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BRAND-REX TAPE CABLE - 
SOMETHING FLAT TO ROUND OUT THE 
BROADEST LINE IN THE INDUSTRY. 

TAPE CABLE is a flat, flexible 
cable— the newest addition 
to the long line of Brand-Rex 
cables which already include 
bonded and woven ribbon 
cable, insulated copper and 
aluminum strip for power dis-
tribution, and a wide range of 
standard round configurations. 

TAPE CABLE is produced 
in a new Brand-Rex facility in 
Manchester, Conn. It is avail-
able in an almost endless 
variety of constructions: 
• Round or flat conductors, 
solid or stranded, bare or 
plated — drawn in-house 
to permit precise tolerance 
control. 

• From 1 to 200 conductors 
—the same or mixed 
cross-sections and sizes. 
• Many insulation types, 
including PVC, polyester, 
Kapton*, Teflon*. 
• Unshielded, or shielded 
on one or both sides. 
• Controlled spacings to 
meet any electrical or 
mechanical requirement. 
• Signal cables for digital 
data transmission in 
computers. 

t Trade' , 

BRAND-REX 

TAPE CABLE can be sup-
plied in bulk or as assemblies. 
Brand-Rex's well-known 
design capability is yours to 
draw on. Where necessary, 
we will design TAPE CABLE 
systems consisting of cables 
terminated to printed wiring 
boards, connectors or flexible 
printed circuits for your par-
ticular application. 

For complete information, 
send for the new Brand-Rex 
TAPE CABLE brochure. Brand-
Rex Company, Electronic and 
Industrial Cable Division, 
Willimantic, Ct. 06226, 
203/423-7771. 

ELECTRONIC & INDUSTRIAL CABLE DIVISION 
Other Brand-Rex Divisions 

Abbott & Co.. wiring harnesses O Nonotuck Manufacturing Co copper wire 
Pyle-National Co . electrical connectors0Telecommuncations Cable Division 

Teltronics. Inc . telephone equipment and components O Brand-Rex. Ltd. (Scotland). wire and cable. 

BRAND.REX CO A PART Of Akzona INCORPORATED 
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Mrs New Staekable 
Subminiature Lamps 

HP has four new LED lamps in radial lead subminiature epoxy packages. And they can be 
easily stacked on 2.21mm ( 0.087") centers for high density applications. These lamps offer 
a high on/off contrast ratio combined with a wide viewing angle. 

Choose the HP 5082-4100 for the red. -4150 tor the yellow, -4190 for the green 
and -4160 for our new high-efficiency red. 

Contact Hall-Mark. Schweber. Wilshire or the Wyle Distribution Group 
( Liberty/Elmar ) for immediate delivery. 

Write for our Optoelectronics 
product selection guide and get all 
the details on HP's broad line of LED lamps. 

HEWLETT hD PACKARD 
Saes and service from 172 offices in Ei5 countries. 

.50 , Page KIM Road PAD Alic Cahlognea .304 
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The rugged 3968A gives you 8 channels, FM and/or 
direct, and all your data winds up on 1/4-inch tape. 

In tough 
situations 
like this, you 
can make good 
use of an eight 

channel recorder 
that's compact and 

rugged and still maintains 
laboratory performance. 

So those were the ground rules we 
set when we designed the HP model 
3968A. It's compact because it packs 
eight channels of data on 1/4 -inch 

instrumentation tape. It's built 
tough, with modular construction 
that gives you the latitude to change 
from FM to Direct, or Direct to 
FM with just one plug-in board. 
The 3968A gives you direct 

frequency response to 64,000 Hz; 
FM to 5,000 Hz. Six record/ 
reproduce speeds provide a 32:1 
time base compression or expansion 
for flexibility and easy data analysis. 
For easy operation, HP built in a 
calibration source that works with 

push-button convenience. 
Other standard features include 

tape/tach servo, flutter compensa-
tion, TTL remote control and voice 
annotation capability. 
The price is right ( 8 channel 

FM base price $8800, USA domestic 
price only). And HP's exceptional 
new 3968A Instrumentation Recorder 
is the one eight channel machine 
that lets you have all that 
capability and still wind up with 
everything on a 1/4 -inch tape. 11601 

HEWLETT hp PACKARD 
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Highlights 

Cover: Making it with microprocessors, 74 

Microcomputers on chips are not only revo-
.utionizing and expanding the electronics 
universe—they're also turning circuit-design 
techniques upside down. Opening up 
ahead of the engineer is a myriad of op-
portunities requiring new disciplines. This 
special issue is a guide to both. 

Cover device is a 6800 microprocessor 
from Motorola Semiconductor. 

Introduction, 76 

Chips and boards, 78: This roundup of the lat-
est devices puts them in perspective, ex-
plaining where they fit best. 
Software, 104: Effective programing depends 
on the right choice of language level and 
caution in using support software. 
Design aids, 114: Some of the new develop-
ment systems can emulate not-yet- built 
hardware and can handle more than one 
type of processor chip. 
Testing, 125: Level of confidence is all-impor-
tant in determining which chip-testing tech-
niques are right for a given application. 
Applications, 134: Designers of fourteen suc-
cessful microprocessor-based systems out-
line what they did and why it worked. 

And in the next issue . . . 

Preview of Electro/76 . special report 
on industrial lasers . . . a guide to com-
puter-aided-design programs. 

Electronics/April 15, 1976 3 



Electronics 

EDITOR-IN-CHIEF: Kemp Anderson 

EXECUTIVE EDITOR: Samuel Weber 

MANAGING EDITOR: Arthur Erikson. 
International 

SENIOR EDITORS: Laurence Altman. 
Ray Connolly, Lawrence Curran, 
John Johnsrud, H. Thomas Maguire, 
Stephen E Scrupski 

ART DIRECTOR: Fred Sklenar 

ASSOCIATE EDITORS: Howard Wolff. 
Gerald M. Walker, Alfred Rosenblatt 

DEPARTMENT EDITORS 
Aerospace Military: Ray Connolly 
Circuit Design: Don Blattner 
Communications & Microwave: 

Richard Gundlach 
Components: Lucinda Mattera 
Computers: Stephen E. Scrupski 
Consumer: Gerald M. Walker 
Industrial: Margaret A. Maas 
Instrumentation: Andy Santoni 
New Products: H. Thomas Maguire 

Michael J. Riezenman 
Packaging & Production: Jerry Lyman 
Solid State: Laurence Altman 

CHIEF COPY EDITOR: Margaret Eastman 

COPY EDITORS: Everett C. Terry, Ben Mason 

ART: Charles D. Ciatto, Associate Director 
Patricia Cybulski, Assistant Director 

EDITORIAL SECRETARIES: Janet Noto, 
Julie Gorgoglione, Penny Roberts 

FIELD EDITORS 
Boston: Lawrence Curran ( Mgr.), Pamela Leven 
Los Angeles: Larry Waller ( Mgr.) 
Midwest: Larry Armstrong ( Mgr.) 
New York: Ron Schneiderman (Mgr.) 
San Francisco: Bernard Cole (Mgr.) 

Judith Curtis 
Washington: Ray Connolly ( Mgr.) 
Frankfurt: John Gosch 
London: William F. Arnold 
Paris: Arthur Erikson 
Tokyo: Charles Cohen 

McGRAW-HILL WORLD NEWS 
Director: Ralph R. Schulz 
Bonn: Robert Ingersoll 
Brussels: James Smith 
London: James Trotter 
Madrid: Dom Curcio 
Milan: Andrew Heath 
Moscow: Peter Gall 
Paris: Michael Johnson, Richard Shepherd 
Stockholm: Robert Skole 
Tokyo: Mike Mealey 

PUBLISHER: Dan McMillan 

DIRECTOR OF MARKETING: Pierre J. Braude 

MARKETING ADMINISTRATION MANAGER: 
Wallis Clarke 

CIRCULATION MANAGER: Nancy L. Merritt 

MARKETING SERVICES MANAGER: 
Tomlinson Howland 

RESEARCH MANAGER: Margery D. Sholes 

Nlicroprocessors represent the 
closest thing to a revolution to 

hit digital circuit design in a long 
time. True, these potent little pack-
ages of computing power have been 
available for a couple of years. Yet 
the pace of progress in both appli-
cations and device development has 
built up so fast recently that "tech-
nological evolution" seems too slow-
footed a term to describe the phe-
nomenon. 
To help all of our readers to un-

derstand what microprocessors are, 
how they work, and how they can be 
used, we are publishing this special 
issue of Electronics. In it, you'll find 
a 62- page package of micro-
processor information, ranging from 
hardware to software, from circuit 
and device specifications to appli-
cations details. 
The result of many months of 

planning and countless man-hours 
of preparation, reporting, and writ-
ing, this report should prove valu-
able to the newcomer to micro-
processors as well as the designer 
who has been with microprocessors 
ever since they first came on the 
scene. 
The team that put together the 

roundup, under the direction of 
executive editor Sam Weber, was 
headed by senior editors Larry 
Altman and Steve Scrupski, whose 
areas of specialty, solid state and 
computers, respectively, overlap in 
microcomputers. And, because the 
growth in microprocessor appli-
cations is having such an impact on 
so many other areas, the rest of the 
team represented a cross section of 
electronics. Contributing were Don 
Blattner, circuit design editor; Dick 
Gundlach, communications; Jerry 

Publisher's letter 

Lyman, packaging and production; 
Margaret Maas, industrial; Andy 
Santoni, instrumentation; and Jerry 
Walker, consumer. 

T he long-awaited expansion of 
citizens' band is going to 

have to be awaited a while longer 
yet. Presented with new evidence 
that the planned upping of alloca-
tions to about 50 channels from the 
present 23 will bring on an un-
wanted level of intermodulation in-
terference between channels in the 
new range, the Federal Communi-
cations Commission has called for 
more studies of the proposed expan-
sion. 

In his Probing the News article on 
the new snag, Dick Gundlach, com-
munications editor, says, "The crux 
of the problem, is this: any two 
channels operating in the proposed 
expansion, separated by either 450 
or 460 kilohertz, would mix in the 
receiver front end. They would gen-
erate intermodulation products that 
would be passed by the extremely 
wide 455-kHz intermediate fre-
quency section used on most CB sets. 
This signal would effectively blank 
out reception across the entire 
band." 
So turn to page 37 for the details 

on this latest development in the 
citizens' radio saga and what it 
means to set makers and users alike. 
And, if you missed it, be sure to 
read the special report in the March 
4 issue for all the background on 
where CB stands today. 

April 15. 1976 Volume 49 Number 8 
93.643 copies of tins issue printed 

Published every other Thursday by McGraw.Hill Inc Founder 
James H McGraw 1860.1948 Publication office 1221 Avenue of the 
Americas. NY, NY 10020, second class postage paid at New York. 
N Y and additional mailing °dices 

Executive editorial circulation and advertising addresses Electron-
ics McGraw-Htii Building 1221 Avenue of the Americas New York. 
NY 10020 Telephone (212) 997.1221 Teletype 12-7960 TWX 710-
581-4879.Cableaddress MCGRAWHILL NEWYORK 

Subscriptions limited to professional persons with actit, responsn 
bility in electronics technology Publisher reserves the r to, to reject 
non -quaMted requests No subscriptions accepted without complete 
identification of subscriber name, title, or lob function company or or-
ganization, and product manufactured or services performed Sub-
scriphon rates in the United Stales and possessions $ 12 00 one year, 
$30 00 three years Canada and Mexico 514 00 one year $32 00 three 
years Europe 535 00 one year $87 50 three years Japan Israel and 
Brazil $60 per year Australia and New Zealand 580 00 per year in-
cluding an ',eight all other countries $40 000 per year Limited quota 
of subscriptions available al higher4han-base rate ion persons outside 
ol field served, as follows US and possessions and Canada 525 00 
per year Europe 540 00 Japan Israel and Brazil 595 00 all other 
countries 550 00 Single copies 54 00 Please allow four to eight 
weeks for shipment 

( 
untcers 01 McGraw-Hill Publications Company Gordon L Jones. 

President, Paul F McPherson. Executive Vice President; J Elton Tuo. 
hog. Executive Vice Premdent-Adminisualiont Gene W. Simpson, Group 
Vice President; Senior Vice Presidents • Ralph Blackburn. Circulation: 
John B Hoglund. Controller. Ralph R Schulz. Editorial: David G Jen-
sen. Manufacturing, Vice Presidents James E Boddorf. Planning 6 
Development. Edward E Schirmer, Marketing Administration 

Officers ol the Corporation Shelton Fisher, Chairman of the Board. 
Harold W. McGraw. Jr., President and Chief Executive Officer. Robert 
N Landes. Senior Vice President and Secretary. Ralph J Webb. Trea-
surer 

Title registered in US Patent Office. Copyright 01976 by McGraw. 
Hill, Inc All rights reserved The contents of this publication may not be 
reproduced in whole or in part without the consent of Copyright owner. 
Subscribers- The publisher. upon written request to our New York of-

fice from any subscriber, agrees to refund that part of the subscription 
price applying to copes not yet mailed Please send change of address 
notices or complaints to Fulfillment Manager subscription orders to 
Circulation Manager. Electrones. at address below Change ot address 
notices should provide ad as well as new address, including postal zip 
code number If possible. attach address label from recent issue Allow 
one month for change to become effective 

Postmaster Please send form 3579 to Fulfillment Manager. Electron-
ics. P 0 Box 430, Hightstown. N.J 08520 

4 Electronics/April 15, 1976 



don't settle for half 
a power supply 
at +RP C 
7o.r perhapb ive up two thirds of 
rthe rating you bought as its 

---1- emperature edges towards +70°C 
We build power supplies with sufficient built-in heat exhaust 
capacity, that they require no external sinking whatever. They'll 

maintain their lull rating right up to +71 °C and, thanks to 
internal radiators, run their exterior cool. This conforms with 

IEC recommendations that discourage— for safety reasons— 
external fins that run hot to the touch. 

The Kepco Group CPS Linear Power Supply Modules range 
from 100 watts to 1000 watts offering 0-6V and 0-15V fully 
adjustable, programmable outputs with rectangular ( not fold-
back) adjustable current limiting. A fast-acting overvoltage 

crowbar is built-in, linked to a double- pole on- off circuit 
breaker. The Kepco CPS is a precision stabilizer. A 100% load 

change produces less than 0.005% effect in the stabilized d-c 

voltage. Noise is suppressed well under 0.2 mV rms ( 2 mV p-p 
measured to 10 MHz) and recovery from a step- load or impulse 
load is complete in less than 50 microseconds. 

250-500W Module 

el om; • 

116,•••••. 

100W Module 

"111111111‘.,Irelee 

1000W Module 
Model CPS 15-50, unmetered Power Module 

shown with " ears" for 19" rack mounting. 

The ears are detachable for chassis mounting. 

KEPCO[CPS iS 

\ computer power supply! 
a no- compromise 

\ Write Dept. CL- 14 for your copy of 
the new Kepco Power Supply Hand-

book and Catalog. KEPCO, 

KEPCO. INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 U.S.A. 
(212) 461-7000 • TWX =710-582-2631 • Cable: KEPCOPOWER NEWYORK 
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A Smart Way to Beat Your 
Power Supply Size Problem 

1/i" thin, 23/4" narrow, 2 3/4" short 

MEG. SER. NO 

MEG PART NO. 
MEG. MODEL 

INPUT RANGE :To1 FL 
INPUT TRANSIENTS 60V — 01 SEC. 
INPUT TERM + — 1 

OUTPUT ® LAMPS 
OUTPUT TERM + 
MAX BASE TEMP 

FUSE INPUT ®: AMPS Mev 

yet this converter produces 1000 volts 
DC, regulated, from a battery input of 
28 VDC! It weights less than 15 ounces. 
This is only one of our wide variety of 
many small light weight converters, in-
verters and power supplies — there are 
over 3000 models listed in our newest 
catalog, including size, weight and prices. 
If you have a size problem, why not send 
for an Abbott catalog? 

MIL SPEC ENVIRONMENT — All of the her-
metically sealed pow(T modules listed in 
our new catalog lia‘ e been designed to 
meet the severe environmental conditions 
required by modern aerospace systems, 
including MIL-STD-810B. They are her-
metically sealed and encapsulated in 
heavy steel containers. ew high per-
formance units ran meet II I.-STD-461A. 

RELIABLE — Highest quality components 
rc uscd in Abbott power modules to yield 

the high NITBF ( mean time between fail-
ure ) as calculated in the MIL-111/131(-217 
handbook. Typical power modules have 
over 100,000 hours N1TBF — proving that 
the quality was built in front the beginning. 

WIDE RANGE OF OUTPUTS -- Any voltage 
from 5 volts DC to 740 VDC is available 

y by selecting the correct model oll 
from our catalog with any of a variety 
of inputs including: 

60 0.0 to DC 

400%to DC 

28 VDC to DC 

28 VDC to 400% 

12-38 VDC to 60% 

Please see pages 1037-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete irdormation on Abbott Modules. 

Send for our new 60 page FREE catalog. 

abbott transistor 

LABOR 
general offices. yawl ern Orrice 

5200 W. Jefferson Blvd Los Angeles 90016 1224 Anderson Ave./Fort Lee, N.J. 07024 
(213) 936-8185 Telex: 69-1398 (201) 224-6900 Telex: 13-5332 

"See Us at ELECTRO ' 76 I.E.E.E. Show in Boston, Booth No 2112 . 

ATORIES. INCORPORA TED 

Readers' comments 

Shun big-brother tinkering 

To the Editor: An editorial in the 
Feb. 5 issue [p. 13] says that the 
Federal budget priorities are out of 
balance. You end with a true state-
ment concerning the strength of na-
tional security ultimately resting 
upon the health of the society that it 
protects. The rest of your argument 
is entirely specious, however. 
The health of our society has 

been constantly undermined by the 
Federal Government's spending 
money that does not exist. You 
seem to advocate more of the big-
brother tinkering with the market, 
wherein lies the gravest danger to 
the nation's health. 

National defense happens to be 
one of the very few things that gov-
ernment can do better than any one 
else. It isn't necessarily done too 
well, but the Government's level of 
competence goes down precipitously 
when it moves into other areas. 

H. W. Holland 
Union Carbide Corp. 

Greenville, S. C. 

Get off that bandwagon 

To the Editor: The proposal to con-
trol the number of engineers gradu-
ating from the nation's universities 
["Professional activities split IEEE," 
Feb. 19, p. 86] is an example of a 
wheel-less bandwagon. 

Colleges are now chartered, ac-
credited, and, in most cases, aided 
by the state. The heads of engineer-
ing departments run them like little 
Roman empires and are trying to 
improve cash flow and keep cost per 
student reasonable by accepting the 
maximum number of students. Any-
one who thinks politicians in the 50 
states and hundreds of department 
heads are going to let the IEEE run 
their empires and control the num-
ber of graduates probably was born 
yesterday. 

At the Federal level, there are 
people who constantly are saying 
that the Russians are going to get 
ahead of the U.S. because they 
graduate more engineers than we 
do. So the Feds would be against 
any reduction in the number of en-
gineering graduates. 

Finally, the antitrust people cer-
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What's new in solid state... 

Announcing the 1-chip 
COSMAC CPU and the 
4-chip CMOS system. 

Now, a CMOS system that really delivers 
the promise of the microprocessor. It's the 
expanded RCA 1800 family with CDP1802, our 
new one-chip COSMAC CPU. And it gives you 
an unsurpassed combination of flexibilir.y, per-
formance and cost effectiveness. 

This cost effectiveness starts wilh price: 
$23.50 for the CDP1802CD in 100-piece 

quantities. But there's more to it. 
Simple COSMAC architecture 

lowers memory costs because 
of 1-byte instructions and 

internal address pointers. 
It also reduces I/O 

costs. Plus cesign 
and learning costs. 

ROM 
CDPIEt310 

CDP18320 

RAM 
CDP1821SD 

CDP1822SD 
CDP1824D 

Then you have the familiar CMOS savings. 
Single power supply. Single-phase clock. Less 
cooling and other equipment, thanks to low 
power and high tolerances. 

For all these reasons, we believe no other 
microprocessor matches the RCA 1800 for 
system cost effectiveness. What's more, you 
can get the whole system from us: CPU, ROM, 
RAM, I/O. Everything you need including 
complete design support. From the first house 
in CMOS. 

For n-ore information, contact your local 
RCA Solid State distributor. Or RCA. 

Write. RCA Solid State Box 3200, Somerville, NJ 
08876; Ste. Anne de Bellevue H9X 3L3, Canada; 
Sunbury-on-Thames, U.K.; Fuji Bldg., Tokyo, Japan. 

HEF 

NO 52 A1RO 

SCO 

OYAIS DINA-CLIT 

EF1.EF4 

RCA 
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Analog or digital? 
One or sixteen channels? 
Short or long term? 
The "Instrument Professionals" 
can help you make the right choice 
from the thousands of recorder 
types and sizes in inventory. 
Delivery is immediate. 
Performance guaranteed. 

Write or call for data on our other 
specialties: Instrument Leasing • 
Computer Peripherals • Equipment 
Sales • Instrument Service. 

Call 
Continental 
Rentals 
Div. Continental Leasing Co., Inc. 
175 Middlesex Turnpike, Bedford, 

MA, 01730 (617) 275-0850 

Metuchen NJ, (201) 549-8500; Gaithersburg, 
MD (301) 948-4310; Dallas, TX (214) 357-
1779; Elk Grove, IL (312) 439-4700; Costa 
Mesa, CA (714) 540-6566; Santa Clara, CA 
(408) 735-8300; Los Angeles, CA (213) 
477-7521 

Get our 
FREE 
Catalog 

Readers' comments 

tainly will take a dim view of any at-
tempt to control the number of en-
gineers, since the professions no 
longer are exempt from the antitrust 
laws. 

Willie Handzuik 
Philadelphia, Pa. 

But will it make an impact? 

o the 1..tlitor: Milton Alpern has 
taken another step toward stable ca-
reers and professionalism for engi-
neers ["Manpower predictions draw 
fire," March 4, p. 76]. It was heart-
ening to see some hard data on the 
engineer-employment problem. 
The fact that it took one profes-

sional engineering society a year 
and a half to comprehend such con-
vincing data is evidence for the 
depth of establishment entrench-
ment on these matters. 

Anthony M. Marqués 
Cambridge, Mass. 

Value received is the key 

To the Editor: It is true that some 
middle-aged engineers earn high 
salaries for design work that can be 
performed equally well by junior 
engineers earning 50% to 60% as 
much. However, it also is true that 
some middle-aged engineers are 
able to perform the work in less 
than half the time expended by 
their juniors. 
The greatest value that can be 

placed on the middle-aged engineer 
is his potential breadth of engineer-
ing skills, which so often goes unrec-
ognized by management. A funda-
mentally sound systems approach 
can save hundreds of thousands of 
dollars in the overall cost of a pro-
gram. It is more likely to come from 
the experienced engineer. 

(Name withheld) 

Correction 

The description by Stephen W. 
Fields of National Semiconductor 
Corp. of the manner in which 
pseudo-color home video games 
create their color [March 4, p. 48] 
was given inadvertently as a de-
scription of the operation of Na-
tional's new MM57100 chip that 
generates specific color signals for 
such games. 

INPUT/ 
OUTPUT 
Connection 
Systems 

SMPL SERIES 

GMPL SERIES 

GFPL SERIES 

Provides 
1. Reduction of Assembly Time 
2. Reliability 
3. High Density 
4. Stock Availability 

Specifications 
• Sizes— Miniature and 

subminiature 
• Contacts — .150 and .094 

spacing, #20-#30 wire size 

• Contact Arrangements — 2 
through 50 

• P.C. Board Mountable 
Connector — Pin or socket 
contacts, straight or 
90 ° angled 

• Cable Connector — Pin or 
socket contacts — crimp 
removable, solder, or 
wrap post 

• Accessories — Polarized guides 
or threadlocks, metal shells, 
hoods, and strain reliefs 

+(JD POSITRONIC 
INDUSTRIES INC. 

208 West Center 
CONNECTOR Rogersville, Missouri 65742 

DIVISION 417-753-2851 Telex 436445 

Representatives and distributors 
located throughout United States, 
Canada, and Europe. 

Send for catalogs. Samples avail-
able for specific applications. 
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EMI FILTER 
CAPITAL OF THE WORLD 

FROM CERAMIC POWDER TO MIL-APPROVED TEST EAR—. 

ERIE HAS IT ALL, UNDER ONE ROOF 

Only one «nnpany (* till deliver your total [ MI Cer clink: Filter needs .... ERIE. We've been 

applying sophisticated ceramic and related tectmologies to developing superior filters for 

35 years. Today ERIE has, by far, the broadest line of subminiature EMI Filters in the world. 

From tiny high frequency filters to broadband filters to custom fiker assemblies, ERIE often 

the ultimate in quality. And you get single-source responsibility too, for we build the 

complete filter in a plant devoted exclusively to the design and manufacture of EMI Filters. 

So corne to ERIE for your filter needs. We'll put a team to work on your particular application. 

Aerospace. Communications. Avionics. kndustrial Equipment. Whatever the market, we can 

help eliminate electromagnetic " noise" and emissions. In the meantime, write for our 

complete catalog ... EMI Fdters or call 613/392-2581. 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erie. Pennsylvania 16512 
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"Some companies 
try to be all things 

to all people. 

We try to be 
the best source 
qf electronics for 

precision measurement 
and control. 

President 



"Analog Devices. We're for real." 
What's real is our commitment to understanding and satisfying the needs of 

our customers. In innovative and imaginative ways. With electronic products that 
acquire, convert, condition and display process data used in precision measurement 
and control. 

What's real is our worldwide, technically-oriented sales force capable of pro-
viding direct support in terms of product, resources and engineering assistance in 
solving circuit design and application problems. In a realistic, economical way. 

What's real is Analog Devices' particular expertise in precision analog circuitry. 
And the application of it to those markets— industrial automation, test instrumentation, 
laboratories, medical electronics and avionics—where precision measurement and 
control are of genuine concern. Where the manufacture of critical life support systems, 
process control instrumentation, complex navigation systems and the like, depend on 
the functional reliability and precision of our products. 

What's real is our advanced line of data conversion, signal conditioning and 
resistor components. And their significant impact on the design of data acquisition and 
control systems, particularly as they are implemented with microprocessors. 

What's real is our more than 10 years experience in converter products that 
has enabled us to produce the leading line of IC Converters. Our second generation 
DPM's featuring MOS/LSI circuitry and large LED displays. Our 
precision resistors with both high_performance and low price. 
Our modular isolation amplifiers for safety in bioelectronics. 
Our new line of modular V/F Converters offering a higher level 
of perfonnance and reliability. 

Just a few of the hundreds of components, circuits and 
systems designed and delivered by Analog Devices. Your 
best source in precision measurement and control. 

We're for real. 

ANALOG 
DEVICES 

The real company 
in precision measurement 
and control. 
Analog Devices, Inc., Norwood, Massachusetts 02062 
East Coast: (617) 329-4700, Midwest: (312) 894-3300, West Coast: 
(213) 595-1783, Texas: (214) 231-5094. Belgium: 03 38 27 07, Den-
mark: 97 95 99, England: 01/94 10 46 6, France: 686-77 60, Germany: 
089/53 03 19, Japan: 03/26 36 82 6, Netherlands: 07649.2555 and 
representatives around the world. 
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Precise uniformity. 

That's what makes 
Kodak micro resist 747 
a bargain. 

With less variables to 
worry about, you'll no 
doubt find you'll waste 
less time, get fewer 
rejects, and improve 
your yield. 

747 resist is negative-
working, and it's 
available at a very 
positive price. 

For details, write 
Eastman Kodak 
Company, Dept. 412L 
(48-E), Rochester, 
N.Y. 14650. 

RESULTS 
COUNT 

Kiàak micro resist 747 

News update 

• While it is reluctant to name 
customers, Motorola Inc.'s Commu-
nications division says it's pleased 
with the market acceptance enjoyed 
by its Spectratac [Electronics, May 
15, 1975, p. 35]. A digital receiver 
system, Spectratac is designed to 
help two-way mobile radio systems 
such as those used by city police 
cope with high-speed digital trans-
mission. Basically, it's an upgraded 
total area coverage system. Spectra-
tac is now in use, for example, by 
the Fort Worth, Texas, police. 
There, the department has installed 
a 12-site, six-channel uhf system for 
county-wide coverage. Motorola has 
also added new features to Spectra-
tac. These include a secondary line 
driver for subcomparator appli-
cations, and line priority for console 
takeover of the transmitter in emer-
gencies. 
The system's key feature is a cen-

tral station's selection of the strong-
est signal from several receivers 
scattered around the coverage area. 
A sort of analog voting system is 
used, but Spectratac uses digital 
techniques to speed by a factor of 25 
the selection of the receiver to be 
monitored. 

• When RCA Corp.'s Solid State 
division developed its tri-metal pro-
cess to eliminate moisture-produced 
corrosion in integrated circuits pack-
aged in plastic, the scheme had a 
limited application. It was used 
originally to create a hermetic-type 
seal on linear bipolar chips in low-
cost plastic dual in-line packages 
[Electronics, May 1, 1975, p. 29]. But 
now RCA has received a $ 1.4 million 
contract from the Naval Electronics 
Command to extend the technique 
to a wide range of tc types. Among 
them are transistor-transistor logic, 
complementary mos, low-power 
Schottky rti, and two bipolar de-
vices. Under the contract terms, the 
failure-rate goal is specified as 
0.005% per 1,000 hours of operation, 
one of the most stringent require-
ments yet proposed by the Defense 
Department for tcs in plastic ows. 
Another goal: create the new ICS at 
a minimal cost increase over tri-
metal (gold-chip) devices. 
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PMI-The JuP DAC Store. 
When you go shopping for D/A Converters, please 

swing by PMI. Ever since we opened our doors six 
years ago, we've been working hard to spice up our 
shelves with the widest line of µP-compatible 
monolithic DACs in the industry. 6-, 7-, 8-, 9-, and 
10-bit DACs. Current or voltage outputs. Internal or 
external references. Routine MIL-STD 883A Level B 
processing, with Level A available. Guaranteed specs 
over full MIL Temp range. PMI pioneered monolithic 
DACs. It's only natural to find more here than 
anywhere. 

And if DACs are new to you, lean on PMI's 
experience. We've helped designers and project 
managers put dependable PMI monolithic DACs 
to work in the most unusual spots. How can we 
help you with your microprocessor? 

Also, our price list, DAC data sheets and App. 
Notes are yours for the asking. Ask your distributor 
or call your local rep. 

rmi] 
Precision Monolithics Incorporated 
1500 Space l'ark Drive, Santa Clara, CA Q5050 
4081248-0222. TWX 010-338-0528. 
C Me MONO. 
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MORE 
COMPANIES 

BUY 
WIRE-WOUND 
RESISTORS 
FROM 

THAN 
FROM 

ANYONE 
ELSE 
ON 

EARTH 

Write for 

catalog 

Call our hotline for prompt 
service and delivery. 

(603) 627-3831 

AM' 

RCL Electronics 
General Sales Office: 

700 So. 21st Street 
Irvington, N. J. 07111 
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MCI's Wright says AT&T 

doesn't own long distance 

The case coming up next month be-
fore the Federal Communications 
Commission is a "make or break" 
situation for MCI Telecommunica-
tions Corp., contends V. Orville 
Wright, president and chief oper-
ating officer of the specialized com-
mon carrier. He joined the firm, the 
very first of the new breed of com-
mon carriers, a year ago, and has 
been struggling to keep the com-
pany alive ever since. 

Service the question. At issue is 
whether MCI should be allowed to 
continue its year-old Execunet ser-
vice, which provides businesses with 
long-distance communications over 
shared, rather than dedicated, lines 
in the firm's microwave net and lo-
cal telephone-company loops. It 
wants to provide the voice-and-data 
service between 16 major U.S. cities. 
Aim of the service is to broaden 

mci's customer base by attracting 
the smaller company that can't af-
ford its own dedicated lines. But 
American Telephone & Telegraph 
Co. maintains that is illegal. Oral ar-
guments on May 10 are expected to 
be followed by an FCC decision by 
midsummer at the earliest. 

Wright, with a 26-year career be-
hind him at IBM Corp., RCA Corp., 
and Xerox Corp., disagrees with 
AT&T, of course. He argues emphat-
ically that the commission has 
"never granted a message toll-ser-
vice monopoly to Bell" like the one 
it holds over local-area telephone 
business. And he welcomes, albeit 
with some trepidation, a precise de-
lineation from the FCC of where 
AT&T's monopoly service begins and 
ends. 

Seeing red. His apprehension 
stems from mci's financial condi-
tion: it's still in the red. Despite 
monthly revenues of $4.5 million, it 
needs another $500,000 a month to 
turn profitable. Execunet, at this 
point, brings in less than $6,000 
monthly, but Wright says the mar-
ket for data switching—now a mere 
7% compared to voice trans-
missions—is expanding rapidly. 

Hopeful. A favorable FCC decision is just 

what Orville Wright of MCI is hoping for. 

So for him, the service is critical. 
I: will help the company break even 
in another four to six months, he 
says. Otherwise, the loss of Execunet 
could be the last straw, he concedes, 
eventually breaking the corpora-
tion's back. 

Ex-Navy captain to direct 

product coding in Europe 

In an industry of experts, the new 
chairman of Pro Electron in Europe, 
says, "I am not an expert, and I 
don't need to be." In fact, Willem 
Goossens, who has 29 years of expe-
rience in the Dutch navy and five 
years with NATO, was brought to Pro 
Electron primarily because his work 
with communications and electron-
ics has been independent of the in-
dustry. The former navy captain's 
first civilian job requires him to be 
as impartial as possible. 

Headquartered in Brussels, Pro 
Electron is a nonprofit association of 

Codifier. Uniform component codes is the 

goal of Pro Electron's Goossens. 



Magnecraft's line of 1200 stock relays 
just increased... by another series. 

WHY WAIT FOR SOLID STATE? Our family 
of 24 solid state relays provides current ratings 
from 2.5 to 40 amps, with switching capacity 
up to 480 VAC. All models incorporate opto-
isolation between input and output, and zero-
voltage switching. Screw type clamps and Fastpn 
"Quick-Connect" terminals are available on 
packages which are interchangeable with others. 

Output switching reflects the latest state-of-the-
art technology. Both the high-reliability dual 
SCR approach and the more economical triac 
approach are available. 

Magnecraft is committed to providing design 
engineers with the best solution for their switch-
ing applications. It is with a complete under-
standing of the areas where solid state relays 
provide the most reliable and economical 
switching solution, that we've included this 
family in our line of stock relays. 

For complete information and specifications, 
WRITE FOR OUR SOLID STATE RELAY 
PRODUCT BULLETIN. Magnecraft Electric Co., 
5575 N. Lynch Ave., Chicago, IL 60630 

agno craft' 
ELECTRIC COMPANY 
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ea ng 
polypropylene 
capacitors 
with the 
lowest losses 
for high 
current duties 

• Pulse Rise 
Time 750 V/ps 

la R. M. S. Current 
Rating 10 A max 

• Power Factor 
approx. 3x10-4 at 16 kHz 

The unique capacitor 
designed for thyristor 
deflection circuits in colour 
television sets. Proven in 
leading TV models and 
in solid state equipment. 

Write for our new catalogue! 

WILHELM 
WESTERMANN 
Spezialvertrieb 
elektronischer Bauelemente 
D-68 Mannheim • Fed. Rep. of Germany 
Augusta-Anlage 56 • P 0. Box 2345 
Tel.: (06 21) 40 80 12 

People 

33 components manufacturers in the 
Organisation for Economic Cooper-
ation and Development. It cate-
gorizes active components. 

Since it was organized in late 
1966, Pro Electron has registered 
nearly 14,000 products. Goossens 
thinks that its strongest achievement 
is the codification of integrated cir-
cuits, started in 1967. The Joint 
Electron Device Engineering Coun-
cil (Jedec) in the U.S. is currently 
adopting a product code for ics 
based on the Pro Electron model. 
"We have experience, and our sys-
tem works," Goossens boasts. 

