs only $589, in
OEM quantities of 100#

Which is a lot of computer for a little money.

Because it’s a NOVA computer, the microNOVA

board comes with powerful run-time software. Like

RTOS, our NOVA-compatible, field proven realtime
executive. And it runs both Assemblerand FORTRAN.

And because the microNOVA board comes from
Data General, it comes with the manuals, technical
publications, services, training courses and seminars
you’d expect from a large minicomputer company.

Yet the microNOVA 4K board is only one member
of an entire family. Besides the board (and all the
supporting boards), you can get complete develop-
ment systems. Or you can get completely packaged
MOS minicomputers. Or chip sets that include the
mN601 CPU, plus all the supporting chips.

So if you want to end up in the chips, call our
toll free number, 800-225-9497. (Unless you’re in
Massachusetts. In which case, call 1-617-485-9100,

EXT. 2509. :
" microNOVA:
A giant reduction in the NOVA line.

DataGeneral

Data General, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melbourne (03) 82-1361
*Prices quoted are FOB Southboro and apply to the U.S. Taxes excluded. NOVA is a registered trademark of Data General Corporation.
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PRODUCTS

Cartridge Tape Drive for Microcomputer
Applications Offers 11.6M-Byte Storage Capacity

Serial 4-track recording density of 6400 bits/in. on the Lodestar™
drive, claimed to be more than double that previously offered,
provides 11.6M-byte storage capacity on a 3M-type data cartridge.
The drive features an industry standard interface, and an avail-
able formatter provides plug and software compatibility with
existing controllers designed for reel-to-reel transports. Write
and read occur at 30 in./s and search is at 90 in./s. Data trans-
fer rate at 6400 bits/in. is 192 kHz. Reverse read capability is
std. Full tape write requires 10 min.; full tape read requires 8
min. bidirectional, 10 min. forward only. Nom start/stop times
are 25 ms at 30 in./s and 75 ms at 90 in./s. Interrecord gap is
1.2” min, 48” max. Error rate is <1 bit in 1 x 10° bits. Able to
meet military specs, the 4.25 x 6.96 x 10” drive has a MTBF of
2000 h and MTTR of % h. Microdata Corp, 17481 Red Hill
Ave, Irvine, CA 92714.

Circle 200 on Inquiry Card

Paper Tape Reader Interfaces With
Most Mini or Microcomputers

A 300-char/s paper tape reader which will read any std 1” tape
having a transmissivity of <60%, Fly Reader 232 can be plugged
directly into the RS-232 or TTY port of most mini or micro-
computers. Using the computer’s TTY loader software, the reader
will load programs 30 times faster than the TTY. In addition,
it can be used with serial TTL interface. PC board jumpers
permit the TTY interface to be either passive or 20-mA active,
enabled or disabled, and permit choice of remote control modes.
Positive traction and gentle handling of a 7-tooth precision
sprocket allow >1M passes without noticeable tape wear or
tearing. The integral stepper motor/sprocket tape drive has a
bearing life of >50kh. A bank of back panel programming
switches permits selection of any one of 16 baud rates; 5-, 6-,
7-, or 8-bit char length; parity number of stop bits; and inhibit-
ing or enabling of the RS-232 control signals. Teleterminal
Corp, 12 Cambridge St, Burlington, MA 01803.

Circle 201 on Inquiry Card
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Programmable Control System Sequencer Performs
All Functions of Conventional Relay Control Panel

Expansion of the company’s programmable control system family
to include a larger sequencer with a memory capacity of 1K
words enables replacement of control systems having up to 200
relays. Sequencer 5TI 102 handles all functions performed by
conventional relay control panels including sequencing, timing,
and counting, and processes logic functions internally. Industrial
users familiar with relay logic will be able to enter instructions
directly from a relay ladder diagram. The sequencer will also
accept logic elements or Boolean algebra. Fewer words of mem-
ory are used than by programmable controllers. Up to 50 timers
and counters are programmable; instructions require only three
words of memory. Counters have up/down capability with a max
capacity of 32K counts each; timers can be incremented at in-
tervals of 8.3 ms or 0.1 s with a max capacity of 54.6 min. each.
Texas Instruments Ine, Control Products Div, Attleboro,
MA 02703.

Circle 202 on Inquiry Card

COMPUTER DESIGN/AUGUST 1976



49 REASONS

TO GET UGLY

1. Intel 4004
2. Intel 4040
3. National 4040
4. Rockwell PPS-4
5. National PPS-4
6. Rockwell PPS-4/2
7. Rockwell PPS-4/1
8. Fairchild F-8
9. Mostek F-8

10. Intel 8008-1

11. Intel 8080 A

12. AMD 8080 A

13. T.1. 8080 A

14. NEC 8080 A

15. Siemens 8080 A
16. Intel 8048

17. Mostek 5065
18. Motorola 6800
19. AMI 6800

20. National SCAMP
21. RCA 1801

22. RCA 1802

23. Rockwell PPS-8
24. National PPS-8
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25. Rockwell PPS-8/2
26. Signetics 2650
27. Motorola 2901
28. Raytheon 2901
29. Fairchild 9400
30. Intel 3002

31. Signetics 3002
32. Zilog 2-80

33. Intersil 6100

34. Harris 6100

35. Toshiba TLCS-12
36. National IMP-16

37. National PACE

38. PanaFacom PFL-1600A

39. Texas Instruments TM-9900
40. Advanced Micro Devices 2901
41. MOS Technology 6502

42. Texas Instruments TM-1000
43. Electronic Arrays EA 9002
44. Scientific Micro Systems 300
45. General Instruments CP 1600
46. Western Digital MCP-1600
47. Monolithic Memories 6701
48. Motorola 10800

49. Texas Instruments SBP0400
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1P8S-38 1-4: $64.00
100-249: $49.00

Lz
1PS-48 1-4: $99.00
100-249: $79.00

F131 & Standard Ave . Sants Ana, CA 714/G79.4440

By now, you've probably got the idea:

If you've got a microprocessor chip, kit or system,
one of our UGLY dc supplies was made for you.

They've got the right voltages. The right currents. The
right specifications.

And definitely the right price, because we've concen-
trated on making them perform instead of making them
pretty. All our modular dc supplies are fabricated in a
manufacturing plant that meets the quality requirements of
MIL-1-45208A. Raw materials and components are full-rated

1-4: $116.00
100-249: $93.00

R it e RSN N

1PS-110 1-4: $155.00 \
100-249: $123.00

s
ELPAC

to 85°C. Electrostatically-shielded transformers are all
vacuum varnish-impregnated and 100% tested for high-
voltage breakdown. Semiconductors are given a 100%
burn-in. Reflow-soldered subassemblies are all subjected
to 500 V “Hi-Pot" tests. And the finished supplies are then
tested to spec under worst-case line conditions.

It all adds up to the prettiest st
price/performance ratio you've ever seen. ih

And another couple of reasons ELPAC
to get UGLY. Now. ©Elpac Electronics, Inc

Elexon: the ugliest dc supplies on earth.

Get UGLY at Cramer, Newark, MIL-COMM, QPL, Ultronics, Shap Electronics, Technico, Integrated Electronics. Or call 714/979-4440 today.
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PRODUCTS

COAX RIBBON CABLE
ASSEMBLIES

Assemblies consist of individual coaxial
cables each encased in a PVC jacket, al-
lowing the cable to be cut to any length,
maintaining exact positioning of the center
conductor and drain wire. Preterminated
assemblies are available in lengths from
6” to 10 ft with 0.100 x 0.100” receptacle
connector centers for 50, 75, and 93 Q.
Multiposition connectors are made of V-0
rated, flame retardant, glass-filled nylon
with gold over nickel plated beryllium
copper contacts. AMP Special Industries,
Valley Forge, PA 19482.

Circle 203 on Inquiry Card

16K ROM

Featuring max access time of 550 ns with
*10% tolerance on the single 5-V power
supply, ROM is organized in a 2K x 8
configuration. MK 31000P-3 is a pin-for-pin
replacement for Intel 2316A/8316A and
General Instrument RO-3-8316A. Circuit
is TTL compatible, has max power dissi-
pation of 330 mW, and is completely
static (no clocks are required). Mostek
Corp, 1215 W Crosby Rd, Carrollton,
TX 75006.

Circle 204 on Inquiry Card

MINIATURE SLIDE SWITCHES

PC mounted switches use switch mecha-
nism with a difficult tease which provides
4-A/125-Vac rating. Fully insulated blue
diallyl phthalate low profile case occupies
minimal space. PC terminals, spaced on
0.1” centers, are epoxy sealed to prevent
solder flux wicking. Contacts and terminals
are supplied in silver with gold flash; gold
plate for dry circuit applications is avail-
able. MSS-104 (spdt) or MSS-204 (dpdt)
series is available with top or side actuator
lever. Alco Electronic Products, Inc,
1551 Osgood St, North Andover, MA 01845.
Circle 205 on Inquiry Card

PORTABLE
MASS STORAGE SYSTEM

Portable Linc tape system offers a trans-
fer rate of 8400 bits/s, and enables data to
be edited, compiled, assembled, and loaded
in the field. Enclosed in a rugged alumi-
num carrying case and including a single-
slot controller card, the PDP-11 model
includes a built-in ROM bootstrap; Nova
model uses auto program feature. Total
system weight is 21 1b. System permits
filed program development utilizing either
Lros/sos on the Nova or RT-11 on PDP-
11, as well as program loading of diag-
nostics. Computer Operations, Ine, 9700-
B George Palmer Hwy, Lanham, MD
20801.

Circle 206 on Inquiry Card

DPDT DIP SWITCHES

Double-Dip™, a rocker-actuated DIL
switch featuring dpdt contact configuration
under each rocker, is available in 1- and
2-rocker versions, both with terminals on
0.100 x 0.300” centers for compatibility
with IC sockets and conventional PC board
layouts. Single rocker unit is housed in a
std 6-pin DIP, 2-rocker version in a 14-pin
package with the two center terminals
omitted. Rocker actuators are on 400-mil
centers in the 2-rocker version. Switches
are rated for 50,000 operations at logic
levels. Grayhill, Ine, 561 Hillgrove Ave,
La Grange, IL 60525.

Circle 207 on Inquiry Card

CMOS DIVIDE-BY-N COUNTER

A presettable counter, MCI14018B is
capable of dividing by any number from
two through 10. Five Johnson counter
stages comprising most of the circuit
operate in synchronous mode but can be
preset or reset asynchronously. Improved
clock input circuit eliminates rise-time
restrictions. Pulses with extremely long
rise-time ramps can be counted reliably.
Fully static, it operates up to 6.5 MHz at
10 V. Three- to 18-V operational limits, and
5-, 10-, and 15-V operation parameters are
standard. Motorola Semiconductor
Products Ine, 3501 Ed Bluestein Blvd,
Austin, TX 78721.

Circle 208 on Inquiry Card

| of disk storage
systems

If you are a

I ® Chief Engineer

| ® Financial Officer

I ® Marketing Manager

I ® Field Service Manager

of a PDP-11 or NOVA-
type OEM or end user,
you should be talking to
Xylogics about our Phoenix
Series of disk controllers.

‘&) Xylogics

XYLOGIC OEM COMPONENTS GROUP, INC.
42 Third Ave., Burlington, Massachusetts 01803

617/272-8140

interested in . ..

The Xylogics Phoenix 211 controls

up to 4 CDC storage modules
® with DMA throttle control
® variable sectoring
® exclusive command queuing
® and more - call us for details

EXCLUSIVE — Microprocessor self-
test isolates disk subsystem prob-
lems in minutes without fear of
crashes or burned-out units

DOCUMENTATION — Far exceeds
industry standards in detail and
completeness

PERFORMANCE — Proven faster
throughput and reduced CPU
overhead

COMPATIBILITY — Media and
software compatible with RK-11,
4046, 4234

PRICE — Call us and see how we can
help you achieve better margins

CIRCLE 96 ON INQUIRY CARD
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The fastest

microcomputier
known to man

Want to see it again?

Just call Plessey and ask about the 16-bit
MIPROC 16, the first microcomputer fast
enough for your real-time systems.

It has faster hardware (350 ns full cycle
time).

Faster software (most instructions take
only a single cycle at a throughput rate of
2.8 megahertz).

And it’s months faster to get on line (no
microprogramming, no hardware design and
development).

For just $760 (100-qty), you get a com-
plete high-speed computer-on-a-card that’s
ready to go the day you get it.

For starters, the Plessey MIPROC 16 has
82 powerful 16-bit instructions, a versatile
prototype development kit and a FORTRAN
IV cross-assembler/simulator for use on the

Tymshare and GE Mark III networks.

Options include 75 more instructions, a
DEC and Data General cross-assembler, a
1.4 us hardware multiplier, serial and
parallel I/O ports, priority interrupts, an
extended temperature range (—55° to
+125°C), and a ruggedized version for
military applications.

So if you're still paying the price of
hardwired logic just to get speed, ask for
details and a demonstration of the Plessey
MIPROC 16.

We’ve just brought microcomputing up
to speed.

@ Plessey Microsystems

United States, Irvine, CA (714) 540-9945
United Kingdom, Towcester (0327) 50312

CHECK OUT THE MIPROC 16 IN OUR HOSPITALITY SUITE AT THE HOLIDAY INN
ACROSS FROM THE CONVENTION CENTER DURING WESCON
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PRODUCTS

p/ROM PROGRAMMER

Microprocessor-controlled series 1000 offers
fully interactive operation in any of three
programming modes: keyboard entry, ter-
minal control, or remote computer control.
A 32K-bit buffer RAM permits reliable
data transfer and allows the user to edit
data in RAM from the keyboard prior to
actual programming. A 14-digit hexa-
decimal display gives four digits each of

address, copy p/ROM data, and master
p/ROM data, plus a 2-digit entry and
error code. International Microsystems,
Inc, 122 Hutton St, Gaithersburg, MD
20760.

Circle 209 on Inquiry Card

Summagraphics ID*

The latest advancement from the leading supplier

of low-cost

data tablet /digitizers

“ID: Intelligent Digitizer

with the
Built-in Microprocessor for

- self-calibration, permitting high accuracy/ high linearity

- re-locatable origin

- stand-alone operation in many applications, for calculations such as
volumes, areas, linear displacements. perimeters — and any others for
which our programmers stand ready to develop the software.

Operating Modes: our usual Point, Stream and Remote — and

now, each also operable Incrementally.