Full agenda. Assuming his post on 
April 1, Goossens already has a full 
slate of plans for the future. His 
next step will be to expand into mi-
croprocessors and liquid crystals. 
The codes are ready and have been 
waiting for some time for manufac-
turers' approval. 
To ensure the effectiveness of a 

uniform European code, Goossens 
is pressing for approval before the 
new products in these rapidly devel-
oping sectors become known under 
individual manufacturers' numbers. 
He emphasizes that Pro Electron 

will remain purely a type-designa-
tion agency. "Standardization is not 
a purpose of Pro Electron," he says, 
"It is a commercial consequence." 

Because new codes are developed 
only for significant product changes 
or improvements, Goossens hopes 
that this system will prevent the pro-
liferation of products which differ 
only in minor details. Another aim 
is to increase sales of the Pro Elec-
tron indexes. However, Goossens in-
sists that sales are not his primary 
concern. "I am marketing an idea, 
not a product," he says. 

Cooperation sought. Soft-spoken 
and unassuming, the 54-year-old 
Goossens does not view competition 
as a factor between Pro Electron 
and Jedec, with which, in the future, 
he hopes to exchange more infor-
mation. Ideally, he would like to see 
one worldwide system. "Realisti-
cally, it would be difficult to fuse 
Pro Electron and Jedec," he says, 
"But we have in fact the same mar-
ket. It is to everyone's advantage to 
have a unified codification system." 

16 Circle 16 on reader service card Electronics/April 15, 1976 



Microprocessors take 
control with 
Teledyne I/O 
converters 

Modular packaging of input/output interface 

circuitry. That's what Teledyne I/0 Converter 

Modules provide microprocessor based industrial 

controls for maximum I/O flexibility and 

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 

CONTROLS 
¡Limit Switchs 
Pressure Switches 
Relays et:1 

LOADS 
'Solenoids. 
Motors 
Heaters. etc. 

AC INPUT 
CONVERTER 

AC 

L,rle 

TYPICAL SYSTEM BLOCK DIAGRAM 

MICROPROCESSOR 

BASED 

COMPUTER 

service wiring from logic connections. For pc 

boards, we offer the same circuitry in our 675 

Series low profile package. Both series include 

ac and dc input/output converters. 

Sc for the best in I/O interface circuitry for 

microprocessor based industrial controls, contact 

the people who know the " ins and outs" of this 

business — Teledyne Relays. 

1r TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 

Telephone (213) 973-4545 

C. 

A. 675 Series — Low profile I / 0 

converter modules for pc 

board mounting 

B. 671 Series — Panel mounted I/O 

converter modules ( with integral 

LED status indicators) 

C. 671P Series — Custom-designed 

rrt.punting panel 
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Why more engineers 
than all other micro corn 

The 8080 system comes with four CPU options, twenty-five performance matched 
peripheral, I/O and memory components, and the industry's most useful software and 
hardware development systems. We've had the 8080 in volume production since 
April 1974 and there are now major second sources. These are just a few of the reasons 
why more engineers use the Intel 8080 system than all other microcomputers com-
bined. Join them and you'll eliminate complex random logic, save design time, and get 
your products to market faster and at lower cost. 

Start by replacing hundreds of TTL packages with the three LSI circuits in the 
MCS-80Tm CPU Group—the 8080A CPU, 8224 Clock Generator and 8228 System 
Controller. Built into the Intel 8224 and 8228 are many of the extra functions that most 
designs require, such as TTL & MOS clocks, auxiliary timing functions and current 

sinking capability that keeps memory 
and I/O interfaces simple. 

A dozen I/O and peripheral 
circuits that attach directly to the 
system bus make it easy to add on 
peripheral subsystems. Five are 
programmable LSI devices. These 
operate under software control in 
numerous modes and can often re-
place up to 75—or more —TTL 
packages each. For example, the 
Intel 8251 Programmable Communi-
cation Interface provides virtually 
all serial data transmission protocols 
in use today, including IBM Bi-Sync. 
Or, for easy interface to printers, key-
boards, displays and motor drives, 
use the 8255 Programmable Peri-
pheral Interface. You can reorganize 
its 24 I/0 lines with software as your 
needs change. 

You have thirteen options in 
performance matched standard 
memory circuits, such as 16K ROMs, 
8K erasable PROMs and 4K RAMs 
for high density at low cost, plus 
CMOS RAMs for lowest power. 

You also get four CPU choices, 
including the M8080A for operation 

MCS-801m SYSTEM COMPONENTS 

Part No. Description 

CPU GROUP 8080A 8-bit Central Processor Unit, 2µs cycle 
8224 Clock Generator 
8228 System Controller 

CPU OPTIONS 8080A-1 1.3µs cycle 
8080A-2 1.5µs cycle 
M8080A 2 µsec cycle (- 55 to + 125°C) 

I/O lair 8212 
, 

8-bit I/O Port ( 15 mA drive) y 
-... - 8251 Programmable Communicati n 

Interface 
8255 Programmable Peripheral Interface 

PERIPHERALS 8205 1 out of 8 Binary Decoder 
8210 Dynamic RAM Driver (8107B) 
8214 Priority Interrupt Control Unit 
8216 Bidirectional Bus Driver, Non-Inverting 

(50 mA) 
8226 Bidirectional Bus Driver, Inverting 

(50 mA) 
8222 Dynamic RAM Refresh 

Controller (8107B) 
8253* Programmable Interval Timer 
8257* Programmable DMA Controller 
8259* Programmable Interrupt Controller 

PROMs 8604 512 x 8, 100 ns 
8702A 256 x 8 Erasable, 1.3 ¡is 
8704 512 x 8 Erasable, 450 ns 
8708 1K x 8 Erasable. 450 ns 

ROMs 8302 256 x 8, 1µs 
8308 1Kx 8,45Ons 
8316A 2K x 8, 850 ns 

RAMs 5101 256 x 4 Static CMOS, 650 ns 
8101A-4 256 x 4 Static, 450 ns 
8102A-6 1K x 1 Static, 650 ns 
8102A-4 1K x 1 Static, 450 ns 
8107B 4K x 1 Dynamic, 420 ns 
8111A-4 256 x 4 Static Common I/O, 450 ns 

*Available 2nd quarter 1976 



use the Intel 8080 system 
puters combined. 

at — 55 to + 125°C, and the 8080A-1 with a 1.3 microsecond 
instruction cycle for higher speed applications. 

To help minimize system 
Beiacit> 
cPu development time use the 

third generation Intellec® 
MDS microcomputer hard-
ware/software develop-
ment system. This de-
velopment system 
with its unique ICE-
80 in-circuit emu-

lator lets you 
simultaneously 
debug software 
and hardware, 

from initial proto-
typing right through 

production. The Intellec 
MDS is supported by six comprehensive software packages including a macro-
assembler, ICE-80 interactive software driver and a diskette operating system. 

In addition to the software packages in the development system, three cross 
product software packages are available on magnetic tape and on several time share 
networks. The Intel 8080 system is also supported by the industry's largest user's 
library, training courses and field applications assistance. 

Start now with the new SDK-80 System Design Kit. It's a complete system for only 
$350 and includes: An 8080A CPU, Clock Generator, System Controller, Program-
mable Communications Interface and a Programmable Peripheral Interface. You also 
get two 1 of 8 binary decoders, 256 bytes of static RAM, two kilobytes of erasable 
PROM (with the system monitor supplied in one kilobyte), a PC board, clock crystal, 
connectors, other assembly parts, plus a user's manual and programming manuals. 

To order the SDK-80 kit, contact our franchised distributors: Almac/Stroum, 
Component Specialties, Components Plus, Cramer, Elmar, Hamilton-Avnet, Industrial 
Components, Liberty, Pioneer, Sheridan or L.A.Varah. 

For your free copy of the new 8080 system brochure and our Intellec MDS 
brochure, write: Intel Corporation, 3065 Bowers Ave., Santa Clara, Calif. 95051. For 
$5.00 we'll send you a copy of our new 236 page 8080 Microcomputer Systems 
User's Manual that includes complete hardware, software and interfacing data for 
all 8080 systems. 

8251 
PROGRAMMABLE COMMUNICATION 

INTERFACE 

5,\EP,'&;•14t,A, 
ME_MCiP.1. 

8255 
PROc2ffliN1A8\1.PE.%%E.Rn. 

11,17ERF ACE. 

Intel Microcomputers. First from the beginning. 
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Meetings 

This is a rack-full of 
counter capability. 

• Ai 
111A 

1,.?" 10' 

E STD80:-‘7"51.1Hz TIMER/COUNTER 

10 et.. 

HP's new 75 MHz Timer/Counter 
is easily held in your hands. 
Take a look at the front panel: 
Never before has there been so 
much counting capability in 
such a small package at such a 
small price. Seven other modules 
snap on to convert to other instru-
ments — including a DMM — or 
to connect to the HP Interface Bus. 

02503 

Features include: 1 nsec time 
interval averaging • autoranging of 
frequency, frequency ratio, period 
average, time interval average 
• full complement of triggering con-
trols, monitor LEDs • preset ECL 
and TTL thresholds • an astonish-
ingly low price of only $910* total 
for 5308A module with 5300B 
mainframe. • DornestIc USA once only. 

HEWLETT hp PACKARD 

Sales arid service from 172 offices in 65 countries. 
1501 Page M.II Road Palo Alto Calif.:on. 94304 

Electronic Components Conference, 
IEEE, Jack Tar Hotel, San Francisco, 
April 26-28. 

Offshore Technology Conference, 
IEEE, Astrohall, Houston, Texas, 
May 3-6. 

Carnahan Conference on Crime 
Countermeasures, IEEE, University 
of Kentucky, Lexington, May 5-7. 

Industrial and Commercial Power 
Systems Conference, IEEE, Hyatt 
Regency Hotel, Los Angeles, May 
10-13. 

Electro 76—IEEE International Con-
vention, IEEE, Hynes Auditorium 
and Sheraton-Boston Hotel, Boston, 
May 11-14. 

National Workshop on Low-cost 
Polycrystalline Silicon Solar Cells, 
National Science Foundation and 
Energy Research & Development 
Administration, Southern Method-
ist University, Dallas, May 18-19. 

Naecon Aerospace and Electronics 
Conference, IEEE, Dayton Conven-
tion Center, Dayton, Ohio, May 
18-20. 

Eighteenth Israel Annual Confer-
ence on Aviation and Astronautics, 
Technicon—Israel Institute of Tech-
nology, Haifa, Israel, May 19-20. 

Third International Euromation Ex-
hibition—Instrumentation and Auto-
mation in Industry, Belgian Institute 
of Automatic Control, Brussels In-
ternational Fair, May 22-26. 

Conference on Lasers and Electro-
Optical Systems, IEEE, Town and 
Country Hotel, San Diego, May 
25-26. 

Semicon West '76, Semiconductor 
Equipment & Materials Institute 
(c/o Golden Gate Enterprises, 
Santa Clara, Calif.), San Mateo 
County Fairgrounds. Calif. May 
25-27. 

International Symposium on Multi-
valued Logic, IEEE, Utah State Uni-
versity, Logan, Utah, May 25-28. 
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SC/MR.. A MICROPROCESSOR 
SO SIMPLE AND INEXPENSIVE, T'S ENOUGH 

TO MAKE ANY MACHINE THINK. 

The"Simple Cheap Microprocessor" 
At less than ten bucks apiece in 

volume, it makes microprocessor tech-
nology practical where it's never made 
sense before. In products like meters, 

gas pumps, traffic-light controls, pinball 
machines, medical electronics, TV games, 
scales, motor controls, telephones, home 
appliances. 
A whole world of machines and men 

has been waiting for such a thing. 
Well, thanks to National, SC/MP is 

here now. 
And it's not just the cheapest, least-

complicated microprocessor on the 
market. It's also one of the most capable. 

It shortens design time because of 
its architecture, and its ability to 
interface with standard memories and 
standard peripheral components. 

It requires a minimum number of 
components and support chips. 

Yet it gives you advantages that can't 
be found in many expensive micropro-
cessors. Like an on-chip clock. Serial I/O 

ports that are TTL-
compatible. Static 
operation. Bus allo-
cation for multi-
processor system 
design. Plus built-in, 
programmable 
DELAY instruction. 

It's on your 
distributor's shelf 
right now. For tech-
nical description 
of the chip and a com-
plete data sheet, send 
us the coupon below. 

If this thing catches on (and at less 
than $10 a copy, it's got to), who knows 
where it could lead? 

To stuffed dogs that tell shaggy 
people-stories? 

National Semiconductor Corporation 
2900 Semiconductor Drive 
Santa Clara, California 95051 
Gentlemen: 
SC/MP, eh? I'd like to see that Technical Description, data 
sheet and a sales brochure: 

Name Title  

Company  

Address  

City    State Zip  

National Semiconductor e 
Ask your distributor for our SC/MP Evaluation Kit. 
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TEXAS INSTil 
SUPPORI,SOFTWA 

The TI 990 
computer family 
has all the ingredients. 
The TI concept of what a computer family 
should be goes beyond producing the most re-
liable and cost-effective hardware around. To 
us, that's basic. The extra dimension is usabil-
ity, and this means software and support. 
The TI 990 computer family has all the in-

gredients. We make every member of the fam-
ily ourselves, and we make them all software 
compatible from bottom to top. 

Complete software libraries, as well as 
memory-resident and disc-based operating 
systems, support real-time and multi-tasking 
operations. We offer FORTRAN, COBOL 
and BASIC languages. Cross-support on 
timesharing networks allows early develop-
ment of your own applications programs. 

The TMS 9900 Microprocessor... 
The Technology Leader 

The advanced capabilities of the 990 family 
result from a TI milestone in MOS technolo-
gy...the TMS 9900 single-chip, 16-bit micro-
processor. With its high-speed interrupt ca-
pability, hardware multiply-and-divide, and 
versatile instruction set, the TMS 9900 deliv-
ers the kind of computing power you'd expect 
from a 16-bit TTL computer. And it's the best 
microprocessor going for terminals, machine 
monitoring and control, and many other 
applications. 

Because the TMS 9900 provides the instruc-
tion set for the new 990/4 microcomputer and 
990/10 minicomputer, software developed for 
the low-end computers will be compatible 
with the higher performance models... and 
with a minimum of interface and software 
adaptation. 

Versatile Operating Systems 

The TX990 Executive Operating System 
Software uses either the 990/4 or 990/10 com-
puter for low-cost multi-task control, requir-
ing a minimum of peripheral support. The 
modular construction of TX990 allows users to 
select only the functions required for efficient 
memory usage, leaving more memory availa-



'OMEN'S HAS 
RE AN HMI I WARE. 

ble for application software. 
The 990/10 Disc System Software accents 

the mass-storage, random-access features of 
the disc with extensive file management and 
the multi-tasking features of the DX10 Operat-
ing System. The system software package in-
cludes a multi- pass 990 assembler, link editor, 
interactive source editor, and numerous other 
utilities that support easy implementation of 
application programs. 

Flexible Packaged Systems 

TI offers two packaged program development 
systems and a prototyping system far the user 
who needs his own stand-alone system for 
software and firmware development of appli-
cation programs. 
These packaged systems provide a flexible 

method of implementing early project de-
velopment. These include the low-priced 990/4 
Program Development System and the pow-
erful 990/10 Program Development System. 
The 990/10 system combines the power of the 
990/10 minicomputer with the disc-based 
DX10 operating system and an extensive set 
of software development tools. The standard 
package includes the 990/10 minicomputer 
with 64K bytes of error-correcting memory, 
ROM loader and diagnostics, 3.1-million byte 
removable disc kit with accompanying 
peripherals, and a complete software de-
velopment package. And, at $24,500, this sys-
tem costs at least 20% less than comparable 
equipment from other manufacturers. 

For developing firmware modules, there is 
a $5950 prototyping system which includes a 
990/4 computer with 16K bytes of memory and 
programmer's front panel, and a "Silent 700*" 
twin-cassette ASR data terminal. Also, an op-
tional PROM programming kit is available for 

developing read-only memory. 
In addition, we provide a wide variety of 

program development utilities for the 990 
family. There is communications software 
that supports either synchronous or asyn-
chronous data transmission, and can operate 
with the TX990 or the DX10. 

Support from the start 

We offer complete training and applications 
assistance, plus a nationwide service network 
backed by TI-CAREt, our remote diagnostic, 
service dispatching and real-time field service 
management information system. 
For more information, call your nearest TI 

office or write Texas Instruments Incorpo-
rated, P.O. Box 1444, M/S I  o 
784, Houston, Texas 77001. 
Or, phone Computer 
Equipment Marketing 
at (512) 258-5121. 

See the 990 Family at the Computer Caravan and NCC. 
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• Bruxelles Belgium 733.96.24 • Cheshire. England 061-442.8448 • Copenhagen. Denmark 01/91.74.00 • Essen. Germany 0201/20916 • Frankfut Germany 0611/39/90/61 • Freising. Germany 08161/801 • Helsinki, Finland 
90-408 300 • Milan. Italy 02 688/8051 • Montreal. Canada (am) 341.5224 • Nice. France (93i 20.01.01 •'Oslo. Norway 02.68.14 87 • Pans. France ( 1) 630-2343 • Rome, Italy 839.4792 • Slough, England 0753.33411 • 
Stockholm, Sweden 62 71 59/62 71 65 • Sydney, Australia 831-'155 • Tokyo, Japan (03. 402-6181 • Toronto. Canada (416) 889.7374 • Vancouver. B.C. (604) 689-8017 
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The reign 
of the PMOS UNIT 

is over. 
Long live the king. 
Intersil's new 
IM6402 CMOS UART. 

It's the CMOS/LSI Universal 
Asynchronous Receiver/Transmitter 
(UART) for interfacing computers or 
microprocessors to serial data channels. 
The IM6402 operates with Intersil's IM6100 
family of microprocessor peripheral circuits. 
It's pin compatible and price competitive with 
the AY-5-1013, TR1602 and TMS6012 PMOS 
UARTs, but far superior, making it the new 
ideal for use in modems, printers, peripherals 
and remote data acquisition systems. 

Because it's CMOS, it provides data 
transfer rates up to 200,000 Baud (3.2 MHz 
clock frequencies) with data word length from 
5 to 8 bits. That's a ten-to-one improvement 
over previous PMOS UARTs. And because 
it's CMOS, power is reduced from the 300mW 
typical with PMOS, to only 10mW for the 
IM6402, at supply voltages from 4 to 11 volts. 

The IM6402 is packaged in a 40 pin DIP, 
available off-the-shelf from Intersil distributors 
in a military ( - 55° to + 125°C) version for 
$26.50 ( 100+ quantities) or a commercial 
(0' to + 75°C) version for $6.95(100+ ). 

Talking to a TTYP 
Try the IM6403. 

The IM6403 version of this CMOS UART 
contains an on-chip 4/11 divider stage; this, 
plus on-chip oscillator, allows use of inexpen-
sive crystals— for example a commercial 
color-TV crystal— resulting in an appropriate 
Baud rate for easy teletype interface. 

Both of them. IM6402 and IM6403, the 
new king of UARTs. Only from Intersil. 10900 
North Tantau Ave., Cupertino, CA 95014. 
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Intersil stocking distributors 
Arrow Electronics 
Century Electronics 
Elmar/Liberty Electronics 
Harvey ( Upper N.Y.) 
Intermark (San Fran.) 
Kierulff Electronics ( Mass.) 
Marshall Ind. ( L .A.. San Diego) 
R.A.E. Ind. Elect. Ltd. ( Van. B.C.) 
Schweber Electronics 
Semiconductor Specialists 
Sheridan Assoc. (PA) 
Southland ( Fla.) 
Weatherford 
Zentronics (Canada) 

Intersil area sales offices 
Boston (617)273-2055 
Chicago (312)986-5303 
Dallas (214)387-0539 
Los Angeles (213)532-3544 
Ft. Lauderdale (305)739-3203 
Minneapolis (612)925-1844 
New York (201)567-5585 
San Francisco Bay Area (408)984-2170 
Upstate New York/Canada 

(315)437-0368 
Representatives in all major cities. 
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Hughes Aircraft Along with other questions raised by the death of Howard Hughes, one 
might find time rie concerns the future of Hughes Aircraft Co., whose $1 billion yearly sales p 

are almost wholly made up of electronic systems and equipment. Some 
to go public observers think the timing could be right for the company, owned entirely 

by the Hughes Medical Foundation, to go public. The late billionaire was 
the sole director of the foundation. 

In the past, rumors circulated from time to time that his representatives 
had talked with Wall Street investment bankers about a public stock 
offering. But nothing ever happened, largely because of Howard Hughes' 
other legal troubles or bad timing in the market. Some observers also think 
that the company has all the elements to become glamour-type stock, 
since interest has picked up lately in electronics shares. 

There also may be tax implications working in favor of such a course, 
since the foundation might have to divest itself of the company, in much 
the way the Ford Foundation had to sell Ford Motor Co. stock in the 
1950s. 

Walkie-talkie 

frequencies get 

shifted upward 

TI to unveil 

power linears 

In an effort to reduce interference for the licensed citizens' band operator, 
the FCC has shifted upward the operating frequencies of 100-milliwatt 
walkie-talkies. These and some other low-power devices—all called "part 
15" devices—will move to five frequencies from 49.82 to 49.90 megahertz. 
However, operation of non-voice equipment such as automatic vehicle 
locators and telemetry transceivers will still be permitted to continue in 
the 27-MHz citizens' band. 

In essence, the new rules are: all manufacturing of part 15 devices for 
operation at 27 MHz must be stopped by March 18, 1977; a year later, 
dealers may no longer sell such devices; and after March 18, 1983, these 
devices may no longer be used. The mandated move to a higher frequency 
band will require re-engineering, which is bound to increase the price of 
the transceivers. 

Texas Instruments' renewed efforts in analog control products (see p. 33) 
also are benefiting from work on power linear devices. By the end of 
April, the Dallas firm expects to announce a monolithic switching voltage 
regulator in a 14-pin dual in-line package, boasting efficiencies of 60% 
to 80%, the device contains all the necessary components on a single bipolar 
chip, including power switch, duty-cycle oscillator, commutating diode, 
error amplifiers, and short-circuit sense. To be priced at less than $2 in 
large quantities, the part will offer 0.4% typical load regulation and 0.2% 
line regulation. 

Signetics emulates Signetics Corp. has started production of a bipolar version of the popular 
8080A in bi polar 8080A microcomputer system. Using Intel's 3000 series of Schottky-TTL 

microprocessor-slice chips, which Signetics now second-sources, the com-
pany will offer its 80E emulator. The 80E will be two to 12 times faster 
than equivalent 8080A systems, claims Frank Brunot, in charge of 
marketing bipolar microprocessors. 

Although the high end of the 8080 market isn't large— Brunot puts it 
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at 5% of the total 8-bit market—it nevertheless allows 8080 designers to 
use the same software in the 80E emulation to implement minicomputer-
type data-processing equipment. As for costs, it takes 30 to 40 80E chips 
to emulate a typical 10-to-20-chip 8080A system. 

Little study A new forecast by Arthur D. Little Inc. recommends that U.S. electronics 
shows foreign companies compare the costs of manufacturing their products in the U.S. 

with costs overseas. Those costs will tend to merge by 1980, Little says. 
advantage shrinking The study covers 15 countries and 18 product categories. The multi-client 

study by the Cambridge, Mass., research firm shows, for example, that 
the cost of manufacturing a 19-inch portable color-television set in the 
U.S. in 1980 will be $329 and $324 in Japan, compared with $265 and 
$230, respectively, in 1975. 
The same shrinking differential is apparent in a comparison for mini-

computers made in the two countries. By 1980, Little estimates, it will 
cost $2,085 to manufacture a small minicomputer in the U.S. that will 
cost $ 1,905 to build in Japan. The 1975 figures are estimated at $2,275 
and $ 1,875, respectively, for the two countries. 
The study, entitled "The Worldwide Cost of Manufacturing Electronic 

Products, 1975-1980," was sponsored by 13 multinational corporations. 
Subscribers receive from ADL a computer program and data base that 
allows them to simulate the manufacturing costs for their own products. 

Army seeks The Army Electronics Command at Fort Monmouth, N.J., has requested 
improved version quotations to develop design plans for the basic remotely monitored 

battlefield sensor system (Rembass), a family of unattended ground-sur-
of remote sensors veillance and target-acquisition sensors with associated data-communi-

cations equipment. 

Portable collector 

of solar energy 

to be marketed 

A hand-held solar-energy collector and converter to power portable radios 
and calculators will be marketed for about $30 by late summer. The unit, 
built by M7 International of Arlington Heights, Va., will use a non-imaging 
solar-radiation collector, called a compound parabolic concentrator, devel-
oped by University of Chicago physicist Roland Winston. Use of the 
collector, which delivers 0.25 watt, will reduce by 70% the number of 
silicon cells needed, says M7. 

Last $ 1.5 million The $25 million program by the National Oceanic and Atmospheric Ad-

awarded for ministration to automate production of U.S. nautical charts is nearing 
reality with the mid-April award for the system's final link. Information 

chart automation Science Corp., the McLean, Va., subsidiary of Planning Research Corp., 
got $ 1,496,422 to prepare an automated digital-information process that 
will store and retrieve nautical-chart data. From that data, NOAA cartog-
raphers can photograph new charts from computer-generated graphics. 
The system, to become fully operational in 1980, will speed production 
of new chart negatives to four to six weeks, in contrast to the six to nine 
months now required. 
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Original three-day 
microprocessor course 

After more than a year on the road, 
this basic course is still one of the most 
popular ways for engineers to embark 
on a program of mastering the tech-
niques of designing with microproces-
sors. 
The first day is a thorough exvlora-

tion of the M6800 Family LS! devices 
— PIT, PIA, ACIA, ROM, and 
RA Ms. Day two covers syrtems con-
figuration techniques, sample pmgram 
review, and the introduction to sup-
port hardware. The final day is for 
writing, assembling, and simulation of 
a program using timesharing and/or 
the EXORciser* systems development 
tool. It's hands-on experience all the 
way, and you take away copies of 
Motorola's outstanding Applications 
Manual, Programming Manual, and 
M6800 Training Manual. 

Software and hardware training 

Once a month ( see schedule:, two 
additional consecutive, single-day ses-

It's Easy 
and 

Inexpensive 
Add your own plant to Motorola's 
M6800 MPU Course schedule. 

Your plant location can be added to Motorola's 
M6800 Microprocessor Course schedule. You supply 
the classroom facilities, timesharing, and an enroll-
ment of up to 20. We supply the instruction and 
course materials including Applications Manuals, 
Programming Manuals, and the course binder. All 
your company pays is $4,000.00. The savings on 
both tuition and travel expenses are obvious. 

sions, one on software and the other on 
support hardware, are presented fol-
lowing the basic three-day course. The 
basic course is a prerequisite. 
The fourth day is a more detailed 

study of Motorola's M6800 Support 
Soft %% are, with instruction in a xariety 
of programming shortcuts involving 
the bandling of interrupts, stack 
pointer, index register, subroutines, 
etc. 
The fifth day, Support Hardware, 

teaches more or; the use of the RX0R-
ciser, EXORdisk floppy disk system. 
Systems Analyser, and other Motorola 
Nlii801) support hardware. 

Enrollment — how and how much 

Cost of the three-day lia k' course 
is 8375.00 in Phoenix and 8430.00 at 
other scheduled locations. The fourth 
and fifth days are 8125.00 each, hut 
enrollment in the five consecntive days 
of balic, software, and hardware ses-
sions is worth a 15e; discount on the 

total. Discount; are also available for 
same session multiple enrollments 
from the same firm. For information, 
call or write to Ron Bishop: (602) 
962-Z145 or 244-4945; Motorola M6800 
Training, P.O. Box 2953, BB100, Phoe-
nix, AZ 85062. For simplified enroll-
ment, complete the coupon below and 
send it to the above address. 

M6800 Course Schedule 
AZ 

Salt Lake City. UT 
Raleigh. NC 
Dayton. OH 
Houston. TX 
San Jose, CA 
Minneapolis, Mr'. 

April 20, 21, 22 
April 20, 21, 22 
April 27, 28, 29 

May 3. 4. 5, (6/7) 
May 4. 5, 6 

May 11, 12. 13 
May 11, 12, 13 

Pittsburgh. PA May 18, 19. 20 
Phoenix. AZ May 17. 18:19 (20/21) 
Naswille. TN June 15. 16. 17 
Phoe•nix, AZ June 15. 16. 17 
Philddelphia, PA June 21. 22. 23 

(24/25) 
Las Vegas. NV June 29. 30, July 1 

MOTOROLA M6800 
Benchmark family for microcomputer systems. 

Trademark of Motorola Inc. 

Ron Bishop, Motorola M6800 Training BB102 P.O. Box 2953. Phoenix, AZ 85062 

Please enroll me in the following M6800 Training. 

Course(S) 

LotatIon Dates) 

My telepnorne number is 

Name 

Company 

Address CIty 

State ZIP area code number 
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Announcing a giant reduction 
in the Nova line. 

You're looking at a whole new family of NOVA'' 
computers. microNOVA. A microprocessor chip, 
a microcomputer board and a complete MOS mini-
computer. All based on the little thing on the tip 
of the finger. 

mN601. The microNOVA CPU. 
It's a full-blown, 16-bit NOVA computer. Manu-

factured by Data General. And fully supported by 
NOVA software. 

And it's not a NOVA computer in name only. 
This chip has all the NOVA registers, internal data 
paths and computational elements. The NOVA 
multifunction instruction set. The NOVA multiple 
addressing modes. And the NOVA 3 hardware 
stacking. Plus things that used to be NOVA options: 
multiply/divide, real-time clock and power fail/ 
auto restart. All standard at no additional cost. 

The difference is, all that NOVA has been 
reduced to a single chip that measures only 225 
mils by 244 mils. 

Which was no small accomplishment. 
For those who need more than a chip, there's 

the microNOVA computer-on-a-board. A complete, 
fully-buffered microcomputer that comes with 2K 
or 4K words of RAM on a single 71/2" by 91/2 " 
board. You can add on more RAM in either 4K or 

8K increments, or PROM boards with up to 4K 
words. Plus terminal interlaces, general purpose 
interfacing boards, card frame, power supply and 
PROM burner. 

And for those who need more than a board, 
there's a fully- packaged 4K word MOS microNOVA 
mini. It comes with power supply and turnkey 
console. In 9 and 18 slot versions. Into which you 
can place as much as 32K words of RAM or 
PROM. And still have plenty of room left over 
for I/O. 

There's even a microNOVA system specifically 
for program development. A complete system, with 
dual diskette drive, terminal and our RDOS-
compatible Disc Operating System. Or you can 
use a Nova 3 system with RDOS. The best develop-
ment software you can get. 

And no matter which microNOVA product you 
get, you get to use NOVA software like FORTRAN 
IV. Software that's in use in over 20,000 instal-
lations all over the world. So you know it's going 
to work right the day you get it. 

Want to know something else? 
Call our toll free number. 

microNOVA 800-225-9497. 

DataGeneral 
Nava is a reçostereti trademark t..1 Data Cereral Gistitirattan. 
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Electronics review 
S,goficant developments ,n technology and busIness 

Reels of film 
automate watch 
module assembly 

Sprocketed film will carry 

everything but the battery in 

production scheme of 

International Micro Industries 

Mounting integrated-circuit chips 
on reels of sprocketed film is a well 
established means of automating 
the assembly of electronic systems. 
But a company in Cherry Hill, N.J., 
is not stopping at simple chips. 
Rather, International Micro Indus-
tries Inc. is bonding a complete 
watch module that includes lc logic, 
discrete components, and a light-
emitting-diode display on either 
side of each frame of a special 35-
millimeter film tape. 
The new process could save man-

ufacturers $ 1 to $3 in material per 
watch module, claims company 
president Tom Angelucci. In addi-
tion, labor costs would be cut by as 
much as 75%. A line of 10 to 15 ma-
chines for the new process, capable 
of producing 500 modules per hour, 
would take up an area of 5,000 
square feet and require 10 people, 
Angelucci continues. He contrasts 
this production to present methods 
using manual wire bonding and 
hand assembly that would require 
some 40 persons to turn out the 
same number of modules. 

Angelucci's company is finishing 
the design of 12 automated-assem-
bly machines that are designed for 
this process. 
He intends to license the concept, 

and is currently negotiating, he 
says, with two major electronic-
watch manufacturers. But although 
he has shown his development to 

Electronics, he declines to make any 
photographs or drawings available 
for publication. 

Film as substrate. Referring to the 
usual way of' dealing with IC chips 
mounted on film carriers [Electron-
ics. Dec. 25, 1975, p. 61]. Angelucci 
points out that "the chips and their 
copper interconnect leads are cut 
out of ( he [ film] tape and applied to 
either ceramic or printed-circuit 
substrates." 

Angelucci, however, takes a short 
cut. "We omit the step of cutting the 
ICs from the film tape." he explains. 
"The film itself is the substrate. But 
to make it work, we had to come up 
with a rnultilayer tape." 

Designers at International Micro, 
heretofore a manufacturer of the 
polyimide and polyester carrier 
tapes and custom-assembly equip-
ment, decided that the component 
density of a typical digital-watch 
module required a tape with one 
conductive layer of copper on each 
side of the insulating film. This ar-
rangement would avoid the com-
plexity of a single-conductive-layer 
tape with conductive crossovers. 

Also, rather than using plated-
through holes between the two lay-
ers, the designers came up with 
what Angelucci describes only as a 
proprietary and novel method that 
doesn't involve plated-through holes 
or wire-bonding. 
On a production line, the empty 

tape would move through machines 
to gang-bond the logic chip and at-
tach the other circuit components 
(crystal, trimmer capacitor, resist-
ors) to either one side or the other of 
each 1 4-in.-by-0.7-in. frame of the 
35-mm tape. 

Each digit of the seven-segment 

LED displays would be gang-bonded 
to a 0.3-by-0.2- in. frame of specially 
designed 8-mm tape. This tape also 
has conductive layers on both sides, 
but all LED pinouts are on one side. 
A multiframe strip of this LED tape 
is then pressed to conductive pads 
on the top of the main 35-mm film 
substrate. When the two-tape as-
sembly is put into a watch case, the 
LED tape would be held by pressure 
against its "mother" tape, eliminat-
ing any bonding or soldering of the 
display to the watch tape. 

Communications 

Small cn-site unit 

manages phone lines 

Computer-controlled telephone-
management systems aren't new. 
But a new company. TDX Systems 
Inc., is offering the service by re-
mote control. In doing so, it is cut-
ting the customer's capital-equip-
ment investment to zero. 
"What we've done is broken off 

the 'big computer' part of the usual 
[telephone-management] installa-
tion, together with its disk and tape 
drives, and put it in our own offices 
in McLean, Va.," explains TDX pres-
ident William von Meister. The cus-
tomer is left with a relatively simple 
microcomputer-driven call proces-
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TELEPHONE 

A   

DATA 
CIRCUIT 
(300 BAUD) 

TDX SYSTEM OVERVIEW 

TDX CALL 
PROCESSOR 

TELEPHONE 
COMPANY 
CENTREX 

BATTERY 
BACKUP 

—  WATS 

— FOREIGN EXCHANGE 
— TIELINES 

— DIRECT DISTANCE DIAL 

DATA CIRCUIT 
(4,800 BAUD) 

Phone manager. Relatively low-cost inicrocompute-driven call processor on the customer's 

premises controls data flow regarding calls to TDX Systems' shared central computers. Deci-

sion regarding the least-cost path over which to route phone calls is made in McLean, Va. 

sor that controls the communi-
cations lines. This unit, in turn, is 
connected to the company's central 
computers via a single 300-baud 
phone line. 
Sharing. "Our approach allows the 
high capital cost normally associ-
ated with stand-alone computer sys-
tems to be invested in central com-
puters and, therefore, shared by 
many users," von Meister says. 
Without this approach, the invest-
ment at a customer's facility may 
range upward from $250,000 to $ 1 
million. Tpx's central site, built 
around a redundant pair of Inter-
data Inc. model 732 computers, can 
be shared among as many as 500 
users, he says. 

Reduction in telephone-company 
charges—from 10% to 40% for orga-
nizations with long-distance tele-
phone bills of at least $5,000 a 
month—is the big plus for using his 
telephone-management system, he 
points out. Long-distance charges 
are cut because the system auto-
matically routes all calls over the 
least-cost path, taking into account 
the customer's mix of WATS, foreign 

exchange, tie, and direct-distance-
dial lines. 
And besides cutting monthly 

phone bills, the system also does 
such things as simplify billing and 
accounting within the company, and 
reduce phone abuse by unautho-
rized callers, von Meister adds. 
Eight to 32 special-rate outside lines 
plus the phone company's direct-
distance-dial lines can be ac-
cessed from a single five-to-six-foot-
high rack of equipment that pro-
cesses the calls. 
The microcomputer-driven equip-

ment consists of tone-key decoders. 
automatic dialers, and 8,000 words 
of random-access and programable 
read-only memory that attaches to a 
Pax or Centrex telephone system at 
the user's premises. It's built around 
an Intel Corp. 8080 8-bit micro-
processor, with the programable 
ROMs storing the programs for such 
things as checking account numbers, 
and controlling the data flow. 
The central computer is a 32-bit 

machine with 1 million bytes of core 
memory. Communicating through a 
concentrator at a 300-baud rate with 

the customer's installation, as shown 
in the drawing, the central site keeps 
track of the phone lines at each cus-
tomer location, always picking the 
cheapest line available. 
A monthly charge of $350 to $900 

covers rental of the call processor 
and data-circuit costs, as well as ac-
counting and fine-usage reports. 
Additional fees are incurred as a 
call goes out on the system. 

Competition. Ed McAteer, presi-
dent of Action Communications 
Systems Inc. of Dallas, which sells 
and leases stand-alone computer-
controlled voice-communications 
control and monitoring systems, ad-
mits that TDX may cut into Action's 
and others' markets—but only with 
smaller users, those with long-dis-
tance telephone bills of $ 12,000 a 
month or less. 
McAteer also points out that be-

cause the price charged for the rival 
system is based on its use, his com-
pany's system will be competitive in 
many low-end situations. "But we 
don't see TDX making a dent in the 
bulk of our business, which is users 
with long-distance billing of about 
$40,000 a month or more." 

Microprocessors 

Intel 8080 proves 

highly reliable 

Probably the first data on micro-
processor reliability is coming from 
Intel Corp., Santa Clara, Calif., on 
the reliability of its model 8080 de-
vice, an early, widely popular mi-
croprocessor. And the findings are 
impressive, says Kenneth Mc-
Kensie, microprocessor applications 
manager at Intel. 

Fabricated with n-channel sili-
con-gate metal-oxide semiconductor 
technology, the 8080 is a general-
purpose 8-bit parallel central pro-
cessor for computer and control ap-
plications. Of the first approxi-
mately 100,000 devices shipped, 
McKensie says, about 32,100,000 
hours of operation have been ac-
cumulated with only eight field fail-
ures. This works out to a failure rate 
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of 0.04% per 1,000 hours at the 90% 
confidence level. 

In addition to monitoring field 
failures, Intel has been conducting 
its own reliability study of the 8080. 
And the results of the in-house sys-
tem life tests correlate with the anal-
ysis of field failure, notes McKensie. 
At the 90% confidence level, the 
company's tests establish a failure 
rate of 0.064% per 1,000 hours when 
the devices are operated at 70°C. 

Like all components, mos micro-
processors have some unique failure 
mechanisms, as well as ones in com-
mon with other semiconductors, 
points out McKensie. The report 
cites faulty diffusions and other 
causes such as oxide, metalization, 
and package defects for 8080 fail-
ures. Copies of Intel's reliability re-
port will be available from the com-
pany, possibly this month. 

Consumer 

Digitally compressed 

voice patters amiably 

Most people can understand words 
faster than they can be spoken. To 
bring speech closer to the speed of 
thought—without adding the objec-
tionable "Donald Duck" distor-
tion—a Waltham, Mass., company, 
Lexicon Inc., has developed a 
"pitch-control microcomputer." 
The device, which changes the 

rate of speech without changing its 
pitch,is the first product on the mar-
ket to use digital techniques, says 
president Ronald Noonan. Other 
playback controls for taped speech 
[Electronics, Aug. 22, 1974, p. 87] 
have been analog systems ("Ana-
log approach is also viable," p.32). 

Being sold to audio-equipment 
manufacturers as a $ 100 circuit-
board module (in quantities of 3,000 
per year), the computer could be ap-
plied in playing back educational 
and training recordings and in 
sound-film editing. 

But it can also slow speech down. 
Its 5:1 speed swing is between one-
half and two-and-one-half times the 
original speed. So Lexicon thinks it 

could also be used to help decipher 
the excited voices that make emer-
gency phone calls to the police and 
turn up on crash recorders of 
downed aircraft. 
Sampled waveform. Basically, the 

pitch-control microcomputer com-
presses or expands speech by sam-
pling the waveform on the tape at a 
16-kilohertz rate when the tape is 
running at normal speed. However, 

the tape's speed is controllable by 
the user, and the sampling rate in-
creases or decreases in step with the 
tape. 

In addition, the microcomputer 
includes a special "intelligent-splic-
ing" algorithm, which digitally re-
constructs the analog voice wave-
form without any of the audio 
"pops" or splice noise found in 
other kinds of approaches to analog 

RCA developing laser/disk 

recorder for broadcasters 

RCA Corp. has demonstrated a 
high-density video-disk recording 
technique that uses a laser to store 
up to 10,000 television pictures or 
20 minutes of viewing on a single 
coated 12-inch disk. The develop-
mental system can store one frame 
in only 0.003 square inch, whereas 
today's standard broadcast video 
recorders require 300 times as 
much room-1 square inch of mag-
netic tape for each frame. 
RCA only demonstrated its 

equipment's capability to record 
and play back still pictures. But the 
technology, the company says, 
could be used to record scenes 
from TV film chains, cameras, and 
video tape recorders. 

The lasers emit less than 10 milli-
watts. An electro-optic modulator 
focuses the beam on a tiny spot on 
the disk, which spins at 1,800 revo-
lutions per minute. The disk has a 
proprietary thin-film coating, wnich, 

LASER 

VIDEO 
OUTPUT 

when hit by the laser beam, per-
manently records a single TV frame 
in one revolution. 
Arch Luther, chief engineer for 

RCA's Commercial Communi-
cations Systems division in Cam-
den, N.J., says the system, shown 
recently to commercial broad-
casters, is similar in concept to the 
videodisk player designed by Philips 
and MCA Inc., for consumer use. 
However, the RCA system, de-
signed for professional broad-
casting, both records and plays 
back. In the play-back mode, the 
RCA unit operates two lasers simul-
taneously; while one is decoding a 
picture for "on the air" playback, 
the other searches for the next. 

Luther says RCA has no immedi-
ate plans for producing the unit. The 
company's own SelectaVision 
video-disk system for home use 
uses a capacitance-pickup tech-
nology rather than lasers. 

LIGHT 
SPLITTER 

LIGHT 
SENSOR 

SERVO 
DRIVE 
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Electronics review 

Analog approach is also viable 

Cambridge Research and Development Group, Westport, Conn., has devel-
oped its analog speech compression/expansion system, which it calls Vari-
able Speech Control for applications similar to those at which Lexicon is 
aiming. Kenneth Sherman, a general partner at Cambridge Research, con-
cedes that Lexicon's digital technique has the advantage that, once speech 
is digitized, it can be processed less expensively than analog signals. But 
without the analog-to-digital and digital-to-analog conversions required in a 
digital system, he says, his company can offer a less expensive solution that 
doesn't degrade speech quality, as he claims digitizing does. 
To add compression and expansion to a tape recorder with the Cam-

bridge Research approach adds only $26 worth of components in addition 
to the recorder cost, Sherman asserts. To get compression only, which he 
says is what most users want, the added cost with the firm's technique is 
about $15 in components. Cambridge Research does not manufacture sys-
tems as Lexicon does; rather, it licenses makers of audio and audio-visual 
equipment interested in speech control. 

speech compression and expansion. 
Sampled and digitized date is 

stored in a 4,096-bit random-access 
memory. But although the rate at 
which data enters memory is a func-
tion of tape speed, data always 
emerges at the basic 16-kHz center 
frequency, ensuring that the pitch 
stays unchanged. The tape neither 
quacks when speeded up nor growls 
when slowed down. 

During compression, the RAM 
overflows when digitized data goes 
into it at faster than recorded speed, 
causing some data to be discarded. 
However, the splicing algorithm has 
been looking for likely splice points 
in the input data. And it's been stor-
ing the last-discerned splice point in 
a temporary address register in the 
microprocessor. 

In addition, what vice president 
Charles L. Bagnaschi calls an 
"early-warning system" is also look-
ing for likely splice points in real 
time during data output. This sys-
tem warns the microprocessor when 
an overflow point is approaching, 
and the microprocessor responds by 
looking for the splice point stored in 
its temporary register. This point is 
pulled into an output register and is 
digitally spliced to the last data 
coming out of the RAM. In this way, 
Lexicon avoids splice noise in the 
voice output. 

Similar techniques are used in 
speech expansion, with data pulled 
from the RAM faster than it is put in. 

Lexicon first introduced the pitch-
control system last December in its 
Varispeech II system, a stand-alone 
unit that includes a tape deck, am-
plifiers, and speakers. The micro-
processor is a silicon-gate n-channel 
metal-oxide semiconductor from 
Standard Microsystems Inc., Haup-
pauge, N.Y. 
The complete pitch-control mi-

crocomputer, including a 4-k RANI 
and 8-bit digital-to-analog con-
verter, fits on the single printed-cir-
cuit board. 

Military 

Tankers set fuze 

after shell is fired 

Fuzing specialists at the Army's Pic-
atinny Arsenal in Dover, N. J., are 
developing a technique for increas-
ing the accuracy and speed of firing 
air-burst projectiles from a tank. By 
setting the fuze automatically—after 
the projectile has been fired—the 
system enables faster firing by trans-
mitting ranging data after the round 
is in flight. 
The new fuzing technique is in 

the advanced-development stage. 
"We're eliminating having to set the 
fuze before the projectile is loaded 
into a tank's gun," says Henry 
Hagedorn, project engineer at 
Picatinny's Ammunition Develop-

ment & Engineering Directorate. 
"Up to now, the tank commander 
would see a target, then determine 
the range. The crew would then 
have to set the range on the fuze 
manually, before loading the 
round." 

Automatic range. With the new 
fuze system, which will be linked to 
the tank's laser rangefinder and on-
board ballistic computer, Hagedorn 
says a tank commander can ride 
around with the round already in 
the gun and aim and fire as soon as 
a target is spotted. 
The fuzing mechanism in the pro-

jectile includes an antenna, radio re-
ceiver, and low-power comple-
mentary metal-oxide-semiconductor 
timing circuits. Power is supplied, 
not by batteries, but by a simple 
generator—a coil of wire within a cy-
lindrical magnet. Inside the coil of 
wire is a moveable core. When the 
projectile is fired, inertial forces 
move the core about one eighth of 
an inch with respect to the coil, 
breaking magnetic lines of flux and 
inducing a voltage in the coil. This 
voltage is used to charge a tantalum 
capacitor. 
A transmitter and doppler re-

ceiver in the tank use the doppler 
shift caused by the motion of the 
projectile to start timing the interval 
until data can be sent to the fuze. 
Hagedorn says the best time for 

transmission is when the projectile is 
less than 12 feet away from the 
tank. At that distance, signal atte-
nuation from the hot propelling 
gases is not excessive, and the dis-
tance between the transmitter in the 
tank and projectile is not too great. 

Help from industry. General Elec-
tric Co.'s Research and Develop-
ment Center in Syracuse, N. Y., and 
GE's Armaments Development 
Branch in Burlington, Vt., worked 
with Picatinny on the project, but 
funding so far has been at a low 
level. Hagedorn says most of GE's 
contribution has been in the radio-
frequency area. "A study is under 
way to determine optimum fre-
quency," he says. 
The concept has been successfully 

demonstrated in firings of artillery 
and rocket fuzes. 
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DOD could save 

on test equipment 

Electronic test equipment for the 
military could cost up to 17% a year 
less if the Defense Department 
bought more commercially avail-
able instruments instead of those 
designed to military specifications. 
That is the judgment of an 18-
month study by a Government-in-
dustry task force led by instrument 
maker John M. Fluke, chairman of 
John Fluke Manufacturing Co. 

Excluding automatic test equip-
ment for weapons systems, costs of 
the test equipment could be cut by 
at least $77.9 million annually by 
implementing the task force's 28 
recommendations, says Fluke. Elec-
tronic test equipment outlays by 
DOD ran to $467 million in fiscal 
1975, 35-40% of total U.S. sales, the 
task force noted. 

Breakouts. According to the 
Fluke report, made to DOD's De-
fense Science Board, the largest 
economy—$ 17.5 million—could be 
achieved by using Army Preferred 
Item Lists in procurements. But the 
task force argued that use of the lists 
to limit inventory and support costs 
"should not . . . limit purchase to a 
single manufacturer's piece of 
equipment when similar off-the-
shelf equipment is available." 

But a recommendation by a mi-
nority of the task force, prepared by 
Ballantine Laboratories Inc. presi-
dent Fred Katzmann, stressed 
strongly that the Army lists be used 
only when items are available from 
more than one manufacturer. 

Further, simplification of pro-
curement procedures would gener-
ate an annual Defense saving of 
$6.2 million, the task force said. A 
majority encouraged maximum use 
of the General Services Adminis-
tration's supply schedules for off-
the-shelf instrument buys, including 
use of multiple awards. But a mi-
nority qualified that view with a call 
for controls to protect small manu-
facturers. It urged reduction of the 
$250,000 maximum limit on orders 
placed without public notice to 

$25,000, and recommended that or-
ders for one to five units for which 
there is more than one supplier be 
set aside for small business. 
Management. The Fluke task 

force also split on the issue of plac-
ing both general-purpose and spe-
cial-purpose electronic test equip-
ment under a single manager in 
each service. A minority called this 
impractical because of the size of 
the responsibility and the reorgani-
zations this would require. Instead, 
it urged a manager in each service 
for general-purpose test gear who 
would also coordinate special-pur-
pose buys "to maximize use of off-
the-shelf' equipment. 
Other economies the task force 

said could be achieved include $ 10.5 
million by reduced writing of speci-
fications; $ 15 million from increased 
use of "fly-before-buy" testing; $7 
million from use of commercial-
parts support; $8.5 million by con-
solidating military calibration and 
repair facilities and more use of 
manufacturers' resources, and $9 
million by accelerating procedures 
for replacement of old test equip-
ment. CI 

Solid state 

TI begins drive 

on analog controls 

Texas Instruments has been produc-
ing custom camera-control circuits 
with bipolar and metal-oxide-semi-
conductor structures on the same 
chip since last summer. But it's now 
using what it calls the Bi-MOS pro-
cess to launch a major push into 
standard analog-control products. 

In a few weeks it will announce a 
one-chip, chopper-stabilized oper-
ational amplifier and a line of 
analog switches. This summer will 
see a two-chip, dual-slope analog-
to-digital converter, followed by a 
faster monolithic version. And with 
an extra ion-implant step putting 
junction field-effect transistors on 
the same chip, TI will also introduce 
a version of the National Semicon-
ductor Corp.'s LF155-series high-

performance Bifet op amp [Elec-
tronics, Aug. 7, 1975, p. 143] later 
this month. 
Junction isolation. Since conven-

tional junction-isolated substrates 
are used, both the bipolar mos and 
JFET processes lend themselves to 
the high-volume, low-cost manufac-
turing techniques at which TI excels. 
"We process bipolar slices as if we 
were building conventional op 
amps," says Tim Smith, manager of 
linear circuits in Dallas. "But at one 
point in the process, we open up the 
oxide between the base diffusions 
used as source and drain, and use an 
ion implanter to adjust the thresh-
old of the mos device." 

Three JFET products will replace 
about 49 other single op amps in the 
industry, Smith says. By adding the 
JFET, input electrical characteristics 
are improved significantly: input 
bias currents of 30 to 40 picoam-
peres are typical, compared with 
earlier parts' 1,000 pA or more. 
"But the biggest impact of the Bi-

MUS process will be for LSI linear 
functions where we take advantage 
of bipolar performance in the linear 
section and the logic densities of 
p-channel mos in the digital," Smith 
says. Initially, TI plans a one-chip 
successive-approximation converter 
for data acquisition in micro-
processor-based systems and a more 
accurate two-chip converter for dig-
ital panel meters. 

Planned for summer introduction, 
the two-chip 13-bit model will use 
the TL500 bipolar-mos analog pro-
cessor to do dual-slope functions, 
such as input control and sampling. 
An integrated-injection-logic and 
control chip, the TL502, will add 
such functions as auto zero and auto 
ranging, as well as display drivers. 

Bi-MOS will also be used for a one-
chip chopper op amp, the TL089, 
for high-gain dc applications. 
Analog switches. TI has already 

announced four proprietary bipolar-
mos analog switches, and by May 
plans eight more monolithic ver-
sions, pin-for-pin compatible with 
Siliconix DG181-series hybrids. 
Prices in volume will be about 50 
cents per switch, compared to $ 10 to 
$20 for comparable hybrids. EJ 
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Preassembled LED displays cut price 
per digit and save labor 

Big Sticks are what's new in LED 
packaging. And naturally Litronix is com-
ing on first and strongest with eight differ-
ent preassembled displays of 1" and 1/2 " 
digits. 

Price per digit is 20% to 25% less 
than earlier single-digit mounts. Add to 
that the saving in assembly and inven-
tory costs and you've found the best 
LED display bargain of the year. 

Inch-high displays come in mod-
ules of 2, 3, and 4 digits—the last with a 
colon for clocks and indicator lamps for 
AM, PM and alarm. 

No wonder 
we're No.1 
in LEDs 

O LIMON.% 31.XI O. 

4520A 

Half-inch displays are available 
with 2, 31/2 , 4 and 6 digits per stick. The 

31/2  digit module has plus and minus signs, 
and can be combined with the other mod-
ules to create instrument displays of almost 

any length. There are two half-inch 4-
digit modules, one for general use with 
closely spaced digits, and one for clocks 
with a colon, built-in multiplexing, and 
indicator lamps for AM, PM and alarm. 

If you need big digits, you'll pre-
fer Big Sticks. Can we throw some your 
way? 

Litronix, 19000 Homestead Road, 
Cupertino, California 95014. Phone 
(408) 257-7910. 

gwgi 

flYflWvI 

litronix 
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Converter price war stays hot 

Probably the most dreaded of all 
merchandising modes—the price 
war—is now raging among makers 
of thin-film hybrid data converters. 
And, as in most price wars, only the 
user will likely be the real winner 
when the dust settles. 

Last September, National Semi-
conductor Corp., Santa Clara, 
Calif., started the battle by an-
nouncing its first hybrids, an array 
of low-cost data-conversion prod-
ucts. A couple of weeks later, pick-
ing up the gauntlet, Datel Systems 
Corp., Canton, Mass., launched its 
hybrid facility with three similarly 
priced, but higher-performance, de-
vices. (Only this month, Datel has 
been forced to raise the prices—by 
50% or more—of all its hybrid con-
verters and to pull its initial devices 
off the market.) 

In the meantime, Burr-Brown Re-
search Corp., Tucson, Ariz., an es-
tablished member of the hybrid 
community, took note of both Na-
tional's and Datel's low prices—and 
retaliated, cutting its prices below 
those of Datel's for similar products. 
Now, two other "traditional" hybrid 
manufacturers—Beckman Instru-
ments Corp. of Fullerton, Calif., 

by Lucinda Mattera, Components Editor 

and Micro Networks Corp. of Wor-
cester, Mass.—have joined the lists, 
both coming out with economy de-
vices meeting Burr-Brown's prices. 
The action is swirling about 12-bit 

digital-to-analog and analog-to-dig-
ital converters, and the prices are so 
low that there is reasonable doubt 
about profitability. High-perform-
ance self-contained d-a units (those 
that include both a reference and an 
output amplifier) were costing over 
$40 last fall but now sell for as little 
as $20 each in 100-lot quantities. 
Complete a-d devices (those includ-
ing a comparator, a clock, and a reg-
ister) that went for more than $ 120 
are down to less than $80 each in 
single-unit lots. 

However, self-contained 12-bit 
converters are fairly complex de-
vices. Usually they incorporate 10 or 
more semiconductor chips, in addi-
tion to thin-film resistor networks 
and several chip capacitors. The 
prices of these components, plus 
overhead expenses. labor, and yield 
factors, can bring the cost of manu-
facturing to around $ 15 or so for a 
d-a hybrid and in the vicinity of $50 
to $60 for an a-d device—leaving a 
very questionable profit margin. 

National, which fired the first 
shot, is "unequivocally serious 
about staying in the business," as-
serts Dean Coleman, converter 
products marketing manager. The 
company made its move to get into 
the market heavily and to stir com-
petition, he says. 
More ahead. Coleman believes 

that prices have nearly bottomed 
out in hybrids, but further reduc-
tions will occur when most convert-
ers become monolithic within three 
years. Hybrids are a means to an 
end, he says. "Building a seven-chip 
d-a is crazy." As a result, he pre-
dicts, "The guys that are going to be 
out on top are Analog Devices, Na-
tional, and Motorola, if they can get 
their act together," pointing out that 
all three have a semiconductor ca-
pability. 

Looking back, Eugene Zuch, Da-
tel's product marketing manager for 
data conversion products, notes, 
"We went too low, and I'm sur-
prised at the current stampede at 
the low end of the price structure." 
At Burr-Brown, Gene Tobey, mar-
keting manager, observes: "Datel 
tried to buy a part of the market 
with price cuts, so we protected our 
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When Bowmar 
new "Universa" 

keyboard 
speaks...your_ 

IC listens 

MMONM\-__ 

Bowmar's new 20 and 25 sation "Univer-
sal" keyboards are designed for a broad range 
of applications. Microprocessors, frequency 
synthesizers, push button dialers, multi-sta-
tion intercoms, test equipment and countless 
others. It's ail possible due to such Bowmar 
quality features as solid nickel contacts, go:d 
plated circuitry, mylar sealed contacts for 
environmental protection, switch terminals that 
provide unlimited matrix designs and low pro-
file, short stroke operation. Available off-the-
shelf with OEM and distributor discounts, these 
Bowmar "Universal" keyboards will really make 
your IC sit up and listen. 

• Bovvniar 
Please send me full information on Bowmar Universal 

keyboards. 

Name 

Company   

Street 

City 

State 

Mail to: Bowmar Instrument Corp.. Dept 

8000 Bluffton Road. Fort Wayne 

Zip 

E 

IN 48809 

Probing the news 

market share by doing the same 
thing." 
What will happen to prices? To-

bey says, "The tendency is for prices 
to hold firm and even start to rise a 
little. I doubt if we'll see any drastic 
cuts until the new generation of con-
verters comes around, in the neigh-
borhood of a year or so." 
To Beckman, which is a major 

supplier of thick-film hybrids, Burr-
Brown seems to be a more impor-
tant factor than National. In fact, 
"We haven't seen the impact of Na-
tional's product deliveries yet," ob-
serves Lyle Pitroff, product market-
ing manager. Over the next 12 to 18 
months, he projects, the trend will 
be to redefine what converter needs 
really are, come up with simple de-
signs using fewer parts, and plan 
how to manufacture them with the 
maximum use of automated pro-
duction techniques. 

Micro Networks has been in thin-
film technology for about six years 
now, specializing in the high-reli-
ability end of the converter market. 
But in the last few months, it has be-
gun to commit itself heavily to the 
commercial arena. According to 
Robert R. Jay, president, the com-
pany was more than ready to enter 
the low-priced thin-film market be-
cause it had the technology, as well 
as the production capability, and its 
volume lines could achieve the nec-
essary high yields to compete. 

Waiting. Sitting on the sidelines 
for the time being is Analog Devices 
Inc., Norwood, Mass., which could 
become a significant factor in pric-
ing. Analog is the only company 
fabricating some of its thin-film hy-
brid converters with its own custom-
des;gn chips, thereby minimizing 
parts count. Dubbed "compound 
monolithic integration," the ap-
proach puts the firm in a unique 
market position because it's not sell-
ing the custom chips outside. Jerry 
Fishman, marketing manager for 
the Semiconductor division, believes 
his company has the best competi-
tive edge, but current orders are 
claiming all the custom chips the fa-
cility can produce. However, Fish-
man already has expansion in the 
works. 111 

36 Circle 36 for Data, 
Circle 37 for Salesman call 
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Communications 

FCC delays CB expansion 
Informed that interference in a 50-channel allocation could kill 

reception, agency will delay its decision until next January 

by Richard Gundlach, Communications Editor 

The long-awaited FCC decision to 
expand class D citizens' band to 
around 50 10-kilohertz channels 
from 23 has hit another snag. This 
has led the Federal Communi-
cations Commission to initiate a sec-
ond inquiry and notice of proposed 
rule-making to study proposals for 
frequency reallocation. 
The commission has been told 

that intermodulation interference 
between certain channel frequencies 
in the proposed expansion could 
make transmission on all CB chan-
neis useless. This threat heaps more 
confusion upon a situation already 
blessed with more than its share. 
The crux of the problem is this: 

any two channels would generate 
intermodulation products that 
would be passed by the extremely 
wide 455-kHz intermediate- fre-
quency section used on most CB sets. 
This signal would effectively blank 
out reception across the entire band. 
So far, the FCC's three expansion 

plans are not as simple as merely 
adding channels to a total of 53. The 
first is for 10 voice channels using 
53 shared a-m and single-sideband 
10-kHz channels with 52 additiona! 
sse-only channels interleaved. The 
second would use the five class C 
channels and wind up with 115 
voice channels—but both these ar-
rangements would be susceptible to 
intermodulation problems. The lat-
est plan pushes expansion to the 
limit: add to the number of shared 
a-m and SSB channels by including 
the five from class C, then interleave 
44 ssB-only channels among the 10-
kHz a-m channels. This would theo-
retically provide 99 voice channels 
on class D citizens' band. 
CB equipment makers ruefully re 

call the commission's March 1975 
prediction that it would have a deci-
sion in the matter by January 1976; 
now, FCC chief engineer Raymond 
Spence forecasts a ruling by Janu-
ary 1977. Many CB makers view that 
new target with a jaundiced eye. 
"We need that rule-making this 
year," says R.E. Horner, president 
of E.F. Johnson Co. of Waseca, 
Minn., the largest U.S. ce-set 
maker. It was Johnson that in-
formed the FCC about the threat of 
intermodulation interference be-
tween frequencies. 
Not only are manufacturers and 

congressmen urging the commission 
to do something about the extreme 

The CB traffic jam 

Citizens' band proponents argue 
that frequency allocation is way 
out of balance. They point out 
that 250,000 amateurs use a 42-
megahertz chunk of the spec-
trum up to 450 MHz; on the other 
hand, 10 million CB users are 
fighting to squeeze into a 0.25 
MHz slice. A recent FCC study 
found complete congestion on all 
23 channels in metropolitan 
areas such as Chicago, Los An-
geles, and New York during 
peak-use periods. And according 
to FCC chief engineer Raymond 
Spence, more of the same chan-
nels isn't the answer. The quan-
tum leap in users—the FCC has 
received over 500,000 license 
applications per month since 
January—coupled with increas-
ing sun-spot activity, would com-
pound interference problems, 
and, by 1979, this could well 
spell the demise of CB. 

congestion on CB bands, but the 
White House is also getting into the 
act. A three-page special message, 
read to the Electronic Industries As-
sociation's first personal-communi-
cations conference late last month 
by John Eger, acting director of the 
White House Office of Telecommu-
nications Policy, made clear the of-
fice's concern with providing for in-
creasing communications needs of 
mobile America. 
No help at 27 mitz. Spence is of 

the opinion that more 27-MHz chan-
nels won't be the answer to a long-
term viable CB service, and certainly 
a mix of a-m and single-sideband 
channels in that band is equally use-
less [Electronics, March 18, p. 10]. 
Spence said at a conference session, 
"Stop thinking about 27 MHz. We 
have to go into part of the frequency 
spectrum that doesn't have skip 
problems [signals that travel over 
large distances due to reflections 
from the ionosphere], and that 
means going to a frequency band 
greater than 150 MHz. But since 
there is no spectrum between 27 
MHz and almost 1 GHz available for 
CB use, it means taking spectrum 
away from other users." 
As for use of the 900-MHz spec-

trum for citizens' band, most manu-
facturers agree that equipment 
would be costly and yet have many 
propagation problems. Steve Mieth, 
chief engineer of Communication 
Power Inc., says that "Operating up 
there would mean reprograming our 
phase-locked-loop synthesizer and 
some circuit redesign, which is no 
real problem." But mismatch in the 
antennas would cause all kinds of 
problems for the CB user, Mieth 
warns. 

Electronics/April 15, 1976 37 



COIL-LER 

STOCK P.C. POWER 
TRANSFORMERS 

• For use with 3-terminal IC vol-
tage regulators 

• Printed circuit mounting 
• For power supplies for most 

integrated circuit families 
TTL LOGIC ECL LOGIC 
CMOS LINEAR—OP AMPS 

• 36 models in stock 

Write or phone for complete data 
sheet. 

--e) CUSTOM 
TRANSFORMERS, 
COILS, TOROIDS 

e r 
Our pr ecision manufacturing facility 
produces a full range of medium, 
miniature or ultra-miniature size 
transformers and coils bobbin or 
toroidal wound. We can meet both 
your specs and your delivery dates 
whether for prototype, small or 
large productions runs. Our expe-
rienced engineers are at your service. 

Write or phone for information 
or quotes. 

CqIL-LER 
MANUFACTURING INC 

2-L Town Line Circle Rochester, N.Y. 14623 
716,1442-6630 

Representatives in Principal Cities 

Probing the news 

Trade 

Pentagon seeks 
more control 
Asks new export guidelines after Bucy task force says 

DOD, not Commerce, should set the rules 

by Ray Connolly, Washington bureau manager 

The Pentagon is trying to expand its 
control over high-technology elec-
tronics exports. Defense officials are 
developing new guidelines that 
would virtually halt foreign sales of 
manufacturing knowledge. At the 
same time, they would loosen re-
strictions on exports of relatively 
unsophisticated commercial prod-
ucts and speed approval of export 
requests. 
The call for new guidelines fol-

lows the warning of a Defense Sci-
ence Board task force headed by 
Texas Instruments' president J. Fred 
Bucy that "control of design and 

manufacturing knowhow is abso-
lutely vital to the maintenance of 
U.S. technological superiority." 
Although primary authority for 

export controls rests with the Com-
merce Department, Bucy says his 
group believes "the initiative for de-
veloping policy objectives and 
strategies for controlling specific 
technologies" should be the Defense 
Department's. But exporters are sus-
picious because the task force was 
dominated by representatives from 
the Pentagon and from defense con-
tractors. 
Beyond tighter limits on foreign 

Industry 

Transfer 
effectiveness 

L = Low effectiveness LM = Low to medium effectiveness 
M = Medium effectiveness H = High effectiveness 

MH = Medium to high effectiveness 
Source. Defense Science Board 
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Highly 
effective 
(tight 
control) 

HHHH 

HHHH 

HHHH 

HHHH 

HHHH 

MH H M M 

Turnkey factories 

Licenses with extensive teaching effort 

Joint ventures 

Technical exchange with ongoing contact 

Training in high-technology areas 

Processing equipment (with knowhow) 

Effective 

M H 

M H 

MMH 

MH 

MH 

M 

MH 

MH 

M 

Engineering documents and technical data 

Consulting 

Licenses (with knowhow) 

Moderately 
effective 

L L MM 

L MH L L 

LLML L 

Proposals (documented) 

Processing equipment (without knowhow) 

Commercial visits 

Low 
effectiveness 
(clecontml) 
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Licenses (without knowhow) 

Sale of products (without maintenance and operations data) 

Proposals ( undocumented) 

Commercial literature 

Trade exhibits 
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Good news from Hughes: 

Now you can 
actually reduce 
system cost by 
using our hybrid 
microcircuit 
modules. 

If you're designing circuits that 
have to be both cost-effective and high 
in reliability, it will probably pay you to 
talk with us. 

We've developed a system for 
condensing circuit requirements into 
the most efficient hybrid packages 
possible. And we can help you reduce 
size and weight as well as 

manufacturing costs. 
Here's how we do it: We design 

the hybrid circuits, develop 
the prototypes, manu-

facture custom com-
ponents, then 
assemble, test, 

and guarantee the 
total hybrid package. 

We make both 
thick film and 
thin film hy-
brids. We use 
hermetically-
sealed metal 

and ceramic 
packages. And we 
make custom MOS 
devices and bipolar 
chips right here in-

house. 
We produce hybrid modules 

urne quantities at competitive 
, as well as small quantities for 

roduct development. 
Result: Now you can work with the 

one company best equipped and experi-
enced to handle your job from concept 
through production. 

We must be doing a lot of things 
right, because we're one of the leading 
producers of custom hybrid circuits. 

So when it comes to hybrids, call 
on Hughes. Especially if quality is as 
important as price. Write for additional 
information: 500 Superior Avenue, 
Newport Beach, CA 92663, Att'n. 
Hybrid Dept. Or call 

(714) 548-0671, ext. 204. 

HUGHES 
  -J 

HUGHES AIRCRAFT COMPANY 

MICROELECTRONIC 

PRODUCTS DIVISION 

MID 
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e High 
Voltage 
Triacs 

H 50V to 1000V (VDRom) 
TB&TBT WITHSTANDS 
MIN. 2000 VAC LEAD TO 
MOUNTING SURFACE 
TB SERIES: 
Electrically Isolated Tab 

TBT SERIES: 
Electrically Isolated Tab 
with Internal Trigger 

TC SERIES: 
Non-Isolated Tab 
The new Thyrotab triacs have 
void-free, glass-passivated 
chips with center-gate geom-
etry for improved di/dt and 
dv/dt ratings. They are avail-
able in 4A, 6A, 8A, 10A and 15A 
Eltiken/ ratings with 60A, 80A, 
120A, 140A and 180A Peak 
Surge On-State Currents (ITsm ). 

They can be triggered in all 
four quadrants and the im-
proved package design allows 
ease of mounting, high operat-
ing temperatures and low ther-
mal resistance. 

For complete information, call 
E.Eugene Uecker, 817 / 265-7381. 

"Advanced Switching 
Device Technology" 

/-THYROTEK 
‘," CORPORATION 

P. 0. BOX 5407 • 611 109TH STREET 
817/265-7381 • ARLINGTON, TEX. 76011 
TWX: 910-890-5132 

Probing the news 

sales of design and manufacturing 
knowledge, the Bucy task force is 
urging constraints on exports of key 
manufacturing, inspection, and test 
equipment, as well as products "ac-
companied by sophisticated oper-
ation, application, or maintenance 
knowhow." 
While calling for faster Federal 

action on export applications for 
commercial products, the task force 
would appear to do the opposite by 
judging applications on the basis of 
the product's "intrinsic utility, 
rather than commercial specifica-
tions and statements of intended 
end-use." Yet the task force is de-
fending that recommendation by 
noting that specifications and end-
use statements on export appli-
cations are now assessed for poten-
tial military significance, requiring 
"a tedious case-by-case analysis." 
The task force has developed a 

chart ranking 17 typical technology-
transfer mechanisms in descending 
order of effectiveness and degree of 
donor activity (see table). "Espe-
cially significant," the task force ob-
served, "is the fact the four [tech-
nology] subcommittees agreed so 
closely." 

Controversy. The Bucy group 
neatly sidestepped the controversial 
issue of high-technology transfer via 
weapons sales to neutrals or ques-
tionable U.S. allies, although it did 
call for strengthening the network of 
export controls exercised by Co-
Corn, the coordinating committee of 
NATO member countries plus Japan. 

Nevertheless, the issue was 
brought up quickly in Senate hear-
ings by the Computer and Business 
Equipment Manufacturers Associ-
ation. CBEMA president Peter F. 
McCloskey called U.S. computer-
export policies inconsistent "when 
we deny moderately advanced com-
puters to the USSR, Eastern Europe, 
and the People's Republic of China, 
and at the same time, export weap-
ons containing highly sophisticated 
computers to nations whose long-
term allegiance to the U.S. is ques-
tionable, and where such technology 
is highly susceptible to uncontrolled 
leakage to what we term 'hostile na-
tions.' " 

Look 
at the 

opposite 
page... 