Cost/Performance Factor uniquely favorable, as with the 4000
other Summagraphics units now at work in business, cartography.
engineering, geophysics, medicine, publishing, science...and MORE:

For details. and list of users. write or phone

®

ILIITT
InnEnN

®

vvd 35 Brentwood Ave/Box 781
Fairfield, Connecticut 06430

corporation 203 —384-1344
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BAR CODE PRINTING SYSTEM

A turnkey label printing system, model
7605 is capable of generating sequential
bar codes either manually or remotely on
command from a host computer. System
consists of impact printer with micro-
processor-based  controller/communication
interface, keyboard, and miniperipheral op-
tions. With the keyboard, an operator can
enter desired label/forms information and
numeric components of the initial bar
code; the printer uses automatic incre-
menting to generate as many sequential
codes as are requested. Micro-Pro, Inec,
122 S Taft Ave, Chalfont, PA 18914.
Circle 210 on Inquiry Card

COMPUTER INTERFACE KIT

Kit allows interfacing any Data General
Nova or Eclipse computers through a

chassis containing customer designed
boards, company’s boards, or a combination
of the two. Basic kit consists of 21-slot
chassis with motherboard and set of in/out
connectors for daisy chaining; cable for
computer to chassis connection; cable
terminator assembly; two universal wire-
wrap boards for customer designed inter-
faces; 5-V, 12-A power supply; and com-
puterized wire list aids. Data Engineer-
ing Associates, 6330 Alder St, Houston,
TX 77081.

Circle 211 on Inquiry Card

FLOPPY DISC

FD-30, a floppy disc for the Hewlett-Pack-
ard 9830A, emulates the 9830 cassette sys-
tem so that no changes in existing soft-
ware are required. Control commands and
syntax of the cassette are obeyed, and all
such programs operate without modifica-
tion. Storing five to seven cassettes at the
cost of one cassette, and at a much faster
rate, disc provides 305K bytes of user area.
Four-inch high unit is based on the latest
technology microprocessor for the control-
ler/formatter. Infotek Systems, 733 E
Edna P1, Covina, CA 91723.

Circle 212 on Inquiry Card
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THE LOGICAL CHOICE: Third in a series

SYMMETRICAL AND
UNSYMMETRICAL PULSES
0.5Hz-5MHz.

PULSE wipyy,
CONTINUOUS, MANUAL P
ONE-SHOT & EXTERNAL -

TRIGGER OPERATION ‘ "

External triggering to 10MHz e
INDEPENDENTLY-
CONTROLLABLE PULSE
WIDTH & SPACING

100 nanosec-1 secin 7 overlap-
ping ranges 107:1 duty cycle
range

o s

v - INDEPENDENT CMOS AND
A, s TTL OUTPUTS Fan-outto
' 40TTL loads
o i SYNCHRONOUS OUTPUT
& GATING

100mV-10V POSITIVE
OUTPUT Less than 30
nanosec rise/fall imes

CSC’S DESIGN-MATE 4:$124.95.
NO OTHER DIGITAL PULSE GENERATOR
GIVES YOU SO MUCH,FOR SO LITTLE.

Sounds hard to believe. .. but even a brief look
at Design-Mate 4's specifications proves CSC's
engineers have done it again. Whatever your
application—whether you're looking for precision,
flexibility or just plain economy —this compact
source of fast, clean digital pulses offers the
performanceyou need. ..ata price thatdiscourages
procrastination.

Use it as a clock source, delayed pulse
generator, synchronous clock, manual system
stepper, pulse stretcher, clock burst generator or
in dozens of other applications. Use it alone or in
tandem with other DM-4's for gated control. The

wide range of controls and multiple outputs give
you enormous versatility. .. plus compatibility with
all major logic families, for research, design,
development, quality control, production testing,
maintenance, troubleshooting...you name it.

Now, read the specs that follow. ..and check
the price again. Or better yet, try DM-4 for yourself
at your local CSC distributor. Once you do, we
think you'll find it's as hard to do without as it is easy
toown.

For more information about CSC's other fine
products, and a list of distributors, please call or
write.

APPROX. 40 NAI
DM-4 SPECIFICATIONS i R
—-| |- }___
SYNC OuT m [_l m '_| '_1 I_I
Er?quwg¥hﬂange: ?OSOHZ to5 Mi—iz1 - ONE-SHOT pyshbutton for single pulse g2 NANOSEC 4 ‘ Jlun
ulse Wi nanosecto 1 sec. in Output pulse occurs each e 1 = —i
and Spacing overlapping decade ranges. tlmeppugh-button ispressed | "on"
Controls: A single-turn vernier control OUTPUTS:
provides continuous VAR OUT
adjustment between ranges. Amplitude  0.1-10 V positive 1V
Duty Cycie: 10’-to 1 Range: adjustable Rise/fall Less than 30 nanosec 2 | O e B S
over entire pulse width/ time BAzE D 7 are
BN Teoc (OFF 101 see” | Tihogre  “cormax monwn ___CONGORNTN) ) ) [] [ [ st euse couereof ooe
‘ON"and 100 nanosec "OFF Fan-out 40TTL Loads DILLSADEDOE
Operating Modes: Sink 160 milliamps—0.8 VV max oL
RUN 0.5Hzto 5 MHz as per width/ Rise/fall Less than 20 nanosec
spacing and amplitude time 10V MAX
control settings. SYNC OUT “" THRESHORD: e s
TRIG DC to approx. 10 MHz Pulse width  Approx. 40 nanosec. Other s i o _k‘t, _/A\_ ,,,,,
Input requirements: Sine waves 2 VP-P; pulses sync pulse spec's same as ﬂ
1V peak,>40 nanosec wide; TTL out N 1 i
maximum input*10 V. (Input Pulselead  Sync pulse leads outputs by | 11 on van L —1 11 oV Max | MOPE
Impedance:Approx. 10KQDC time approx. 20 nanosec out = -
coupled.) POWER 117 VAC*10%, 50/60 Hz, 5
GATE Synchronous gating. Lead- watts (220 VAC, 50/60 Hz
ing edge of gate signal turns also available, at slightly
generator "ON’. Last pulse higher cost.) PUSHBUTTON
is completed. even if gate SIZE 7.5x6.5x3.25" —— DEPRESSED
ends during pulse. (WxLxH) 191 x 165 x 83 mm /
Input requirements: Same as ‘'TRIG" Mode WEIGHT 2 1bs. (0.91 Kg) ONE
OR VAR OUT -

CONTINENTAL SPECIALTIES CORPORATION
44 Kendall Street, Box 1942 New Haven, CT 06509 e 203-624-3103 TWX: 710-465-1227
West Coast office: Box 7809, San Francisco, CA 94119 e 415-421-8872 TWX: 910-372-7992
Canada: Len Finkler Ltd., Ontario

EASY DOES IT © 1976, Continental Specialties Corp.
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Short
Story

EMC’s New
Short Contact
for

Short Leads

Short

Regular
Contact

Contact

IC’s jarring loose? EMC’s brand new short
contact grabs and holds IC leads even less
than .10” long! We designed it into our
patented Nurl-Loc® terminal to provide
the precise insertion and withdrawal forces you
need. And Nurl-Loc® gives you 5 times

the gripping surface to prevent twist and spread the
stress to eliminate warping. Short contacts are available
now in EMC’s Wire-Wrap® Panels . ..and in our full line
of DIP and Transistor Sockets. Call Allan Klepper

(401) 769-3800 for the longer story, or write

Electronic Molding Corp., 96 Mill Street,

Woonsocket, R.l. 02895.

Wire-Wrap® Gardner-Denver Co.

Interconnection Specialists

144 CIRCLE 66 ON INQUIRY CARD

PRODUCTS

DIGITAL INDUSTRIAL
CONTROLLER

A 6-decade  “Decitrak”  bidirectional
counter-controller for caustic industrial en-
vironments, unit contains CMOS circuits
and special internal filters to allow use in
areas of high electrical noise. Long life
LED displays, BCD outputs, and 6-decade
presets are std; 6-decade setpoint control
is an option. Inputs can be sine wave—300
mV pk-pk to 30 V pk-pk symmetrical to
zero axis with max offset of 50 mV; square
wave—150 mV to 150 Vdc positive; or
pulse—150 mV to 15 Vdc positive. Theta
Instrument Corp, 24 Dwight Pl, Fair-
field, NJ 07006.

Circle 213 on Inquiry Card

CRT TERMINAL

ADM-1A has a numeric pad with period,
comma, and plus and minus signs in ad-
dition to a 138-char alpha keyboard, which
includes u/lc letters, punctuation, and con-
trol keys. Numeric pad is adjacent to and
immediately to the right of the std key-
board to allow natural operator hand move-
ment and facilitate numeric data entry.
Keys are arranged in std calculator keypad
positions. Additional features include a
display format of 960 char arranged 80
char/line x 12 lines. Lear Siegler, Inc,
EID/Data Products, 714 N Brookhurst
St, Anaheim, CA 92803.

Circle 214 on Inquiry Card

QUARTER-INCH DATA CARTRIDGE

Cartridge contains Quadronix I virgin
computer tape that is certified write-skip
free, and assures uniform output on all
four tracks by long-life edge guides. Preci-
sion rollers and improved roller and hub
retaining system reduce skew and jitter.
Drive elements are protected by high-
impact plastic cover mated to precision-
machined metal base-plate. Further protec-
tion is given by plastic door that auto-
matically closes over tape head opening
when cartridge is removed from transport.
Wabash Tape Corp, 2700 Des Plaines
Ave, Des Plaines, IL 60018.

Circle 215 on Inquiry Card
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CONTROL DATA for the new low cost,
problem-free OElYlcompanion to
Cartridge Disk Drives.

The CDC® Model 9414 'Falcon’

Fixed-Media Disk Drive offers

6000- hour MTBF. And you can

pass the low-price-per-box

advantage on to your
customers! Available in
6 or 12 megabyte

capacities.

Use the “Falcon” Fixed Media Disk

- e Drive in modules as your sole

sy | D ® Only four minor mechanical ad- memory source with low-cost cas-

have It. - justments are possible—they sette or diskette input. Or, daisy

may never be needed. chain it into your present system

“Falcon” offers superior reliability ® No blower to make noise or use alongside more expensive remov-
(6000-hour MTBF) and maintain- energy. Instead, the oversized able-media drives.

ability. Here are just a few of the air filter and dynamic air flow But first, test evaluate it...compare

reasons why: design provide a generous air it with competitive drives. Whether

® No electrical adjustments any- supply—and greater reliability. large OEM or small, you'll discover

where in the unit! No operator @ Modular construction plus reli- you can offer incredible reliability

intervention needed; the entire able “Winchester™-type spindle at lower cost—and that's a good

unit is software activated. and carriage. offer any time!

Call (405) 946-5421 or return coupon to: Terry J. Hardie, Manager, Product Sales,
Control Data Corporation, 4000 NW 39th Street, Oklahoma City, OK 73112. ASK the CDC OEM people

Tell me more about your OEM Falcon Fixed-Media Double- Density Disk Drive.

NAME _  TTLE—

rrrrr @ @ CONTROL DATA
CORPORATION

COMPANY_ ____  ADDRESS

|
|
|
!
|
L 2 0 A
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PRODUCTS

COMMUNICATIONS TERMINAL

Printing at speeds to 45 char/s, the micro-
processor-driven 1700 terminal uses Diablo
HyType II printer mechanism. The type-
writer-paired keyboard provides direct com-
patibility for APL applications, placing
special characters in industry-standard lo-
cations for use with an APL printwheel.
When used with a computer-aided text-
processing system, the terminal automa-

tically creates, edits, and prints documents
according to instructions stored in the com-
puter. Xerox Corp, 701 S Aviation Blvd,
El Segundo, CA 90245,

Circle 216 on Inquiry Card

What good isa
Micro-Computer
if you can’t

make it work?

DISC SUBSYSTEMS

Featuring four drives per controller, 30-ms
average access time, 603-MHz word trans-
fer rate, and 8.33-ms average latency,
40M-, 80M-, and 300M-byte disc subsystems
are plug-to-plug compatible with Data
General Nova minicomputers, Systems in-
clude controller, drives, power supply,
interface, and all necessary cables and
mounting hardware. Tri-Star Computer
Systems, Ine, 304 Harper Dr, Moores-
town, NJ 08057.

Circle 217 on Inquiry Card

DISKETTE DRIVE

Model 70 features voice coil positioning,
a large disc design characteristic which
assures positioning accuracy and speeds
access time. It will accomplish a full stroke
76-track seek in 100 ms; track-to-track
access is 10 ms and avg seek is 33 ms.
There is no head settling time. A direct-
drive dc motor makes the unit burn-out
proof and insures accurate diskette rota-
tional speed. Total power consumption is
24 W with heat dissipation of 82 BTU/h.
PerSci Inc, 4087 Glencoe Ave, Marina del
Rey, CA 90291.

Circle 218 on Inquiry Card

OPEN CONSTRUCTION
POWER SUPPLIES

Startup time on micro-computers can be a real problem. We know that. That's
why we’ve developed The Micro-Designer. The first complete package of hard-
ware, software and educational materials. All with one purpose: to speed micro-

processor system design.

How? By providing the only microprocessor test and development system with
solderless breadboarding capabilities. At its heart: the Intel 8080A processor
chip, providing all signal functions. A front panel that monitors functions of the
microprocessor and allows data I/O with or without an asynchronous terminal.
Up to 65 K memory. And the Bugbooks, E&L’s innovative approach to self-
teaching micro-electronics.

And, when you’re ready for your final system, you use the same modules and
cards that you learned on. So experiment. Design. Test. Because now there's
a system that's caught up with imagination. The Micro-Designer from E&L
Instruments. Squander a minute now to write us about it; we’ll send you full
information. And maybe save you weeks of work.

146
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E&L INSTRUMENTS, INC.
Circuit Design Alds

61 First Street, Derby, Ct. 06418

(203) 735-8774
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SOC series covers voltages from 2 to 28
V. Design features include an exclusive
current limit circuit which produces lower
total dissipation and higher temp sta-

bility, remote sensing to automatically
compensate for line drops, fusible resistor
in dc load line, and optional overvoltage
protection for models over 2 V. SOC trans-
formers are tapped to permit operation
from nom 115/208/230-Vac inputs. Soren-
sen Co, 676 Island Pond Rd, Manchester,
NH 03103.

Circle 219 on Inquiry Card
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unch it Ut
on Paper.

Get it back on Disk.

To Replace High Speed Paper Tape.

The FlexiFile 10 requires NO software modifications in your
present system. Average transfer rates can exceed 1700
bytes per second across an entire disk. 98,113 bytes per side.