If it doesn't look like 
this... 

1.(15%,.. .itilntirittIntre,i..gleotjtteaitio 
, ittoio ennato 

ts e sts 

...you're  missing 
eight pages of valuable 

information about digital 
design, evaluation, and 

troubleshooting methods 
using HP Logic State 

Analyzers. 
Use the reader service 

number below to get your 
own free copy. Discover 

HP's revolutionary 
window to digital design. 
Don't forget to see these 
instruments at Electro ' 76 
Booths 2201 through 2210 

HEWLETT -ei& PACKARD 

Sales and ser 172 offices tn 65 countnes 
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Lower your development costs 
with this revolutionary 
window to digital design. 

HEWLETT ek PACKARD 



THE DATA DOMAIN REVOLUTION 

If you rely primarily on 
we think you're 

Now we're not advocating that you 
stop using your scope. You've 
always needed one and you always 
will. But if a scope is all you're 
using, you're probably wasting a lot 
of time. A couple of years of field 
experience with logic state analyzers 
has shown us that about 85% of 
digital troubleshooting 
problems can be solved faster with 
a logic state analyzer than with 
a scope. 

Think about it. When you want 
to observe action on address or data 
buses, or on control lines, which 
instruments give you more meaning-
ful data—a scope wih four input 
channels or a logic state analyzer 
with 12, 16, or 32 channels? 

You need a trigger that's related 
to program steps. Scopes by them-
selves simply don't have the 
capability of triggering on pattern 

recognition. HP Logic State 
Analyzers do. Suppose you want 
to delay the data display to a 
specific point after the trigger word. 
The scope's analog time delay 
system has the inherent problem of 
display jitter. This is completely 
eliminated by the stable clock-pulse 
delay of a logic state analyzer. And 
when you're viewing data, would 
you rather mentally convert 
waveforms to digital words ( Vs and 
O's) or have the instrument do the 
conversion for you? 

Obviously, the scope is the 
logical choice for electrical measure-
ments such as voltage level, rise 
time, and timing measurements. 
But when you're viewing state flow, 
there's no substitute for a logic 
state analyzer. 

For example, one of HP's Logic 
State Analyzers can store one table 
of digital words and display it next 
to your active word display for 

comparison. It can also display logic 
differences between stored and 
active data; continuously monitor 
data flow and automatically halt 
when the active data does not equal 
the stored data. 
A new technique called mapping 

gives you an entirely new view of 
operating 
logic 
circuits— over 
65,000 data 
words can be 
displayed as 
discrete dots, 
each repre-
senting one 
input word. 
You can easily recognize these dot 
patterns after some familiariza-
tion. thus providinga rapid way 
to spot system irregularities. 
And for locating " lost programs," 
the map provides unequaled speed. 

But these aren't just interesting 
measurement techniques, HP Logic 
State Analyzers provide more 



a scope for digital design. 
making a mistake. 

capability than 
any other digital troubleshooting 
instrument can deliver. 

The Logic State Analyzer is the 
only economic alternative when it 
comes to digital system design. 

Your digital system operates in 
the data domain. You know all 
about time domain and frequency 
domain measurements, but how do 
you define data domain measure-
ments? Basically they are 
measurements of logic state as a 
function of discrete intervals of time 
—clock cycles, for example. The 
emphasis is on word parameters. 
While the scope gives you an analog 
display of amplitude vs. time (time-
domain dimensions), the logic 
state analyzer gives you a display of 
digital words vs. clock cycles. 

But what are the other require-
ments of a data domain instrument? 
Obviously you need sufficient 
channels to see what's happening 

on address and data buses. With 
today's systems, that means 16 
channels or more. You need data 
registration— 
the ability 
to trigger 
on a specific 

bit 
pattern 
and the 
ability to 
position 

the display 
window as 
a function of clock cycles 
(pattern recognition triggering and 
digital delay). Because you 
often encounter events that occur 
only once in a program, you need. 
a method of internal storage. 
Obviously, you want the ability 
to look at bit patterns after the 
trigger 0/00 Cfcv °ice 
point, but 
you also 
want to see / 
what happens 
before that 
point ... in 
other words, 
you want 
negative 
time display; 
and even the ability to look on 
both sides of the trigger word at 

the same time. It's essential that you 
be able to qualify both the trigger 
point and the display so you won't 
trigger on, or display, unwanted data. 
You'll still need to observe time-
domain waveforms on your scope 
for detailed electrical measurements 
such as rise times, logic levels, and 
for locating glitch-generating race 
conditions. Your data domain 
instrument should therefore be able 
to drive a time-domain instrument 
—providing a trigger upon pattern 
recognitioe. Finally, you want data 
displayed in a functional format (a 
displayof states) to simplify analysis. 

From the previous comparison 
with a scope, you can see that these 
are the requirements we've used at 
HP in developing our family of 
Logic State Analyzers. Obviously, 
some members of the family have 
more capability than others, and 
prices vary accordingly. But the 
point is, all have been designed 
specifically to help speed digital 
design and debugging by giving you 
a better view of your system's 
operation. A view in the data 
domain ... where your program flow 
is happening. 



THE DATA DOMAIN REVCLUTION 

HP's Logic State Analyzers 
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Software debugging. It's great if 
you write a program that works 
right the first time it's implemented 

in hardware. But you know 
that it doesn't happen 
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time. And when you get 
into program debugging, 
it's usually a time 
consuming task. How can 
an HP Logic State 
Analyzer help? By put-
ting a window right on 
the data and address 
buses and giving you a 
real-time view of your 
program in operation... 
so you can see the exact 
word flow while it's 
happening. What's more, 
HP Logic State 
Analyzers let you move 
the window around at 
will by triggering on 
any word you want, or delaying the 
display a specific number of words 
beyond the trigger word. 

This lets you compare the actual 
addresses and data on the buses 
with the program instructions you 
entered. It becomes much easier to 
spot an erroneous data word, an 
erroneous jump in the program, or 
an unending loop. With the 
mapping capability of the HP Model 
1600A Logic State Analyzer, it's a 
simple matter to compare an 
executing program pattern to a 
known good pattern, or spot unique 
points in the pattern that indicate 
problems in an executing program. 
The 1600A also gives you the ability 

to locate any word on the map and 
trigger on that word so you can 
pinpoint a potential error 
source quickly. Then you 
can zero in by 



speed digital design. 
using the table display (Vs and O's). 
and digital delay to examine the 
program sequence in detail. 

Watching your software in action 
...it gives you a big edge in problem 
solving. 

Hardware/software marriage. 
In digital design, you often discover 
incompatibilities between hardware 
and software— particularly when 
separate design teams have respon-
sibility for these two aspects of 
the system. 

It's not uncommon for the soft-
ware to command the hardware to 
look for a signal (such as a request 
for interrupt) that apparently never 
occurs. Failure to get the signal 
may be a timing problem— the signal 
may occur too early or too late. The 
signal may exist at the right time, 
but at the wrong place— on the 
wrong data line for example. Or 
perhaps the signal was omitted 
altogether in hardware implemen-
tation. With microprocessors, the 

problem may be due to lack of 
understanding of CPU peculiarities. 

Whatever the case, you could 
spend an inordinate amount of time 
looking for the answer with the 
channel and triggering limitations 
of time-domain instrumentation. 

However, with an HP Logic 
State Analyzer, you can tie into 
both the 
address and 
data buses 
at the same 
time, plus 
flag or 
qualifiers 
(up to 32 
channels can 
be displayed 
on one screen). You can then run 
a short test program, trigger on 
a specific word at the beginning 
of the program, and view the 
program implementation leading up 
to the problem. 

With this detailed picture of 
software in action, it's a simple 
matter to observe the displayed 
program sequence and see what's 
happening to that signal at a specific 
point in time. Then it's usually easy 
to spot the problem and apply a 
software or hardware solution — 
whichever is more appropriate. 

System interaction. Additional 
problems frequently show up when 
you start transferring information 
across an I/O port. And your trouble-
shooting problems are compounded 
because you have two sources of 
data to monitor at the same time. 
They may have independent clocks 
...be asynchronous.. but require 
a common trigger signal. 
How do you verify overall system 

operation? How do you find out if 
data has been properly transferred 
from one part of the system to the 
other? And how do you determine 
whether or not the instructions 
have been executed properly? 

Suppose, for example, you've 
designed a microcomputer-con-
trolled test system for production. 
How do you know that the software 
is giving proper instructions to the 
instruments under test? Or that the 
instruments are inputting data 
correctly to the microcomputer? 
Unless you can verify the states in 
your program flow and look at 
digital inputs and outputs during 
the test cycle, your test could be 
meaningless. But with your micro-
computer operating at one clock 
rate and the monitoring instru-
mentation at some other rate, how 
do you observe both and relate 
microcomputer software to 
hardware output. 

The answer is HP's 1600S Logic 
State Analyzer. It lets you 
display two separate tables of 
data on the 
same screen — 
even though 
clock rates 
are dif-
ferent or 
one system 
is asynchro-
nous. One 
table can 
display your 
micro-
computer 
software 
sequence while the other displays 
the hardware output and input 
resulting from that software. With 
program flow displayed alongside 
the input and output states of the 
instruments being controlled, 
there's no doubt about a correct 
testing sequence ... or about the 
information being fed back to the 
microcomputer. Furthermore, if 
there is a fault, you have adequate 
information to diagnose problems 
for correction. 

In all of these phases of digital 
design— from the time you input 
software right through system 
checkout — an HP Logic State 
Analyzer can give you a clear view 
of program flow and hardware logic 
states to simplify design and 
debugging. 



THE DATA DOMAIN REVOLUTION 

Pioneers in the data domain 
are convinced. 

Our customers have been using 
HP Logic State Analyzers since 
1973. And we've talked to quite a 
number of users to find out what 
designers need in data-domain 
instrumentation. We've also found 
out how these data-domain pioneers 
feel about the HP Logic 
State Analyzers. 

Here's a sampling: 

"With the 1600A analyzer, 
I can do in an hour what I couldn't 
do in 3 months otherwise, and 
that's a fact." 

"I designed a buffer interface 
that allows us to make real time 
tests using a slower tester. With my 
$20,000 interface, the $100,000 
tester and your $4,000 logic 
analyzer, we can do the job of a 
$400,000 real time tester." 

Don Glancy, 
Principal Engineer 

"We encountered some severe 
software problems on a real time 
4K system where we were at a 
loss as to how to approach the 
problem. Because it was a real 
time system we were unable to stop 
it to use the standard software 
debug techniques. By coincidence 
your salesman called on the same 
day to demonstrate the 1601 Logic 
Analyzer. We hooked the analyzer 
to the system under test and wound 
up solving the problem that same 
afternoon. We were so thoroughly 
convinced of the potential power 
of the 1601 as it applied to software 
debug that we ended up buying two 
of them." 

"Even though we had limited 
experience with microprocessor 
design, there's no question the logic 
analyzer saved us valuable design 
time." 

Ken Fiske, 
Senior Design Engineer 
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"When a parity error does occur, 
our equipment re-reads the data 
block fifteen times. In order to 
initiate that search routine, many 
sequential logic events must occur. 
Problems occasionally arise in 
that logic flow and it's been very 
difficult to analyze using just a 
scope. The logic analyzer allows us 
to troubleshoot logic flow in parity 
error problems about twenty times 
faster than the scope does. In addi-
tion to being faster, it's also easier 
to interpret the l's and O's than it 
is to interpret waveforms." 

Don Stewart 
Coordinator of 
Service Planning 
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You've just read actual testi-
monials from users who have 
achieved significant time savings 
with an HP Logic State Analyzer— 
savings ranging from a factor of 20 
to well over 400 compared to other 
methods, (Don Glancy's comment, 
"I can do in an hour what I couldn't 
do in three months otherwise.") 
And equipment savings of a factor 
of 3 or more. 

If you or your people spend 
significant numbers of hours in the 
development of bus-structured 
systems such as computers and 
microprocessor-based systems, 
consider what those time savings 
could mean to you: 



Convince yourself. 

Over and over again, the reports 
from the field say: time saving... 
greater productivity...reduced 
development time...products into 
production faster. Whether you're a 
digital designer or an engineering 
manager, this message is important 
to you. 

As a circuit designer, you 
know the importance of sticking to 
development schedules and 
budgets. And that always means 

solving the problems the fastest way 
you know how. Take a look and 
see what kind of savings you 
might realize with an HP Logic 
State Analyzer. 

If you're an engineering manager, 
concerned with the productivity of 
your engineering department, con-
sider how much further your engi-
neering budget could go if your 
people had HP Logic State 
Analyzers. 

(A) 

= (B) 

(A)—(B)= 

Estimated man hours spent in evaluating and 
debugging hardware and software using conventional 
techniques. 

Your estimated time-saving factor— using a logic 
state analyzer— based on these testimonials. 

Estimated time spent in evaluating and debugging 
hardware and software with a logic state analyzer. 

Potential time savings during the project. 

Your hourly rate including overhead. 

Potential direct cost savings. 

Make your own analysis of what the time savings can mean in terms 
of getting products into production faster. The figures you come up with might 

easily exceed the cost of one of our Logic State Analyzers. 
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Join the data domain 
revolution. 

Your choice in data domain 
instrumentation is growing steadily. 
It extends from simple 4-bit AND 
gate trigger probes, to an optional 
Logic State Switch on HP scopes 
for selecting either time or data 
domain, to the 1600S —the system 
with up to 32 channels plus qualifier 
inputs, storage, delay, and two 
modes of display (table or map). 
There's an instrument or accessory 
in this family to put you in the data 
domain and give you a much better 
view of your digital designs. 

We've just scratched 
the surface. 

There's a lot more to know about 
the data domain and about HP's 
family of instruments. And there 
are several sources for more 
information. 

Seminars. HP instructors are 
now conducting one-day seminars 
on logic state analyzers and their 
application, and will continue 
in 1976. 

Technical Data Sheets. These 
publications give you details of 
operation and instrument specifica-
tions on each of the family members. 

Application Notes. A number of 
notes cover the use of mapping, 
using logic state analyzers to 
troubleshoot mini computer systems, 
microprocessor systems, etc. 

For more technical data, simply 
mail the attached reply card, 
indicating the data sheets you want. 
Or, for even faster action, contact 
your local HP field engineer and 
ask him for more details about the 
instruments or seminars. Give him a 
call today and join the data 
domain revolution. 

I'd like more technical information about HP's family of data-domain instruments. Please send data 
sheets on: 
D Logic State Analyzers 
D Pattern Trigger Accessories 
D Clips and Probes 

NAME  

COMPANY  

ADDRESS  

CITY / STATE/ZIP  

HEWLETT à PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page 114, Road Pa,c Ago Caldo,,, 94304 



Here's a simple way 
to put a microprocessor 
in your product. 

This is what you'll work with if you 
buy one of Pro-Log's dedicated 
control elements with the 
microprocessor already built in. 

Buy a dedicated control element, for all 
practical purposes a black box, with a 
microprocessor already built in. 

We've developed subsystems using 
microprocessors. They come in modular 
configurations readily expandable to meet 
your product requirements. You hardwire 
them directly to relay contacts, switches, 
push buttons, displays or other real-world 
devices. They give you all the capabilities of 
a microprocessor with none of the head-
aches. And we deliver them in a matter 
of weeks. 

When you use our subsystems, we give 
you the kind of production and documenta-
tion assistance that results in a product your 
present manufacturing people can build 
and your present service force can support. 

And system design stays with the 
design engineer. 

Plus, we give you something more, a free 
set of plans and a second source. 

Order 250 subsystems and well throw in 
free non-exclusive manufacturing rights 
and a complete set of manufacturing and 
assembly plans allowing you to build your 
own hardware, relying on us as an estab-
lished and dependable second source. 

We make everything you need to design 
with microprocessors. 

Our starter sets include a microproc-
essor subsystem, a Series 90 PROM pro-
gramer, a microprocessor system analyzer, 
plus all associated hardware. 4- bit sets cost 
around $3,000, 8- bit sets around $3,500, a 
substantial savings over what you'd pay if 
you purchased all these items separately. 

We have education too. 
Our half-day introductory seminar takes 

a hard look at the function of microproc-
essors in real-world applications. 

Our three-day hands-on design course 
teaches engineers how to formulate, pro-
gram and use microprocessor modules. 

Our free booklet, "The Microprocessor 
Users Guide" answers all your questions. 

It explains what a microprocessor is, 
what it's capable of doing, what criteria you 
need to evaluate the ones on the market 
and how Pro-Log can help you put them to 
best use. Write for your copy. 

To show how much Pro-Log can save you both in time and money, consider this. 
We've got a one-card 4004-based system called the PLS-401A. It includes a 
microprocessor; crystal controlled clock; 16 lines of TTL input; 16 lines of TTL 
output; sockets for 1024 words of program memory; 80-
character RAM and built-in power-on reset. It costs only 
$99 in quantities above 500 ($175 in quantities of 10.) 
How long would i take, and what would it cost you 
to design and build something in-house that 
could do the same job? 

And this is just one example of the many 
microprocessor subsystems we offer 
using 4004, 4040, 8008, 8080, and 
6800 microprocessors. 

PRO-LOG CORPORATION 
2411 Garden Road 
Monterey, CA 93940 
Telephone (408) 372-4593 
TWX 910-360-7082 
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HERMES 
LOOP 
ANTENNA 

THREE SAMPLE SITES 
ON THE NORTH AMERICAN 
CONTINENT — 

DIFFERENT LATITUDES 
DIFFERENT CLIMATE 

64 N 

42.5°N 

32.5' N 

Good 
Listeners maintain 
a low profile 
Even in the solitude of the forest depths, from rooftops, 
arctic tundra, swamps to swel:ering tropics, • neath snow, 
sand or ice, 
the Hermes Loop antenna keeps an ear to the sky. 
The amazing aperiodic anterna does away with vast log 
periodic and rhombic arrays - those towering antenna 
farms. 
In rosette configuration. the Hermes loop antenna provides 
an omnidirectional broadband receiving array in space 
merely 1/100th that of the traditional antenna farm. 
More than 53 government agencies around the world have 
pressed the loop antenna into service. 
A new, even more compact version is ava:lable. 
Only Hermes Electrorics makes it. 2-32MHz 

BROADBAND 

ASK US Send for our Brochure 
1-ermes Electrcmcs Limited 
Suite 315 
2020 F Street NW 
Washington, DC 20306 USA 

232-296 2978 
TWX 710 822 1106 
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Washington newsletter 

Michigan site The National Academy of Sciences is expected to report favorably on 
for Seafarer to net the ecological impact of the Navy's Seafarer submarine-communications 

system on the Upper Michigan Peninsula, say sources familiar with the 
A for ecology academy's study program. The study of the controversial extremely low-

frequency grid, which would maintain worldwide communications with 
submerged submarines, was undertaken last year at the service's request 
and will be completed late this summer. 
The Michigan site is atop the Laurentian Rock shield, which would 

minimize earth absorption of the elf signal. The Navy, at the request of 
the Worldwide Military Command and Control Council (WWMCC), is 
also considering sites at Nellis Air Force Base, Nev., and in the White 
Sands-Ft. Bliss, N.M., complex. However, the Navy considers those sites 
unsatisfactory because of the lack of a rock subsurface, their size, and 
the cost to locate Seafarer there [Electronics, April 1, p. 40]. 

GSA wants more Suppliers of telecommunications equipment to interconnect with telephone 
lines and specialized common carriers will get more opportunities to 

conipetition in U.S. compete for Federal communications contracts, says Theodore D. Puc-

telecommunications buys korius, head of the General Services Administration's Automated Data & 
Telecommunications Service. Puckorius says his office is working on 
guidelines for competitive GSA telecommunications procurements that will 
be "practicable and realistic." 
More than 15 Federal installations will buy private-branch-exchange 

hardware under competitive procurements already announced. Puckorius 
says. However, the scheduled April 19 major award to install " pilot" 
interconnect equipment for a government installation at Charleston, S. C., 
has been slipped to June. Puckorius promises equipment makes will be 
asked for "new and innovative products for specific needs," and that 
unsolicited proposals to Federal agencies will be evaluated. 

Communications reform Moves by the nation's telephone companies to get Congress to limit 

bills gain competition by legislation are gaining some support in the Senate and support  
House, but have irked the influential chairman of the House Communi-

but irk Macdonald ... cations subcommittee, Torbert H. Macdonald (D., Mass.). 
Following introduction of the Consumer Communications Reform Act 

as H.R. 12323 by Rep. Teno Roncalio (D., Wyo.) in March [Electronics, 
March 18, p. 60], two more versions have been introduced: H.R. 12844 
by Samuel L. Devine (R., Ohio) and H.R. 12924 by Joe L. Evins (D., 
Tenn.). Another version of the bill, supported by AT&T, the U.S. Inde-
pendent Telephone Association, and the Communications Workers of 
America, has been introduced in the Senate by Vance Hartke (D., Ind.). 
Wyoming's two senators, Democrat Gale W. McGee and Republican 
Clifford P. Hansen, will be cosponsors. 

Chairman Macdonald sees the legislative plan as one by which the 
carriers could " legally prohibit anyone other than themselves from com-
peting for the public's business." Nevertheless, the telephone companies 
were heartened by Macdonald's suggestion that the proposal will get a 
hearing. "Their proposal, as well as alternatives suggested by myself and 
others," he said, "will set the stage for a national debate on this important 
subject." 
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Washington newsletter 

. as FCC's Hinchman 

sees no threat 

from competition 

Utah site readied 

for testing of 

remotely piloted craft • • • 

. but high costs 

plague mini-versions 

for attack role 

New numbers playing down the economic threat to the telephone industry 
from interconnection and specialized common carriers are being advanced 
by Walter R. Hinchman, chief of the Federal Communications Commis-
sion's Common Carrier Bureau and a long-time advocate of competition. 

"Bell's annual increase in revenues for services subject to competition," 
Hinchman says, " is more than four times the total annual revenues of 
the specialized carriers and the interconnect industry combined. The fact 
is that in order to reach the penetration level forecast in one industry-spon-
sored study, the specialized carrier industry would have to grow by a 
factor of 140 over the next decade, which amounts to a rate of 70% 
annually, compounded." 

The Air Force will begin operating its first major technical installation 
for test and evaluation of remotely piloted vehicles late this summer 
in western Utah. The new test range, which combines former facilities 
of the Army's Dugway Proving Grounds with those of Bill and Wendover 
Air Force Bases, will ultimately provide restricted air space of 60 by 120 
nautical miles. The southern half of the range will begin initial use of 
the High Accuracy/Multiple Object Tracking System (Hamots) to simulta-
neously track up to 40 cooperative RPV targets with a maximum error 
of 5 meters in all three coordinates, the Air Force says. 

Also beginning operation will be an improved-gain telemetry auto-
track/reacquisition system with full-range coverage in the L and S bands; 
Loran C/D coverage; and an electromagnetic test system for technical 
verification and evaluation of airborne electronic countermeasures systems, 
electromagnetic compatibility and interference, and range frequency man-
agement and control. Also, there will be improved full-range C-band 
tracking-radar coverage, plus a permanent range and mission control center 
at Hill Air Force Base with 50 telemetry channels and real-time display 
of RPV space positioning by means of radar and Hamots. Tests are already 
scheduled at the range for the Teledyne Ryan AQM-34V and the multi-
mission BGM-34C, the Tactical Expendable Drone System prototypes of 
Beech Aircraft and Northrop Corp., and the Compass Cope reconnaissance 
drones developed by Boeing and Teledyne Ryan. 

Use of miniature remotely piloted vehicles, like the twin-tailed Axillary 
built by F-Systems Inc.'s Melpar division for tactical harrassment missions 
by the Air Force, is so far proving successful in virtually all areas but 
one. "The fly-away unit cost is still a long way from the goal of $1,000 
sought by the Tactical Air Command, says a Defense Advanced Research 
Project Agency official tracking the effort. 

Nevertheless, the Air Force is pushing the R&D effort to define its 
operational requirements for a small RPV as an all-weather weapon to 
automatically track and kill armored targets, defensive and missile radars, 
communications, and other tactical installations. Emphasis is being focused 
on developing new low-cost sensors for three RPV configurations scheduled 
to be tested this summer. 
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Designing Inverters? .et. 

Here *44 

comes 00 
help; 11* 

DESIGN DIRECTION—Tell us your temperature range and power 
requirements. Well send you complete design information on the 
ONLY ferrites you can get that are made for highest efficiency 
at your operating temperature. 

COMPONENT SELECTION — Give us your circuit parameters. We'll 
show you how an INVERTER-RATED component with only 30 
mw/cc loss will give you improved performance in your specific 
inverter application. 

OEM SOLUTIONS — Describe your OEM requirements for inverter 
efficiency, size, weight and cost. The engineers who developed 
ferrites for inverters will help you apply this new technology to 
your product. 

Call APPLICATIONS ENGINEERING, (201) 826-5100 or write 
Indiana General, Keasbey, New Jersey 08832. 
RESCUE HELICOPTER COMPLIMENTS OF CREATIVE PLAYTHINGS 

11ffiii (if indialia general 
a division of Electronic Memories & Magnetics Corp. 

Keasbey, N.J. 08832 • (201) 826-5100 



tot 

The AM16800 Micro 

We started by redesigning a CR I . 
And ended with the fastest, easiest 
way to build microcomputer systems. 

The AMI 6800 MDC architecture is so far 
ahead of the competition they'll have to change 
their whole development philosophy to catch up. 

Unlike their multiple box approach, with 
lights and switches, our grand plan is centered 
around a very smart CRT, with full debug software. 

There's a 6800 system in the terminal, so 
the processor you're working with is the same 
one you're developing.That cuts your learning 
time in half. 

And you can forget about those long hassles 
with paper tape, front panels, teletype or 
cassettes. Put your hands on our keyboard and 

you never have to let go. You modify information 
instantaneously. Interrupt a program after every 
instruction, and get a complete snapshot of the 
state of the machine. Look at all the registers and 
change their values, simply by pressing a key. 
And you never have to translate addresses into 
binary to get information. 

Our 6800 IVIDC not only cuts programming 
time in some cases from hours to minutes, it can 
also be configured as a test center for incoming 
6800 parts. And it adapts easily to a powerful, 
one megabyte microcomputer for a variety of 
uses, such as inventory control. 

The standard AMI Microcomputer 
Development Center consists of the 80 char. x 
25 line CRT, the dual floppy disk with disk 
operating system, S6834 EPROM programmer, 
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computer Development Center. 
RS232 interface and 16K words of RAM 
memory. The many options will include a 
character printer, an in-circuit emulator so 
you can use the CRT like a front panel, 
EPROM and RAM memory modules. 

So now the most flexible, easiest-to-use 
microprocessor family, the AMI 6800, has 
taken another giant step ahead of the others. 
The AMI 6800 Microcomputer Development 
Center can get you to the market fasten with 
a better product. Ask your AMI sales office, 
distributor or representative for our brochure. 
Or write to AMI. 3800 et, 
Homestead Road. 1 S 

Santa Clara, CA standard 
95051. Then see how 
fast things develop. atAmi 

This i  s the was to the Center: 
SALES OFFICES 

M4whattan Beach LA • 
213 379-2452 

San Jose CA • . 408 249-455,2 
Alt.Troonte Springs FL. 

3051830-8889 
Elk Grove Village IL • 

3121437-6496 
Norwood MA • '617' 762-072e 
Livtnia MI • 313 478-9339 
Minneapolis MN • 

612 559-9004 
Mu..sey NY • . 914.352-5333 
Cie'. eland OH • . 2161292-685. 
m . Abler PA • ( 215)643-0217 

Rkriardson TX • 1214 231-572' 

DISTRIBUTORS 

ALTA ELECTRONICS 
Utah Salt Lake Cay 

.801i 486-7227 

ARROW ELECTRONICS 
Minnesota- Bloomington 

.6121888-5522 

CEITTURY ELECTRONICS 
Ne-v Mexico- Albuquerque 

.505 , 292-2700 
Utah - Salt Lake City 

18011487-8551 

INTERMARK ELECTRONICS 
Wat.hington- Seattle 

.206 , 767-3160 

SCHWEBER ELECTRONICS 
Cahlornia- Costa Mesa 

.2131924-5594 and 
7141556-3880 

Connecticut- Danbury 
12031792-3500 

Florida - Hollywood 
.3051927-0511 

Go...re. - Atlanta ' 404.449-9170 
Illrmis Elk Grove Village 

.312 593-2740 
Iowa Cedar Rapids 

Lorenz Sales 
319 ,393-0100 

Ma'.. 
' 990-8484 

Mtch.yan Troy . 311)583-9242 
Minnesota - Edina . 612)941-5280 
New Jersey - Somerset 

12011469-6008 
New York- Rochester 

.716 , 461-4000 
Westbury . 516 , 334-7474 

Ohio - Beachwood 
216 464-2970 

Texas - Austin . 512 837-2890 
Dallas L2141691-5010 
Houstor 17131784.3600 

Canada- MIssissauga.Ort 
, 416. 678-905C 

SE MICOMP CORP 
California - Newport Beach 

.213 , 97.-5253 and 

.714. 833-3070 

STERLING ELECTRONICS 
Arizona- Phoenix 

16021258-4531 
Louisiana- Metaire 

504.887-7610 
Massachusetts - Watertown 

•617, 9211-9721-
New Jersey - Porte An-boy 

2011442-800c 
New Me/Loco- Albtxquerque 

1505) 345-6601 
Texas- Dallas 1214 , 357-9131 

Houston . 7131627-9800 
Floctunoni Meridian 

804 1335-652" 

R V WEATHERFORD CC 
Arizona- Phoenix 601;1272-7144 
Calitornla - Anahe.rn 

1714)547-0891 
Glendale ( 213.849-3451 
Palo Alto 1415[493-5373 
Pomona 714) 6231291 
San Diego . 7111278-7400 

Colorado- Engle...Doc 
,303 761-543. 

New Mexico Albuquerque 
1505)842-0868 

Texas - Dallas 1214:243, 571 
Houston : 7131688-7406 

Wash neon - Sean. 
206 243.634 ,, 

REPRESENTATIVES 

AMMON & RIZO 
Oklahoma- Oklahoma City 

,405] 373-274a 
Texas-- Dallas 1214'1233-5591 
Texas- Houston ( 7131781-6240 

BARNHILL FIVE 
Colorado- Denver 

13031426-0221 . 
BENEKE & McCAUL 
Missouri-Grandv,w 

181E1765-2998 
Missouri-- SI Louis 

.3141567-3399 

CANTEC REPRESENTAT VES. 
INC 

Ontario- Ottawa (6131225-0363 
COULBOURN DECIREIF INC 
Mary and -- Baltimore 

13011247-4646 

HADDON ASSOCIATES 
Calitornia- San [keg° 

17141565-9445 

HECHT. HErqscricN 
ASSOCIATES INC 

Arizona- Phoenix '602I 275-4411 

LOWREY & ASSOC IATES 
Michigan-- BrIghtan 

1313 , 227-7067 

NORTHWEST MARKETING 
ASSOCIATES 

Washington- Bel evue 
1206)455-5846 

PRECISION SALES COMPANY 
New York Svracute 

,315 458.222.-

REP INC 
Alabama HuntsviSe 

.2051881-927, 
Georgia - Tucker 4) 938-4358 
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DEMO'S NEW FAS 
HIGH-GAIN TRANSIS 

MAJOR PARAMETER LIMITS 

TYPE h" @ 10A _ Ycsin Ve.F __o (sus) 
VcE (sat) 
@ 7A 

tf (typical 
@ 5A) 

DTS 515 3.5 300V 250V 5.0V 0.25 ',sec 

DTS 516 4 400V 250V 1.9V 0.25 ',sec 

DTS 517 5 500V 250V 1.6V 0.25 ',sec 

DTS 518 5 600V 275V 1.4V 0.25 iLsec 

DTS 519 5 700V 300V 1.4V 0.25 ',sac 

2N6573 5 500V 250V 1.5V 0.25 psec 

2N6574 5 600V 275V 1.5V 0.25 p.sec 

2N6575 5 700V 300V 1.5V 0.25 ttsec 

NPN triple diffused silicon t ansistors. Packaged in solid copper cases 
conforming to JEDEC TO-3 outline dimensions. 

Our newest high-energy silicon power 
transistors have increased capabilities over 
our earlier types in current ratings, gain and 
switching speeds. These improvements were 
achieved without sacrificing the useful peak 
power handling capacity that is characteristic 
of Delco's transistors. 

Fall time of these transistors is typically 
0.25 microseconds. Their biggest advantage, 
however, is their high current gain as shown 
on the accompanying beta curves. 

A new characterization feature offered 
with the DTS-515 series is a graph of 
capabilities for reverse bias clamped 
inductive switching. Parameter variables, 
dealt with in the graph, are voltage, collector 
current, temperature, and forward and 
reverse base current. As can be seen in the 

"VBE(reverse) > 5V" notation, emitter 
diode avalanche is recommended under 
certain conditions. 

And, of course, these high-energy silicon 
power transistors come in Delco's solid 
copper TO-3 packages to ensure low thermal 
resistance. 

The accompanying curves, charts and 
circuits tell part of the story. Prices, 
applications literature and electrical data 
from your nearest Delco sales office or 
Delco distributor can supply another part. 

But the most important part of the story 
is how well these new transistors function 
in your applications. 

You can order them today; they're in 
stock at your Delco distributor's. 

o 01 

COLLECTOR CURRENT (moms) 
lc CHARACTERISTICS 

SOUARE PUISSE OP THE SPECIFIED 
LENGTH AT A REPETITION R•T 
OF .I PULSES PER SEC.. 

. . .1 
100 300 

COLLECTOR EMITTER VOLTAGE Deoll0 

SAFE OPERATING CURVES 

15 

10 

IC 
(Amperes) 

5 

o 

182 = 1131 

u VIE (reverse) 5V 

197 III) 

VIE ( reverse) 5V 

T case = 100 C 

 81.• 

100 200 300 400 500 600 700 800 

VcE Clamp IVoll,1 

INDUCTIVE SWITCHING CAPABILITY 

OF THE DTS519 TRANSISTOR 
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TER SWITCHING, 
TORS NOW IN STOCK. 

NOW AVAILABLE FROM THESE DISTRIBUTORS IN PRODUCTION QUANTITIES. 
ALABAMA, Birmingham 
Forbes Distributing Co., Inc. 
.2051 251-41(4 

ALABAMA, Huntsville 
Pox.veII Electrtrucs 
20! 539,2731 

ILLINOIS, Skokie 
It.•11 ! ndustrix•s 
1 ' r!'nics I hstribtrou 

• »:2 

\ I ) 1 I I I anapolis 
si.pply, Inc 

NEW YORK, Farmingdale 
Wilshire Electrorms /Long Island 
1516! 293-5775 

NEW YORK, Freeport 
NIsIgray New York 
15161 546-6000 

ARIZONA, Phoenix NEW YORK, Woodbury 
Sterling Electrinics, Inc NI N R I NI), Baltimore Harvey Electronic-. 

ÓL:21 258,4531 r,. ,516! 921-8700 ( 21,', 895,9260 

CALIFORNIA, Gardena 
Berl Industries 
Eh-coons,. Proributors Div 
i 23, 321•5802 

CALIFORNIA, Goleta 
R P.S. Electoucs, In: 
181,5! 964,6823 

CALIFORNIA, 
Los Angeles 

Kicrultf Electr ,nics. Inc 
12 .3, 665.5511 

CALIFORNIA, 
Los Angeles 

R P S Electronics, Inc. 
1213, 748-1271 

CALIFORNIA, Palo Alto 
Kierultf Electruucs. 
1415! ,)66-629: 

CALIFORNIA, San Diego 
Kierultr Electomics. 
1714i 278-211: 

CALIFORNIA, San Diego 
R -1' S Elect!, 711,:,. 
1714! 292,561 I 

CALIFORNIA, Sunnyvale 
Bell .• 

(7:11 r rR,\J)( I. Denver 
K • 

( ) 7s: N I ( 
IL 
•, ! rucs 

'fit II tA, Clearwater 

iss13! 443-4514 

FLORIDA. Miami Springs 
Ps well Electrsnics Florid., 

! 592-326a 

ILLINOIS, Elk Grove Village 
Ksirulti Electronics. Inc. 
13121 640-0211, 

OHIO, Cincinnati 
MARYLAND, Beltsville United Radio, Inc 
RESCO Washingtin (513) 761-4030 

OVERSEAS: 
CAM' 937,5890 OHIO, Cleveland EUROPEAN INQUIRIES: 
MASSACHUSETTS, Paulson Supply C-x. Eumpean l'arts & Accessories 

Billerica Industrial Electronics I ', vision Marketing Group 
Kierultl Dectronics, Ir.:. i216! 441-3000 General Motars Continental 

1617 935.5134 OHIO, Dayton nod 2, Noorderlaan, Postbus 9 
1617 667-8:%31 Pioneer Dayton B-20,30 Antwerp, Belgium 

MASSACHUSETTS, 1513! 236-9900 ALL OTHER OVERSEAS 
Newton PENNSYLVANIA, INQUIRIES : 

The ( lreene,Shau ( ! . Inc Philadelphia Gereral Mobrs Overseas 
1617 969-4900 Almo Electronics Operation,. 

MICHIGAN, Livonia 12151698-4000 Parts & Acc,,sones Dept. 

Pioneer MIcing.in PENNSYLVANIA, 767 Filth Avenue 
. (313 ,525-180o Pittsburgh Mr, York, IN 

i21: , 4864412Y 10022 
CAN1 Electronics MINNESOTA, RPC 
1412i 288-2600'41:i 78 I-3 770 

Minneapolis Delco Electronics 
Stark Electronics Supply Co. SOUTH CAROLINA, Regional Sales Offices 
1612! 332-1325 Columbia Charlotte, Willi Carolina 28209 
MISSOURI, Kan:as City Dixie Radio Supply Co. Inc. 4600 Park Rod 

:803! 253-5333 170411 527.4444 Walters Radio Stipp). Inc. 
,816! 531-7015 TEXAS, Dallas "ay Nus-s. California 91404 

Sterling Elec3tr onics 3-1Box 2968 
MISSOURI, St Louis 121 988-755i) (214! 357-911 LCOMP-St. LOUIS 

,314 , 647-5505 TEXAS, Houston General Sales Office 
N I'Vs' JERSEY, Harrison Equipment C., 70,1E. Firmir, Kokomo, Ind. 46901 
Innaminson '713! 652-47(r) (3171 459-2175 •  

F!! •, • PhiLidelpha 
- '!' 7-1920 

NI 8 II SI 1..4 liftem 

TEXAS, Houston 
Sterling Electronics 
(713) 627,9800 

WASHINGTON, Seattle 
Kierullf Electionics. 
(206: 763,1550 

IN CANADA: 
Zen:Tonics LA 
Toronto ( 416, 787,1271 
Otuwa (613! 238-6411 
Montreal 15 r41 735,5361 

NEW MEXICO 
Albuquerque 

Electr!,111, 
"AÇA9S(II 

NI W N't :fit K , Binghamton 

:11 

NI Vs YORK, Buffalo 

Delco 
Electronics 

GM 
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Electronics international   
cevelopments . n :ecnnuogy ana ousIness 

Japanese space-TV gear aids 

treatment of U. S. Indians 

The first all-electronic system for 
eventual transmission of still color-
television films from the space 
shuttle is being installed this month 
in the U.S. by the National Aero-
nautics and Space Administration. 
The system, developed by Japan's 
Nippon Electric Co., is replacing a 
prototype system already being 
tested in a unique humanitarian ap-
plication on earth. 
One terminal, installed at a 

health facility on the Papago Indian 
Reservation at Sells, Ariz., transmits 
X rays and pictures of patients' in-
firmities to an Indian hospital in 
Phoenix for analysis by specialists 
there. The system, being tested in 
cooperation with the Indian Health 
Service, is called Starpahc. 

Standard NTSC color cameras and 
monitors are used. Because Star-
pahc is built to commercial commu-
nications standards rather than 
space standards, the system is large 
and heavy. But at $55,000, it is also 
cheaper than the space model will 
be. Starpahc enables still color-Tv 
pictures to be transmitted by means 
of differential pulse-code modu-
lation (DPcm) over bandwidths as 
small or even smaller than those of 
a standard telephone line. Impor-
tant as bandwidth economy is on 
earth, it is even more critical in 
space. 

Operation. Starpahc directly con-
verts NTSC color-Tv brightness and 
chroma signals to digital values, 
compresses the bandwidth, and 
stores the values. The analog color 
signal sample is converted initially 
to 8 bits. A DPCM encoder com-
presses the eight bits into a 4-bit sig-
nal sample, which is stored in a 
high-speed bipolar buffer memory 
and then is transferred to the main 
semiconductor memory in the form 
of 48-bit words. 
The cycle time of the main 

memory is not short enough to store 
the 4-bit groups as they are formed. 

Transmission makes use of higher-
order prediction—the predicted 
value of a sample depends on the 
value of the three previous samples. 

Transmission. Since the new ter-
minals transmit one of the two NTSC 
TV fields that normally constitute a 
complete frame, the vertical resolu-
tion is only half the value of conven-
tional television. However, it ap-
pears to be adequate for the 

intended applications. The entire 
frame was not used because any 
motion of a subject between two 
successive fields in one frame would 
displace them and reduce, rather 
than enhance resolution of still pic-
tures. In addition, the transmission 
of a single frame halves the memory 
capacity and time required for 
transmission. But four more mem-
ory cards can be plugged in to pro-

Around the world 
British simplify formation of IC contacts 
A simple way of forming the tiny metal contacts on semiconductors has 
been developed by Britain's Royal Signals and Radar Establishment 
(RSRE). The method, called selected-area electroplating, involves bomb-
ardment by a 5-kilovolt ion machine, a conventional plating solution, and il-
lumination by an ordinary 60-watt bulb about 20 centimeters above the de-
vice. The RSRE has made in the laboratory n-type gallium-arsenide 
Schottky-barrier field-effect transistors it says perform as well as conven-
tional FETs, and the process should work for all semiconductor devices. 
The agency says the process, which could be automated, would fit into 
semiconductor production lines after photomasking and photoresist. 

Essentially, ohmic or rectifying contacts are deposited onto a photo-
masked semiconductor slice by first damaging the required area with 
charged particles and then dipping the slice into the appropriate plating so-
lution illuminated by electric light. Without any external connections, this 
process creates a cathode electrode in the damaged area and an anode 
electrode on the semiconductor surface. The plating current flows through 
the electrolyte, causing the metal to be deposited on the bombarded area. 

Several metals can be deposited by selecting the correct electrolyte, and 
the rate of deposition can be controlled by the extent of the ion bomb-
ardment, the area ratio between the anode and cathode, and the amount of 
light. Multiple metal layers can be formed by sequentially dunking the slices 
into the proper plating solutions. 

UK timer chip directly drives TV-clock display 
General Instrument Microelectronics Ltd. of the UK is offering a timer it 
claims has more drive than its competitors. When the new AY-5-1230 is 
built into a television set, the chip not only drives time displays in conjunc-
tion with GIM's AY-5-8320 display circuit, but it can directly drive a seven-
segment four-digit fluorescent display for clocks. A viewer can program it to 
turn the set on and off at preset times for days on end, but if he doesn't se-
lect a turn-off time along with the turn-on time, the device automatically 
shuts off the set within 10 minutes. GIM says the ion-implant nitride process 
for its p-channel metal-gate MOS chip saves 12 external resistors. Better 
yet, the timing output is a high 30 milliamperes, which can drive relays and 
triacs. 

Although the company is aiming initially for the West German TV market, 
it also visualizes applications in cookers, heating controls, and video 
recorders. The price would be only $2.50 each in quantities of 10,000. The 
chip runs off the standby power used for remote control. 
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vide full-frame operation if desired. 
The terminals each contain 768 

kilobits of semiconductor memory, 
composed of NEC'S latest 4,096-bit 
n-channel mos random-access-
memory chips. The memory stores 
the entire image in the 1/60-second 
field interval at the originating end. 
Transmission-control circuits feed 
the digital signals to a modem at the 
rate appropriate to the transmission 
line. At the receiver end, the image 

is stored in memory and is repeti-
tively read out to refresh the moni-
tors every 1/60 second. 
At the rate of 2.4 kilobits per sec-

ond through an inexpensive modem 
and over a standard telephone line, 
a single field requires 300 seconds 
for transmission. NASA uses a 4.8-
kb /s modem to transmit in half that 
time. However, if a standard 24-
channel PCM cable were used, each 
field would require 0.5 second. D 

Austria 

Security system responds to changes 

in power level and tension of fence 

One system used to protect the 
1,500 athletes during the Winter 
Olympics at Innsbruck, Austria, 
sounds an alarm when sensors de-

tect sabotage or tampering with a 
wire-mesh fence guarding a particu-
lar area. The small control computer 
is programed to reject vibrations set 

up by inadvertent contacts or 
weather conditions. Since the Win-
ter Olympics in February, the 
Gama system has been installed at 
several industrial facilities, includ-
ing atomic power plants in Europe 
and Israel. 

Designed by the small Austrian 
firm Gama-Electronic, the so-called 
FSD 05 consists of a number of sen-
sors and the single cable for signal 
transmission and power supply, in 
addition to the computer. The sen-
sors, hidden inside certain fence 
posts, respond to vibrations and me-
chanical or electrical tampering and 
send corresponding signals to the 
computer, situated in a guard house 
or security office. 

Discriminating. The computer, 
also designed by Gama, stores 16 
different words, each representing 
an unusual physical condition of the 
fence posts and wire mesh. These 

SM. 

SURGE VOLTAGE PROTECTO 

A sudden voltage surge can harm or ruin costly 
electronic equipment — especially solid state. 
If you are now using or contemplating the need for 
gas tubes or spark gaps, check out Siemens SVP's 
on performance, price and delivery. 
Highly reliable and of proven design, Siemens 
SVP's offer: 
• High current capability. 
• Accurate breakdown voltage. 
• High breakdown speed. 
• Low capacitance. 
• High insulation resistance. 
• Ability to withstand environmental 
and operational extremes. 
• A broad line: power, fail safe and 
3-electrode types. 

Low-cost protection against damaging voltage transients. 
Siemens SVP's are typically used for protection of 
telephone and communication systems and for 
switching purposes in strobe lighting and 
ignition systems. 
Now also produced in the United States and 
available for immediate delivery from current 
stock. Other voltage protection devices such as 
metal oxide varistors and Zener diodes also 
available. For more information write: 
Siemens Corporation, Components Group, 
186 Wood Avenue South, Iselin, New Jersey 08830, 
Tel. (201) 494-1000. 

SIEMENS 
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conditions include overtaut wires, 
which could be caused by someone 
placing a ladder against the fence, 
or slackness in the wire mesh, which 
could result when wires are cut. The 
sensor-derived signals are compared 
with the words in the computer 
memory, and if the information 
jibes, an alarm is activated. 
The computer can be programed 

for several alarm stages. In a two-
stage alarm configuration, the first 
stage would signal a condition when 
a wire is jerked, say, only once and 
then no more. During the second 
stage, an alarm might be sounded 
when wires are cut in rapid success-
ion, indicating an attempt to pene-
trate the fence. The alarm is trig-
gered when any kind of mechanical 
or electrical tampering is sensed. 
The sensor is a piezoceramic vi-

bration pickup that comes as a cy-
lindrical body roughly 12 centime-

ters long and 4 cm in diameter, 
which fits into most commonly used 
fence posts. Part of the device is a 
high-impedance, highly linear am-
plifier for boosting vibration-in-
duced signals. 

Detecting sabotage. The so-called 
sabotage detector senses and signals 
all conditions that would render the 
system inoperative. These condi-
tions may be an overvoltage, an ex-
cessive temperature, or a break in 
the sensor's ceramic body. This de-
tector also senses any current vari-
ations in the supply cable that might 
result from cutting or wiring around 
certain cable sections. Sound waves 
send the fence wires into minute vi-
brations that are picked up by the 
vibration sensor. The system can 
distinguish vibrations set up by hu-
man speech from those produced by 
such weather disturbances as wind, 
rain, and hail. 

In evaluating the signal coming 
from the sensors' vibration pickup, 
the computer first applies these sig-
nals to an amplitude discriminator 
and then to a frequency analyzer. 
The resulting histogram, which con-
tains both amplitude and frequency 
information, is digitally compared 
with the stored words representing 
the unusual physical conditions of 
the wire mesh or fence posts. 
When the comparison shows 

agreement, alarm pulses either 
sound an alarm, flash a light or acti-
vate television cameras. At the same 
time, a microphone is turned on so 
that the guard personnel can listen 
to any noises along the fence. A 
single coaxial cable supplies the 
power and transmits the signals de-
rived from the sensors. Because of 
the sensor's low current drive— 
about 1.5 milliamperes—the cable 
can be 17 miles long. E 

Siemens. 
For all your Zener needs. 

ob. 
Commercial • Industrial • JAN • JANTX • JANTXV • SIN • 
Special Types • Zener TC Chips • 

Zener TC Assemblies. 

Whatever your Zener diode need — commercial, 
industrial, military or special devices — Siemens 
can fill it. Siemens produces just about every type 
of Zener and Temperature Compensated Zener 
that you'll ever use. From 250 mW to 50 W, in 2.4 V 
to 200 V ratings. In standard packaging as 
well as chip form. All with the Siemens assurance 
of quality. 

Manufactured in Siemens Arizona facility, 
these Zeners are available through a 
• nationwide sales force and network of 
stocking distributors. 

Write today for a free Zener Diode 
Quick Reference Wall Chart. 
Siemens Corporation, Components Group, 
186 Wood Avenue South, Iselin, 
New Jersey 08830. Tel. ( 201) 494-1000. 

SlEmENs 

SIEMENS 
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Your 
one-stop 

capacitor source 

t' 
4e 

ào. 4mb 

1 
, 

le lb y 

Request CAT. NAC-PF 

e 

Request CAT. NAC-LCQ 

Mica Capacitors 

Operating temperature 
range: -- 25°C to + 85°C 
Ideal for RF applications 

Miniature Aluminum 
Electrolytic Capacitors 
Operating temperature 
range: — 40° to + 85°C 
Radial NLA Capacitance 

range: 0.47/1F to 10,000mF 
Axial NLA Capacitance 

range: 0.47pF to 15,000pF 

Polyester Capacitors 
Operating temperature 
range: — 40°C to + 85° C 
TDXM Capacitance range: 
0.01µF to 2.2pF 
TTAM Capacitance range: 
0.15µF to 10.0µF 
TDY Capacitance range: 
0.00111F to 0.47µF 

Computer Grade Aluminum 
Electrolytics Operating temper-
ature range: — 25°C to + 85°C 
NKB Series features smaller size 

NSB Series features standard 
size and ripple current 

NHB Series for critical high 
ripple applications 

HEADQUARTERS 
6435 N. Proesel, Chicago, III. 60645 

(312) 679-6530 
BRANCH OFFICE 

40 Orville Dr., Bohemia, N.Y. 11716 
(516) 567-2994 

Request CAT. NO4C-AEE & AEU 

est CAT. NAO-CG 

Ceramic Capacitors 

Operating temperature 
range: — 30°C to + 85°C 

Z5P Capacitance range 
150pF to 10,000pF 50V.DC 

Z5U Capacitance range: 
1,000pF to 22,000pF 50V.DC 

Z5V Capacitance range: 
1,000pF to 100,000pF 50V.DC 

Semi-Conductive 
Ceramic Capacitors 

Y5S Capacitance range: 
.05µF to .5µF 12V.DC 
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Sony color set has A 32-inch color-television set, chiefly for mass viewing, will go on sale 
32-in picture tube in Japan this summer at $5,000. Sony Corp., the developer, will also sell .  

the color monitor without a tuner for $3,333. The units, equipped with 
for mass viewing output and input terminals for connection to video-tape recorders, is 

designed for large displays so that groups can view videotaped programs. 
On the theory that this application, in addition to sales for conventional 
TV viewing, will provide an adequate market for the large-screen sets, 
Sony plans to produce about 2,000 picture tubes a year. 
The neck of the 32-inch tube, which has a deflection angle of 114°, 

is 36.5 millimeters in diameter, and the electron gun has a 19-mm 
bore, the largest gun Sony has ever used. The set draws 200 watts of 
power, which Sony compares with the 350 W dissipated by early RCA 
sets built with vacuum tubes. The bulb is made by Nippon Electric Glass 
Co. The largest previous set, 1,000 of which have been sold, was a 27-in. 
model, introduced last July. The picture tubes used in both of these sets 
have an image-modulated sweep to sharpen outlines. Sony disclosed this 
technique in 1974 at an IEEE conference in the U.S. 

3-d gamma-ray gear A three-dimensional semiconductor-based gamma-ray detector, which may 
to challenge X-ra become a competitor to computerized X-ray body scanners, is under 

y  development by the UK Medical Research Council's Institute for Medical 
body scanners Research. To produce 3-d views, orthogonal Schottky-barrier junctions 

on n-type high-resistivity silicon slices are aligned within the camera 
tube to detect the direction of gamma rays emitted by radioactive fluids 
ingested by a patient. A computer correlates the source and direction 
of the rays by matching ray strikes through matrixes on the slices. 
A system made with two 5-centimeter-diameter cameras, each containing 

50 slices each, is expected to operate in real time. It will show body 
functions, as well as provide higher resolution, be more sensitive, and 
subject the patient to lower doses than X rays, its developers claims. 

Germany begins West Germany's Ministry for Research and Technology has earmarked 
third program more than $600 million for its third electronic-data-processing promotion 

program, to run through 1979. Of the total, roughly 35% will be spent 
to promote EDP for EDP-related research and development and about the same per-

centage for system applications. The rest is slated for computer training 
and special projects. 
The government's third program focuses greater attention than its prede-

cessors did on small computers and terminals. Before the end of this decade, 
the outlays for that type of hardware are expected to match those for large 
and medium-size EDP equipment. Previously, the ratio of expenditures 
was about 2:1 in favor of the larger systems. 

France transfers France has placed a reluctant Thomson group in charge of the minicomputer 
to Thomson control plant of the Compagnie International pour l'Informatique in Toulouse and 

has directed Thomson to head a merger of CII minicomputer activities 
of minicomputers with those of Téléméchanique Electrique. At the opening of the Interna-

tional Components Show last week, Michel d'Ornano, France's minister 
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of industry and research, called the arrangement the final phase in the 
restructuring of the country's computer industry. The French government 
will spend $42.8 million to implement the transfer from CII to Thomson. 
The government go-ahead on the move comes almost one year after 

the first announcement of the merger between the CII and Honeywell-Bull. 
In order to complete the negotiations, Thomson had to accept the 
government's terms for the integration of the Toulouse plant into its 
own operations. 

MIT licenses X-ray Nippon Kogaku K.K. has been granted the exclusive right by the Massa-

mask-making gear chusetts Institute of Technology to manufacture MIT's soft-X-ray lith-
ography equipment for production of large-scale integrated circuits in Japan. 

to Japanese firm Nippon Kogaku, maker of the Nikon camera and LSI-production 
equipment, plans to start manufacturing the X-ray equipment in about 
three years. The company already manufactures the proximity printer, 
which is a photographic printer for production of integrated circuits, as 
well as other photographic equipment for testing ICs and LSI, including 
the mask-alignment scope and mask comparator. 

Plessey introduces Britain's Plessey Semiconductors is introducing two high-density bipolar 
synthesizers for resistor-transistor-logic frequency synthesizers—one for citizens' band 

radio, and other for radar, microwave, and high-frequency applications 
CB radio, microwave up to 1.2 gigahertz. Plessey says the synthesizers, made by the com-

pany's Process Three technology, are cheaper and simpler than com-
plementary-MOS units, which need additional prescalers and mixers. 
The two-chip 8923 CB channel synthesizer needs only an additional channel 
selector, voltage-controlled oscillator, and loop filter. A 50-channel version 
is expected soon for the U.S. market. 

For other high-frequency applications, the modular 8760 synthesizer 
phase-locks a controlled oscillator to a fixed-frequency quartz oscillator 
by using a 1.2-GHz divide-by-64 circuit. The 8760 contains the necessary 
prescalers, comparators, and crystal-oscillator maintaining circuits. 

Dialing cut to two An abbreviated-dialing processor is being marketed by Siemens AG for 
digits by Siemens private branch exchanges built for as few as two subscriber lines. Such 

processors have been available until now only for large PBX systems, 
PBX processor the German company says. The processor, an MOS circuit, can store 100 

telephone numbers, each with as many as 18 digits. Dialing a two-digit 
code number is all that's needed to place a call—even an international 
one. The memory content can easily be altered by plugging in a programing 
unit. Even if the power supply fails, programing remains intact for about 
12 hours, Siemens says. 

Two U.S. firms RCA and Ampex in the U.S. have agreed to have Victor Co. of Japan 
manufacture two types of lightweight 3/4-inch color-video cassette recorders to buy color-video 
for electronic news gathering. To be exported to the U.S. under the 

recorders in Japan RCA and Ampex logos, the two machines are the CR-4400 portable 
recorder and the CR-8300 desk-type recorder. 
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No other micro 
can make this claim. 

The LSI-11. 
No other micro goes through 

so much testing. So no other 
micro can ensure you of so much 

We started with a Design 
Maturity Test that showed zero 
failures in 384,000 unit-hours 
for the 4K MOS RAMs, and only 
one failure in 20,000 unit-hours 
for the microprocessor chips. 
We make each LSI-11 under our 

special Manufacturing Quality 
Plan. This begins with 100% test-
ing of incoming components 
and continues with computer-
controlled monitoring at strategic 
points in the production flow. 
And we run a thermal cycle on 

every LSI-11 that comes off the line. 
Mat it all adds up to is a worst-

case MTBF of over 35,000 hours. 
And that's from data in the field. 

LSI-11. The $634* 4K microcom-

puter on an 81/2"x 10" board. 
LSI-11. The one micro that's 

really been put to the test. 
For more info, call 800-225-9480 

(Mass. 617-481-7400 ext. 6819 or 
6817). Or write: Components 
Group, Digital Equipment Co 
One Iron Way, Marlborough, MA 
01752. Canada: Digital Equipment 
of Canada, Ltd. Europe: 81 Route 
de l'Aire, 1211 Geneva 26, 
Tel. 42 79 50. 'In 1.10's I'm Ipplv to USA only. 

COMPONENTS 
GROUP 



Get the high reliability that eliminates 
trouble. RN DIP sockets make contact with 
the wide, flat sides of your IC leads. This 
provides 100% greater surface contact 
for positive electrical connection. 



DI P SOCKETSfor the 
price you're paying for junk! 

• 
Robinson Nugent "side -wipe" 
DIP sockets make 100% greater 
contact than any edge-bearing 
socket on the market. 
This 100% greater contact with the wide, flat 
surface of your IC leads is your guarantee of 
unmatched reliability. This RN "side-wipe" 
contact provides constant low contact resist-
ance. No edge-bearing contact can possibly 
deliver this long term dependability. This 
designed-in reliability of RN DIP sockets is your 
assurance of trouble-free IC interconnects— 
yet they cost no more than ordinary sockets. 
Put an end to troublesome junk sockets! 

Write today for catalog and informative book 
"What to Look for in IC Interconnects." It's 
free from RN— the people who make more 
kinds of high reliability IC sockets than anyone. 

Anti, 800 East Eighth Street • New Albany, Indiana 47150 • Phone: (812) 945-0211 

mere— 

Look for 

IC 
Interconnects 

They're even packaged 
for high reliability. 

"Protecto-pak" pack-
aging delivers consistently 
perfect RN sockets to your 
production line— for auto-
mated or manual assPmbly. 

.70171/1/011/ 
FJIJEMM7JMC 

gh reliability 1C ... we've got em al I 
Circle 70 on reader service card 
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Chances are Ornron has exactly 
the control component you need. 

It's one of the advantages you get 
with, Omron, the company w:th 
the widest total selection of 
relays, switches, and timers 
(Shown here is less than 5% of 
our line.), 

Since 1933, Omron has been a 
leacter in supplying the world with 
control components, so we may 
already have your " unique" 
component in stock. 

1:11: 

Omron Corporation of America 
Sales and Services 
1051 State Parkway 
Schaumburg, IL 60172 
Phone: (312) 885-9500 

What's more, our distrioutioh 
system is dedicated to giving you 
the promptest possible delivery. 

We also offer you an exclusive 
Ornron service: Fhone inquiries 
for ikey data are answered within 
48 hours. 

So for key data, or to simply learn 
more about us, call or write us 
directly at our headquarters 
in Chicago. 

We're here to fill your control 
components needs. You're not 
alone anymore. 

Ilet> e,— * 





Getting a good grip on the subject of 
microprocessors is the biggest and most exciting 
challenge facing electronics engineers today. 
And it isn't easy. For all its fascination and 
allure, the subject is so complex, and its 
impact—still not fully felt—so tar-reaching that 
a lot of energy is needed to encompass it all. 

Compounding the problem is lopments. 

the dynamic 

nature of microprocessor deve New 
components, new teChhigLieS, new 
applications—and new marts— are appeg 

arin 

at a steel/ accelerating pace. "fhis specie 
issue pins down where things stand today 

Intended to ease the transition to the new 
world of microprocessor engineering, the the 

report will present the case for  
microprocessor as a tool whose versatilM 
and power exceed anything electronics 
engineers have ever had at their diSposal. It 
will also demonstrate that microprocessor 
engineering isn't some mystic rite, accessible 
to only a small, privileged band of high priests, 
but a skill that can be readily Mastered by any 
engineer who wants to make the effort. FOr 

those who are just getting on board 
microprocessors, this report will be a helpful 

guide to the realities of microprocessor 
engineering —ranging from the hardware and 
software, to the design aids, test equipment, 
and components you'll need to become 
intimate val. li you' re already on board, 
there's a ie in the issue to help you sharpen 
and focus your newly won skills. And you can 
measure your progress againe the amazing 
variety oi real applications of microprocessor 
engineering that are detailed by their designers 

eqC14S S  

i ni the last third of th s report. 

SPECIPCI, 
ISSUE 
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UCT1ON 
in It W plain, everyday engineering terms, the 

meaning the microprocessor 
oi  \s three-

1 . Cheap, digital computing capability 
fold can be put anywhere a designer wants it. 

microprocessors can greatly reduce the 2. For any digital system, 

3. Engineering turnaround time 

is cut 
component count. 

-These account for the drasticallysimple truths. 
current explosion in microprocessor 
actty. And explosion is just what it is. 

act cally all n are 
ew data-processing 

systems at or below what one could call 

the minicomputer level ofoprocessors. 

complexity 

being designed with micr 
And the availability of cheap computing 
power enables designers to incorporate 

decision-Making capability into side 
applications never conred before. 

It has been estimated that by 1980, 

rnicroprocessor-based- and 
sYstems n sales. 

equipMent Will exceed $1 billion i 

Entire new businesses are beg 
in 

spawned—in games, test equipment, 
communications gear, intelligent 
terminals, and in industrial controls C 

roprocessors that ' a inable variety. 

paradoxical.. you wend y 

tec 

e "They're complex devices, yet they can through these hnologic be adapted simply to many different tasks. begins on the following pages w ith a make thm s 

eo attractive are almost every "The attributes of rn 

Is "They're mass-produced, but they make comprehensive roundup of the 

custom largfeasible. e-s 

Is "They're low in cost themselves, but economically 

they add signfficant value to a product. 
It's no wonder that microprocessors are 

mee turning electronics technology on its ear. 
Part c) their attraction is that they 

the actual task of logic design easier , 
albeit radically different from in Ille past. diagrms 

Gone are the traditonal logic a, 
the old bench instruments for 
troubleshooting, and the magnitude of the 

effort required to edito 

make an enegr ineering 

change. Instead, the design now works 

with compii lerss, assemblers, and rs, 

debugs wth oftware by 

and special 

development hardware. Moreover, he or 
she makes engineering changes simply 

altering able rea 

a pattern that is stored in a 

programd-only memory. 
However, it is a radical transition from 

the world of gates and flip-flops to the 

world of prograrning and memory 
utilization, from circuit diagrams to flow 

charts. Co 
dnammpounding the difficulty is te 

nature of microprocessor 
development—an engineer can quickIy be 
lost in the forest of nevsi components, test Il the 

equipment, design aids and a 
literature that comes with it. 

-This special issue is intended to help r way safely and efficiently 
• I thickets. It 

le integration 
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microprocessor families that are available problem at both device and board levels. 
or newly emerging. This section will Compared to the conventional hard-wired 
provide valuable insight into the logic board, microprocessor failure modes 

architecture and performance of each are far more subtle and varied and 
family, whether chip or board, and help therefore rnore difficult to detect. "The 
you make the right selection for your testing report in this special issue sorts out 
application, the various techniques being employed. It 

Perhaps the most perplexing task facing shows that, at both levels, the choice of 

the designer taking on the microprocessor test method depends greatly on the 
• familiar with software and its degree of assurance—and therefore the 

• this special issue cost—you are willing to accept. e If any part of this special issue testifies 
the microprocessor 

• n of this 

will lead you through the forn-ierly arca 
is becorn uses. The next section i 

universe of assemblers, compilers, 
simulators, and high-level languages. It's 

important to be able to assess these, 
because each has its advantages and 
disadvantages in terms of cost, ease ofi 
use, and efficiency in memory uzation. 

Out of the microprocessor ferment is 

rising a whole new class of instruments 
and exerciser equipment, accompanied 
by special software that simplifies the job 
of producing and debugging a prototype 

system. Right no*, most of these 
developments are corning from the 
semiconductor manufacturers for their 
own microprocessor-chip families. How 
these aids lit into the design process is the 
subject of the next section of this issue, 

which also discusses a new class oi 
universal development systems that is on 

the way. 1. he systems are applicable to 

any type of processor. 
The sheer complexity of the 

microprocessor imposes a difficult testing 

report, dedicated to applications. Here we 
to the scope explosion, it is the final sec 

have assembled 14 exarnes of 
successful designs of real products, 

described by the engineers who 
conceived them. l'hey range ro 

fm process 

control systems to cash registers, from 
blood analyzers to telephone automation, 

and encornpass sim n t 

ple 4-bit, ubiq 
16 uitous 8- 

bit, and sophisticated -b 
to use a it systems. and\ Ne 

asked all the contributors ihis section to 

tell why they decided microprocessor in the first place, why 

they chose the one they used. And 
te we 

asked that, whenever possible, n 

hy 

describe the major problerns—in hardware 

as well as software—they ran ito, and 
how they solved them. \Ne believe that 

teir
vha lu collective experience will be a 

abie guide to most digital design 

engineers, who inevitablY will  find 
themselves \Noticing with microprocessors. 

CONTENTS 

Ch\ps and boards, 78 

Software, 104 
Oes\gn adds, 114 

esting, 125 
Applicatons, 134 
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MICROPROCESSORS 

Designers gain 
new freedom as 
options multiply 

After 18 months of calm, in which microprocessor man-
ufacturers have consolidated the designs of their first 
general-purpose families, a second big wave of activity 
has begun. This time, however, it reaches a more so-
phisticated level. 

Urged on by savvy users, whose concern is with sys-
tem design rather than chip architecture, the manufac-
turers are introducing second- and third-order refine-
ments aimed at boosting microcomputer capacity while 
lowering system cost. At the same time, they are rushing 
new devices to market to extend the microprocessor 
performance range both at the low end, where existing 
chips present an overkill solution, and at the high end. 

Four trends are emerging. First, established families 
are being enhanced. System throughput is being in-
creased and instruction sets enlarged as manufacturers 
turn to new metal-oxide-semiconductor processing and 
improved central-processer architecture. Input/output 
power, too, is being increased with new sets of program-
able 1/0 chips. 

Second, the new I6- bit single-chip processing units 
are heading upwards. What they are aiming for is the 
high-performance end of the microprocessor market, 
where precision arithmetic and large memories must be 
accommodated. 

Third, the one-chip controllers, as their name implies. 
contain enough computing power to handle many 
stand-alone controller functions on their own. On the 
same chip as the central processing unit sit control read-
only memory for program storage, random-access 
memory for data storage, and input/output registers for 
system manipulation. 

Finally, there's a host of single-board micro-
computers, beguiling alternatives to the do-it-yourself 
approach of buying just the chips. 

All these developments are changing the micro-
processor universe. In order to graph this change. Fig. 1 
charts the various family types against the applications 
spectrum. 

Clearly. the 8-bit system covers the most ground. 
being used in many more different designs than either 
the 4- or 16-bit devices. Indeed, the 8-bit word seems 
just about right for most of today's microcomputer sys-
tems, in contrast to the 16-bit words that are the staple 
of minicomputers. 
How much overlap there will be between powerful 8-

bit general-purpose systems and the I6- bit high-per-
formance systems is still to be determined, especially in 
large-memory process-control applications. The current 

Enhancements add lustre to the 
capabilities of established families, 
and new devices are extending the 
performance range in both 
directions. Low-cost 
microcomputer boards offer 
another alternative. 

wisdom is that the I6-bit families will remain primarily 
on the high-performance end of the application spec-
trum for several years, since the 8-bit families are so 
well established. 

Besides, enhanced 8-bit microprocessors are coming 
along that are faster and can handle I6-bit word data 
anyway, making it easy for a user to upgrade his 8-bit 
system to a 16-bit design without much additional in-
vestment in software. Moreover, the use of single-chip 
controllers in distributed processing systems boosts the 
performance of 8-bit designs by taking much of the bur-
den off the central processing unit and, in many cases, 
by making it unnecessary to move up to a higher-capac-
ity 16-bit CPU system. 
Meanwhile the multichip 4- bit systems—the earliest 

microprocessors to appear—are feeling increasing pres-
sure from the minimum-chip system designs. Rockwell's 
PPS-8/2 and PPS-4/2 two-chip systems, Fairchild 
Semiconductor's F-8, National Semiconductor's SC/ MP, 
and Electronic Arrays' 9002 can all handle many of the 
jobs formerly done by the 4- bit Intel MCS-4 or Rock-
well PPS-4 but often with fewer packages and at lower 
cost. Moreover, the single-chip 4- and 8-bit micro-
controllers already mentioned will increasingly elimi-
nate the need for rn- ultichip 4-bit designs. 

Puts it all together. Activity in microprocessors is fast and furious, 

as manufacturers make available a wide range of products, from 

low-cost microcontroller chips to powerful, general-purpose families 

and boards. This 16-bit microcomputer is from Data General. 
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The 8-bit mainstream 

In the 8-bit microprocessor applications spectrum, Intel 
Corp.'s 8080 family, with its enhanced 8080A CPU, 
Motorola Semiconductor's 6800 family, with its en-
hanced 6800D CPU, and Rockwell's PPS-8 family cur-
rently rank one, two, and three in popularity among 
users. The 8080 system is being used in a wide range of 
industrial process controls, games, intelligent data ter-
minals, and so on. The 6800 has found its greatest pene-
tration in data-communications terminals and instru-
mentation. The PPS-8 has found strong acceptance in 
skid-control automotive designs, as well as in other 
high-volume systems. All are second-sourced—the 8080 
by AMD, TI, NEC, and Siemens, the 6800 by AMI, and the 
PPS-8 by National. 
What makes these chip families so suitable for gen-

eral-purpose applications is the centralization of their 
computing capabilities—an orientation borrowed from 
minicomputer architecture. Unlike many newer designs, 
such as the F-8, which distributes its computing power 
among its family of devices, the 8080, 6800, and PPS-8 
concentrate that power all on a single chip. In effect, 
their central processing units act as their own peripheral 
controllers, using generalized bus lines to manipulate 
external memories, interface chips, and input/output 
chips. 
These CPU chips are well equipped for their job. Both 

the 8080A and 6800D have a 16-bit address bus, an 8-
bit bidirectional data bus, and fully 'Fri-compatible 
control outputs. Besides supporting up to 65 kilobytes of 
random-access memory, they can address a large num-

ber of peripheral devices, providing for practically un-
limited system expansion. 