A single floppy disk translates to 816 feet of paper tape ...
and front panel switching allows manual access to any track
on the disk.

For Data Communications Interface.

The FlexiFile 10's RS 232 coupler offers selectable baud
rates of up to 9600. Simple use of the correct cable allows
this 18 Ib. package to replace either a terminal or a data set.
And the FlexiFile 10 can be connected between the terminal
and modem to serve as a recording device for both units.

575 Tn-Data

800 Maude Avenue
Mountain View, California 94043
(415) 969-3700

Total Systems Versatility.

Program loading and on-line storage for less than $1000 in
quantity. Stand alone or rack-mount options.

Mail To: Tri-Data
800 Maude Avenue
Mountain View, CA 94043

Name

Address

Company
City State

Zip code
Application

Mountain View, CA 415-969-3700

New York, NY 201-947-2092
TWX: 910-379-6978
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PRODUCTS

PAPER TAPE READERS
. == ®

Combining speeds up to 600 char/s with
gentle tape handling, Infranor readers use
a brake/clutch capstan drive with no
sprockets to provide gentle tape handling.
This feature permits paper tape to have
equivalent damage resistance and long life
of more costly mylar/aluminum tapes.
Series 2061 reads 130 char/s, rewinds at
9 ft/s ave, and has 325-ft tape capacity;
2063 reads 300 char/s, rewinds at 15 ft/s,
and has 750-ft capacity; and 2066 reads
600 char/s (continuous), has 350-char/s
step mode, rewinds at 25 ft/s, and handles
750 ft of tape. Summit Engineering
Corp, 2311 S Seventh Ave, PO Box 938,
Bozeman, MT 59715.

Circle 220 on Inquiry Card

SCHEDULE CONTROL SOFTWARE

Critical path management (CPM) report-
ing/charting system provides close control
over job scheduling. Most of a typ main-
frame CPM package is supported in 8K
words and two floppies on a DEC Data-
system 310. The package accommodates
999 activities and calculates earliest start
and end, latest start and end, and total
and free floats. In addition to computing
optimum job scheduling, it supports print-
ing of scheduling charts, either complete
or partial by type of activity or time
period within total duration. Compas,
Ine, 413 Kellogg Ave, PO Box 687, Ames,
IA 50010.

Circle 221 on Inquiry Card

8-BIT A-D CONVERTER

The MM5357, combining classical circuit
techniques with a high-yielding ion-im-
planted p-channel MOS process, contains
a chain of 256 identical resistors connected
in series, 255 analog switches, high im-
pedance input comparator, output latches,
and control logic on a single monolithic
chip. Conversion is performed using the
successive approximation technique. Lin-
earity is *4 LSB, input impedance is
>100 MQ, and conversion rate is as low
as 20 us. The device operates from 5 and
—12 V and dissipates approx 170 mW.
National Semiconductor Corp, 2900
Semiconductor Dr, Santa Clara, CA 95051,

500-LINE/MIN. PRINTER

Model LP6351 uses the exclusive helical
platen concept: printing is accomplished
with the only moving parts being the ham.
mers and platen. There are 22 hammers
plus spiralling platen, with all hammers
set in a single accessible bank. Micro-
processor logic provides char generation
and print control. Operating at 500 full
length (132 col) lines/min., 1100 char/s
or 66,000 char/min. are produced. Reduced
size print is also available. Std 64-char
font is generated in 9 x 7 matrix pattern.
Potter Instrument Co, Ine, 151 Sunny-
side Blvd, Plainview, NY 11803,

Circle 222 on Inquiry Card

PERIPHERAL DRIVERS

The 55/75470 family of monolithic ICs
features output current capability of 300
mA with no latch-up problems at 55 Vde,
and are pin-for-pin replacements of
55/75450 and 55/75460 series drivers, Fully
compatible with TTL and DTL logic, with
typical ac switching speeds of 45 ns, mili-
tary and commercial grades are available.
Military device is supplied either as ce-
ramic DIP (55470DM) or flatpack (55470-
FM) ; commercial unit is available in either
ceramic (75470DC) or plastic DIP (75470-
PC). Fairchild Camera and Instrument
Corp, Analog Div, 464 Ellis St, Moun-
tain View, CA 94042.

Circle 223 on Inquiry Card

C. Itoh Introduces
Low Cost, Full Alpha-Numeric,
Dot-Matrix Impact Printers

SUB TOTAL
TAX (67)

TOTAL
AMOUNT TENDERED

CHANGE

FRINTED RY

Model 7040

148

BOYSWEAR - NYLON JACKET
HOUSEWARES - MEAS. CUP
HENSWEAR - SWEATER

THANK YOU. .
XYZ DEFARTMENT STORE

COME AGAILN

L.RC 7040~
MATRIX

F IR

Model 7040-T

2.43

4.65

Print Solenoid

CIRCLE 70 ON INQUIRY CARD

(at 12 characters to the-
« Motor(s): 100-125 VAC, 50/60 Hz

* Variable font and density capability under
software control

Capécity

*Simple ‘electronic interface

B

C. ITOH ELECTRONICS. INC.

Los Angeles Office: New York Office:
5301 Beethoven Street 280 Park Avenue
Los Angeles. CA 90066 New York, N.Y. 10017
Tel (213) 390-7778 Tel: (212) 573-9456
573-9467

Developed and Manufactured by
LRC, INC.. RIVERTON. WYOMING, U.S.A
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3 years,
12 patents, and
30,000 installations
back every
Shugart floppy disk.

No wonder two out of three OEM’s specify Shugart
floppy disks. They get more exclusive features, more product
support, and more responsive delivery schedules. So can you.

A SA800/801 diskette storage drive gives your system more
salable features: O Single density, or double density for

the same price. O A patented diskette clamping/registration
design that prevents diskette damage from misregistration
over 30,000 interchanges. O A proprietary ceramic
read/write head that extends media life to over 3.5 million
passes per track with a head life exceeding 15,000 hours.

O Extras like patented pop-out diskette retrieval, drive
activity indicator light, and die cast cartridge guide

and base plate.

If your system needs more data storage, you can easily
convert from single to double density on the same drive.
And you have a wide selection of product configurations—
standard or compact “‘skinny’’ drive options, controller kits,
and complete storage sub-systems.
Shugart gives you more daily support—
systems design, technical service,
documentation and applications help.

And Shugart is responsive. We will give you
the delivery schedule you want, and we’ll
meet that schedule. Ask our customers.
Experience. Technology. Responsiveness.

No wonder two out of three OEM’s
specify Shugart.

The leader in low-cost disk storage.

A SHUGRRT ASSOCIATES
435 Indio Way Sunnyvale, CA 94086 Phone: (408) 733-0100

Europe Sales/Service: 3, Place Gustave Eiffel, Silic 311
94588 Rungis, France Telephone: (1) 686-00-85
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PRODUCTS

400-LINE/MIN.
MILITARIZED PRINTER

HSP-3609-212 provides 400 line/min. print-
out on single or multi-part sprocketed fan-
fold or friction feed paper. Unit meets
MIL-E-16400 and NACSEM 5100 require-
ments. Fourteen voice coil transducers ap-
ply pressure against a rotating helical
scanner to output 64 Ascir coded char, or
an internally programmed graphic subset.
The 9 x 7 dot matrix pattern provides high
degree of char definition and resolution.
Dual format capability also is possible.
Miltope Corp, 532 Broad Hollow Rd,
Melville, NY 11746.

Circle 224 on Inquiry Card

ANALOG-TO-DIGITAL
CONVERTER

Model A-856, for use in applications in-
volving a large number of submillivolt
data points, yields resolution of 1 part in
65,536, stability of 2 ppm/°C, and 8-us
conversion time. Key to high speed is a
4-phase internal clock for optimizing set-
tling times. The device can quantize 305
uV out of a full scale input voltage of =10
V into a 16-bit parallel output code of
complementary offset binary. An optional
onboard sample and hold allows users to
resolve data from high frequency signals
with min aperture error. Intech/MFI,
282 Brokaw Rd, Santa Clara, CA 95050.
Circle 225 on Inquiry Card

SHORT HAUL MODEM

Intended for asynchronous transmission
with an interface according to EIA RS-232
and CCITT V24 specs, M-1 can be used as
local communication link between com-
puters, displays, or printers. Line driving
is performed by 2-way balanced current
loop. Transmission and receiving can occur
simultaneously (full duplex). Specs in-
clude 0 to 9600 baud speeds; max dis-
tances are 2, 3, 5, 10, or 10 miles at speeds
of 9600, 4800, 2400, 1200, or 600 baud,
respectively. Power requirement is 115 Vac,
60 Hz. bo-sherrel co, 36443 Shelley Ct,
Newark, CA 94560.

Circle 226 on Inquiry Card

RESISTOR NETWORKS

Offering 64 std resistance values, ranging
from 33 Q to 270 kQ in 4-, 6-, 8-, 10-, and
12-pin SIPs and 14- and 16-pin DIPs,
networks occupy only %4 sq in. on a PC
board. Resistor configuration is a “top
hat” design—omega shaped resistor path is
longer than conventional rectangular path,
but necessary space on the alumina ceramic
substrate is comparable. DIPs may be inter-
changed with IC packages for use in auto-
matic insertion equipment. Typ weight is
1.3 g. Std resistance tolerances are =2, 5,
and 10%. Stackpole Components Co,
PO Box 14466, Raleigh, NC 27610.
Circle 227 on Inquiry Card

LIGHTED
PUSHBUTTON SWITCHES

Industry std, flush-mounted switches and
indicators in %% and 34” square, rectan-
gular, and round lens/button configurations
are available on existing snap-in or hard-
mount spst to 6pdt switches. Mounted flush
with the housing flange or panel surface,
lens can be removed only from the rear of
the panel. Flush button surface can not
be accidentally actuated. Permanently
colored or clear acrylic lenses may be
specified in solid color, with legends or
split screen function indicators. Electro-
Mech Components, 1826 N Floradale
Ave, South El Monte, CA 91733.

Circle 228 on Inquiry Card

The All-New

Electro
Optics

Laser =

CONFERENCE & EXPOSITION ==
')

Plan Now to Aittend

s

September 14-16, 1976 « New York Hilton

e Sponsored by Electro-Optical Systems Design Magazine

e Official Conference @ Laser Institute of America

e Cooperating Societies

&9

The Largest Exhibition in the
E-O/Laser Industry in 5 Years

Over 150 Displays!

See the newest E-O/Laser components, subsystems,
hardware, materials and test instruments displayed
and demonstrated by leading manufacturers

The Largest Conference Program
in the E-O/Laser Industry

Over 150 Papers!

Learn the latest advances in E-O/Laser design
and applications from the nation’s top experts

NAME

Donna Jernigan

INDUSTRIAL & SCIENTIFIC CONFERENCE MANAGEMENT, INC.

MAIL
To. 222 West Adams Street
*  Chicago, lllinois 60606 (Phone 312 - 263-4866)
I'm interested in , I'm interested in

ATTENDING EXHIBITING

Send complimentary ticket for FREE Send complete details includ-
ADMISSION TO EXHIBITS plus tull ing floor plan of exhibition hall
information on Conference Program

COMPANY

T

ADDRESS

CITY ST TATE 2 P e e e

PHONE
OUR BUSINESS — - — CD

- — —— — —————————— — — — ——————— ——— — —— ————— e — A — — ——— - —— — — —— o =
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We’'re hot for
your BAUD!

And we’ve got the models to prove it — the Anadex, DP-750 Series
of alpha- numeric printers working at Baud rates from 110 to 2400.

They’re complete, self-contained drum printers that can print, in red or
black, 42 alpha-numeric characters and symbols
in 21 columns at 25 characters/second.

With four models, you have a choice of synchronous or
asynchronous ASCIl compatible inputs with appropriate internal
storage and control signals. Input circuitry meets EIA Standard
RS232-C for easy interfacing to your minicomputer or modem.

Reliability? Underneath that classy package there’s a unit with
a MTBF of over five million print cycles . . . the result of
conservative design, fewer components to fail, and a few
tricks like turning off the drum motor

when not actually printing.

Sy

A complete package of options lets you tailor the 750
series to your system. For example, there’s a form-feed
option to automatically position pre-printed

paper or gummed labels.

Prices start at $995 for one, with quantity
discounts and special configurations to OEM’s.

To find out how our hot little models perform,
contact us at 7833 Haskell Avenue, Van Nuys,
California 91406; telephone (213) 782-9527;
TWX 910-495-1762; or call our local rep.

ANADEX

INSTRUMENTS, INC.

&'dé‘

Write for your Free, “hot for your BAUD” poster ... add a little glamour to your office.
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PRODUCTS

ULTRAMINIATURE INDICATOR
LAMP CARTRIDGES

Datalamp 507 series includes incandescent,
neon, and Diode-Lite® LED cartridges of-
fering a variety of lens colors and con-
figurations. Connection is made by nickel
silver pins in nylon-insulated header, off-
set to provide polarization. Cartridges plug
into Datalamp holders or cartridge con-
nectors, or are available in complete Data-
lite™ indicator light assemblies. LED
lamps are interchangeable with incandes-
cent cartridges, and are compatible with
RTL, DTL, and TTL ICs. Dialight, a
North American Philips Co, 203 Har-
rison Pl, Brooklyn, NY 11237.

Circle 229 on Inquiry Card

CLUSTER CONTROLLER

With dual-port computer interfacing, GDS
300 permits up to 16 terminals to be
interfaced with one or two computers
(even with different models). Controller
can accommodate any combination of CRT
displays and keyboard models, and can
mix an outside source video signal with
computer data to provide a combined dis-
play. Composite video output signal which
drives the monitors is RS-170 compatible.
Unit has parallel interface at 1.0M bytes/s,
as well as serial communications up to
9600 bits/s. Goodwood Data Systems,
PO Box 768, Ogdensburg, NY 13669.
Circle 230 on Inquiry Card

INCANDESCENT FLATPACK
DIGITAL DISPLAYS

Two additions to the Aurora series of 7-
segment digital displays operate at 5 Vdc,
and are packaged in conventional 14- and
16-pin DIP flatpack configurations. 13K
ft-L brightness for easy reading in high
ambient lighting or sunlit environments is
provided. Slightly inclined (5 deg) chars
are 0.47” high x 0.24” wide (FFD-41) and
0.61” x 0.28” (FFD-51), with right hand
decimal formats. Segments are mounted on
a single plane in a black ceramic recepta-
cle, sealed with a clear glass screen. In-
dustrial Electronic Engineers, Inc,
7720-40 Lemona Ave, Van Nuys, CA 91405.
Circle 231 on Inquiry Card

Computer

Operations, Inc.
9700-B GEORGE PALMER HWY.
LANHAM, MARYLAND 20801
(301) 459-2100 ® TELEX 89-8327
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ALPHANUMERIC PRINTER KIT

A 5 x 7 dot matrix impact printer, PR-40
prints 64-char upper case Asci set with 40
char/line at a rate of 75 lines/min. on
std 378”-wide rolls of adding machine
praper. One complete line is printed at a
time from an internal 40-char line buffer
memory. Available in kit form only, it
includes assembled print mechanism; chas-
sis; circuit boards; components; 120/
240-Vac, 50/60-Hz power supply; assembly
instructions; one ribbon; and one roll of
paper. Southwest Technical Products
Corp, 219 W Rhapsody, San Antonio, TX
78216.

Circle 232 on Inquiry Card

DATA SET

LDS 120 is suitable for all speeds of asyn-
chronous data transmission up to 9600
bits/s on full-duplex 4-wire or half-duplex
2-wire circuits, Modulation scheme does
not require dc continuity, and transmis-
sion signal levels are in accordance with
Bell Publication 43401. At 9600 bits/s
over 26-gauge wire, the unit will transmit
at distances up to 5.5 miles. Other features
include controlled carrier for multidrop
operation with separate LEDs for power
and receive carrier indications. Gandalf
Data Inc, 190 Shepard Ave, Wheeling,
11 60090.

Circle 233 on Inquiry Card

TRIPLE OUTPUT SWITCHER

A 110-W supply in an A series package
(6 x 4 x 214”), unit uses patented Uni-
verter™  single-switch transistor PWM
technique to provide 5 V at 10 A and
either =12 V at 2.5 A each (model 3A5-12)
or =15 V at 2 A each (3A5-15). All out-
puts are fully regulated for line and Jload.
Ripple is <100 mV pk-pk from all sources
for the primary 5-V output and <10 mV
pk-pk for series-regulated auxiliary out-
puts. Min efficiencies are 71% for -2 and
73% for -15. Etatech, Imc, 187-M W
Orangethorpe Ave, Placentia, CA 92670.
Circle 234 on Inquiry Card
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ZIENTTICT 20101 20
& R

IT'S SORT OF LIKE
KID’S WAGON.

It gets the job done. Right.
The Zentec 9003 isn’t just an
intelligentterminal, it's a

user programmable intelligent
terminal. A management
system that lets you put the
power where you need it...
when you need it. .. depend-
ably, economically, reliably.
Complex problems. Straight
answers.

We can supply microcomputer
firmware and peripherals.

But that won't solve all your
problems. That's why we also

Call us for information:

e Santa Clara (408) 246-7662 « TWX 910-338-0572
e Southern Calif. (714) 998-9680 « TWX 910-593-1339

® Midwest (312) 297-8550
e Boston (617) 879-7530 « TWX 710-380-0105

make the 9003 user program-
mable. In other words, we play
it your way.

Before you get it, we test it.
Maybe it doesn’t make sense to
tell you that you can’t buy a
brand new 9003. But you can't.
Before we deliver your unit, we
test it exhaustively. If the unit
gets tired, we send you one that
doesn’t. That means you can
plan on having your 9003 a long,
long time. And as your needs
expand, remember Zentec's
modular peripherals.

New York (914) 949-6476 « TWX 710-568-1335

Philadelphia (215) 688-7325 « TWX 510-668-2995
Washington (301) 656-3061 « TWX 710-824-0093
United Kingdom (0442) 61266 * TLX 851-825629
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We know your problem.

The answer to high line costs,
Host CPU overhead or operator
and management waiting time
is Distributed Processing. And
the answer to Distributed
Processing is the Zentec 9003:
A simple, rugged, dependable
system. It's sort of like your kid's
wagon. We think that’s sort of

a good idea.

Distributed Processing From

Y — 47| /74

® West Germany 0611-634037 « TLX 841-416608
® Austria 425451 or 421675 * TLX 847-74737

e Switzerland 041-831043 « TLX 845-72231

e Netherlands 01720-94044 « TLX 844-34111



PRODUCTS

MICROMINIATURE
COAX CONNECTOR

Lepra/Con connectors have a voltage stan-
dard wave ratio of 1.08 to 1 at a fre-
quency of 1 GHz. Manufactured with
Twist/Con contacts and available in 180
styles, the devices are designed for RG178
and RG196. They also come with an op-
tional locking interface which permits the
user to lock the coaxial plug, when mated
to its receptacle, preventing any axial ro-
tation. Screw-on and slide-on types are
adaptable to most common connector series
such as BNC-TNC-SMA. Malco, a Micro-
dot co, 220 Pasadena Ave, South Pas-
adena, CA 91030.

Circle 235 on Inquiry Card

INTELLIGENT CONTROLLER

System permits users to enter, edit, for-
mat, and transmit transaction-oriented data
to a host computer using MDR series
optical mark readers as interactive termi-
nals similar to the IBM 3275. Controller
system accepts input in the form of punch-
es, pencil marks, preprinted, or computer-
generated data, and reads, edits, and pre-
processes information prior to transmission
to a host computer. Synchronous or asyn-
chronous communications and transfer rates
from 110 to 2400 baud are switch-select-
able. Bell & Howell, Business Data
Products Div, 360 Sierra Madre Villa,
Pasadena, CA 91109.

Circle 236 on Inquiry Card

VITREOUS ENAMEL RESISTORS

Expanded series of conformal vitreous
enamel axial lead wirewound resistors are
of rugged construction with a special coat-
ing to guard against extreme humidity and
temperature cycling with no out-gassing.
The all-welded devices are available in 1,
2, 2%, 3, 5, 6, 7,9, 11, and 12 W, with a
*5% std tolerance (*1% to *10% are
available). Coating is a consistent uniform
high performance vitreous enamel, encasing
high grade resistance alloy wire, in a single
layer winding. Tempco is 0 =30 ppm/°C
typ for =210 Q. AMF Inc, RCL Electron-
ics Div, 700 S 21st St, Irvington, NJ 07111.
Circle 237 on Inquiry Card

yrapni T

We also thrive on tfough CRT display
applications. Unique character sets. Un-
usual graphics. Difficult interfacing, Cus-
tom keyboards. Special packaging. You
name it.

Standard or custom, every terminal
produced is based on a field-proven Ann
Arbor engineering concept. DESIGN 111
desktop terminals to complement any
office decor. Compact, rugged Series 200
modular terminals that defy industrial
environments. Or barebon ¢
for OEMs who prefer to

Arbor sells creative solu
isplay problems, as well ,
Probably at lower cost than anyone
else in the business. . .
Contact us at 6107 Jackson Road,
Ann Arbor, M1 48103. Tel: 313-769-0926
or TWX: 810-223-6033. Or see our cata-
log in EEM, Volume One. .

TERMINALS, INC

... creating new ways to communicate
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RECEIVE-ONLY
DATA TERMINAL

Containing interchangeable, dual-font char
sets (upper and lower case), model 1201
features extremely quiet operation, and is
hard-wire compatible with CRTs, minicom-
puters, and CPUs through EIA RS-232
interface. Unit measures 14 x 12.5 x 4.5”
and weighs 13 lb. Std features include
printing speeds up to 30 char/s; parallel
interface; 96 char; offline line feed and
carriage return; high speed paper advance;
and power-on, online operation, error, and
audible bell indicators. Computer Devices
Inc, 9 Ray Ave, PO Box 421, Burlington,
MA 01803.

Circle 238 on Inquiry Card

HIGH RELIABILITY
POWER RELAYS

Compact HL-series units are designed to
provide high switching capacity. For the
spdt version, current rating is 15 A at
125 Vac; for dpdt, 10 A at 250 Vac. Re-
liability is assured by spot welding all
connections, resulting in more uniform
connections, and elimination of possible
gas contamination and human error. De-
sign features include arc barriers between
contacts, debris wells, simultaneous mold-
ing, and heat riveting. Typ mechanical
life expectancy is >10° operations. Arrow-
M Corp, 250 Sheffield St, Mountainside,
NJ 07092.

Circle 239 on Inquiry Card

TRANSDUCER

Available in ruggedized or miniature cases
as small as 1.1” in diameter, PI/MP
transducers provide a complete range of
digital formats for direct microprocessor
interfacing. Unit is designed to supply
position data in real time to microproces-
sors. Single turn resolutions are available
to 12 bits and three decades BCD; multi-
turn units provide resolutions to 17 bits and
five decades BCD. Zero set and preset
capability is available. Astrosystems, Inc,
6 Nevada Dr, Lake Success, NY 11040.
Circle 240 on Inquiry Card
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TERADYNE'’S J40I:
THE FULL CAPABILITY IC TEST SYSTEM
EVERY ENGINEER CAN USE.

Until now, the complexities It enables him to spot device It’s a Teradyne.
of test programming have keptall characteristics that could be con- Each J401 is built for hard
but a few specialists from using tributing to problems. And QC  use on the factory floor. Each is
IC test systems. Everyone else personnel can use the system supported by Teradyne’s ten-
had to queue up at the program- to analyze failures and reduce year circuit module warranty, a
mer’s desk or do withoutthe kind  service costs. 24-hour telephone trouble-
of in({ogmation that was really A system for meeting the shootifng service, and a world-
needed. teinad ; : wide field service backed up by
Now there’s a J401. A fully ;'ggll)gggic:)crﬂves oiissoning local parts stocking centers.
programmable test system for T2L The J401 gives you fast For complete information on

ICs with up to 24 pins, complete 3 : : : . the J401, write:

with built-in CRT, printer, and %%fgﬁgf:ﬁﬁf%&?ﬁg@g{ Teradyne, 183 Essex Street,
mag tape unit, thatany engineer  gyer the way devices are tested.  Boston, Massachusetts. In Europe:
can learn to use in minutes. By pushing a few keys youcan  leradyne, Ltd., Clive House,

. P;iqr tIC produiers_g;s means  change test conditions, binout ~ Weybridge, Surrey, England.
immediate access to vital process il .

control information. For IC users fglg)g%lglégys{%sﬁgé}rlaelzlfrgstiu WE SELL PRODUCTIVITY.
1thmeans the data ?ecezsary (tio in seconds. This is incoming ‘l a .'! A! r .\“\a
choose components and vendors : :

intelligently. And the ability o~ "Pecton &5t should be.

extract from field returns the '
information needed to improve
product quality and yield.

The performance and flexi-
bility of a large, computer-
operated test system.

The J401 delivers the flexi-
bility ordinarily associated only
with larger, more expensive sys-
tems. It can datalog any forced or
measured function and it can
generate an x-y plot of any two
parameters. The system also
operates as a high throughput
go/no-go tester for the production
line or incoming inspection.

Product data fast.
Higher product yield.

For the semiconductor manu-
facturer, the easy-to-use J401
allows errors to be spotted before
they can begin to multiply. QC
engineers can use it to evaluate
devices, determine test margins,
and check device lots.

The electronic equipment
manufacturer will find the J401
useful in monitoring vendor-to-
vendor and lot-to-lot variations.

CHICAGO (312) 298-8610/DALLAS (214) 231-5384/NEW ENGLAND (617) 458-1256/NEW YORK (201) 334-9770
SUNNYVALE (408) 732-8770/LONDON (0932) 51431/PARIS 073 16 98/ROME 59 47 62/MUNICH (089) 33 50 61/TOKYO (03) 406-4021
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PRODUCTS

PROGRAMMABLE
ARRAY PROCESSOR

Ultra-fast, 32-bit floating point MAP pro-
cessors are offered with complete hard-
ware and software interfacing for Data
General’s minicomputers. MAP operates as
a modular stored program peripheral. FFT,
correlation, convolution, filtering, matrix,
vector, and other algorithms can be han-
dled efficiently. Processor is assembly
language and FORTRAN programmable, en-
abling processing parameters and algo-
rithms to be readily added or altered.
Several models are available. CSP Ine, 209
Middlesex Tpk, Burlington, MA 01803.
Circle 241 on Inquiry Card

COMPUTER TAPE

“Polisurf” is manufactured by a proprie-
tary process to provide smoother tape
surface which improves head-to-tape con-
tact on tape transports, giving improved
product reliability and better tape-to-
transport interchangeability, as well as
lower head wear. A clean tape surface,
where embedded surface debris is effective-
ly removed, means a cleaner running tape
on the transports. The tape is guaranteed
to perform at densities of 800, 1600, and
6250 bits/in. at all speeds. TRI, PO Box
318, Dundee, IL 60118.

Circle 242 on Inquiry Card

DMA COMMUNICATIONS
MULTIPLEXER

A multiport, dedicated communications
I/0 channel that accepts up to eight asyn-
chronous lines from terminals or modems,
the series 8400 operates under control of
an 8-bit microprocessor with its own pri-
vate memory. Proprietary firmware and re-
entrant handlers are located in an 8K x
9-bit RAM. The processor concurrently
controls char-level protocol, error checking,
and buffer maintenance of each port at
aggregate data rates up to 76,800 baud.
Installed in an I/O channel slot, the de-
vice interfaces directly to memory buses.
Harris Corp, Computer Systems Div,
1200 Gateway Dr, Fort Lauderdale, FL
33309.

Circle 243 on Inquiry Card

Compatible with
PDP-11, PDP-8,
NOVA, and HP 2100.

Reliability backed
by a full one-year
warranty.

Prices from $4,750
for a complete system
which includes
transport, controller
cgbles and diagnostics.

£

MAG TAPE SYSTEMS
FOR MINICOMPUTERS

DIGI-DATA CORPORATION

Supplier of magnetic tape transports and systems.

8580 Dorsey Run Road, Jessup, Md. 20794 (301) 498-0200
831 S. Douglas St., El Segundo CA 90245 (213) 640-2060

I - 'uestrasse 632, 5313 Klingnau, Switzerland TELEX: 845-58555

156 CIRCLE 78 ON INQUIRY CARD

MICROCOMPUTER
CORE MEMORY

A single card module storing 1024 8-bit
words with access within 450 ns, the MCM-
8300 is designed to operate in read-modify-
write applications and is completely self-
contained. 512- and 256-word versions are
also available. Temp independent Unibit®
cores are used for performance over wide
temp ranges. A single 5-V power source is
required. Each module includes timing
and control, data and address registers,
decoding and drive circuits, and TTL-
compatible interface. Ampex Corp, PO
Box 33, Marina del Rey, CA 90291.
Circle 244 on Inquiry Card

PRIVATE LINE
4800-BIT/s MODEM

Bell 208A-compatible modem features an
all-digital adaptive equalizer which affords
max convergence and prevents drifts and
other analog errors. Model 7208A provides
full- or half-duplex, or simplex transmission
for point-to-point or multipoint polling ap-
plications, and has built-in on/offline test
capabilities with front panel controls and
diagnostic lights. The equalizer employs
mean-square algorithm which allows the
local modem to continually reoptimize the
equalizer without restarting the remote
transmitter. Tele-Dynamics Div of Am-
bac Industries, Ine, 525 Virginia Dr,
Fort Washington, PA 19034.