Moreover, both CPUS show a considerable improve-
ment in architecture over the preceding generation of 
8-bit designs. The 8080, for example, contains a 16-bit 
stack pointer that controls the addressing of an external 
stack located in memory. The proper instructions can 
initialize this pointer to use any portion of external 
memory as a last-in/first-out stack, so that almost un-
limited subroutine nesting becomes available. The stack 
pointer in addition allows the contents of the program 
counter, the accumulator, the condition flags, or any of 
the data registers to be stored in or retrieved from the 
external stack. 
The 8080's stack control instructions also permit mul-

tilevel interrupts. The current program or "status" of 
the processor can be pushed onto the stack when an in-
terrupt is accepted, then popped off the stack after the 
interrupt has been serviced, and this can be done even 
when the interrupt service routine is itself interrupted. 
Where the two families differ is in several of the sys-

tem requirements. The 6800's single 5-volt power sup-
ply contrasts with the 8080's ±5 v and 12 v supplies. 
The 6800 timing is quite simple. All instructions are ex-
ecuted in two or three cycles, which are identical in 
length. Control outputs are real-time signals instead of 
look-ahead instructions. Moreover, in the 6800 system, 
separate I/0 instructions are unnecessary since memory 
locations can house either I/O or memory data. 
On the other hand, the 8080 has more powerful in-

structions, with stronger branch and interrupt capabil-
ity. It can interface with a wide variety of peripheral de-
vices. It has tremendous software support, such as an in-

SINGLE CHIP 
CONTROLLERS 

4 BIT FAMILY 

8 BIT FAMILY 

16 BIT FAMILY 

BIT SLICES 

APPLICATION 
RANGE 

CALCULATOR 
TYPES pPS-4/1 PPS-8/1 8048 

TMS 1000 3880 

4004 4040 

PPS-4/2 

'12-BIT 

PPS-4 

PPS-8/2 F-8 6100' 6502 PPS-8 8080A 

SCAMP 9002 TLCS-12* 1802 2650 6800 Z-80 

PACE CP1600 9900 

IMP- 16 MCP 1600 

0400 3002 2901 10800 

6701 

CONTROLLER DATA PROCESSOR MINICOMPUTERS 

1. The universe. The 8-bit microprocessor families cover most ground, being found in everything from peripheral controllers to powerful 

data-processing systems. The 4-bit systems handle the smaller controller jobs, while the 16-bit chips and bit slices rise to minicomputer work. 
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2. The 8080. Intel's 8080 system can produce dozens of peripheral and I 0 device configurations. Because all devices connect to a systerr 

DUS, hooking up parts into complex configurations becomes quite straightforward once the instruction program has been developed. 
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3. The 6800. A Motorola 6800 system, also designed around a central bus, keeps the package count to a minimum by using powerful pe-
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4. The PPS-8. In Rockwell's PPS-8 microcomputers, general-purpose input/output, ROM, and RAM chips again hook up dfrectly to address 

and instruction data buses. Family contains a direct-memory-access controller and parallel and serial I/O data channel modules. 

circuit prototype developing system and a large library 
of user-generated instruction programs. All this ac-
counts for the 8080 system's overwhelming success. 

Rockwell's PPS-8 differs from both the 8080 and the 
6800 in the basic architecture of its CPU. Its CPU chip 
has an arithmetic/logic unit, a control unit, accumula-
tors, and address registers, laid out much as in the 8080 
and 6800, but interlinked quite differently from either 
the 8080 and 6800 families (see Figs. 2, 3, and 4). For 
example, the program and data memories in a PPS-8 
microcomputer system have completely separate and 
parallel address spaces, so that a memory address may 
legitimately identify two different memory locations— 
maybe a byte of program memory containing an in-
struction code and a byte of data memory containing 
binary data. This double-duty memory address ac-
counts for the PPS-8's high throughput, even though it 
is built with p-channel mos technology. 
A unique feature of the PPS-8—its clock signals—adds 

to its flexibility. These signals serve for both synchro-
nization and control. The four-phase clock generator 
transmits two clock signals to every device in a system, 
and every device contains logic to decode them, inter-

preting the contents of the data and address buses in 
different ways during different phases of a machine's 
cycle. As a result, the CPU can program a wide variety of 
peripheral devices—if the user is willing to learn his way 
around the clocking scheme. 
While the cru or microprocessor chip is the central 

controlling element in a microcomputer system, just as 
vital are the ROMS, RAMS, and various input, output, 
and interface circuits that make up the balance of the 
design. Figures 2, 3, and 4 illustrate typical system con-
figurations for the 8080, 6800, and the PP-8: these, the 
most established general-purpose microcomputer sys-
tems, have highly-developed system components that 
hook up directly with the CPU on simple bidirectional 
bus lines. 
The bus line configuration of the 8080 and 6800 fami-

lies generally has become the model for most 8-bit sys-
tems. Its three bus lines—a data bus, a control bus, and 
an address bus—handle all elements of a system. Stan-
dard Roms, which store the program data in the form of 
lookup tables, are hooked up by connecting the ROM's 
output lines to the data bus and input lines to the ad-
dress bus. RAMS get their data written from cm com-
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AVAILABLE MICROPROCESSORS 

Address Type 
No. Technology Capacity 

(bytes) 

Manufacturers" 
and 

Cornments•* 

4- bit 

4004 

4040 

PPS-4 

PPS-4/2 

PPS-4/1 

TMS-1000 

8-bit 

EA 9002 

F-8 

8008-1 

8080 A 

8048 

6502 

5065 

6800 

SCAMP 

1801 

1802 

PPS-8 

PPS-8/2 

2650 

300 

Z-80 

p-MOS 

p-MOS 

p-MOS 

p-MOS 

p-MOS 

p-MOS 

n-MOS 

n-MOS 

p-MOS 

n-MOS 

n-MOS 

n-MOS 

p-MOS 

n-MOS 

p-MOS 

C-MOS 

C-MOS 

p-MOS 

p-MOS 

n-MOS 

TTL-S 

n-MOS 

4-k Intel 

4-k Intel ( National) 

4-k Rockwell ( National): SV 

8-k Rockwell: CC, SV 

Rockwell: CC, SV, RAM on chip 

8-k Texas Instruments: SV, MP 

65-k Electronic Arrays: SV 

65-k Fairchild ( Mostek): CC 

16-k Intel 

65-k Intel (AMD, TI, NEC, Siemens) 

2-k Intel: 512-bit RAM on chip 

65-k MOS Technology — other versions are 
available with lower address capacity 

32-k Mostek 

65-k Motorola ( AMI): SV 

65-k National: CC, SV 

65-k RCA: 2-chip CPU 

65-k RCA 

32-k Rockwell ( National): SV 

32-k Rockwell: CC, SV 

32-k Signetics: CC, SV 

8-k Scientific Micro Systems 

65-k Zilog: SV 

12- bit 

6100 C-MOS 4-k Intersil ( Harris): SV, CC 

TLCS-12 n-MOS 4-k Toshiba: MP 

16-bit 

CP1600 

MCP- 1600 

IMP- 16 

PACE 

PFL-1600A 

TM S-9900 

Bit slices 

n-MOS 

n-MOS 

p-MOS 

p-MOS 

n-MOS 

n-MOS 

65-k General Instruments: MP 

65-k Western Digital: MP, MC 

65-k National: MP, MC 

65-k National: MP 

65-k PanaFacom: MC 

65-k Texas Instruments: SV, general-
purpose registers in memory 

2901 TTL 65-k Advanced Micro Devices ( Motorola, 
Raytheon): MP 

9400 TTL 65-k Fairchild: MP, SV 

3002 TTL 512 Intel (Signetics): MP, 2- bit slice 

6701 TTL 65-k Monolithic Memories: MP 

10800 ECL 65-k Motorola: MP, CC, ECL 

SBP0400 12 L 65-k Texas Instruments: CC, MP 

NOTES 
•Developing manufacturer listed first. 

** Key: MP — microprogramable 

ECL — emitter-coupled logic 

TTL — transistor-transistor logic 

I2L — integrated injection logic 

SV — single voltage 

CC — clock on chip 

MC — multi-chip central 
processing unit 

Assessing microprocessors 

Making comparisons between the available micro-
processors on the basis of data sheets is a very tricky 
business. Even a simple specification like cycle time can 
be highly misleading. In most cases cycle time by itself 
tells you practically nothing—you must know how many 
cycles are needed to execute what instruction. For ex-
ample, some microprocessors boast cycle times as low 
as 1 microsecond but require multiple cycles to execute 
even the simplest instructions. Others list longer cycle 
times but require fewer cycles to do the same instruction. 

Nor does it help too much to compare execution times 
of simple instructions. Often the time to do a fetch or a 
register-to-register ADD has little relation to the time re-
quired for executing more complex instructions, like call-
ing in a subroutine on the basis of various bit settings. 
Even more misleading is ranking CPU complexities in 

terms of numbers of registers, or I/O ports, or whether 
the chip has built-in direct memory access, and so on. 
Many powerful microprocessors, such as TI's 9900 expel 
all the general-purpose working registers from the CPU 
chip and locate them in external RAM. But the chip is 
more powerful than most CPUs with multiple general-pur-
pose registers. Likewise, a minimum-chip system design, 
such as the F-8, has computation logic distributed over 
two or three matched chips, so just looking at the CPU 
doesn't begin to show the capability of the system. 
The instruction set is another area that lends itself to 

vendor specmanship. Repertoire size alone has little 
meaning, unless you know how the supplier is counting 
instructions. Are multiple, closely related instructions 
counted as one or as many? What instructions are in-
cluded? And the various types of instructions that differ 
only in their " if" conditions, how are they counted? 

That's why this microprocessor chart is kept fairly 
simple. Breaking down the chips by word length gives an 
idea of a processor's range—but only a rough one, since 
the efficiency of doing anything certainly does not de-
pend on word length alone. The technology is broken out 
only because knowledgeable users feel more comfort-
able knowing what's in the device, but it too has to be re-
lated to design—whether processing is done serially or in 
parallel, and so on. (All things being equal, devices built 
with n-channel MOS are faster, smaller, and easier to in-
terface than those built with p-channel MOS, whereas de-
vices built with bipolar technology are faster and can do 
more but are larger and cost more to build than MOS LSI 
devices.) 
As for address capacity, obviously the more memory 

that a chip can access, the larger the system that can be 
implemented. But again, watch out. Some processors 
can access large amounts of memory directly. Others 
need external devices to reach large bytes of memory. 
Another area that concerns users is alternate sourcing 

In general, the alternate sources of microprocessors are 
proving well able to satisfy customers' demand for mul-
tiple-sourced devices. For instance, AMD's 9080A series 
claims speed and power specifications that in some re-
spects exceed Intel's 8080A specifications, and AMI un-
dertook considerable process development in building its 
version of Motorola's 6800 family. Mostek Corp. has 
done a nice job supplementing Fairchild's F-8 support 
and applications effort. Then too, there is the Na-
tional/Rockwell technology exchange that made their re-
spective microprocessor families available to each other. 
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mands that travel on the address bus, and their data is 
read out to the CPU on the data bus. Peripheral inter-
face circuits receive their inputs on the control and ad-
dress bus and return their data outputs on the data bus. 
Thus, this bidirectional bus system is the conduit 
serving all members of the microcomputer family. New 
interface and peripheral chips, regardless of their com-
plexity, will use these bus lines, ensuring a user a simple 
and well-formulated method of upgrading his basic sys-
tem with more powerful ho and peripheral chips. 

The dedicated 8-bit types 

Unlike the general-purpose 8-bit systems, which gen-
erally use at least a dozen chips, Fairchild Semicon-
ductor's F-8, also supplied by Mostek Corp., and Na-
tional Semiconductor Corp.'s SC/MP families were 
designed to realize controller-type systems with the few-
est possible chips at the lowest possible cost. Both fami-
lies can dish up useful designs with just two chips, al-
though the F-8 is a more powerful system, readily 
expandable into memory-rich designs. 
The dissimilarities of these two devices stem from dis-

similar design philosophies. The Fairchild F-8 designers 
chose a configuration that is quite unlike the CPU ori-
entation of minicomputers. Instead they distribute pro-
cess and memory control throughout the system. The 
F-8 therefore works best where two or three of its pow-
erful family members can do the job standing alone, 
without a large number of external memory (although 
they can be added if necessary). 

Because they interact so intimately, a designer must 
be familiar with the functions of the F-8 chips. Besides 
the CPU chip, there's a programable storage unit, which 
provides read-only memory plus various logic func-
tions—it combines with the CPU to form a complete mi-
crocomputer if so desired. A dynamic-memory interface 

chip links the first two chips to either dynamic or static 
RAMS storing data, and a static-memory interface is for 
use with state RAms only. Finally, a direct-memory-ac-
cess chip implements the direct-memory-access logic in 
conjunction with the dynamic-memory interface chip. 

Because various logic functions are distributed 
among the four peripheral chips, the CPU contains only 
the arithmetic/logic unit, the control unit and instruc-
tion register, the logic associated with interfacing the 
system bus with the 1/0 control signal, and the accu-
mulator register. It does not contain memory-address-
ing logic, memory-addressing registers, stack pointer, 
program counter, and data counter, all of which reside 
in the companion memory and memory interface chips. 

This configuration has both advantages and disad-
vantages, the chief advantage being that fairly powerful 
systems can be implemented with remarkably few chips. 

Moreover, the lack of memory-addressing logic on 
the CPU chip itself means that no address lines are 
needed on the system bus, and the 16 address signals, 
which CPU-oriented systems need to interface with the 
bus, can instead be used for two 8-bit 1/0 ports on each 
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5. Efficiency experts. SC/MP and F-8 carry off the prize for minimum-chip multiprocessor systems. This SC/MP configuration (a) from Na 

tional daisy-chains several microprocessors along one bus. The Fairchild F-8 disk controller has five F-8s operating as distributed proces-

sors. F-8 systems can readily be expanded to handle a wide variety of peripheral control and complex data communications applications. 
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6. Relating. National's 16-bit PACE system reaches the TTL world with transceivers that interface directly with any RAMs or ROMs designed 

with on-chip address latches. Standard memories can also be used d an 8-bit address latch element is included. 

device. Better yet, the place on the CPU chip formerly 
occupied by address registers and memory-addressing 
logic can now accept 64 bytes of random-access 
memory. It is this on-chip RAM that makes an F-8 mini-
mum two-chip configuration functionally useful. 
Now for the disadvantages. Because of the removal of 

memory-addressing logic from the CPU chip, external 
memories can no longer be connected directly to the 
system bus, which no longer has address lines, and the 
family's other devices must be used. Of course, this is 
easily done with the memory-interface devices, but the 
extra packages do add to the cost of the design. Worse 
yet, this memory-addressing logic must be duplicated if 
more than one memory device is present. 
On the other hand, SC/MP (pronounced Scamp) cen-

tralizes its computing capabilities in the CPU, just like 
the 8080 and 6800 families, so that systems can be con-
figured with standard memories directly. The scímP 
chip can handle up to 4 kilobytes of memory with no 
additional logic or interface packages. Systems requir-
ing more memory are also possible: a five-chip system, 
handling up to 65 kilobytes of RAM, would consist of the 
SC/MP, a two-chip bidirectional transceiver, an address 
latch, and a buffer. • 

Internally, SC/MP is a programable 8-bit parallel pro-
cessor. It contains one 8-bit accumulator, four 16-bit 
pointer registers (one of which is dedicated to the func-
tion of program counter), an 8-bit status register, and an 
8-bit extension register. On-chip timing circuits elimi-
nate the need for external clocks, and rn. compatibility 
allows easy interfacing with other system components. 

Architecturally, SC/MP, again like the 8080 and 6800 
families, employs a unified bus system, to which the 
central processing unit, memory, and peripheral devices 
are each connected. The common data bus enables 

memory-reference instructions to reference peripheral 
devices. In addition, SC/MP architecture provides serial 
data and control streamlining under software control 
and has built-in programable delay. 

Both the SC/MP and F-8 families lend themselves to 
multiple processor systems. In SC/MP, the bus configura-
tion is responsible, allowing many scimPs to be tied to 
the bus for daisy-chain operation (Fig. 5a). When one 
SC/MP stops transmitting or receiving, it notifies the next 
SC/MP in line that it may take over. 
The F-8 CPU chips can serve either in a multiple pro-

cessor system or in two-chip peripheral controllers sub-
ordinate to a multichip processor-based system, such as 
large point-of-sale terminals. The floppy-disk controller 
shown in Fig. 51) contains five F-8s working in conjunc-
tion with floppy disks, a magnetic-tape unit, a cathode-
ray-tube display, a keyboard, printer, and modem. 
While the low-speed devices (the keyboard, printer, and 
modem) can be adequately handled by the programed 
1/0 structure, the other, high-speed devices require sep-
arate F-8 CPUS and programable storage units. 

The 8-bit newcomers 

While established suppliers of microprocessors have 
recently come out with upgraded products—most no-
tably the 8080A and 6800D—newcomers to the field are 
trying to gain entry with still higher-performance ver-
sions of the earlier devices. A good example is Zilog 
Inc.'s Z-80 chip. In a tribute to the success of the 8080, 
designers at the Los Altos, Calif., company have based 
their design on it, but have added more data-processing 
and instruction-handling capability. At the same time, 
they have tried to simplify the system configuration 
along the lines of the 6800. 

For example, the Z-80 is heavily cPu-oriented, like 
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receive a complete kit to give you 
answers. 

E'ectronic Representatives Association 
233 E. Erie S:reet, Suite 1002 

Chicago. . 11inois 60611 
(312) 649-1333 

ere 
—Manufacturers Representatives Make Good Business Sense, at a time when we need it most— 

"For a focal buyers guide" circle 84 on Readers Serv.ce Card. For help in marketing your product" circle 85 on Readers Service Card 



With Automatic Set Level  
I can make 10 distortion 
readings faster than 
you can make one 

Perhaps you've already heard 
about Sound Technology's 1700B 
Distortion Measuring System. It 
measures down to .002% total har-
monic distortion just by pushing the 
"Distortion" button. No balancing 
or frequency juggling required. And 
it contains its own 10 Hz to 100 kHz 
push-button-controlled test source at 
the panel right. 

There's no question that the 
1700B has become the standard of 
the industry. Everyone agrees. 
Now you have another feature 

that's available only in the 1700B: 
automatic set level (ASL). 
ASL is outstanding where multi-

ple distortion measurements are to 

S 
7 

be made. That's because ASL auto-
matically adjusts for up to 10 dB 
ariation in signal level to the 1700B. 

That means you can: 

(1) measure distortion vs. fre-
quency without resetting level. 

(2) measure distortion vs. power 
or voltage without resetting level. 

(3) measure receiver sensitivity at 
a given audio distortion without 
resetting level. 

(4) measure the 3% distortion 
points in quality tape recorders 
without resetting  level. 

(5) and in metrology labs you can 
assure high waveform purity for 
all ac voltage standards. 

IT'S FAST, FAST, FAST 

With ASL your measurements — 
even deep measurements — are so fast 
and easy that anyone can make them. 
Non-technical people use the 

1700B with ease. They can check out 
an amplifier or tuner on the pro-
duction line or in the lab in minutes. 
That can save a lot of hard cash. 

CALL NOW FOR DATA 

Get the literature on the 1700B 
and ASL. Call Larry Maguire or 
Bob Andersen now. If you already 
have a 1700A, ask about retrofitting 
your unit. 

SOUND TECHNOLOGY 
1400 DELL AVENUE 

CAMPBELL, CALIFORNIA 95008 

(4OB) 3713-8540 
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COMMUNICATION 
REGISTER UNIT   
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CLOCK 
00.01 

INTRECI ( IC0- 1C3) ADDRESS BUS 
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INSTRUCTION 
REGISTER 

CONTROL 
ROM 

CONTROL 

CONTROL 
LOGIC 
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T1 
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WORKSPACE POINTER 
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INTERRUPT 
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REGISTER 
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SHIFT C3UNTER 
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MEMORY 
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SHIFT REGISTER 

(D0-015) DATA BUS 
COMMUNICATION COMMUNICATION 
REGISTER UNIT IN REGISTER UNIT OUT 

7. Thinking big. Texas Instruments' 9900 16-bit microprocessor has full 16-bit data bus and 16-bit ALU on chip but exiles all general-pur-

pose registers to external RAM locations. A wide range of interrupt capability is included, making the chip very flexible. 

the 8080A, and is completely compatible with 8080A 
software. But thanks to depletion-mode technology, it, 
like the 6800, has a single-phase clock on the chip and 
requires only a single 5-v power supply. 
The Z-80 can handle 158 different instructions and, 

like the 8080A and 6800D, has an internal 16-bit-wide 
data bus. Unlike them it contains both an 8-bit and 16-
bit external address bus, so that it can process either 8-
or 16-bit words in one cycle. 

Architecturally, the Z-80's CPU chip resembles the 
8080A, where general-purpose registers perform basic 
computation operations and special-purpose registers 
perform various program operations, such as program 
counting and stack pointing. Also as in the 8080A, the 
CPU contains the accumulator and flag registers. 
The Z-80's block of general-purpose registers has a 

distinctive feature: it consists of two matched sets of six 
8-bit registers. Now a programer can use them individ-
ually, as 8-bit registers, or in tandem as 16-bit register 
pairs, depending on whether he is handling 8-bit or 16-
bit words. Moreover, the programer may select one set 
of registers for a single exchange command while using 
the other set for the rest of the sequence. This saves in-
terrupt time—and is especially useful in systems that re-
quire a fast interrupt response—because there's no need 
to transfer the register contents to an external stack dur-

ing the fast-cycle interrupt or subroutine processing. 
As for the Z-80's special-purpose registers, the pro-

gram counter and stack pointer function much as they 
do on the 8080A. The program counter holds the entire 
I6-bit address of the current instruction just fetched 
from memory, and the stack pointer keeps track of the 
16-bit address of the current instruction. An external 
stack memory, organized as a last-in/first-out file, al-
lows simple implementation of multiple level interrupts, 
unlimited subroutine testing, and simplification of 
many types of data manipulations. 

Like the Z-80, another recently introduced micro-
processor that takes cognizance of established 8-bit gen-
eral-purpose designs is the 9002 from Electronic Arrays 
Inc., Mountain View, Calif. But unlike the Z-80, which 
is being supplied with its own set of dedicated support 
devices, the 9002 has been conceived as a stand-alone 
digital process controller that can interface with stan-
dard peripheral chips through an 8-bit parallel Ta-
compatible data bus. 
The 9002 timing and control signals allow a user to 

bring the chip together with any bus-oriented periph-
eral devices he may choose. Exàmples are: Motorola's 
6820 peripheral interface adapter for general-purpose 
controller applications; the asynchronous communi-
cations interface adapter and low-speed modem for 
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Learning about microprocessors 

In approaching the design of microprocessor systems, 
the first requirement for the novice is to learn the special-
ized jargon. The basic terms defined below can help. 
They are followed by some advice on the next steps in an 
education in microprocessor theory and applications. 

Central processing unit: a group of registers and logic 
that form the arithmetic/logic unit plus another group of 
registers with associated decoding logic that form the 
control unit. Most metal-oxide-semiconductor devices 
are single-chip CPUs, in that the registers hold as 
many bits as the word length of the unit (the 8080 and 
6800, for example, are 8-bit devices and thus the basic 
registers are eight bits wide). With bit-slice devices, 
however, central processing units of any bit width can 
be assembled essentially by connecting the bit-slice 
parts in parallel. Externally, a bit-slice device will ap-
pear to be a coherent single CPU capable of handling 
words of the desired bit length. 

Register: logic elements (gates, flip-flops, shift registers) 
that, taken together, store 4-, 8-, or 16-bit numbers. 
They are essentially for temporary storage, in that the 
contents usually change from one instruction cycle to 
the next. In fact, much of the microprocessor's oper-
ation can be learned by studying the registers, which 
take part in nearly all operations. 

Accumulator: a register that adds an incoming binary 
number to its own contents and then substitutes the re-
sults for the contents. 

Program counter: a register whose contents correspond 
to the memory address of the next instruction to be 
carried out. The count usually increases by one as 
each instruction is carried out, since instructions gen-
erally are stored in sequential locations. 

Instruction register: storage for the binary code for the 
operation to be performed. Usually this instruction rep-
resents the contents of the address just designated by 
the program counter. However, the contents of the in-
struction register or the program counter may be 
changed by the computations. This, of course, repre-
sents one of the key ideas of a stored-program com-
puter—instructions, as well as data, can be operated 
upon and subsequent operations will be determined by 
the results. 

Index register: some memories are organized by index 
number (the contents of the index register). The ad-
dress of the next instruction may be found by summing 
the contents of the program counter and the index reg-
ister. Increasing the index register by one will cause 
the processor to go to a new section of memory. 

Stack pointer: a register which comes into use when the 
microprocessor must service an interrupt—a high- pri-
ority call from an external device for the central pro-
cessing unit to suspend temporarily its current oper-
ations and divert its attention to the interrupting task. 
A CPU must store the contents of its registers before 
it can move on to the interrupt operation. It does this in 
a stack, so named because information is added to its 
top, with the information already there being pushed 
further down. The stack thus is a last- in first-out type of 
memory. The stack-pointer register contains the ad-
dress of the next unused location in the stack. 

Flag: usually a flip-flop storing one bit that indicates some 
aspect of the status of the central processing unit. For 

example, a carry flag is set to one when an arithmetic 
operation produces a carry. A zero flag is set when the 
result is zero. These flags aid in interpreting the results 
of certain calculations. Others are sometimes provided 
to permit access by interrupt request lines—for ex-
ample, if a CPU is engaged in the highest priority of 
calculation, it may set all status flags to zero—which, 
loosely translated, means "don't bother me now." If 
only some of these flags are set, then only certain in-
terrupt lines will be able to get through according to 
their priority. 

Direct memory access: a technique that permits a periph-
eral device to enter or extract blocks of data from the 
microcomputer memory without involving the central 
processing unit. In some cases, a CPU can perform 
other functions while the transfer occurs. 

In going beyond these definitions, an engineer will 
probably find that there's not an abundance of good 
basic information on microprocessors. However, the gap 
is filling. 

Certainly, a first source on the details of a particular 
product is the manufacturer's product descriptions. 
Some of them are quite readable. Most provide easily un-
derstood introductions to the microprocessor, with just 
enough information to get started. Best known are Intel's 
"8080 Users Manual," Motorola's mammoth "Micro-
processor Applications Manual" and 6800 System de-
scription, Fairchild's " F-8 Circuit Data Book," Signetics' 
2650 manual, Rockwell's microprocessor family descrip-
tions, and the descriptive literature National puts out on 
SC/MP, PACE, and IMP- 16 families. 

Independently produced sources also are available, 
but they're of varying quality. A useful one is a monthly 
publication on a variety of microprocessor subjects 
called " New Logic Notebook," edited by Jerry L. Ogdin 
of Microcomputer Technique Inc., 1120 Reston Inter-
national Center Office Bldg., Reston, Va. 22091. A 
monthly compilation of microprocessor news and prod-
uct introductions is a newsletter called " Microcomputer 
Digest," P.O. Box 1167, Cupertino, Calif. 95014. 
One of the best books is a paperback called "An Intro-

duction to Microcomputers," from Adam Osborne and 
Associates, 2950 Seventh St., Berkeley, Calif. 94710. It 
has a compact tutorial section on basics, followed by 
good comparisons of key families. 
Then there's " Microprocessors," first volume in the 

Electronics Book Series. It is a compilation of all the origi-
nal articles on major microprocessor designs that ap-
peared in this magazine—from the first 4004 to today's 
complex 8- and 16- bit designs. It also contains detailed 
design and application material. It's available for $8.95 
(see page 227). 
A good source of basic information is the independent 

seminars that are becoming widely available. One of the 
most successful is Integrated Computer Systems' three-
to-f ive-day courses held across the country. A schedule 
is available from David Collins at ICS, 4445 Overland 
Ave., Culver City, Calif. 90230. 
An opportunity for hands-on experience is the sup-

pliers' seminars. These are manned by applications spe-
cialists who travel around regularly, offering a good re-
view of a particular microprocessor line. Finally, there are 
the courses offered by the IEEE and the universities. 
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communications-controller applications; or any of In-
tel's new programable interface devices, such as the pro-
gramable peripheral or communications interfaces. This 
means that a system designer can use the 9002 as a 
powerful controller chip, managing the operation of any 
Tn.-compatible peripheral device. 
The 9002 designers also picked the best features of 

existing processor designs. The CPU combines the on-
chip 64-byte scratch-pad RAM of the F-8, the push-pop 
subroutine stack of the Intel 4040, the simplified timing 
concepts of the PPS-4, the straightforward peripheral 
addressing techniques and single 5-v-supply require-
ment of the 6800, and the general-purpose registers of 
the 8080. 
To these borrowed features the 9002 adds some 

purely its own. It contains a seven-level subroutine 
stack for multiple interrupt capability and eight 12- bit 
general-purpose data registers. With its 64-byte scratch-
pad memory it can handle many stand-alone controller 
jobs without requiring additional RAM. Moreover, one 
of the 9002's internal flags allows the user to perform ei-
ther 8-bit binary arithmetic or packed binary-coded-
decimal arithmetic (dual 4-bit operands) with built-in, 
automatic decimal correction. To choose, he simply sets 
the flag in one state or another. This is useful for pe-
ripheral controllers where CRT displays need BCD data. 
With all this computing power, ample control signal-

ing, and on-chip RAM capability, the 9002 can realize 
many fairly powerful designs with only two or three 
packages. For example, a controller can be built with 
the 9002, a 1,024-by-8-bit ROM, such as the EA 4700, 
and two Intel 8212 peripheral interface chips, or else it 
can be built with the 9002, a 2,028-by-8-bit ROM, such 
as the EA 4600 and Motorola's 6820 MA chip. 

C-MOS: another choice 

Another enhancement of an existing device is RCA 
Solid State division's single-chip version of its 8-bit 
c-mos microprocessor. Designated the 1802, the chip is 
three times faster than the old two-chip design, has one 
third more instructions—a total repertoire of 91—and 
costs less. This came about thanks to RCA's new silicon-
gate process that yields c-mos devices almost half the 
size of metal-gate designs and also increases transistor 
switching speed. As a result, a c-mos microprocessor 
becomes as fast, cost-effective and flexible as today's 
p- and n-MOS microprocessors. 
To illustrate, the 1802 has a cycle time of 1.25 micro-

seconds and takes only one or two cycles, plus a fetch 
cycle, to execute any instruction. This gives it an in-
struction time of either 2.5 or 3.75 microseconds that 
puts it well in the speed range of either the 8080 or 
6800. Moreover, with its 91 instructions, it is as pow-
erful and as flexible. Yet RCA designers were careful to 
retain the architecture of the two-chip design, so that 
the 1802 is software-compatible with its predecessor. 
What distinguishes the 1802 CPU from other 8-bit de-

signs is its separate instruction and address registers. 
The address data is placed in an array of sixteen 16-bit 
scratch-pad registers, each of which can point to either 
data or program. That means that a user is not forced to 
provide an address with each memory reference instruc-

What it costs 

Like all semiconductor chips, microprocessor prices 
are coming down. Here's a rough guide to how much 
it costs to do some typical jobs at today's prices ( in 
appropriate volumes) . 

Job Number of packages Cost 
General-purpose 

minicomputer emulation 
Dedicated minicomputer 
Process controllers 
Smart terminal ( i.e. 

communications, etc.) 
Complex general controllers ( i.e. 

traffic lights, medical, machine 
tool, etc.) 

Complex peripheral controllers, 
industrial 

Point-of-sale terminals 
Games, instruments, etc. 
Simple controllers, hobby gear, 

appliance control 

30 and up $1,000 
20-30 600 
15-20 400 

10-15 300 

10-15 200 

10 150 
10 150 

5-10 75 

1 or 2 10 

tion—something he must do with other processors. 
As address pointers, individual scratch-pad registers 

in the array are selected by any one of three 4-bit regis-
ters, so that the contents of any address can be directed 
to any one of three destinations. As data pointers, the 16 
scratch-pad memories are equally flexible. They can be 
used either to indicate a location in memory or as point-
ers to support a built-in direct-memory-access function. 
The only other c-mos microprocessor is Intersil's 12-

bit device. By using the same software as the PDP-8A, 
the device lets users of that popular computer imple-
ment their systems in low-power easy-to-use c-mos 
technology. The 40-pin package has an instruction ca-
pacity of about 40, can access 32-k bytes of external 
memory, and can control 64 1/o parts. For the 1600, In-
tersil plans to supply a complete set of c-mos peripheral 
devices, such as C-MOS ROMs, RAMs, and UARTs. 
Two n-channel 8-bit microprocessors that have begun 

to make headway for general-purpose applications are 
the Signetics Corp. 2650 and the mos Technology Inc. 
6500 family of microprocessors. The Signetics part, 
available only in sample quantities about a year ago, 
lately gained momentum—especially in Europe, thanks 
in part to Philips' recent acquisition of Signetics. 
The 2650 is a single 5-v parallel 8-bit binary proces-

sor capable of performing 75 instructions in a machine 
cycle time of 2.4 microseconds, which puts it in the same 
general class as the 8080 and 6800 families. The chip 
can address up to 32 kilobytes of external memory 
(compared to 65-k for the others). But its ability to exe-
cute variable-length instructions makes it somewhat 
more efficient, since a one- or two-byte instruction may 
often be used for memory addressing. Moreover, most 
instructions require only 6 of the first 8 bits, so the re-
maining bits can be used for the register field. 
mos Technology's family is unique in that it includes 

a number of software-compatible microprocessor chips 
differing primarily in the amount of memory they can 
address. The 40-pin 6502 can handle 65-k bytes of 
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memory, as well as a large number of real-time inter-
rupts, putting it in the class of the 8080 and 6800 fami-
lies. For smaller systems, there's the 6503, a 28-pin 
device capable of addressing 4-k bytes while accom-
modating two interrupts. The 6504, also a 28-pin pack-
age, can address up to 8-k bytes of RAM and handle one 
interrupt, and the 6505, a 28-pin package, can address 
4-k bytes with one interrupt. 

All the chips are single 5-v depletion-load devices 
with on-chip clocks that operate with very fast 1-micro-
second cycle times. Moreover, all can handle 55 instruc-
tions, have 13 addressing modes, contain true indexing 
capability, and come with direct memory access. And. 

since all the parts use the same software, they allow a 
user to tailor his microprocessor selection to the size of 
his system. 

Recently, mos Technology has announced several pe-
ripheral chips that work directly with the processor 
chips. There's a combination RAM /ROM chip (6530)— 
the first to incorporate RAM, ROM, I/O, and an interval 
timer on a single chip. It contains 1-k byte of ROM, 64 
bytes of RAM, and two 8-bit bidirectional peripheral in-
terface ports. The timer is programable from the CPU 
and has interrupt capability. Two other versions have 
no ROM but twice the RAM content. 
The only single-chip 8-bit bipolar microprocessor on 

the market is the SMS 300, from Scientific Micro Sys-
tems Inc., Mountain View, Calif. A recently introduced 
version cuts the original cycle time by 20% to 250 ns, so 
that the device can now, for example, directly control 
double-density floppy-disk units. 

More performance 

The 8-bit microprocessor has undoubtedly caught on—it 
fits many of the controller and medium-sized data-han-
dling jobs that formerly went by default to mini-
computer designs. But the 8-bit word length can be a 
handicap for large systems, where big bytes of memory 
must be processed, or in high-performing data-acquisi-
tion systems where speed and high resolution are 
needed. This is where the 16-bit microprocessor comes 
in: its 16-bit words reach external memory locations two 
bytes at a time, while its long words can easily accom-
modate the 10-, 12-, and 14-bit converter resolution 
that's standard for most systems. 

National Semiconductor Corp. was the first semicon-
ductor manufacturer to recognize the value of the 16-bit 
systems. In fact, the industry's first microprocessor 
above the 4-bit level was National's IMP- 16, introduced 
in 1973 and still a viable product today. (The company 
is redesigning the IMP- 16 with bipolar technology for 
ten times faster performance.) Though among the most 
powerful and flexible, the IMP does, however, need 
rather a large number of chips to implement most sys-
tems—the CPU alone uses five. The company therefore 
began working on a single-chip version of IMP, produc-
ing another industry first—the one-chip 16-bit PACE. 