Circle 245 on Inquiry Card

ALPHANUMERIC DISPLAY
MODULE

Model 932 features proprietary 9-segment
design; complete display contains 32 extra-
bright char positions, driving circuitry, and
storage register on an 8.2 x 2.0 x 0.5” PC
board. Read-out area is 6.4” long, placed
slightly above and to the right of center of
the board. Display board offers wide view-
ing angle (90 deg vertical and horizontal)
and may be faced with a red glare-proof
window. Alphanumeric font displays all
Ascit uppercase char and symbols. Micon
Industries, 252 Oak St, Oakland, CA
94607.

Circle 246 on Inquiry Card
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tough, reliable and economical
insulation for computer wires.

Kynar insulated wire has been per-
forming successfully in hundreds of
computer installations for over 12 years
because Kynar PVF-2 coated wire is re-
sistant to shorts that result from cut-
through abrasion.

Yes, Kynar is tough. It resists the abra-
sion and cut-through that can occur
during wire-wrap machine application.
Its excellent resistance to cold-flow
protects against electrical failures
when wires are bent tightly around
sharp-cornered posts. Kynar cuts and

Kynar is Pennwalt's registered trademark for its polyvinylidene resin

strips smoothly in automatic wiring ma-
chines. It is heat-resistant, lightweight,
and has exceptionally high tensile and
impact strength.

Kynar is readily available, and at a
truly economical price. For a sample,
complete specs and a list of wire fabri-
cators, contact the Plastics Department,
Pennwalt Corporation, Three Parkway,
Philadelphia, PA 19102. (215) 587-7519.

= [SENNWALT

ENGINEERING PLASTICS
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Another Grayhill
' DIP Switching
Exclusive

ymywr ey

¥

Now-For
front panels:

Graghill's
TOGGLE-DIP

Life-rated at 50,000 operations,
toggle actuated
for fingertip operation

s Extraordinary life of 50,000
operations or more at logic levels,
25,000 at 125 mA, 30VDC.

= Positive feel provided by unique
spring-loaded sliding ball contact
and detent system.

= Available with SPDT circuitry,
two, three or four stations; DPDT
with one or two stations; switches
may be stacked side to side for
multi-station arrays.

= Provides Double Throw switching,
satisfying logic ‘1’ and logic ‘0’ input
requirements.

Now for the first time, you can secure
the many benefits of DIP switches
along with the performance charac-
teristics necessary for front panel
usage. Grayhill's new TOGGLE-DIP™
Switches supplement our

extensive and acclaimed line of
rocker DIP switches. They bring you
the fingertip ease of actuating
well-spaced toggles along with the
mechanical and electrical life ratings
provided by Grayhill’s unique
construction method.

Delivery is from stock for prototype
quantities, and may be arranged
through your local Grayhill distributor.
Grayhill’s new TOGGLE-DIP™
Switches are fully described in
Bulletin 259, available free on request
from Grayhill, Inc., 561, Hillgrove,

La Grange,
lllinois 60525
(312) 354-1040.
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PRODUCTS

LIQUID CRYSTAL DISPLAYS

Liquid crystal displays, referred to as dy-
namic scattering displays, use less power,
and can control reflectivity or transmission
of light. Normally viewed as white numer-
als, filters are available to give a wide
range of background color variations. Test
units have achieved >40 kh of life.
Measured current drain is <300 nA/cm®
at 10 V. Switching time has been de-
creased to <80 ms. UCE Ime, 20 North
Main, Norwalk, CT 06854.

Circle 247 on Inquiry Card

HIGH SPEED
DATA ACQUISITION SYSTEM

Model 2000 accommodates from 8 to 160
analog input channels in a single chassis;
with expansion chassis, it can process up
to 1280 input channels. Internal micro-
processor control and teleprinter I/0 per-
mit easy reconfiguration to solve specific
problems, and allow a wide variety of I/O
formats. Data averaging, alarms, lineariza-
tion, data storage, and calculations are
some custom functions that may be imple-
mented. Electronic Solutions Ine, 8070
Engineer Rd, San Diego, CA 92111.
Circle 248 on Inquiry Card

150-LINE/MIN. PRINTER

Using a simple dependable belt-impact
printing method, the 2610’s printer mech-
anism further emphasizes reduced size and
complexity. Subportions, including print
mechanism, power supply, and control
electronics, are made for easy incorpora-
tion by OEM into a final system. The
printer includes Ascir control logic and
column buffering in addition to the com-
plete electronic and mechanical chassis.
The unit prints at 150 lines/min. with full
64-char set in an 80-col format. Epson
America, Ine, 2990 W Lomita Blvd, Tor-
rance, CA 90505.

Circle 249 on Inquiry Card

LAB PRECISION
HAND-HELD MULTIMETER

Housed in a 134 x 5% x 3%” case, model
175 is a full function, 32-range battery and
line operated instrument, with basic sen-
sitivity of 100 xV, both in dc and wide
frequency band ac measuring functions.
Five ranges of dc voltage measurement
and 100% overrange capability per range
permit measurements from 100 xV to 1 kV
in either polarity, displaying both the plus
and minus sign. Dc function is protected
to *1 kV on any range (including 100
mV) ; basic accuracy is 0.1%. Data Pre-
cision Corp, Audubon Rd, Wakefield,
MA 01880.

Circle 250 on Inquiry Card

RS-232 SERIAL
PRINTER INTERFACE

Interface for the 8200 series line printers
makes it possible for the 2400 (8210) and
1400 (8230) line/min. printers to receive
asynchronous serial data at rates up to
9600 baud. Internal switches allow baud
rate selection, and current loop or RS-232
level inputs. In addition to std buffer mem-
ory of full print line, a 192-char FIFO buf-
fer memory is built in to simplify serial
transmission control from the data source.
Interface mounts inside the printer.
Houston Instrument, Div of Bausch
and Lomb, 8500 Cameron Rd, Austin,
TX 78753.

Circle 251 on Inquiry Card

TACH MOTORS

Ironless rotor motors are provided with
72-tooth tachogenerators in 24 and 12
Vdc models, with power inputs of 4.35
and 3.6 W, respectively. Need for pre-
established poles is eliminated, resulting
in minimal cogging, smooth operation, and
low noise levels. Modified double-shaft
version with 26-mm rear shaft extension is
also available for use on encoders or in
similar dual-drive applications. North
American Philips Controls Corp, Che-
shire Industrial Park, Cheshire, CT 06410.

Circle 252 on Inquiry Card
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They’re here. The industry’s most advanced

100/200 megabyte OEM disk drives.

The new ISS 733-10/11 disk drives are the
most advanced random access storage
devices ever designed for the OEM market.
With features that benefit you and your
customers.

For example, exceptional speed in head
positioning and start/stop times.
Compactness. Quietness. Easy waist-high
pack loading.

The big news, however, is their field-
upgrade capabilities. The 100-megabyte
733-10 can be easily field-upgraded to 200
megabytes. Or you can have 200
megabytes immediately with ISS 733-11.
And both can be ordered with, or
field-upgraded to, dual port.

Advanced interface design

Our interface permits functional
compatibility between ISS 733-10/11 and
most current 40, 80, 100, 150, 200, and
300-megabyte drives. This means minimal
controller modifications, if any.

Performance features

Integral power supply. Tolerates wide power
variations, reduces susceptibility to cycle
sags and brown-outs.

Module select plug. Permits flexibility in
disk address assignments in multi-drive
systems.

Data separation and write data

precompensation. All data encoding/
decoding is performed in the drive.

Absolute cylinder addressing. Disk
addressing done in the drive, not the
controller. Simplifies programming.

Industry standard media. 3336 and 3336-11
or equivalent disk packs.

Programmable sector mark. Allows user to
select sector size to fit his application.

Important options

Dual port. 1SS 733-10/11 can be upgraded
from single to dual port in the field. Or
dual port can be installed prior to delivery.

Sector counter. Signals the system which
data sector is approaching the read/write
heads.

Rotational position sensing. Signals the
system when the desired sector is
approaching the read/write heads.
Increases system throughput.

Address mark format. Permits variable
record lengths.

Daisy chaining. Greatly reduces cabling.

Round-the-clock ISS support

ISS maintains a complete support facility.
Not just spares, but also technical
assistance is available round-the-clock.
Just call.

CIRCLE 81 ON INQUIRY CARD

We'll be glad to send more information
about the ISS 733-10/11. Write or call ISS
Marketing, 10435 N. Tantau Ave.,
Cupertino, CA 95014, (408) 257-6220. ISS
is an operating unit of Sperry Univac.

Technological leadership
for the generations ahead.

Sperry Univac is a division of Sperry Rand Corporation
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PRODUCTS

DIGITAL-TO-SYNCHRO
CONVERTER

Series of 14-bit converters can drive up to
three size 11 torque receiver synchros with
%6-min. accuracy. Units measuring 4.5 x
9.25 x 1” accept a 14-bit natural binary
angle and convert it into 3-wire synchro
or 4-wire resolver signals. Output is short
circuit protected, and current limited, with
std loading of 5 VA. Available output
voltages are 90 or 11.8 V rms L-L, 60 or
400 Hz. Digital inputs are TTL/DTL com-
patible; synchro output and reference is
fully transformer isolated. Computer Con-
versions Corp, 6 Dunton Ct, East North-
port, NY 11731.

Circle 253 on Inquiry Card

DIGITAL IC TESTER

J133D analogical circuit test instrument
is a go/no-go tester optimized for func-
tional and dc parametric inspection of
digital devices. Unit tests SSI, MSI, and
LSI devices in such technologies as TTL,
CMOS, and HTL. Three-state and open-
collector devices, timers, monostable multi-
vibrators, ROMs, and RAMs are accom-
modated in packages with up to 24 pins.
Front panel contains four lamps: input,
output, supply, and reject. Operator in-
serts device, watching the pass/fail indi-
cator; other three lamps indicate primary
cause for rejection. Teradyne, Ine, 183
Essex St, Boston, MA 02111.

Circle 254 on Inquiry Card

CIRCUIT BREAKERS

Minj-Mag series W67 single-, W68 double-,
and W69 triple-pole breakers feature cir-
cuit clearing time of 9 ms on moderate to
heavy overloads. Slight inductance of coil
helps limit I’T on steeply rising fault cur-
rents. With trip-current ratings from a
fraction to 30 A, breakers interrupt fault
currents to 2 kA. Features include wipe-on-
make contacts, and trip-free mechanism.
Max operating voltages are 250 Vac, 60 or
400 Hz, and 50 Vdc. Models are temp
stable between —40 and 85°C. AMF Inc,
Potter and Brumfield Div, 200 Rich-
land Creek Dr, Princeton, IN 47671.
Circle 255 on Inquiry Card

THE POWER RANGE OF PITMO® D-C
MINIATURE MOTORS HAS GROWN WITH
YOUR DESIGN DEMANDS . . .

Our prices . .

to please you.

. our quality control our
experience (over 40 years)

will combine

CHECK WITH US BEFORE ORDERING YOUR
NEXT LOT OF MOTORS

122R-1

THE PITTMAN CORPORATION

A Subsidiary of Penn Engineering & Manufacturing Corp
HARLEYSVILLE, PENNSYLVANIA 19438

Phone: (215) 256-6601

TWX: 510-661-8696
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MICROPROCESSOR
FLOPPY DISC SUBSYSTEM

Called Frugal Floppy™, model FF-36 em-
ploys the same elements as the company’s
FD360 system. However, expensive cabine-
try, power supply, and system assembly
labor have been eliminated. Unit contains
a CF360 controller/formatter, floppy disc
drive with daisy chain capability, and all
required connectors and cables. It can be
supplied as a single or dual drive system.
The controller/formatter provides auto
track and sector seek/verify, full sector
1/0 buffers, and auto CRC generation and
checking. iCom Ine, 6741 Variel Ave,
Canoga Park, CA 91303.

Circle 256 on Inquiry Card

DATA COMMUNICATION
TERMINAL

Featuring a modified General Electric
TermiNet™ 30 teleprinter, Quad/Mode
offers four choices of transmission. It has
dial-up capability for timesharing terminals
through DDD at 10-, 20-, or 30-char/s
transmission speeds; access to the TWX
network; direct hook-up for local computer
communications front end; and access to
TWX/DDD networks. Switch-selectable
printing speeds, 80 or 132 print positions,
single or dual mag tape cassettes, and
1200-baud tape transmission are available
features. Info/Products/International,
1241 I East Chestnut, Santa Ana, CA
92701.

Circle 257 on Inquiry Card

INTELLIGENT FLOPPY DISC

Floppy disc drive with intelligent inter-
face/controller, specifically designed for
use with the company’s 8080 computer,
has a capacity of 243K bytes using the
IBM 3740 format. Interface/controller con-
tains its own processor and direct access
memory which operate independently but
under command of the main processor of
the 8080. Program format of the disc can
be changed by reprogramming the inter-
face EPROM chips. Up to four floppy disc
drives can be controlled by one interface/
controller. IMS Associates, Inc, 14860
Wicks Blvd, San Leandro, CA 94577.
Circle 258 on Inquiry Card
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CACHE MEMORY

Model 45—made up of three PC board modules (cache matrix
controller, cache memory matrix, and auxiliary cache matrix
controller) and an optional auxiliary 5-Vdc power supply—is
specifically designed to increase the speed of DEC PDP-11/45
and /50 computers. The memory is installed by plugeging into
available Fastbus™ and Unibus™ slots, with no hardware or
software changes of any kind. The power supply fits into the
lower power supply chassis. Typ overall system speed enhance-
ment is claimed to be about 50%, nearly 100% in number
crunching applications. Storage medium is Schottky bipolar RAM,
data storage capacity is 1K bytes, word length is 16 bits, and
cycle time is 300 ns. Installation physically restricts MOS or
bipolar memory to a max of 16K. Minntronics Co, Ine, 2975
Furness St, St. Paul, MN 55109.

Circle 259 on Inquiry Card

GENERAL-PURPOSE CRT TERMINALS

Rack-mounting series 3381 includes three 5”7 CRT terminals with
512-char, 16-line x 32-char/line formats. -1001 includes std full-
or half-duplex RS-232-C interface for 110-, 600-, 2400-, and 9600-
baud communications; -1002 provides 60-Vdc, 20-mA current loop
interface; and -1012, with current loop interface, is for flush
mounting on doors of std NEMA enclosures. Other rack-mounting
versions have separate keyboards and 12” monitors. Series 3380
are table-top terminals displaying up to 1920 char in 24-line x
80-char format on 12-in, CRT. -1102 offers std TTY keyboard
with numeric key pad, std RS-232-C or current loop communi-
cations interfaces for half- or full-duplex operation; -1202 in-
cludes u/lc char, editing, block transmission, protected format-
ting, and graphics. General Automation, Inc, 1055 S East
St, Anaheim, CA 92805.

Circle 260 on Inquiry Card

DUAL OUTPUT POWER MODULES

One of the few switching regulated power supplies capable of
operating over the full military range of —55 to 100°C, the
UUN-12A series converts 115-Vac, 400-Hz input to 25, 50, or 100
W of regulated *12-Vdc output. Load regulation is 0.5% for
no load to full load at con-
stant input voltage. Ripple and
noise are 25 mV rms, 100 mV
pk-pk over the full temperature
range. Other features include
full rated output current over
the —55 to 85°C range, de-
rated to 80% of full load rating
at 100°C (baseplate tempera-
ture), and temperature effect of
0.03%/°C max. Modules meet environmental requirements of
MIL-E-5272 and MIL-E-5400 for Class 2 equipment, are com-
pletely protected against short circuits of any duration, and will
withstand an input voltage transient of 180 Vac for 0.1 s. Abbott
Transistor Laboratories, Inc, 5200 W Jefferson Blvd, Los An-
geles, CA 90016.

Circle 261 on Inquiry Card
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&
World's
Lowest Cost
CRT System
*790

M
o

X

RS-232 interface x 32 characters $450
TV/TTY kbd./display (16 lines x 64 characters) $575
Keyboard/CRT Monitor (24 lines x 80 characters) $790

MICON

INDUSTRIES

252 Oak Street  Oakland, CA 94607  (415) 763-6033
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All-new Phi-Deck;
precision remote controlled
cassette transports starting at

under $100!

Featuring:

+ Re-engineered precision parts

» New cast frames

+ 4 motor reliability

« Remotely controlled

« Precise, fast head
engage/disengage

« Quick braking

+ Various speed ranges

Electronic packages for control or read/write

For application In: 6. Data duplicating

1. Micro processing 7. Security/automatic warning

2. Data systems
recording/logging/storage 8. Test applications

3. Programming 9. Audio visual/education

4. Instrumentation 10. Hi-Fi

5. Industrial Control 11. Others

el e
| m MI A Division of The Economy Co. I

1901 North Walnut P.O. Box 25308
Oklahoma City, Oklahoma 73125 (405) 521-9000
O | am interested in applicationno._____
l O Have Representative call [ Send application notes

Name Title
I Company Name I

Address

State Zip

City
I Phone Number
I IE D I B DS D B .
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PRODUCTS

2-WIRE, FULL-DUPLEX 1200-BIT/s MODEM

Capability for full-duplex operation using only two wires is a
key feature of the model 12¢12. This is accomplished by co-
herent phase shift keyed modulation techniques used in 2400-
bit/s modems but at half the bit rate and half the required band-
width. The 1200-bit/s modem, available in either free-standing or
OEM card configurations, can
be operated synchronously or
asynchronously over either
dial-up or leased lines. Vari-
able data rate permits users
to select the std rate or trans-
fer data at 600, 300, 150, or
0 to 300 bits/s. No restrap-
ping or adjustments are re-
quired to achieve the variations in data rate. Std CMOS cir-
cuitry is used; no custom LSI circuits are involved. The modem
has an integral provision for automatic remote and local loop-
back testing. Universal Data Systems, Ine, 4900 Bradford Dr,
Huntsville, AL 35805.

Circle 262 on Inquiry Card

SINGLE-STATION
DATA ENTRY/PROCESSING SYSTEM

Model 410—a single 576-char screen display station with type-
writer-like keyboard, control unit with 2.5M-char of disc storage,
40K bytes of memory, ECMA cassette interchange for program
maintenance, bidirectional 60-char/s printer, and binary syn-
chronous communications at up to 4800 bits/s—is compatible
with the company’s model 340 and 350 intelligent terminals and
its 440 clustered terminal processing system. Options include
three other speeds of printers (120/180 char/s and 300 lines/
min.), up to 64K bytes of memory, up to 10M char of fixed disc
storage, flexible disc interchange, and keypunch-style keyboard.
Operation in concurrent mode allows data entry and inquiry/re-
sponse applications to be performed in the foreground while pro-
cessing is being performed in the background. Sycor Ime, 100
Phoenix Dr, Ann Arbor, MI 48104.

Circle 263 on Inquiry Card

COMPUTER NUMERICAL
CONTROL FOR TWO TO SIX AXES

Flexibility and performance of the W2560
CNC line are keyed to a basic 19” cube
building block. Of 33 slots available, two
are for a W2500 CPU, one for a memory
protect card, six for 65K of memory, and
one for memory control; the remaining
23 are open for customer I/O require-
ments. Specialized operator controls can
be modified for special customer re-
quirements and a CRT can be included
as an option. A remote diagnostic pro-
gram is offered to help customers with
maintenance problems. Extensive stan-
dard software programs and engineering
are available for a small one-time charge.
Units have self-contained heat exchanger
for cooling and are totally enclosed for
use in environmentally harsh areas.
Westinghouse Electric Corp, Com-
puter and Instrumentation Div, 1200
W Colonial Dr, Orlando, FL 32804.
Circle 264 on Inquiry Card
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LOW TO HIGH SPEED LINE PRINTERS

Members of the 2200 family include the 300-line/min. model
2230, 600-line/min. 2260, and 900-line/min. 2290. All feature
friction-free Mark IV hammer-actuator which has only one ad-
justment, as well as servo-controlled ribbon and paper systems
which achieve single-line advance and slew rates of >30 in./s.
Format of the 2290 is 136 char/line, 10 char/in. horizontal, and
6/8 lines/in. vertical. It uses a 64-char asci set and std code.
Communication rate is 9600 baud. Electronics include full line
buffering, TTL I/0, power supplies, control and logic circuits,
and optional self-test code generator. An optional 12-channel
direct access VFU allows software-controlled forms handling
without operator intervention. Dataproducts Corp, 6219 DeSoto
Ave, Woodland Hills, CA 91364.

Circle 265 on Inquiry Card

p/ROM DUPLICATOR/TESTER/PROGRAMMER

PR-2, claimed to be the first commercially available programmer
incorporating basic parametric tests as part of the program/veri-
fication cycle, tests output leakage and verifies programmed parts
with worst case fanout loads, Vee, Voi1/Von levels, and simulated
temperature testing. Each of
several versions can program all
parts in a particular generic
p/ROM family and meets the
manufacturer’s  recommended
specifications for programming
and testing. As a duplicator,
it has high throughput and is
capable of being interfaced
: with automatic handlers; as a
programmer it is available with a hexadecimal or octal key-
board, to be used in preparation of prototype devices, pattern
alteration, and field service applications. Spectrum Dynamics,
11B North Ave, Burlington, MA 01803.
Circle 266 on Inquiry Card

DMA INPUT/OUTPUT DISTRIBUTOR

High speed interfacing of up to four peripherals to the com-
pany’s LSI family of minicomputers can be accomplished with
the DMA I/O Distributor. Throughput of 250K bytes/s can be
maintained without CPU intervention. The device is fully com-
patible with all other distributors in the company’s I/O product
family. Its main advantage is in applications where the com-
bined throughputs involving a number of slow and medium speed
devices exceed a computer’s programmed I/O or interrupt band-
width. If higher performance is required, mag tape units or other
high speed devices or computer-to-computer communication can
be supported. The distributor also supports programmed and
interrupt I/0. It is packaged on a 7% x 15” PC card. Com-
puter Automation, Ine, 18651 Von Karman, Irvine, CA 92713.
Circle 267 on Inquiry Card

TERMINAL SYSTEMS DIVISION
(ambridge, Ohio

SR. SYSTEMS ENGINEER
NEXT GENERATION POS
TERMINAL SYSTEMS

To be responsible for total systems design for
Point-of-Sale terminal. Will conduct evaluation
of system requirements and development of the
technical approach. This lead engineer should
bring 6-10 years experience in application of
mini/microcomputers to real-time, interrupt
drivers processing requirements. Must be cap-
able of performing hardware/software tradeoff
evaluations as well as analyzing hardware and
software designs and resolving conflicts.

This lead engineer will operate in a highly visi-
ble environment and will be able to impact on
POS systems design direction.

SYSTEMS ENGINEER

To plan and coordinate the development of
systems software architecture for real-time
microcomputer systems and the telecommuni-
cations software for both minicomputer and
large scale computer systems. Perform analy-
sis and systems design including hardware/
software trade-offs with emphasis on software
implementation. Will be coordinating with Mar-
keting to determine customer needs and re-
quirements relative to Point-of-Sale systems
and telecommunications.

A degree and up to 5-8 years experience in
real-time computer systems. Knowledge of
high level languages-(FORTRAN, COBOL) etc.,
and of telecommunications disciplines—VTAM,
BTAM, bisync, etc. Operating systems knowl-
edge and experience desirable.

If you are seeking a sound next step to your
digital computer systems experience, we in-
vite you to contact:

Robert W. Donovan
Terminal Systems Division—Cambridge
NCR Corporation
Cambridge, Ohio 43725
Phone: 614/439-0398

An Equal Opportunity Employer
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DESIGNERS
Get this FREE
e |\ Design File

epER on CDC’s new
" modular switching
power supplies

These compact, modular power
supply switchers simplify design
in 300-600 watt applications and
keep costs down too. (They're
priced at less than 90¢ per watt!)
Benefits to the end user include
low EMI noise levels (we are de-
signed to meet VDE STD 0875)
and highly reliable opera-
tion plus convenient main-
tenance and easy add-on
capability up to 1200 watts
in a single, 19 in. rack. Get
specs, prices and feature
details today from:

Magnetic Components Group

CONTROL DATA
CORPORATION

7801 Computer Avenue South, Minneapolis, MN 55435
(612) 830-5800 TWX 910 576 2978
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IEEE MEMBERS

Tired of the same do-nothing organization? Fed
up with a Society dominated by academicians
and corporate executives? Vote for a candidate
who is independent of the entrenched Board of
Directors and is pledged to transform IEEE into
an organization which benefits the working EE.

VOTE FOR

Irwin Feerst

for

PRESIDENT OF IEEE

For sample copy of newsletter devoted to interests of working
EE, circle reader service number shown below.
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PRODUCTS

FLOPPY DISC CONTROLLER

IBM-compatible data formatting and control for one to six in-
dividual drives is provided by the MLP-8065 which interfaces
directly to the company’s MLP-8080 system bus. The controller
responds to all standard disc commands including read, write,
and seek. A data address register allows data transfers to and
from any portion of system memory. After the specified com-
mand is executed, the controller generates a processor interrupt
and returns a completion status word. During read or write, data
transfer occurs automatically through a DMA process. Systems
are available standalone or as a component in the HIT-5000
intelligent terminal system. Software support is available for
command execution and error recovery. Heurikon Corp, 700 W
Badger Rd, Madison, WI 53713.

Circle 268 on Inquiry Card

200-CHAR/s MATRIX PRINTER

One of the key features of the microprocessor-controlled model
2300 is its ability to stop within one print position even when
operating at its full 200-char/s print speed. Because it uses a
9 x 7 dot matrix it can also
print both u and lc char. Other
features include high speed
vertical and horizontal tabbing,
bidirectional printing, incre-
mental printing, internal power
supply, self test, full LSI, and
full line of paper handling ac-
cessories. Cartridge-type rib-
bons permit rapid change. Bal-
listic head design allows wire
strikers to be in free flight, eliminating critical field head ad-
justments. The unit is compatible with the company’s HyType
serial printer. Diablo Systems Inec, 24500 Industrial Blvd, Hay-
ward, CA 94545.

Circle 269 on Inquiry Card

FIELD-CONTACT MULTIPLEXER

A data-output-based field contact multiplexer for computer inter-
facing, supervisory control and data acquisition systems, or out-
put to a common printer, the MX-1800 can present data to virtu-
ally any make computer or printer in serial Ascir through either
20-mA current loop or RS-232-C interface. Up to 1000 N.O. or
N.C. type inputs are continuously scanned, state change and
sequence of inputs are stored, and data are forwarded in com-
puter acceptable format. Std 64-level buffer is expandable to a
total of 320 levels. Modular design permits system expansion
after installation. Multiple units may be arranged for data
transmission to a central computer or for sharing a single op-
tional remote printer. Rochester Instrument Systems, Inc, 275
N Union St, Rochester, NY 14605.

Circle 270 on Inquiry Card
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MODULAR REMOTE MATRIX LINE PRINTER

A variety of interface kits and options allows the model 6440
to operate in a number of communications systems. The std
132-col tabletop unit can print an original plus up to four copies
on continuous forms, using a 7 x 7 dot matrix technique for
generating a 64-char set (9 x 7 matrix and 128-char set optional).
One-line-at-a-time printing is at a nom speed of 173 char/s at
60 Hz (180 char/s at 50 Hz); line rate is 55/min. at 132
char/line, 70/min. at 80, and 150/min. at 20. Slew speed is 7.5
in. (190 mm)/s. Available communication/terminal interfaces
are serial and parallel for the company’s 796 CRT terminals, and
standalone for remote or in-house use with selectable or non-se-
lectable communications protocol. NCR Corp, Dayton, OH 45479.
Circle 271 on Inquiry Card

COMPUTER-CONTROLLED
MEMORY TEST SYSTEM

Primary elements of the Xincom III RAM/ROM test system
consist of Nova 3 host computer with 32K words of MOS mem-
ory (expandable to 128K words), up to eight dual test-head
model 5551 mainframes which communicate with the host com-
puter in foreground/background mode, and one local micro-
processor controller for each mainframe to provide program de-
bug and software controlled communication. Software package
provides access to Xintol high level programming language. All
utility software routines are written in FORTRAN 1v. Complete sys-
tem diagnostics plus all std Data General software modules, in-
cluding ALcoL and BAsic, are included. 10M-byte disc storage,
HP 2644A command terminal, high speed printer, and 9-track
mag tape drive are also provided. Fairchild Camera and In-
strument Corp, Instrumentation Systems Group, 1725 Tech-
nology Dr, San Jose, CA 95110.