The first 16- bit CPU on a chip 

PACE is software-compatible with IMP and retains 
many of its features. Like IMP, PACE provides 16-bit in-
struction and address processing plus a choice of either 
8-bit or 16-bit data processing. In addition, many CPU-
related operations, for which IMP needed external rn. 
packages, are included in the 40-pin PACE chip—for in-
stance, status and control registers, instruction branch-
ing, interrupt logic, and clock generation (although 
some clock logic is still needed). Thus, a six-chip PACE 
system, including a ROM for program control and four 
1,024- bit RAMS with on-chip latches for data storage, 
can run a powerful data:processing terminal containing 
16-kilobits of program storage and 4-kilobits of data 
RAM. Such a terminal would previously have needed ei-
ther dozens of TTL packages or, in an 8-bit micro-
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The only Double-Balanced Mixers 
with a 2-YEAR GUARANTEE* 
featuring Hi-Rel tested diodes-

still only 

7 $ .95 _ (500 pieces) 

$9.95 ( 1-49) 

•including diodes! 

Yes, a two-year guarantee for DBM's is now a 
reality . . . made possible by an accelerated-life 
diode screening program adopted at Mini-Circuits. 

Each Schottky diode used in Mini-Circuits' 
SRA-1 mixers is now preconditioned by the HTRB 
(High Temperature Reverse Bias) technique, pre-
viously reserved almost exclusively for semicon-
ductors assigned to space applications. With 
HTRB testing, each diode is operated for 168 hours 
at 150°C with one volt reverse bias applied. 

To screen out " infant mortality", the diodes are 
deliberately stressed to accelerate aging and to 
force time- related failure modes to take their toll. 
In conventional testing or " baking", the diode does 
not experience anywhere near the stress encoun-
tered with the HTRB program. Hence, the abil ty 
at Mini-Circuits' to locate the potentially-unreliable 
diodes before they are assembled into SRA-1 uni's 
And, with double-balanced mixers, the overall re-
liability hinges almost entirely on the diodes used. 

Yes, the HTRB procedure costs us more ard 
screens out more devices. But our goal is to 
improve reliability to a level unmatched for off-the-
shelf DBM's at no increase in cost to our cus-
tomers. You — our customers by ynur overwhelm-
ing confidence in our product line have made us 
the number one supplier of DBM's in the world. 

To earn your continuing support, we are now 
employing HTRB Hi-Rel testing for every diode 
used in the SRA-1, at no increase in cost to you. 
So, for the same low price of $7.95, you can 
purchase our SRA-1, with a two-year guarantee, 
including diodes. 

To ensure highest system reliability demand 
highest quality diodes on your source-control 
drawings and purchase orders. Specify SRA-1 
mixers, with HTRB tested diodes from Mini- Cir-
cuits:.. where low price now goes hand- in-hand 
with unmatched quality. 

MODEL SRA-1   
Freq. range MHzl LO 0 5.500. RF 0.5-500 IF dç 50i' 

Conversion loss idB 
One octave from band edge 
tr,tal range 

Isolation (NI 
lower band edge to 
one decade higher 
Mid range 

Upper band edge to 
one octant. lower 

Min Electronic attenuation ( 20 mAl 3 dB 

Signal. 1 dB compression level -I- I dBm 
Impedance all ports 50 ohms 

LO-RF 
LO RF 
LO RF 
10- IF 
LO RF 
LO.IF 

Typ Max 
55 / 5 
65 85 
Typ Min 
50 35 
45 30 
45 30 
40 25 
35 25 
30 20 
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Announcing the Sykes 
OEM Floppy System Kit. 

An idea whose 
time has come. 

With our $1,398 kit and your imagination, nothing can stop you now. 
Sooner or later someone was bound to 
offer all the pieces—a smart controller, 
disk drives, interface cables— 
everything you need to bed the 
machine of your dreams. Everything you 
need to talk to your microprocessor. 

And wouldn't you know Sykes would be 
the company to put all the pieces 
together for you in one kit? 

THE KIT. The Sykes OEM Floppy 
System Kit gives you either an IBM 
compatible or Dual Density controller; 
one, two, three or four floppy disk drives 
per controller; interface cables from 
controller to disk drive; hardware 
interface for microprocessors. 

PERFORMANCE. The heart of the kit, of 
course, is our controller. It provides 
hardware for what you ordirarily do in 
software. It saves time and money in de-
veloping, documenting and maintaining 
your system. You get the following 
hardware features with either the IBM 

compatible (256K Bytes per diskette) or 
the Dual Density (630K Bytes/diskette) 
controller: 
• Hardware address search 
• Automatic sector and track 

sequencing 
• FIFO buffer for asynchronous 

operation 
• Automatic CRC generation and 

detection 

PACKAGING. The packaging is unique; 
the total controller is contained on a 
single PC board and pancakes directly 
to one disk drive giving you minimum 
volume requirements for your overall 
system. 

INTERFACES ONLY AN OEM COULD 
LOVE. When your microprocessor 
interfaces with our OEM Floppy Kit you'll 
use only 13 I/O lines. That's right, just 
13: 1 Reset line, 3 Control lines, 1 Flag 
line and 8 Bi-directional data lines. 

Our unique 8-bit Bi-directional bus is 

con‘igured to transmit disk commands, 
status and data. Its simplicity drastically 
reduces the number of I/O lines, and 
connector requirements normally 
required in disk interfaces. 

If you are using a standard mini, we've 
probably got a plug compatible 
interface and software for that too. 

PRICE. Just $1,398 buys you a single 
drive kit at quantity one. Obviously, 
attractive OEM quantity discounts are 
available. 

WE MANUFACTURE WHAT WE SELL. 
Sykes manufactures a// the elements of 
our OEM Floppy Kit. Our disk drive has 
been extensively field tested, with 
several thousand of Clem in use right 
now throughout the world. 

SEND US YOUR AUTOGRAPH. 
Drop us a brief note asking for more in-
formation on the OEM Floppy Kit. Or call 
our marketing department at ( 716) 458-
8000. Telex 97-8326. 

SYKES DATATRONICS INC.. 375 ORCHARD ST • ROCHESTER. N.Y. 14606 • 716 45E3-8000 

Circle 92 on reader service card TELEX 97-8326 
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processor-based design, longer programs, more memory 
and more interface chips. 

Indeed, because its 16-bit capability can process two 
8-bit words at a time, PACE can supply faster through-
put to many designs now using 8-bit microprocessors. 
Moreover, a 16-bit system can work with shorter pro-
grams using less memory. Clearly, a user must analyze 
all system requirements—program length, memory, and 
peripheral functions—before he can be certain whether 
an 8- or a 16-bit design is better for his purposes. 

For example, in complex, high-speed, data-process-
ing terminals or in large point-of-sale and industrial 
process-control systems, an 8-bit CPU system may re-
quire double-precision arithmetic to attain the neces-
sary data accuracy. Moreover, in 8-bit designs, multiple 
registers must be provided if 16-bit memory addresses 
and multiple accesses to memory are used to fetch 
multibyte instructions. 

Besides PACE, National supplies a set of matched LSI 
chips that hook onto a TTL-compatible PACE bus system. 
A typical PACE system is shown in Fig. 6. Included in 
the family are a system timing element, for generating 
the clock signals, and a bidirectional transceiver ele-
ment, for converting PAcE's p-channel mos signals to 
the TTL levels required by the rrt bus line. (These level 
converters will be eliminated in n-mos versions of PACE 
that are in development.) Since the address and data 
lines are multiplexed on the PACE CPU, there are also an 
interface latch element, actually an 8-bit-wide demul-
tiplexer that selects and retransmits data outputs, and 
an 8-bit address latch element, which does the same de-
multiplexing job for the address outputs. These system-
matched components, together with external ROM and 
RAM, form the PACE 16-bit system. No TTL parts are 
needed for most system designs. 

Designed for power 

An even more powerful 16-bit microprocessor is 
Texas Instruments Inc.'s 9900, which was designed for 
Ti's minicomputer division and is now available on a 
microcomputer board or as a lone chip. Its use of ad-
vanced n-channel processing results in very fast (3-
megahertz) clock operation, and its minicomputer-like 
CPU design results in efficient register-to-register com-
putation and direct memory-to-memory data transfer. 

This method of handling data permitted the 9900 de-
signers to remove from the chip all general-purpose reg-
isters, along with their associated 16-bit parallel buses 
(Fig. 7). Their functions are instead assigned to loca-
tions in external RAM, and room is made available for 
several powerful special-purpose registers—accumu-
lators, pointers, index registers and the like. 

This configuration has several advantages. For one, 
the incorporation of working registers in memory pro-
duces a memory-to-memory architecture that makes for 
very flexible programing. For another, the beefed-up 
special-purpose or housekeeping registers enable the 
CPU to handle up to 17 interrupts, 15 of them external 
plus two pre-defined ones. (Four bits in the status regis-
ter store the priority of the interrupt currently being ser-
viced.) Also, seven addressing modes are available. 

Finally, the 9900 has separate address and data bus 

lines, so that external demultiplexing devices are not 
needed, unlike in the PACE system. The chip operates 
efficiently with standard memories and many standard 
peripheral circuits, whether Tit-compatible MUS pack-
ages or standard TTL circuits. 

Clearly the architecture of the 9900 is fundamentally 
different from most 8-bit general-purpose processors, 
including the 8080 and 6800. Whereas the 8080 employs 
conventional stack architecture, with the program and 
data spaces in external memory, the 9900 puts not only 
the program and data spaces but also the general-pur-
pose registers in external memory. There are two basic 
advantages to such an architecture, especially for large 
systems. First, the number of workspace register files is 
not fixed, as it is on the 8080. Second, interrupt han-
dling can be very fast, since all data used in program 
execution is contained in memory. 
Another 16-bit microprocessor gaining in popularity 

is General Instrument Corp.'s CP1600. It's a more con-
ventional general-purpose CPU that can handle instruc-
tion cycles about as fast as the 9900, but keeps its work-
ing registers on the CPU. These eight 16-bit registers 
operate either as accumulators or as memory stack 
pointers, in this respect behaving very much as in RCA'S 
1802 8-bit design. 
A strength of the CP1600 is its sophisticated interrupt 

system which yields fast service but has low hardware 
and programing overhead. Both interrupt servicing and 
priority programing within the CPU are handled by 
stack processing on command from the stack pointer. 

Finally, in the 16-bit area, the Western Corp. MCP 
1600 microprocessor, which originally was designed for 
DEC'S LSI-11 microcomputer, is also available as an in-
dependent device. Like the other 16-bit chips, it is an 
n-channel mos device that can be microprogramed for 
control applications, or programed to emulate most 
minicomputers. It differs from the other 16-bit designs 
by its use of three matched LSI chips to make up the 
processor: a data chip ( 1611B), a control chip ( 1612B), 
and a ROM program chip. 
The three chips are interconnected by an 18-bit mi-

croinstruction bus that provides bidirectional communi-
cations between them for address and instructions. An 
additional data-access bus uses a 16-bit port for com-
municating with memory, input/output devices, and 
other system components. 

The one-chip controller 

Even while microprocessor manufacturers are mov-
ing up into the I6-bit minicomputer region, others are 
extending the technology in the other direction to the 
stand-alone controller. These new self-contained single-
chip controllers provide the cheapest solution to a host 
of small control applications—in appliances, low-cost in-
struments, such as digital thermometers, and gear that 
requires a minimal amount of data processing, such as 
calculators, gas pumps. cash registers, and scales. Since 
the level of performance required is not too high, even a 
single low-cost chip can contain enough CPU, program 
ROM, data RAM, and rio capability to handle most 
small-to-medium controller applications on its own. TI 
and Rockwell already have 4-bit controller chips on the 
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9. New talents. Programable peripheral circuits are extending the capabi.ities of CPU-oriented microprocessor systems and at the same 

time simplifying them. The programable interrupt controller (a) can handle up to eight vectored priority interrupts, while the programable di-

rect-memory controller (b) can access or deposit data directly from or into memory. Intel makes both for use with its 8080 family. 

market, and other manufacturers are expected to an-
nounce 4- and 8-bit designs shortly. 

But bear in mind, there is an overlap here. Clearly 
minimum-chip microprocessors, like the F-8, SC/MP, or 

the 9002, could be used to implement controller sys-
tems. But their processing power might be wasted in too 
small an application—they're better in configurations of 
at least two and usually three or more chips. 
The first single-chip processor to have been designed 

specifically as a stand-alone controller is Rockwell's 
PPS-4/1. Several of these small microcomputers can 
also act as peripheral controllers in large systems, such 
as point-of-sale and communications terminals, to take 
the load off the central processors. 

Each PPS-4/1 chip contains 10,752 bits of read-only 
memory, 384 bits of random-access memory, and 31 in-
put/output ports. That's more on-chip It() capability 
than is available on the single-chip 4-bit controllers 
originally developed for calculators. Also adding to the 
chip's versatility is a large set of 50 instructions and 
compatibility with Rockwell's older general-purpose 
PPS-4 and recent two-chip PPS-4/2 systems. 

In more detail, the PPS-4/1's program memory is a 
1,344-by-8-bit mask-programable ROM while a 96-by-4-

bit RAM provides data, parameter, and working storage. 
Data is processed by the chip's accumulator, function-
ing as the primary register, and five-register arith-
metic/logic unit, which, together with a carry register, 
combine to perform either binary arithmetic or decimal 
arithmetic. 
The efficiency with which such a chip can serve a con-

troller is illustrated in Fig. 8. The microwave-oven con-
troller ( Fig. 8a) needs in addition to the PPS 4/1 only 
an 8-bit latch chip for the oven's mechanical controls— 
blowers, stirrers; and so on. A 28-key matrix supplies 
the controller inputs, while the strobe signals from 
seven of the chip's data output channels operate the 6-
digit display and indicator lights. The eighth data out-
put runs the latch. One interrupt line provides real-time 
clock inputs for accurately measuring cooking time, and 
the other interrupt provides an interlock input for turn-
ing off the oven when the door is open. 
The cash-register design ( Fig. 8b) shows how two or 

more controller chips work in one system. Here one 
PPS-4/1 operates as the main controller, the other oper-
ates as the printer controller, and the two communicate 
over any of the input/output lines, helped by a 4-bit se-
rial shift register tied to the serial 1/() lines of both chips. 
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A more ambitious (and more expensive) single-chip 
design is Intel's soon-to-be-available 8-bit micro-
controller, the 8048. The Intel chip will contain all the 
elements of a microcomputer—CPU, program ROM, data 
RAM and uo. But it will be both more powerful, because 
it contains an n-channel 8-bit ALU for handling over 80 
instructions, and more flexible, because its on-chip con-
trol ROM is programable and alterable by the user. ( In-
tel will also supply an unalterable version.) 
The chip's PROM, a 1,024-by-8- bit configuration, is 

similar to the company's recently introduced 2708 
erasable read-only memory, which the user can erase 
with ultraviolet light. Erasability has distinct advan-
tages. Not only can a system designer program his ROM 
on the bench as his design progresses, but he may up-
date or change that program at any time afterwards 
without exchanging one chip for another. 

Besides the ALU, data registers. and PROM, the chip 
contains a 512-bit static RAM for scratch-pad data han-
dling, a programable interval timer, and ho channels. 
Moreover, it can address up to 2,048 bits of external 
RAM. Thus, a designer can use either the 8048's own 64 
bytes of RAM in stand-alone controller applications or 
an external 256 bytes of RAM in more complex systems. 

Besides being useful as a stand-alone controller, the 
8048 works well as a peripheral controller in 8080 dis-
tributed processing systems. The powerful 8080 CPU 
chip acts as the main microprocessor, handling the cen-
tral computation and providing the control signals 
needed to run the peripheral controllers and program-
able lio and interface circuits. In point-of-sale systems, 
for example, several 8048s would provide the control 
logic for cash registers, credit-card validators, and in-
ventory accounting, while the 8080 would handle the 
number crunching and central processing operations. 

While Intel alone will offer a field-programable 8-bit 
controller, other suppliers are developing mask-pro-
gramable devices. Rockwell, for example, will soon 
have a one-chip software-compatible controller ( PPS-
8/1) for its PPS-8 product line, and National is develop-
ing a single-chip SC/MP system. Fairchild will offer a 
one-chip 3860 controller for its F-8 line. Fairly typical 
of this class, the 3860 will have 2 kilobytes of ROM, 64 
bytes of RAM, 32 ho ports, interrupt capability, pro-
gramable timer, clock circuit, and power reset. 

The bottom line: calculator types 

Texas Instruments led the way in making the TMS 
1000—originally developed for its line of programable 
calculators—available as a stand-alone microcontroller. 
Now other calculator firms, such as Rockwell and Na-
tional, are preparing calculator-type controller chips. 
Generally smaller and cheaper than the more powerful 
stand-alone 4- and 8-bit controllers, they work best in 
slow-input equipment, like keyboards or clocks. 

But the TMS 1000 is still quite powerful. Introduced 
about 18 months ago, the p-mos device is in heavy de-
mand as a high-volume low-cost 4-bit serial controller. 
Several software-compatible versions are available: a 
28-pin TMS 1000 with 1,024 bytes of ROM and 64 bytes 
of RAM; a 40-pin TMS 1200 with more I/O; the TMS 
1070 and TMS 1270, which have high-voltage output 

capability for directly driving displays, and the TMS 
1100 and TMS 1300, which have twice the memory of 
the others. TI also plans enhanced n-channel versions. 

National's line of 4-bit calculator-type controllers will 
start at the high performance end with the MM7581 
and 5782 chip set. The first chip has 2-k bytes of ROM, 
ROM address and control logic, and some I/O; the sec-
ond chip contains the ALU, a programable-logic-array 
instruction decoder, a 160-by-4-bit RAM, some RAM reg-
isters, and a serial 1/0 port. A lower-priced single-chip 
combination, the MM5799, will offer 1,536 bytes of 
ROM and 96 by 4 bits of RAM, and last in line will come 
a very low-priced MM5734, with less memory. 

Rockwell's calculator-like controller line is aimed at 
applications below the capability of its single-chip PPS-
4/1 controller. Coming soon is the A76XX, which will 
have about half the PPS-4/1's ROM and RAM capabilit 
and a slightly smaller instruction set. It is intended to 
sell in the $5, high-volume range. 

I/0s with intelligence 

While microprocessor suppliers are answering the call 
for lower-cost controller chips on the one hand, they are 
also satisfying the demand for more i/o and peripheral 
flexibility in general-purpose systems. Rockwell, for ex-
ample, has paid close attention to ho and peripheral 
support. In its PPS-8 family, besides the CPU chip, clock 
generators, and memory modules, there are a general-
purpose iio chip, parallel-data, serial-data, direct-
memory-access and printer controllers, a telecommuni-
cations data interface, as well as a general-purpose key-
board/display and floppy-disk controllers, the last com-
patible with IBM's floppy disks. Again, all work directly 
on CPU control at system clock and voltage levels. 

Motorola and Intel have been actively adding power 
and flexibility to their general-purpose Ito and periph-
eral devices. Since these chips can operate at TTL volt-
age levels, they will undoubtedly find markets outside 
of those of their families, especially with the new bus-
oriented n-channel microprocessors. 
The peripheral devices in Motorola's 6800 system 

have found wide acceptance in the industry. Included 
are the peripheral interface adapter, the asynchronous 
communications interface adapter, and the low-speed 
modem. Working with the CPU (or MPU, as Motorola 
calls it). ROM and RAMS, all on a single 5-v supply, these 
peripheral chips can implement many systems with a 
minimum of packages. 

Intel's new 8080 peripheral devices have stirred inter-
est because they are all software- or i/o-programable. 
These programable chips complement a large number 
of ho devices, both TTL and mos, that already are avail-
able, including an 8-bit Ito port, one-of-eight decoders, 
a priority interrupt control unit, and a 4-bit bidirec-
tional bus driver. 
Two of the programable chips are already available: 

a peripheral interface and a communications interface. 
Three others are coming: a programable interval timer, 
DMA controller, and interrupt controller ( Fig. 9). The in-
terrupt controller can handle eight levels of requests, 
and is expandable to configurations of up to 64 levels. 
The interval timer is actually a group of three indepen-
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BIPOLAR MICROPROCESSORS COMPARED 

Parameter 
AMD 

Am2900 
MMI 

MM6701 
Intel 
3002 

TI 
SBP0400 

Slice width 4 bits 4 bits 2 bits 4 bits 

Functions of 
arithmetic 
logic unit 

8 8 about 6 16 

Number of 
microcode 
control inputs 

9 8 

, 

7 9 

Working 
registers 

17 17 11 i  9 

I 
Two-address 
operation 

Yes Yes No No 

Independent 
shift and 
arithmetic 

Yes Yes No Yes 

Cycle time 
(register to 
register, read, 
modify, write) 

100 ns 200 ns 150 ns 1,000 ns 

Technology 
Low-
power 
Schottky 

Schottky Schottky 12 L 

Power 
dissipation 
(4 bits) 

0.92 W 1.12 W 1.45 W 0.13 W 

Pin 
connections 
14 bits) 

40 40 56 40 

dent I6-bit counters driven simply as ho ports—instead 
of setting up timing loops in system software, a pro-
gramer can now satisfy his system timing requirements 
with a single chip. 

Bit slices and microcomputer boards  

While the mos single-chip microprocessors are domi-
nating control and data processing in small, medium-
performance systems, the bipolar processor slices are 
taking on the tough process-control and high-speed con-
troller jobs now handled by minicomputers. 

Unlike mos designs, a bipolar bit slice is only a sec-
tion of a central processing unit. It is not intended to op-
erate alone. A 16-bit computer design requires eight 
2- bit slices or four 4-bit slices for the CPU, plus a host of 
peripheral input and output packages. These are usu-
ally standard TTL circuits, which are not available in 
low-cost LSI form and therefore add considerably to the 
cost of the system. Finally, bit-slice-processor designs 
generally require a lot of external memory—up to 64 
kilobytes and more—and memory is expensive. In fact, 
a typical minicomputer CPU using the slice technique 
may need 15 packages costing about $300. 

Nevertheless, bit-slice activity is humming along, 
with several families already on the market: 
• For stand-alone controls and minicomputers there's 
Tes integrated-injection-logic low-performance 4-bit 
processor slice. This chip, with 1,500 gates operating at 
delays of 25 nanoseconds, works with Tes existing fam-
ily of TTL LSI processor parts. In addition, a 4-bit 

MICROPROGRAM 
SEQUENCER 

ROM/PROM 
MICROPROGRAM 

MEMORY 

MICROWORD 
REGISTER 

CLOCK SOURCE 
OPERAND 
REGISTER 

PRIORITY 
INTERRUPT 

DESTINATION 
OPERAND 
REGISTER 

BIPOLAR 
MICROPROCESSOR 

SLICE 

e-il BUS DATA TRANSCEIVER BUS 

--el BUS F e. ADDRESS 
TRANSCEIVER BUS 

CPU 
CONTROL 

BUS CONTROL 
TRANSCEIVER BUS 

10. However it's sliced . . . In AMD's 2900 family of high-perform-

ance bipolar chips, the 4-bit processor slice is the key element in 

minicomputer configurations. The powerful 11-chip system can 

handle 16- or 32-bit-wide words for data-processing equipment. 

Schottky TTL slice is to be introduced shortly, increasing 
speeds into the 1-to- 10-nanosecond range. 
• For high-speed processors and fast minicomputers 
there are the 2-bit and 4- bit Schottky TTL slices pro-
duced by a growing number of bipolar-circuit manufac-
turers ( Fairchild. AMD, mmi. Raytheon, and Intel). 
These generally emulate existing minicomputers. 
• Finally, there are the highest-performing emitter-
coupled-logic processor slices for the control of big 
mainframe memories. Motorola has already announced 
a 4-bit ECL processor slice using its ECL 10K technology. 

All this performance and flexibility do not come free. 
Bit-slice microprocessor designs are considerably more 
expensive than those built with mos microprocessors. 
The major asset of the bipolar LSI families is their 

processing power, which is far greater than that 
presently available from mos microprocessors. By pack-
ing their processing power on several matched LSI chips, 
they are easily expandable to I6-bit or even 32-bit word 
lengths, and they can be microprogramed to handle the 
most powerful high-level instruction sets available. 
No matter how different each new bit-slice system 

may appear, certain circuit blocks are common to them 
all. Besides the processor slice itself, there are the func-
tions of control register, timing, slice-memory interface, 
and carry look-ahead. The control register always con-
tains the logic necessary for microprogramable control. 
It includes a 2- or 4-bit-wide data path, which can be 
expanded to larger words, plus enough storage and 
logic to address and control the memory circuits. It can 
also handle status, branching. and interrupt functions. 
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Foi more than forty years, ever since DuMont introduced the 
commercially-produœd cathode-ray tube ( inset. apove). Pro-
fessional users of high- resolution CRTs have worked with only 
a part of their natura‘ visual capacity. They have been limited 
by single-color phosphor screens. Multi-color screens have 
been available, but only in low- resolution shadow mask and 
similar tubes. 

Now, with the introduction of DuMont's proprietary P49 
color penetration phosphor screen, professional users can 
have a vivid, four-color display AND high resolution- reso-
lution comparable to that of high quality monochrome CRTs 
-with superior contrast and clarity. 

COLOR sorts out camplex data, emphasizes critical priority 
information, reduces operator fatigue. Operators assimilate 
color-classified data taster, make accurate judgements more 
qffickly, reach decisiors and take action sooner than \mien 
working with monochrome displays. Input data processors 
can readily be programmed to detect input errors or inicit 
codes and alert operators by a visual alarm signal. 

We've shown an Air Traffic Control display, but it could just 
as well have been for. 

11 Public utility power dispatching 
Nuclear reactor status 

Li Municipal traffic control 
• Military command and control 
, Refinery/chemical process control 

Li Transportation control and dispatch 

And most computer-controlled graphic display systems that 
now use monochrome CRTs can be converted to color with 
only minor hardware and programming changes. 

Make your present - or next - display system more effective 
with DuMont.: P49 high- resolution color CRTs. Call us for 
informatior about high-brightn( -.!, ;)L-letration CRTs in 
sizes up to 25- inch diagonal (201) 773-2000. Or write to: 

See Us at IEEE 
Subsidiary cl THOMSON-CSF 

No other company has as much CRT experience. 

Clufflont 
Electron 
Tubes & Devices 
Corporation 

750 Bloomfield Avenue CI Clifton, New Jersey 07015 
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new 
icroprocessor 
controlled 

readerispooler will read 
1000 characters per second, 
and still provide stop on character. 
All of its readerispooler functions, 
such as starting, 
stopping, 
rewind speed (1500 c/s), 
data output, 
and interface timing 
are controlled by a program 
stored in 
its microprocessor memory. 
Its other advantages lie in the areas of 
reading reliability, 
high speed stopping, 
programmed soft stopping, 
the spooler system, 
and equipment reliability. 
It also includes 
step and slew modes, and 

a priority interrupt mode. 
And like other [ECO readers 
it boasts LED 
and phototransistor optoelectronics, 
a step motor drive, 
a full tape- \N idth barrel sprocket, 
handshake interface logic, 
and TTL and DTL compatible electronics. 
But wait, we can't sell you one now, 
because it won't be shippable until 
after the National Computer Conference" 
We're telling you now 
just so you 
can make plans. 
The best is yet to come. 

*First public showing. 

READERS/PACKAGING/SWITCHES 
1441 East Chestnut Avenue, Santa Ana, Cali -ornia 92701 Phone 714/835-6000 
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In the arithmetic/logic-unit block, the computational 
logic sits side by side with data routing paths and the in-
put/output ports that handle the control-register inputs 
and memory outputs. The timing function ties the other 
functions together by providing the various clock phases 
needed to drive all parts of the system. 

But the systems generally differ in capability and 
speed (see table on p. 96). Almost in dead heat are the 
AMD 2900 and MMI 6700 designs. More points go to 
the AMD system, which can operate twice as fast off less 
power. Nevertheless, with 17 working ALU registers and 
two address operations, both systems offer the digital 
designer a large measure of high-quality design capabil-
ity at very reasonable costs. 
Amp's 4-bit slice is typical of processor-slice architec-

ture, since it includes a high-speed ALU, a 16-word-by-
4-bit two-port RAM (to handle the two-port address con-
figuration), and all the associated circuit blocks for 
shifting, decoding and multiplexing. Crucial to the lay-
out is the 9-bit microinstruction word-decode block that 
selects the ALU source operands, the required ALU func-
tion, and the ALU destination registers. Thus configured, 
the microcontroller can be cascaded either with full 
look-ahead logic capability or with ripple carry. Also, it 
has three-stage outputs, and it can provide various 
status flag outputs directly from the ALU. 
Double address operation is made possible on the 

CPU chip by the two-port RAM and an ALU fast enough 
to handle concurrent input sequences in turn without 
slowing up the system. Essentially, any of the 16 words 

The let's-get-acquainted kits 

An alternative to either buying microprocessors and 
designing your own system or buying fully packaged 
microcomputer boards is to buy an evaluation parts 
kit. They're available from all the semiconductor man-
ufacturers as well as many independent sources. You 
can use them to familiarize yourself with a device be-
fore committing to it, and they can even be used for 
short production runs. 
The kits typically include a CPU chip, a programable 

ROM chip, a RAM chip, I/O interface devices, addi-
tional circuits to complete the computer, and a 
printed-circuit board. Some semiconductor vendors 
also offer self-teaching aids, such as RCA's Micro-
tutor, MOS Technology's KIM- 1, and Texas Instru-
ments' learning module. Such units will help an engi-
neer learn machine language. 
Another type of source is an electronics distributor. 

Cramer Electronics, for one, commissioned Micro-
computer Technique Inc., Reston, Va., to design a set 
of parts kits called Cramerkits. Present versions use 
some of the most popular microprocessor types: sev-
eral manufacturers' 8080s, Motorola's 6800, Texas In-
struments' 9900, RCA's 1802, and Mostek's F-8. 

Also, don't overlook the growing number of sup-
pliers of hobby kits, such as MITS Inc., Albuquerque, 
N. Mex., with its Altair computers—the 8800, based on 
the 8080, and the 680, based on the 6800. MITS, in 
fact, is also active in software development, having 
recently introduced a version of the Basic language 
for interactive use on its computers. 

of the RAM can be read from one of its ports under con-
trol of the address field input selector. Meanwhile, data 
from the other port is being read with the same code. 
Both data groups then appear simultaneously at the 
RAM port output for ALU processing. 
Only 11 AMD chips are required to implement a typi-

cal central processing unit ( Fig. 10). Four distinct data-
processing functions are needed—the microprocessor 
slice, the 1/0 bus interface transceivers, the micropro-
gram control, and the CPU control, including priority in-
terrupt—plus whatever main memory is needed. These 
11 chips replace about 200 TTL packages. 
Motorola's ECL 4-bit-wide CPU chip design is sliced 

parallel to the data flow so that it, too, is fully ex-
pandable. The advantage of this approach is that the 
system can be extended both laterally to any bit length 
in increments of 4 bits and vertically. This kind of ECL 
pipe-line design achieves very high data throughput— 
rates of under 50 ns. 

Configured somewhat differently from the Schottky 
TTL units, the slice contains a mask-programable latch 
network, the ALU, an accumulator, the shift network, in-
put and output bus controls, and associated inter-
connections. This configuration copies most mainframe 
controller designs built with hardwired ECL packages. 

To build or to buy? 

Of course, engineers do have an alternative to putting 
together their own microcomputers from what might be 
a bewildering array of competing devices. For a reason-
able cost (considering the design time, assembly, and 
testing), packaged microcomputer boards are available 
from essentially three types of sources: 
• Semiconductor companies themselves are offering 
prototype boards and single-board microcomputers and 
microprocessors. Most notable examples are Intel's 8-bit 
SBC 80/10 [Electronics, Feb. 5, p. 77] and Texas Instru-
ments' 16-bit 990/4 based on the 9900. 
• Minicomputer manufacturers, growing concerned 
about the impact of the microprocessor on their low-end 
OEM business, have extended their lines downward. 
Their major weapons in this battle will be the quantities 
of development software that they have built up over 
many years and their ability to offer customers the op-
tion of moving upward to more complex systems while 
still maintaining software compatibility. 
• Independent manufacturers of logic modules, such as 
PCS Inc., Flint, Mich., Pro Log Corp., Monterey, Calif. 
and Control Logic Inc., Natick, Mass., are offering mi-
crocomputers based on popular types of micro-
processors (mostly the 6800, 4040, and 8080). There is 
also a host of smaller manufacturers who, having de-
signed a microcomputer for internal use, have decided 
to try the microcomputer business. (With a micro-
processor, almost anyone can call himself a computer 
manufacturer—and some of these companies will sur-
vive.) 
There are many cost factors that may escape an engi-

neer's notice in his flush of enthusiasm to get into mi-
croprocessor system designing. Besides extra hardware, 
he should also consider cost of software development, 
prototype test, incoming inspection, documentation, 
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11. Minicomputer maker's answer. Digital Equipment Corp.'s LSI-

11 is a microcomputer built around custom MOS LSI chips. A mem-

ber of the PDP-11 family, it runs the standard software. 

production equipment, and special test equipment. 
What an engineer must decide is whether he can do 

the same design job, and manufacture, test, and support 
his own microcomputers for less than he would have to 
pay for someone else's microcomputer. Intel, for ex-
ample, sells its SBC 80/10 for $295 in quantities of 100 
(single units are $495). Included, at that price, are the 
8080A CPU, 1 kilobyte of RAM, sockets (only) for 4 
kilobytes of ROM, two 8255 1/0 devices allowing 48 pro-
gramable Ito lines, and interfaces (an 8251 serial inter-
face device for a programable communications line and 
interfaces for an RS-232 peripheral or a teletypewriter, 
plus clock circuitry and rri, circuits that are needed to 
complete the computen. 

Texas Instruments, which has been in the mini-
computer business for years, put it all together late last 
year when it sprung its 9900 16-bit microprocessor, and 
at the same time announced the 990/4 single-board mi-
crocomputer based on the 9900. For $512 in quantities 
of 50, the 990/4 has the following major features: 8 
kilobytes of memory, sockets for 2 kilobytes of pro-
gramable ROM or static RAM, and ho interfacing 
through its communications register unit (CRU). 
On the minicomputer front, Computer Automation 

Inc., Irvine, Calif. was an early entry with its Naked 
Milli, the LSI 3/05, built with TTL Schottky circuits. Al-
though it does not use a microprocessor per se, its cost 
puts it in the same ballpark with many of the other one-
board minicomputers. The CPU is built on a standard 
RETMA half-board and sells for $295 in single units. 
With 1,024 bits of memory on another half board, the 
cost comes to about $400. Computer Automation is 
proudest of its i/o interfacing scheme, which uses mi-
croprogramable circuitry to tailor the ho lines to any 
type serial or parallel peripheral device. 

Digital Equipment Corp.'s LSI-I 1 is a 16- bit mini 
built around four mos microprocessor chips custom-
manufactured for DEC by Western Digital Corp. (But 
the Maynard, Mass., firm will probably soon begin its 
own production of the chips to serve as its own second 
source.) The LSI-11, at $634 in 100 quantities, has a 
4-kiloword RAM, a parallel ito bus port, and other cPti 
circuitry on an 8.5-by- I0-inch board. Aside from having 
the full weight of DEC'S reputation behind it, the LSI-11 
also has the full range of PDP-11 software going for it. 
More than about 20,000 PDP-1 1 s of various sizes are in 
use, and it is a familiar computer in many OEM plants. 
The latest minicomputer manufacture to slip in a 

one-board computer at its low end was Data General, 
Southboro, Mass. For its microNova, Data General is 
making its own 16-bit n-channel microprocessors in its 
Sunnyvale, Calif., semiconductor facility. As a member 
of the Nova family, the microNova runs all the already 
developed software. With 4 kilowords of memory, it 
sells for about $570 in 100 quantities. Data General also 
says it will sell the microprocessor and memory chips 
separately, but this does not necessarily put the com-
pany in direct competition with semiconductor manu-
facturers. Users will likely first buy the complete boards. 
Later, when the volume justifies it, or when a different 
form factor is needed on the printed-circuit boards, the 
user will buy the chips, and assemble and test his own 
boards, still maintaining software compatibility. 
At the other end of the microcomputer spectrum lie 

boards produced by the independents. Pro Log, for ex-
ample, says it has the only logic processor system priced 
below $ 100 ( it's $99 in quantities of 500). The system, 
PLS-401A, is a 4004-based system that includes a crys-
tal clock, 80-character RAM, 16 lines of TTL input, 16 
lines for output, and sockets for 1,024 words of memory. 
Pro Log essentially spans the Intel microprocessor line, 
offering computer boards with the 4040, 8008, and 8080, 
but it also has a 6800 board. 