Circle 272 on Inquiry Card

OPTICALLY COUPLED LIMIT SWITCHES

=M Shutter control of OPS 200 and
g‘ 200A solid-state switches is main-
tained by a snap-action mechanism
to interrupt the light path between
a GaAs IR LED and a Si photo-
sensor. ‘Condition of photosensor,
either illuminated or dark, deter-
mines on (closed) or off (open)
state of the switch. Since there are
no contacts, there is no contact
bounce or contact contamination.
The 200 has a high gain npn photo-
transistor output. In on state with
a LED drive current of 30 mA, a min output of 1.6 mA at 0.4
V assures TTL compatibility. Max output in off state is 20 wA
at 12 V. The 200A contains a photodiode sensor followed by a
Schmitt trigger circuit with 140-mA output sink capability, elim-
inating the need for amplifiers in most applications. Optron, Inc,
1201 Tappan Circle, Carrollton, TX 75006.
Circle 273 on Inquiry Card

Low cost, high
performance
3A SPDT relay
really saves
PC board space

Mounts on .69" centers...
satisfies thousands of application needs

Where size and space are important, the Series 27 relay can
be just the low cost answer you've been looking for. It pro-
vides 3 amps of switching in a 0.526" cube and mounts on
69" centers, assuring high density PC board mounting. The
cost is $1.05 each in 1,000 piece lots for 3, 6 and 12V dc units
...slightly higher for 24V dc.

You'll find the Series 27 relay suitable for hundreds of
control applications. For instance: timing controls; gas pilot
light controls; anti-theft devices for CB radios; automotive
controls; emergency lighting equipment; and medical equip-
ment, to name a few.

The relay has a 450 mW pick-up sensitivity (180 mW avail-
able). Contact rating is 3A res @ 28V dc. 120V ac. Contact
resistance is 0.10 ohm.

Write for information today!

NORTH AMERICAN PHILIPS CONTROLS CORP

Frederick, Md. 21701 + (301) 663-5141
CIRCLE 88 ON INQUIRY CARD

2 QUICK LOCKING
FLAT WIRE SYSTEM

Economical, easy to install,
15 styles to meet your needs.

e Routes single and stacked
? cables quickly without
screws or ties.

Push mount—for pre- Available with push mounts
drilled panels, chas- or high strength adhesive
sis, and frames. backing

Exclusive lock/release tab
g gives quick access to
cable bundles
Adhesive mount — for e Fits panels, chassis, and
hard to reach loca- frames from .020"- .160”

tions.
For more information dek, |nc.

am.j your frﬁetsgmples’ 1555-C Hawthorne Lane
write or call today. West Chicago, IIl. 60185

In Canada, contact: (312) 231-4245
Martin Industrial Sales Ltd. - 4445 Harvester Rd. + Burlington, Ont.
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[LITERATURE |

Solid-State Keyswitches

Describing design advantages of series 54,
bulletin and application notes explain
physical, electrical, and mechanical oper-
ating parameters, Licon, Div Illinois
Tool Works Ine, Chicago, I1l.

Circle 300 on Inquiry Card

Power Supplies

Complete with charts and dimensional dia-
grams, bulletin provides specs, mounting
and technical information, and custom de-
sign capabilities for each series. Trio
Laboratories, In¢, Plainview, NY.
Circle 301 on Inquiry Card

DIP Reed Relays

Catalog features tables which present ap-
plication data for static and dynamic
characteristics, plus engineering data on
high performance, low level, high voltage,
and mercury wetted DIPs. Magnecraft®
Electric Co, Chicago, Ill.

Circle 302 on Inquiry Card

Pushbutton Switches

Complete with specs, dimensional drawings,
and wiring diagrams, catalog describes line
of std lighted and non-lighted switches.
Centralab Distributor Products, Cen-
tralab Electronics Div, Globe-Union
Ine, Milwaukee, Wis.

Circle 303 on Inquiry Card

Integrated Circuits

Guide to converters, amplifiers, multi-
plexers, and multiplier/dividers in IC form
consists of functional diagrams, drawings,
and tables of specs. Analog Devices, Inc,
Norwood, Mass.

Circle 304 on Inquiry Card

Tape Pac® System

Design and performance features, and digi-
tal, instrumentation, and audio recording
specs on the 2000 series are covered in il-
lustrated brochure. Emerson Electric Co,
Industrial Controls Div, Santa Ana,
Calif.

Circle 305 on Inquiry Card

Optoelectronics

Including seven sections, manual furnishes
information relating to emitters, detectors,
couplers, theory, system design, reliability
measurements, circuits, symbols and terms,
and specs. Send $3 plus applicable tax to
GE Semiconductor, Electronics Park,
Bldg 7-49, Syracuse, NY 13201.

166

Memory Modules and Systems

Literature package offers separate techni-
cal bulletins and general bulletin covering
specs of replacement and add-on memory
modules and systems. Standard Mem-
ories, Inc, Newport Beach, Calif.

Circle 306 on Inquiry Card

D-A Converter

Detailed tables, diagrams, and charts in
booklet supply specs including transfer
and electrical characteristics, ratings, op-
erations information, and performance
curves. Precision Monolithics, Inc,
Santa Clara, Calif.

Circle 307 on Inquiry Card

Shaft Encoders

Including design features, applications, and
electrical, mechanical, and environmental
specs, bulletin describes the RS23 series of
encoders. Data Technology, Inc, Wo-
burn, Mass.

Circle 308 on Inquiry Card

Potentiometers/Networks

Summary specs are features of short-form
catalog which covers expanded line of re-
sistive components. Bourms Trimpot
Products Div, Bourns, Inc, Riverside,
Calif.

Circle 309 on Inquiry Card

Bus Interconnect Devices

Complete with design guide for bus bars
and technical information, catalog concen-
trates on std line of miniature solderless,
PC board, and DIP buses. Bussco Engi-
neering, Ine, El Segundo, Calif.

Circle 310 on Inquiry Card

Switches

Highlighting slide, toggle, and rocker
switches, 48-page design guide includes di-
mensional drawings; listings of types,
shapes, sizes, colors, and part numbers;
and engineering data. CW Industries,
‘Warminster, Pa.

Circle 311 on Inquiry Card

Microcomputer Reliability

Covering test results, field reliability data,
and failure mechanisms on the 8080 and
8080A microcomputer, “Reliability Report
RR-10” includes device descriptions, block
diagrams, and test curves. Write on com-
pany letterhead to Marketing Services,
Intel Corp, 3065 Bowers Ave, Santa Clara,
CA 95050.

ASCII Code

Wall chart presents detailed description of
all 128 asci characters, with alphanumeric
name, and octal, hex, and other code desig-
nations. Termiflex Corp, Nashua, NH.
Circle 312 on Inquiry Card

Serial Printer

Brochure highlights technical specs and
features of design and use of series T-1000
serial impact matrix printer. Tally Corp,
Kent, Wash.

Circle 313 on Inquiry Card

Switches

Specs for the various types and sizes of
switches are presented in catalog which
gives information on mounting, hardware,
accessories, and options. C&K Compo-
nents, Inc, Watertown, Mass.

Circle 314 on Inquiry Card

Gate Turn-Off SCR

Operation, advantages, and applications of
GTO-SCR are discussed in 8-page applica-
tion note which also contains electrical
specs and package description. Unitrode
Corp, Watertown, Mass.
Circle 315 on Inquiry Card

Crystal Oscillators

Brochure details clock, oven controlled
crystal, temperature compensated crystal,
and voltage controlled crystal oscillators,
as well as frequency stds. Vectron Lab-
oratories, Ine, Norwalk, Conn.

Circle 316 on Inquiry Card

Plastic Optics

Applications, user advantages, and optical,
physical, thermal, and chemical perfor-
mance specs of components are discussed in
illustrated technical bulletin. Applied
Products Corp, Horsham, Pa.

Circle 317 on Inquiry Card

Aluminum Knobs

Features of various styles and sizes of
knobs are pointed out in foldout catalog
which provides photos, descriptions, and
engineering specs. Kurz-Kasch, Inc, Wil-
mington, Ohio.

Circle 318 on Inquiry Card

Solid-State Devices

SSD-200D series databooks, one on power
devices and the other on ICs, contain
technical data on std line and abstracts
on application notes. Price is $6 per vol-
ume; $10 for the set. Send check or pur-
chase order to RCA Solid State Div, PO
Box 3200, Somerville, NJ 08876.
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GUIDE TO PRODUCT INFORMATION

NOTE: The-number associated with each item in this guide indicates
the page on which the item appears—not the reader service number.
Please do not circle the page number on the reader service card.

PAGE

MATERIALS

INSULATING MATERIALS
Fluoroplastic Insulation

P It/ Plastics ... 157
PLASTICS AND PLASTIC FORMS

Plastic Foam
DOW CUOMIEIE «....ccovivicvrivoismaminstisiions 22

HARDWARE

CONNECTORS AND INTERCONNECTION
SYSTEMS

Connectors

AMP 6
PC Connectors

Amerace /Control Prod 94

Viking Industries 84
Microminiature Coax Connector

Malco/Microdot 154
Flat Cable/Connector System

3M/Electronic Prod 37
Coax Ribbon Cable Assemblies

AMP /Special Industries ... 140

INDICATORS; READOUTS;
DIGITAL DISPLAYS; LAMPS

LEDS

Dialight . 64, 152
Liquid Crystal Displays

UCE 158
Incandescent Flatpack Digital Displays

Industrial Electronic Engineers ................ 152

Alphanumeric Display Module
Micon Industries ..

PANELS AND BACKPLANES
Logic Panels

Electronic Molding ..........ccocoeerircrirvnnnnnae 144
SOCKETS
DIP Sockets

Robi Nug T B s 17

WIRE AND CABLE
Wire and Cable

BolGon [ EIOCIrOnIC ..cviviisinimsmmsinsisanspoisssiin 62
Flat Wire Clamps
dek 165

COMPONENTS AND ASSEMBLIES

MOTORS; ROTATIVE COMPONENTS
Motors
Micro Switch/Honeywell ...............ccocouunu. 54
Miniature Motors
Pittman/Penn Engineering &
M

f ing 160
Tach Motors
North American Philips Controls ............ 158

PAGE

PHOTODEVICE ASSEMBLIES
Optically Coupled Limit Switches
Optron 165
POWER SOURCES, REGULATORS,
AND PROTECTORS
Power Supplies

Elexon Power Sy 139

SOrenson ... 146
Switching Power Supplies

Control Data/Magnetic Components ........ 164

Etatech .152
Uninterruptible Power System

Elgar o 12
Circuit Breakers

AMF /Potter & Brumfield ...........oomne. 160
RELAYS
Relays

North American Philips Controls ............ 165

Teledyne Relays 53
Hi Rel Power Relays

Arrow-M 154

RESISTIVE COMPONENTS

Vitreous Enamel Resistors
AMF/RCL Electronics
Stackpole Components

SENSORS; TRANSDUCERS
Transducer
Astrosystems ..154
SWITCHES
Switches
UID/AMF 5
DIP Toggle Switch
Grayhill
Miniature Dip Slide Switches
Alco Electronic Products
Lighted Pushbutton Switches
Electro-Mech Components .........cooeuene. 150

....154
...150

140, 158

...140

CIRCUITS
CIRCUIT CARDS AND MODULES
Logic and Interface Modules

MDB Systems .134
Single Card Logic System

Pro-Log 134
Core Memory Modules

Amp 117, 156

Dataram 123
CCD Memory Modules

Intel Memory Systems . 73
Analog Output Cards

Datel Systems 124
Single-Card Microcomputer

Gnat Computers 132
Modular Microcomputer System

Wyle Computer Products ..., 126

PAGE

Modem Cards

Universal Data Systems ...................... 162
A-D Converter Modules

Intech /FMI 150
Power DAC Modules

Burr-Brown Research ...........ccoooviveninnnn, 136
Digital-to-Synchro Converter Modules

Computer Conversions ...........ccovuveeeeeen. 160
DIGITAL AND INTERFACE
INTEGRATED CIRCUITS
4K RAMs

NEC Microcomputers ...............coevuuunnnnn., 56
Static RAM

Texas INStrUMENtS .......c.cccsssisonsissass 134
16K ROMs

American Microsy 106

Mostek 140
Microprocessor

Motorola Semiconductor Products ........ 113
Industrial Control Microprocessor

ITT Semiconductors .........eerecerennee 132
Bipolar Arithmetic Logic Unit

Motorola Semiconductor Products ........ 124
Bipolar Computing Elements

Intel 130
CMOS Counter IC

Motorola Semiconductor Products ........ 140

A-D Converter
National Semiconductor

LINEAR INTEGRATED CIRCUITS
Peripheral Drivers
Fairchild Camera and
Instrument/Anglog wsssissisimisssisiiosissss 148

MEMORY/STORAGE EQUIPMENT
BUFFER MEMORIES

Cache Memory
Minntronics .......... 161

FLEXIBLE DISC UNITS
Flexible Disc Drives

California Computer Product 67

| 65

PerSci e 146

Shugart A ii 149
Flexible Disc Systems

Advanced Electronics Design .................... 107

iCom «+160

Tri-Data 147

Infotek Systems 142
Flexible Disc ‘Controller

Heurikon 164

MAGNETIC CORE MEMORIES
Core Memory Systems

Ampex 117, 156
Dataram 123
Plessey Microsy 14

167
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PAGE
MAGNETIC DISC AND DRUM UNITS
(See also Flexible Disc Units)
Disc Drives
AMCOMP 18
Diablo Systems ... Cover IV
1SS/Sperry 159
Microdata 129
Cartridge Disc Drives
Control Data 145
Disc Systems
Plessey Microsystems 14

Disc Subsystems
Tri-Star Computer Systems ... 146

MAGNETIC TAPE UNITS
Tape Drives

AMCOMP 18

Microdata 129

Mohawk Data Sci 9

Qantex/North Atlantic Ind ies 112
Tape Transport

K d 1
Cassette Transport

E y/ 1l 162
Cartridge Tape Drive

MICTOABLAYS o b i S (niatiitiing sassioss 190
Tape System

Digi-Data 156
Portable Mass Storage System

Computer Operations ..o 140, 152

Cartridge Tape Systems
Emerson Electric

3M/Mincom .....
Cartridge Tape Recorder

Genisco Technology/Systems ................ 161
SEMICONDUCTOR MEMORIES
4K RAMS

NEC Micr p S 56
Static RAM

Texas, InStrumentar« oo i il e irarinsmnessis 134
16K ROMs '

American Microsy 106

Mostek 140

CCD Memory System
Intel Memory Systems

Cache Memory
Minntronics 161

ROM/RAM PROGRAMMERS AND SIMULATORS

p/ROM Programmer
International Microsystems

..142

p/ROM Duplicator/Tester/Programmer
Spectrum Dynamics ...

INPUT/OUTPUT AND
RELATED EQUIPMENT
BAR CODE EQUIPMENT
Bar Code Printing System
Micro-Pro ...... 142
DATA TERMINALS
(See also Graphic Equipment)

Data Terminals
Computer Devices

116, 154

Info/Products/ International .. 160

Xerox 146
Intelligent Display Terminals

Intelligent Systems .........................Cover Ill

Ontel 51

Zentec 153
CRT Display Terminals

AMCOMP 18

Ann Arbor Terminal 154

D di 75

General Automation ...

Lear Siegler/EID/Data Products .

Microdata 129
Display Terminal Cluster Controller

Goodwood Data Systems ............eeee. 152
Communication Terminal

Micon Industries  i......iaiiiimesssis 162
168

PAGE
GRAPHIC EQUIPMENT
Graphic Display
Grinnell Systems a1
Graphics Display Terminals

Hughes Image & Display Products ... 21
Magnavox Displays

Graphic Display System

Tektronix/Information Display ............. 45
Data Tablet/Digitizer
Summagraphi 142

INTERFACE EQUIPMENT; CONTROLLERS
Logic and Interface Modules

MDB Systems 134
DMA Input/Output Distributor
Computer Automation ..., 163

Computer Interface Kit
Data Engineering Associates ....

Serial Printer Interface
Houston Instrument/Bausch and Lomb ..158

Flexible Disc Controller

.. 142

Heurikon ..... 164
Display Terminal Cluster Controller
Goodwood Data Systems ... 152

Optical Mark Reader Controller
Bell & Howell/Business Data Products ..154
KEYBOARD EQUIPMENT

Keyboards
Micro Switch/Honeywell

Data Entry/Processing System
Sycor 162
MARK SENSE EQUIPMENT

Optical Mark Reader Controller
Bell & Howell/Business Data Products ..154

PLOTTING EQUIPMENT
Digital Plotters

t Instr /B h and Lomb .24

PRINTING EQUIPMENT
Printers

Centronics Data Computer ................... w118
Intelligent Printer

Potter InstrumeNt ... uwssssiesseissiiasapsnss 148
Serial Printer

Tally 2

Impact Printer
Epson America

Line Printer

Dataproducts 163
Matrix Printer

Diablo Systems ..., 164
Militarized Printer

Miltope 150
Modular Remote Matrix Line Printer

NCR 165

Serial Printer Interface

Houston Instrument/Bausch and Lomb ..158
Digital Printers

Anadex Instr t 151

C. Itoh Electronics ...148

Victor Comptometer 7
Alphanumeric Printer Kit

Southwest Technical Products ....
PUNCHED TAPE EQUIPMENT
Punched Tape Equipment

....152

Plessey Mi NEIRINE .- vt oo sivnsanmansaviisans 14
Tape Punch

Data Specialties 4
Tape Perforator

Ex-Cell-O/R 105
Paper Tape Readers

Summit Engineering ..., 148

Teleterminal 138

COMPUTERS AND
COMPUTER SYSTEMS

AUTOMATIC TEST SYSTEMS

Automatic LS| Device Test System
Fairchild Camera and Instrument/
Systems Technology ........c..eeiein 134

PAGE

Computer-Controlled Memory Test System
Fairchild Camera and Instrument/
Instrumentation Systems .........cceeenns 165
COMPUTER AUXILIARY UNITS
Programmable Array Processor
CSP 156
CONTROL PROCESSORS
Computer Numerical Control Units
Westinghouse Electric/Computer and
Instrumentation ... ..162
MICROCOMPUTERS AND MICROPROCESSORS
Microcomputers

Data General 137

Digital Equipment/Components ................ 131

Infinite 128

Intel 38

Mostek  and. ZIOg ..wiseissississssisisssrssnsos 124

Plessey Microsyst 141

Process Computer Systems ............... 133
Single-Card Microcomputers

Gnat Computers 132

Pro-Log 134
Multiprocessing Microcomputers

IMS Associates 128
Microcomputer System

Electronic Tool 122
Flexible Disc Microcomputer System

IMS Associates 160
Modular Microcomputer System

Wyle Computer Products ... 126

Microcomputer Development Systems
E & L Instruments
Microkit
Monolithic Systems

Microprocessor
Motorola Semiconductor Products .......... 113

Industrial Control Microprocessor
ITT Semiconductors

Microprocessor Debug and Development System

Motorola Semiconductor Products .......... 111
Microprocessor Prototyping Board

American Microsystems ... 132
Bipolar Computing Elements

Intel 130

Bipolar Arithmetic Logic Unit
Motorola Semiconductor Products .

MINICOMPUTERS; SMALL- AND
MEDIUM-SCALE COMPUTERS

Millicomputer
c

p t tion 46
Minicomputers
Harris Computer Syst 135
Honeywell 13
Interdata 100
Systems Engineering Laboratories .......... 10
DATA COMMUNICATIONS
EQUIPMENT

COMMUNICATIONS MULTIPLEXERS
DMA Communications Multiplexer

Harris Computer Systems ... 156
Field-Contact Multiplexer
Rochester Instrument Systems ............... 164

MODEMS; DATA SETS
Data Modems
bo-sherrel ......
Tele-Dynamics/Ambac Industries
Universal Data Systems
Data Set
Gandalf Data 152

DATA ACQUISITION AND
CONTROL EQUIPMENT

A-D AND D-A CONVERTERS

Power DACs

Burr-Brown Research ..., 136
A-D Converters

Intech/FMI 150

National Semiconductor ... 148
Analog Output Cards

Datel Systems 124
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PAGE

DATA ACQUISITION SYSTEMS
Data Acquisition System

Electronic  Solutions .......ccvvvveeveseninns 158
DATA TRANSFER AND INTERFACE EQUIPMENT
Process-Computer 1/0 Interface

Computer Products ..o 61
MONITORING AND CONTROL EQUIPMENT
Digital 1ndustrial Controller

Theta Instrument 144
Computer Numerical Control Units

Westinghouse Electric/Computer and

INSUUMBMLBLION ..uoiisisissuisiissonmsisspasssissinss 162
Programmable Control System Sequencer
Texas Instruments/Control Products ...... 138

SYNCHRO-DIGITAL AND DIGITAL-SYNCHRO
CONVERTERS

Digital-to-Synchro Converter Modules
Computer CONVErSioNs .......c.c.coerereeeenens 160

TEST AND MEASUREMENT
EQUIPMENT; INSTRUMENTATION

DIGITAL EQUIPMENT TESTERS;
INSTRUMENTATION

Logic Analyzers

Hewlett-Packard . 127

Tektronix 63
Logic Circuit Test System

Teradyne 155
Digital IC Tester

Teradyne 160

Automatic LS| Device Test System
Fairchild Camera and 1instrument/
Systems Technology ... 134
Computer-Controlled Memory Test System
Fairchild Camera and Instrument/

Instrumentation Systems ... 165

METERS
Hand-Held Multimeter

Data Precision ... 158
OSCILLOSCOPES
Oscilloscopes

Philips Test & Measuring .........ccccouveennne 25

Vu-Data 43

PULSE GENERATORS
Pulse Generator

Continental Specialties .............ccocervvvinnnens 143
OTHER PRODUCTS; SERVICES

EDP ACCESSORIES AND SUPPLIES
Computer Tape

TRI 156
Quarter-Inch Data Cartridge

WEBASR TAPO. ......civsssisisisisssssisassossamessessrsiesns 144
EDUCATION
Microcomputer ‘Workshop

Virginia Polytechnic Institute ................... 114
Seminars

Integrated Computer Systems .............. 92

EMPLOYMENT OPPORTUNITIES
Employment Opportunity

NCR/Terminal Systems ............c.iiine 163
EXHIBITIONS
Electro-Optics/Laser Exhibition

Industrial & Scientific Conference

Manag t

MARKET REPORTS
Microprocessor/Microcomputer Market Survey

Computer Design/Market Research ......... 169
SERVICES
Wire-Wrapping Service

EECO Cover Il
SOFTWARE

Schedule Control Software
Compas 148

SALES OFFICES

NEW ENGLAND,
NEW YORK STATE

Lindsay H. Caldwell
129 Cedar Hill Road
East Dennis, MA 02641
phone: (617) 385-2533

MIDDLE AND SOUTH
ATLANTIC STATES

Hajar Assoc., Inc.
Emile H. Hajar

Paul Hajar

Silvio Mandino

521 5th Avenue

New York, NY 10017
phone: (212) 682-5844

MIDWESTERN
STATES

Hajar Assoc., Inc.

Emile H. Hajar

Paul Hajar

664 North Michigan Avenue
Suite 1010

Chicago, IL 60611

phone: (312) 337-8008

SOUTHWESTERN
STATES

Lindsay H. Caldwell
129 Cedar Hill Road
East Dennis, MA 02641
phone: (617) 385-2533

WEST COAST
STATES

Buckley Boris Assoc.

Terry Buckley—Tom Boris
—Joan Marshall

912 South Barrington Avenue
Suite 202

Los Angeles, CA 90049
phone: (213) 826-4621

SURVEY OF
MICROPROCESSOR/

MICROCOMPUTER
BUYERS

The publishers of COMPUTER
DESIGN and the leading indus-
trial market research company
INTERNATIONAL DATA COR-
PORATION announce a signifi-
cant new market research report
entitled :

Survey of Microprocessor/

Microcomputer Buyers

7000 COMPUTER DESIGN
readers were surveyed to de-
termine:

® the type of equipment using
MPs/uCs they are currently de-
signing.

®m the pP/uC models selected
and the criteria for the selection

® the memories selected and
the criteria for the selection.

m peripherals used with the
equipment.

® various aspects of software
and test.

®opinions on current uPs/uCs
and peripherals.

® recommendations for their im-
provement.

m future plans for using uPs/uCs

and much more.

The 150 page report contains
more than 50 tabulations of data
from the survey, many of them
correlating use factors and selec-
tion criteria with type of equip-
ment. Each table is accompanied
by an explanation of its meaning
and an interpretation of its signifi-
cance.

For a more detailed description of the
report, circle 120 on the Reader Inquiry
Card,

or write

Survey of Microprocessor/
Microcomputer Buyers

143 Swanton St.

l
|
I
Computer Design |
|
Winchester, MA 01890 {

f
|
| Market Research Group
|
|
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Advanced Electronics Design, Inc. 107
AMCOMP, Inc. ... 18, 19
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Control Products Div. 94
American Microsystems, Inc. 106, 107
AMP, Inc. 6, 7
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Memory Products Div. 117
Anadex Instruments, Inc. 151
Ann Arbor Terminals, Inc. 154
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Control Data Corp. 164
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Microkit, Inc. 125
Micro Switch,
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Mohawk Data Sciences Corp. ... 9
Motorola Semiconductor Products, Inc. ... ... I, 113
NCR,

Terminal ‘Systems, Dive et e 163
NEC Microcomputers, Inc. 56
North American Philips Co. ... 165
Ontel, Inc. 51
Pennwalt Corp. ... 157
Philips Test & Measuring Instruments, Inc. ... 25
The Pittman Corp. 160
Plessey Microsystems .. . . .. ... ... 14, 15, 141
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Sperry Univac,
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Tektronix, Inc. .. 63

Information Displays Div. .o 45
Teledyne Relays ... 53
Teradyne, Inc. 155
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21 T N L S B R, b e S 5
Victor Comptometer Corp. ........ 71
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Vu-Data . 43
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OEM Components Group, 10€. ..o oo 140
Zentec Corp. ... 153

*Not appearing in subscribers' copies
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The Intecolor® 8001
A Complete 8 COLOR Intelligent CRT Terminal

$1,995*

“Complete” Means

e 8080 CPU e 25 Line x 80 Character/Line

¢ 4Kx8 RAM ¢ PROM Software ® Sockets for
UV Erasable PROM e 19" Shadow Mask
Color CR Tube ¢ RS232 1/0

e Sockets for 64 Special Graphics

e Selectable Baud Rates to 9600 Baud

e Single Package ® 8 Color Monitor

e ASCII Set e Keyboard e Bell e Manual

And you also get the Intecolor® 8001 9 sector
Convergence System for ease of set up (3-5
minutes) and stability.

Additional Options Available:

e Roll e Additional RAM to 32K e 48 Line x 80
Characters/Line e Light Pens e Limited
Graphics Mode e Background Color

e Special Graphic Characters ® Games

*OEM quantity 100
(OEM Unit Price $2,495.)
Domestic USA Price

Intelligent Systems Corp. ¢

4376 Ridgegate Drive, Duluth, Georgia 30136
Telephone (404) 449-5961

ISC WILL MAKE A BELIEVER OUT OF YOU!

CIRCLE 90 ON INQUIRY CARD



When you buy a Series 400 disk drive in 26.6, 40 or 563.3 megabyte
capacity, you get two drives in one compact package! The first has
aremovable 13.3 Mbyte cartridge; and the second has 13.3,26.6

or 40 Mbytes of fixed capacity. It's only possible with our exclusive
inertialactuator that gives our Series 400 drives two independent
head positioners. That means you can be reading or writing with
the upper unit, seeking with the lower unit. And, of course, all the
inherent Series 400 features are there: power interrupt protection,
data track servo following, common dimensions for all models,
100% common spares, interface compatibility in all models and
proven Diablo disk drive performance dependability and reliability.
For a complete presentation of the new Diablo Series 400 disk drive
family, call or write Diablo Systems, Inc., 24500 Industrial Blvd.,
Hayward, CA 94545 or Diablo Systems, S.A., Avenue de Fre, 263,
1180 Brussels, Belgium.

¢ Diablo
Diab!o‘Systems. Incorporated

CIRCLE 91 ON INQUIRY CARD

2 disk dnves
for the price

D AR R TR S L
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