If you want to know more . . . 
Most of the major microprocessors have been covered in the pages of Electronics: 
Intel 4004: "Standard parts and custom design merge into four-chip processor kit." April 
24. 1972. p 112. 
Motorola 6800: " N-channel MOS technology yields new generation of microprocessors." 
April 18, 1974, p. 88. 
Intel 8080: "In switch to n-MOS, microprocessor gets 2-ps cycle time," April 18, 1974. 
p. 95. 
Rockwell PPS-8: " Fast 8- bit microprocessor is versatile." June 27. 1974, p. 149. 
National PACE: "Single-chip microprocessor employs minicomputer word length," Dec. 26, 
1974. p. 87. 
Fairchild F-8: " Four-chip microprocessor family reduces system parts count." March 6. 
1975, p. 87. 
Toshiba TLCS-12: "Twelve- bit microprocessor nears minicomputer performance level." 
March 21. 1974. p. 111. 
Intel 3000: " Bipolar LSI computing elements usher in new era of digital design," Sept. 5, 
1974, p. 89. 
Texas Instruments SBP0400: "FL takes bipolar integration a significant step forward," Feb. 
6, 1975. p. 83. 
Monolithic Memories 6701. " Schottky-TTL controller put on a chip." March 7. 1974. p. 159. 

National SC/MP: "Scamp microprocessor aims to replace mechanical logic," Sept. 18 
1975. p. 81. 

Information on software and design is provided in: 
"Designing with microprocessors instead of wired logic asks more of designers.- Oct. 11. 
1973. p. 91. 
"High-level language simplifies microcomputer programing." June 27. 1974, p. 103. 
'PLAs enhance digital processor speed and cut component count,' Aug. 8, 1974. p. 109. 
•*Preparation: the key to success with microprocessors," March 20, 1975, p. 101. 
"Microcomputer-development system achieves hardware-software harmony," May 29, 
1975, p. 95. 
"The 'super component': the one-board computer with programable I/O." Feb. 5, 1976. 
p. 77. 

Copies of this special issue may be ordered at $4.00 each. Discounts are available for quan-
tity orders. To order or for more information. contact Electronics Reprints Department, P.O. 
Box 669. Hightstown, N. J. 08520. 
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Some companies 
call two IC Converters 
a complete line. 

Now if they only had 
the one you wanted. 
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Analog Devices. We're for real. 
It's hard to tell what's real and what's make be-

lieve nowadays. With all the claims and counterclaims 
about IC Converter capability. 

We want to set the record straight. 
The Analog Devices IC Converter expertise is 

more than talk. More than product. More than po-
tential. 

It's our ten years experience in data converter 
technology. It's the support and characterization of 
our family of IC Converters. It's the assessment of 
market needs, the implementation to meet those 
needs. It's the reality of a worldwide technical sales 
force that knows the IC Converter business from de-

through application. It's helping our customers 
s( > lye their problems more efficiently. 

The real world. Real products are the first meas-
ure of leadership. We have more than tweiity bona 
fide IC Converters for immediate deliveryin quantity. 

A dozen or so more are in the wings which boast the 
advantages of low power CMOS and high stability 
bi-polar construction. Analog Devices IC Converters 
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give you the solution to the very real problems of cost, 
reliability and perfimnance. 

From the 10-bit CMOS DAC, AD7520, to the 12-bit 
laser trimmed DACs, the AD562 and AD563, and the 
microprocessor compatible 13-bit C IOS A/D Coil-
verter, AD7550, you II find the right IC Converter to 
meet your specific needs. They're all available in a 
variety of pv1-fin-malice and pai•kage options. 

Making it real. IC production technology at 
Analog Devices is what separates us from our compe-
tition. CarefUlly controlled processes ensure the 
highest possible yield even on the most difficult chips. 
Add the fact that .our IC Converters are true IC Con-
verters specifically designed to maximize the ad-
vantages of bi-polar and CXIOS technology with a 
minimum number of chips. Plus our exclusive laser 
trimming to guarantee IC Converter performance and 
our policy of 100% testing for complete stable final 

characterization of each device make us your best 
source of IC Converters. We're the real company in 
precision measurement and control. 

ANALOG 
DEVICES 

The real IC Converter corn oany. 
Aollog Devices. lia.. Norwood. assachusetts 02062 

East Coast: (617 ) 329-47110, Midwest: (312) 894-3300, West Coast: (213) 595-
17>i3. Texa:.: (214) 231-5094. Belgium: 03 38 27 07, Denmark: 97 95 99, Eng-
land:0104 10 46 6. Franey: 686/7 60, Germany: 089/53 03 19, Japan: 03/26 
36 82 6, Nttherland‘: 076-122555 and representatives around the world. 
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MICROPROCESSORS I 

Software 
becomes the 

real challenge 
Microprocessors simplify systems, but not the design 
process. "Hardware development time drops nearly to 
zero when you use a microprocessor. With the Intel 
8008, we had a machine on the street in six months, and 
then with the 8080, we went from parts layout directly 
to final printed-circuit art work. But then the real design 
job started—writing and debugging the programs," says 
Frank Trantanella, president of Tranti Systems, a N. 
Billerica, Mass., maker of electronic cash registers. 
Not all microprocessor system designs will involve so 

little hardware effort, but it is true that software is be-
coming of major importance in systems based on the 
device. The extent to which design engineers must im-
merse themselves in software-design methods depends 
on the intended uses of the systems they are developing. 

For example, programs in a traffic-light controller are 
a matter of simple logic replacement, and probably 
would not exceed 500-1,000 bytes, or about two 4,096-
bit chips of random-access-memory or read-only-
memory. In small business applications, however, data-
handling microprocessors masquerade as mini-

It's true that microprocessors 
reduce hardware development time, 
but the tough task for the designer 
is now in programing and 
debugging. Even for the more 
experienced, software development 
is tricky. Learning to pick the right 
language level and how to work 
with it efficiently is essential. 

computers. They require more extensive programs, pos-
sibly running close to the 64-kilobyte limit of the 16-bit 
address bus in most 8-bit microprocessors. 
To varying degrees, engineers must become pro-

gramers when working with processors. For the more 
complex systems, chances are they will share the work 
with professional programers—computer-science spe-
cialists drawn into the field by the rapid boom in pro-
graming. But even then, they will have to learn the bas-
ics to take care of the peripheral-control tasks off-
loaded from the central processing unit. 

Nearly every microprocessor manufacturer offers a 
complete package of development software programs: 
editors, simulators, monitors, assemblers, and, in a 
growing number of cases, compilers (see "Software tools 
aid program development," opposite). Generally they 
are available in three forms: in the manufacturer's de-
velopment hardware; on magnetic tape for entry into a 
user-owned larger computer (so-called cross-computer 
programs), and from time-sharing services. Indepen-
dent software houses offer programs that are installed 

Software packages. Typical of the support available from semiconductor vendors is the Signetics offering—a basic design module to try out 

programs, manuals to help learn programing, and magnetic tapes with development software that can be run on larger in-house computers. 



Software tools aid program development 

There are five main categories of software programing 
tools for microcomputers; editors, translators (assem-
blers and compilers), loaders, simulators, and debug-
gers—each of which facilitates a stage of the develop-
ment of the system operating program. The following 
capsule descriptions of each category are supplied by Ir-
ene M. Watson, a microcomputer consultant in Los Altos 
Hills, Calif. 

Editors: programs that take the source program, writ-
ten by the programer in assembly or high-level language 
and entered through a keyboard or paper tape, and 
transfer it to a " file" in the computer's auxiliary memory, 
such as magnetic disk or tape. The editor also acts on 
special commands from the user to add, delete, or re-
place portions of the source program in the auxiliary 
memory. Editors can vary significantly in the ease with 
which they permit a user to make changes in the pro-
gram. For example, some editors can operate only on en-
tire lines in a program, whereas others can add, delete, 
or replace arbitrary character strings in the program. 
However, the less-sophisticated editors are usually easier 
to learn to use. 
Assemblers and compilers: programs that translate 

source programs to object programs—the actual patterns 
of bits interpreted by the computer. They also print a pro-
gram listing that displays, side-by-side, the source and 
object versions of the program while giving error mes-
sages and other kinds of diagnostic information useful to 
the programer. 

Loaders: programs that transfer the object program 
from an external medium, such as paper tape, to the mi-
crocomputer random-access memory. Some loaders also 
convert a relocatable version of the object program to a 
loadable version. A program might originally be assem-
bled to reside in the microcomputer memory starting at 
address zero. If the compiler or assembler has allowed 
the object program to be relocatable, the programer can 
specify to the loader the program's new base address 
and the loader will modify all addresses accordingly in 
the object program. 

Another feature that is sometimes available is linkage 

editing, which establishes the linkages between different 
object programs that make reference to one another. 
Linkage editing requires both a compiler or assembler 
and a loader program that can communicate the appro-
priate information. 

Simulators: cross-computer programs that allow the 
user to test the object program by simulating the action of 
the microcomputer when the actual circuitry is unavail-
able. Simulators often provide certain kinds of diagnostic 
information unavailable with a debugger program (below) 
running on the actual microcomputer; warning of the 
overflow of a processor stack or of an attempt by the pro-
gram to write into a location in the read-only-memory, for 
example. 
They usually allow manipulation and display of the sim-

ulated microcomputer memory and central-processing-
unit registers; setting of break points, where processing 
can be stopped at a certain program address or when the 
program reads or writes into a specified memory location, 
and tracing, in which each instruction in a certain ad-
dress range is printed out as it is executed. Often they 
provide timing information, such as the number of in-
structions or machine cycles executed from program 
start to stop. 
The power of a simulator varies from manufacturer to 

manufacturer, but it cannot completely replace program 
testing on the microcomputer itself, because the specific 
timing and external environmental conditions of the ac-
tual microcomputer hardware can never be completely 
simulated. 
Debuggers: programs that facilitate the testing of the 

object program on the microcomputer and its input-out-
put devices. They usually accept commands from the 
user to perform such functions as displaying or printing 
out the contents of the microcomputer memories, or the 
contents of the registers of the central processing unit; 
modifying the RAM; starting execution of the object pro-
gram from a specific memory location, and setting a 
break point or stop execution of the program when the in-
struction at a specific memory location is reached in the 
program or when a given condition is met. 

on time-sharing systems or sold for installation on an 
in-house computer. 

Several semiconductor companies also have estab-
lished libraries of programs contributed by users ("for 
those people opposed to reinventing the wheel," accord-
ing to Motorola Semiconductor's software manager 
Wes Patterson). However, care is needed when using 
such programs, says Jerry L. Ogdin, president of Micro-
computer Technique, Reston, Va., a consulting firm. 
He recommends novice users of such programs as-

sume the software to be a first draft that must be de-
bugged and tested just as if it were generated in-house. 
Many of the programs, he says, are "redundant and er-
ror-laden, and many are naive solutions to well-under-
stood problems." Nevertheless, the programs are avail-
able and could be useful with the proper precautions. 
There may be a good argument for the available sup-

port software serving as the basis of choice between mi-
croprocessors, but the general industry practice is a de-
cision based on how well the devices fit the intended 

application. Then designers must decide how to pro-
gram the selected processor so that it fits perfectly. 

Their first, tentative efforts probably will involve pro-
graming directly in machine language—the actual pat-
tern of bits interpreted by the device to perform its 
functions. Such programing is done in hexadecimal 
code, but the inherent tedium in translating instructions 
into the generally unfamiliar code soon surfaces. 
Assembly language offers the engineer the ability to 

write instructions in mnemomic form, which he or she 
can associate with the actual function being performed. 
This is probably the most widely used method. 

For such programing, many new hardware aids are 
coming onto the market—systems that include a key-
board and a cathode-ray-tube display, or a printer, or 
both, and magnetic tape or disk storage units. These 
help the programer edit the programs and even to de-
bug them on the particular microprocessor selected for 
the system (see the following article on design aids). 
Not all assembler programs are the same, even if 
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designed for the same device. Careful study should be 
devoted to extra features such as the ability to use mac-
roinstructions (a name associated with a sequence of in-
structions, with the assembler substituting the sequence 
of instructions every time the programer writes a state-
ment with this name), editing features, and the like. 

Comparing assemblers 

Irene M. Watson, a microcomputer consultant in Los 
Altos Hills, Calif., recently completed a study compar-
ing the characteristics of various assemblers. She points 
out the following major features to look for: 
• A format that is easy to use, read, and understand is 
essential. For example, the programer should be able to 
set up his own format for the fields in each statement, 
and the assembler should not reject a statement because 
a particular field is started in the wrong column. 
• The assembler should accept symbols for variable 
data quantities and addresses, rather than insisting on 
actual representation. Along with this goes the ability to 
translate data constants provided in the form most 
meaningful to the programer—hexadecimal, ASCII code, 
or whatever. 
• It should be able to handle arithmetic or logic expres-
sions as operands, and then evaluate the expression and 
use the result as the operand value of the statement. 
• Assemblers should be able to provide an alphabetical 
listing of symbols and their numerical values (usually a 
hexadecimal number). Similarly, they should be able to 
produce an alphabetically sorted cross-reference listing 
for each symbol in the program, along with the state-
ment defining the symbol, and the statement refering to 
each symbol. 
• The assembler should flag any source-program state-
ments that violate assembly-language syntax rules. Er-
ror statements should, whenever possible, indicate the 
specific statement or field containing the error. They 
should not abort at the first error, but should flag it, 
place a skeleton instruction in the object code with the 
incorrect field set to zero, and continue as much of the 
program translation as possible. 
• It should provide a macroinstruction facility in which 
variable parameters can be included in the macro state-
ment and automatically inserted in the proper places in 
the instructions it defines. Assemblers can be compared 
on the basis of the number of macroinstructions that 
can be defined in a program, the total number of char-
acters that can be included in all macroinstructions in 
the program, the level to which macro calls can be 
nested in macro bodies, and the number of parameters 
permitted for each macroinstruction. 
The chief advantage of assembly-language program-

ing i that it allows the designer to make maximum use 
of the microprocessor's capabilities. However, when 
programs get large—say beyond 2,000 bytes or between 
500 or 1,000 program lines— it becomes difficult for any 
programer to maintain the overall flow without errors 
inevitably creeping in. 
Many subtle errors show up only under rare combi-

nations of conditions, and thus nearly every program 
must be assumed to have undiscovered bugs that will 
have to be corrected later. Yet other engineers and 

maintenance personnel may have difficulty under-
standing the intentions of the original programer be-
cause of the shorthand nature of assembly language. 
Therefore it is important to keep good documentation 
of the program-writing process, showing the program in 
clear, understandable detail. 
To forestall unintelligibility and to speed programing, 

languages appeared that are closer to standard English, 
the so-called high-level languages such as Fortran and 
Basic. Although they are widely known, problem-solv-
ing languages for use in computer applications involv-
ing computations, they have not been often used in de-
signing microprocessor systems. Instead, manufacturers 
of microprocessors have emphasized systems-program-
ing languages better suited to equipment design—han-
dling inputs and outputs, managing internal resources, 
and so on. 

Enter PL/M 

The first such language developed especially for mi-
croprocessors was Intel's PL/M [Electronics, June 27, 
1974, p. 103]. It is derived from PL/I , a problem-solving 
language developed by some ism-computer users in the 
mid 1960s for business and scientific calculations. 

Intel's PL/M compiler itself is a Fortran IV program, 
and will run on any 32- bit host processor. It also is 
available on time-sharing networks. Many new PL/M-
type compilers are being designed to run on 16-bit 
minis, more widely available to engineers. 
The language was formulated to help designers using 

Intel's 8008 chip. When the 8080 appeared, it was modi-
fied slightly to cover that device as well. Since its intro-
duction, it has been improved many times—"There's 
been an average of one revision a month," says Intel's 
Paul Rosenfeld, software product manager for micro-
computer systems. 
The major problem with any high-level language is 

that the compiler takes over the job of optimizing the 
program by cutting out duplications and so on. Pro-
gramers, in a sense, get further away from the micro-
processor and cannot perform the same tricks of pro-
cessing that they can with assembly language. Nor can 
the program be as concise, so memory requirements are 
larger. It amounts to a tradeoff: less efficiency, but easy 
use of language and good documentation. 
"Each user decides whether it's efficient enough," 

Rosenfeld says. "Some customers, when they start, gen-
erate twice as much code as they would with assembly 
language, but in six months, they usually are down to 
1.5 to I. Here at Intel, we get in the 10-to-25% range." 
But programing takes one-fourth to one-fifth the time of 
assembly-language, according to the firm. 
One important factor in the choice between assembly 

and high-level languages is the number of systems that 
will be produced. For high volumes, the addition of just 
one extra memory chip to each system could raise the 
overall cost to a noncompetitive level. (According to a 
corollary of Murphy's law, any program written for a 
high-volume system will turn out to be a few bytes be-
yond the capacity of a given number of memory chips, 
so an extra chip is always a possibility.) 
With assembly language. it is much easier to redo 
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IPROM PROGRAMER 
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PAPER 
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PROTOTYPE HARDWARE SYSTEM 
AND REAL-TIME ANALYZER 

LOCATE AND 
CORRECT ERRORS 

WRITE PROGRAM 

TIMESHARE 

EDITOR 

ASSEMBLER 

SIMULATOR 

LOCATE AND 
CORRECT ERRORS 

NO KNOWN ERRORS 

CROSS-COMPUTER 

PUNCH CARDS 

CROSS-ASSEMBLER 

CROSS-SIMULATOR 

LOCATE AND 
CORRECT ERRORS 

DEVELOPMENT SYSTEM I 

EDITOR 

ASSEMBLER 

RUN PROGRAM 
IN READ-WRITE 

MEMORY 

LOCATE AND 
CORRECT ERRORS 

COMPLETED READ ONLY MEMORY PROGRAM 

HAND ASSEMBLY 

Advantages 

• Relatively fast for small programs 
• No assembler processing time 
• No equipment costs 
• Results entered directly into programer for 

read-only memories 

Disadvantages 

• Slow and tedious for larger programs 
• Very difficult to expand or contract program once written 
• Error-prone 
• Assembler-tested error conditions go unchecked 

When to use 

• OK for small jobs 
• As an alternative to assembler processing when the 

assembler is not readily accessible 

MACROINSTRUCTIONS 

Advantages 

• Repeated small groups of instructions replaced by one macro 
• Errors in macros need be corrected only once, in the 

definition 
• Duplication of effort reduced 
• In effect, new instructions can be created 
• Programing is made easier, less error-prone 

Disadvantages 
• Macros are not subroutines — every time a macro name is used, 

storage space is required for the defined instructions 

When to use 

• To replace small ,groups of instructions not worthy 
of subroutines 

• To create a higher instruction set for specific applications or 
for compatibility with other computers 

• Caution: whenever possible use sulyoutines, not macros 

ASSEMBLY LANGUAGE PROGRAMING 

Advantages 

• Symbolic references 
• Revisions easily incorporated with reassemblies 
• Symbolic code easier to read 
• Programing aids included 
• Values can be parameterized (table sizes, input/output 

port assignment) 
• Error checking included 

Disadvantages 

• Assembler system required (development hardware, 
terminal) 

• Some assembly processes are slow 
• Assembly language rules and formats must be learned 

When to use 

• Usually recommended for instruction- level coding 

HIGH-LEVEL LANGUAGE 

Advantages 

• Better control of software 
• Reduced programing cost 
• Faster programing 
• Well suited to program solving 
• Self-documenting 
• Easier maintenance 
• Transferability avoids reprograming 

Disadvantages 

• Bigger programs — compilation efficiency 
• Cost of compilation 
• Programing experience required for good results 

When to use 

• For larger programs — 1,000 bytes or more 
• For low-volume products or prototype systems 
• For production systems when experience warrants 

Design routes, pros, cons. There are many approaches to software design, shown by the chart tracing development steps. Similarly, there 
are advantages and disadvantages for each method of programing. (From course material prepared by Integrated Computer Systems, Inc.) 
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Linking up. Typical of charts describing software is the operation of 

the macroinstruction assembler and linkage editor from Motorola 

Semiconductor. Object code produced by the assembler enters link-

age editor with other programs to produce the final code. 

portions of the program to reduce the memory usage to 
fit into the desired number of memory chips. High-level 
language is best for lower-volume products where fast 
design turnaround is desirable and where the cost of an 
extra memory chip can be absorbed in favor of com-
petitive advantages. 

Making changes in PL/M 

One of the largest users of Pt./Nt outside of Intel is Sy-
cor, Inc., Ann Arbor, Mich., a manufacturer of intelli-
gent terminals. Sycor committed itself to the language 
about a year and half ago, according to software head 
Geoffrey Leach. But, he says, "in a sense that commit-
ment was somewhat ill-advised, because the state of the 
Intel PL/M at that point was somewhat less than solid." 
So the firm went its own way and made a number of 

improvements to the compiler. Now, compared with the 
early versions of the language, Leach says, "we feel we 
have achieved a 30% reduction in the amount of code 
the compiler produces." 

Sycor uses its home-brewed version almost exclu-
sively for all programing of 8080-based systems and 
does little in assembly language. "For the amount of 
software that we produce, the programer productivity in 
assembly language was not sufficiently high to allow us 
to make our delivery schedules," Leach says. 
These are large programs—typically for a fully con-

figured system, the program runs to about 48 or 56 
kilobytes of stored code. "I don't think our programs 
would be any smaller than if we had the same people 
do them in assembly language," he says. "I have to ad-
mit this is one of my favorite soap boxes. 
"Programing in higher-level languages is often 

faulted on the grounds that much better code can be 
written in assembly language. But if you ask the person 
making that criticism to sit down and code a 48-kilobyte 
system in assembly language, you will find him making 
compromises, missing organizational structures, gener-
ally doing things which introduce extra code. That's 

why I say that for an average programer over a year I 
don't think we have necessarily lost anything in using 
PL/M." 

The next system programing language to appear 
from a semiconductor manufacturer was the recently 
announced MPL, also a descendant of PL/I, from Mo-
torola Semiconductor. The MPL compiler produces as-
sembly language (the PL/M produces machine-level ob-
ject language) and must be run through an assembler to 
generate the object language. 

Motorola says this feature allows the user to study the 
assembly-language program for possible refinements 
before generating the final object code. This is "both a 
blessing and a curse" says Motorola's Wes Patterson, 
because the need to use an assembler results in a longer 
run on a computer. 
MPL also allows the programer to drop down from 

high-level language to assembly language in those areas 
where he feels it is important to conserve memory 
space. This may be useful, but the user must know how 
fully the compiler can take advantage of the micro-
processor's ability to streamline instructions and save 
memory space. 
However, the ability to drop into assembly language 

can be too much of a temptation for some programers 
to resist, according to Gary Kildall, the consultant pri-
marily responsible for the original PL/M. He likens it to 
"having a parachute while flying a plane—you may bail 
out too soon." 
The assembly language pollutes the program, he says, 

because, when the programer drops into assembly lan-
guage, chances are others will have difficulty under-
standing what he was trying to do. With PL/M, Kildall 
points out, assembly language could be used to simplify 
particular parts of the program, but it is included as a 
subroutine, called by a high-level statement. This in-
creases the overhead by the three bytes of the call, but it 
vastly increases the understandability, he says. 

Other Pum-type high-level-language compilers avail-
able, or just over the horizon are: 
• SMPL, intended for use on National Semiconductor's 
IMP- 16 devices, with another version due soon for 
PACE, another of the firm's microprocessors. 
• PL/M 6800, written by Intermetrics, Cambridge, 
Mass., for the 6800. 
• PL/W, written by Wintek Corp., Lafayette, Ind., for 
the 6800. 
• PLO, for the Signetics 2650, developed primarily by 
Kildall. 
• PL/Z, soon to come for the Z-80 of Zilog, Los Altos, 
Calif. 

Various versions of Basic have also been written for 
the 8080 and other devices. Fortran compilers also are 
on the way from such sources as Zeno Systems, Santa 
Monica, Calif., and the Boston Systems Office, Boston, 
Mass. Many engineers point out that there is greater fa-
miliarity with these high-level languages because of 
their prevalence in minicomputers—so why switch to the 
PL/1 derivatives? However, there is a noticable band-
wagon effect shaping up. Just as the 8080's head start 
led to its wide adoption, PL/M and its cousins threaten 
to become a de facto standard. 
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We kept them trim by 
controlling their appetites 

New Sorensen power supplies eat fewer watts and 
have slimmer figures. They're highly efficient and 
occupy minimum space in your cabinet or rack. 

Forty modular switchers in the STM series 
lor OEMs, from 75 to 750 watts at efficiencies up to 
79%. Thirty-two improved DCR regulated supplies 
for labs and systems from 500 to 2800 watts. Over 
100 other power supply products too, including 
precision supplies with high speed programming 
capability and digital-to-analog programmer inter-
faces for computer control. 

Get the complete catalog of physically fit 
power supplies from Sorensen, a Raytheon Company, 
676 Island Pond Road,Manchester, N.H. 03103. 
(603) 668-4500. 

SORENSEN 
POWER SUPPLIES 

( A R•ythoon Company 
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VSMF helps you manage change for profit... 

with a system for 
selecting the best 
components at 
the lowest cost. 
What's " Best?" What's " Lowest Cost?" 
Ask engineers in design, R & D, manu-
facturing. QA, and purchasing. and 
you'll get five different definitions. As 
a manager, it's your responsibility to 
resolve those opinions into a con-
sensus to produce a competitive 
product on schedule, in volume, at a 
profit. No small task. 

But that's precisely what Visual 
Search Microfilm Files from Informa-
tion Handling Services will help you 
accomplish. 

VSMF is a technical reference 
data system containing current prod-
uct data sheets and catalogs, govern-
ment and military specifications and 
regulations, and industry standards. 
VSMF keeps your engineers abreast 
of the most recent developments in 
industry and government. It also pro-
vides them with an effective means of 
communicating product and standards 
information among themselves. 

Thus they can work together more 
efficiently to solve design and pro-
duction problems. 

The VSMF Integrated Circuit 
Parameter Retrieval Service ( IC/PR) is 
a good example. To the designer, the 
"best component" is the one matcning 
his ideal circuit parameters. But the 
production engineer maintains that 
"best" is the one most efficient in his 

fabrication procedures. Through 
IC/PR—indexed by device number 
and by characteristics— they can 
quickly determine if a suitable com-
ponent is available. and which alterna-
tive is acceptable Trade-offs aren't so 
difficult to weigh \idler you have all 
the facts. 



Or look at it this vvay.Through RFQ's. 
your purthasirg agent finds what 
appears to be the best volume price. 
But test ana standards engineers dis-
cover that though the ; rial shipment 

meets specs, hand selection appears 
necessary. Using IC/PR. they can 
scan all the data sheets to see if other 
suppliers guarantee tighter specs that 
will eliminate this costly procedure. 

These are but two, narrow examples 
of how VSMF will help your staff cre-
atively manage changing technology. 
Likewise, they can use VSMF to better 
manage growing government regula-
tions. component shortages, and 
fluctuating prices. So you control the 

situation — with the capability to shorten 
lead-times, avoid production bottle-
necks, and raise margins. 

With more than 4 million pages of 
vital technical data, organized into 91 
specialized microfilm libraries, IHS 
can put together the reference system 
best suited to your organization. 
Depending on your needs, you may 
select Design Engineering Services— 
including IC and Semiconductor 
Parameter Retrieval, Military Speci-
fications and Standards Services: and 
Industry Standards Services— with the 
latest IEEE, EIA, ANSI, and UL 
standards. 

IHS keeps this information current 
with regular, automatic updating, and 
provides a unique computer-created 
index that enables your engineers to 
find any document in a matter of sec-
onds. In sum, it's the most complete, 
current, and efficient single source of 
technical information available. 

For details on how VSMF can help 
your company manage change profit-
ably, circle the reader service number 
below, or call IHS directly. 

Information Handling Services, 
Denver Technological Center, P.O. 
Box 1154, Englewood, CO 80110. Tele-
phone 303-771-2600, Extension 101. 

VSMF 
The First Place To Look% 

a Information Handling Services 
An Ind.n CO.D.Y 

Circle 111 on reader service card 
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with Ml!l/BUS® 

all these 
MOSTEK MK 4096 
memory packages 

e e 

dee le i& e 

go on this 2-layer board 

and work as they should! 
... and these weren't needed! 

teresex,ipe-___ 

Rogers Application Application Note No. 1976 tells the full 
story of how Mini/Bus makes PCB space-saving 
design easier, eliminates multi-layer PCBs, drasti-

cally reduces use of de-coupling capacitors. 
Write or call for a copy, so you'll know what 

others know! c Rogers Corporation 1976 

ER® ROGERS CORPORATION Chandler. AZ 85224 (602) 963-4584 

Electronics/April 15 1976 

Microprocessor 
reliability, tool 

This is the "Summary" in Application 
Note 1976, referred to at left: 

"Contrary to popular belief, MOS circuits can 

be noisy, and they can create noise far in ex-

cess of recommended maxima where poor 

PCB layout is involved. The Rogers Mini Bus 

is described and discussed as a lossy trans-

mission line for power distribution. Guidelines 

are recommended for proper PCB layout using 

Mini, Bus for power distribution. The features 

and benefits of using Mini Bus for power dis-

tribution are discussed. They include: reduced 

part count, fewer costly decoupling capacitors, 

greater system reliability, increased packaging 

density possible, elimination of need for multi-

layer PCB's, simpler and faster board layout 

and development." 

miNi/Bus for MAXI/RESULTS 
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Microprocessor-based systems are come to the aid 
of the microprocessor-system designer. These new 
Ices C tools help the engineer develop and debug 
software as well as hardware. He can also simplify his 

design task by using pre- assembled prototype 
microcomputer boards, such as Zilog's Z80 board 
(left). Some of the rapidly emerging development 
systems available are (below right, and running 
clockwise) Fairchild's Formulator for the F-8 
microprocessor, Signetics' TWIN for the 2650, 
National Semiconductor's system i or the IMP-16, 
Flockwell's AssernUlatOr ¡Or the PPS-8, and (center) 
Ramie Corp.'s MM80 for use on the Intel eso deAce. 
With a printer and keyboard connected to such 
systems, the engineer can enter programs 'iri assembly 
language, edit them, perform the assembly , and then 
run the programs and debug them. Cathode-ray-tube 
displays are often available for easier interactive editing 
and debugging, as well as floPpy-disk drives for rapid 

entry o 

Prices range from about $4,000 to 

more than $10,000 for systems with peripherals. 



MICROPROCESSORS 

Designers need 
and are getting 
plenty of help 

New design tools and development systems are appear-
ing as microprocessors force engineers to change their 
design methods from a hardware to a software base. 
Now, rather than perching on a workbench stool and 
facing an array of signal generators. volt-ohmmeters. 
and an oscilloscope, more engineers are finding them-
selves comfortably seated in armchairs in front of a key-
board, programing a microprocessor. 
The development systems, in fact, bear about the 

same relationship to the software development process 
as the oscilloscope does to hardware development. Up 
to now, the major source of such development systems 
has been the semiconductor vendors themselves, who, 
as originators of the devices, have been the most famil-
iar with them. 

Every major semiconductor manufacturer offering a 
microprocessor also offers development system hard-

Chip makers and users alike are 
marketing the special tools and 
instruments that they've found 
useful in developing systems 
around specific chip families—and 
more universally applicable aids are 
starting to emerge, too. 

ware and software to support designers. (Some are sim-
ply called development systems, while others have 
names with a little more flair: Intel's Intellec, Mo-
torola's Exorciser, Fairchild's Formulator, Rockwell's 
Assemulator, Signetics' TWIN, and Scientific Micro Sys-
tems' mcsim.) Even some of the companies second-
sourcing microprocessor chips have come out with their 
own development systems that in some cases outdo 
those of the original developers. 
Most of the systems from the semiconductor manu-

facturers are, despite individual claims of superiority for 
certain features, quite similar. All generally have resi-
dent software—monitor, assembler, editor, and debug-
ger—and the latest models are appearing with an in-cir-
cuit emulation capability, so that users can debug 
programs using their actual prototype hardware. 
Any differences lie in the quality of the resident soft-

Systematic analysis. One of the latest enhancements to Motorola Semiconductor's Exorciser is the system analyzer, shown plugged into the 

microprocessor board. With the switches the programer can set a hardware breakpoint, and with the displays he can examine bus status. 
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ICE unfreezes developments. In Intel's microcomputei development system, the in-circuit emulation ( ICE) module allows coordinated de-

velopment of software and hardware. Designer can use internal MDS memory and I/O until they are available in the prototype. 

ware—the features of each program and the amount of 
memory the software occupies within the system—and 
in the kinds of peripherals the systems can handle. The 
latest systems are being offered with floppy disks. These 
can store large blocks of software and also allow faster 
access, than, say, a magnetic-tape cassette. 

Resident software 

The software resident in the development systems— 
monitor, assembler, and editor—may not be an absolute 
necessity to the design of microprocessor-based systems, 
but the debugging features would be difficult to do 
without. A designer, for example, could use a time-shar-
ing service or in-house computer for assembly of his 
programs and simulation of his system, but debugging 
his prototype requires many new techniques. 
For debugging, an engineer needs the ability to set 

breakpoints, easily alter memory or register contents, 
execute the program in single-step fashion, and store 
the bus status for several cycles before hitting a break-
point. It's also helpful to have a disassembler function, 
which reconverts his stored program from machine lan-
guage to assembly language. And, since the debugger is 
itself a program, it would be convenient to be able to 
enter debugging commands in assembly language, 
rather than in machine language. 

Until recently, the choice of microprocessor deter-
mined the development system, but that situation is 
now changing. Independent companies are working on 
"universal" systems, capable of handling any of several 
popular microprocessors. Moreover, there is a rapidly 

growing body of knowledge among users, and many 
smaller companies, encouraged by their success in 
home-brewing their own development systems, are at-
tempting to sell them to others. Most of these systems 
start out being limited to only one microprocessor fam-
ily, but later versions are appearing that can handle two 
or more different devices. Other companies are offering 
add-on enhancements to existing systems supplied by 
the semiconductor companies. 
The idea of universality is an important one. New mi-

croprocessors are continually appearing, and most users 
would prefer sysl ems that can be easily modified to 
work with the new devices. A fully equipped system— 
including display, printer, and floppy disks—can easily 
reach the $ 10,000-plus range, and few design budgets 
could stand being swelled by such costs every time a 
new processor is used. 
Some companies are building add-on units that aug-

ment the capabilities of the semiconductor manufac-
turers' basic development systems. There is also a series 
of simpler programing aids coming on the market, with 
resident assemblers and editors. Each of these systems is 
based on a particular microprocessor and can execute 
the programs on that device, but, for other devices, can 
only be used to assemble and edit programs. 

In-circuit emulation 

It was a semiconductor vendor—Intel Corp.—which 
touched off the new wave of development aids. That 
happened last year, when it introduced the in-circuit 
emulation function for its Intellec microcomputer devel-
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When you can buy all this for a total of $701* 

Expansion Slot for optional 
Distributed I/O System 
or Memory 

10-Amp Power Supply 
with cable assembly 

<42)0APUlf.• 110311C-1•11.11.114 bed‘ 

Card Cage with 
motherboard 

Memory with 256 16-bit 
words RAM and sockets 
for 8k ROM 

CPU with Real-Time Clock, 
AutoLoad and Power Fail 
Restart capability 

- 

The ALPHA LS1-3/05 Millicomputer. 
est priced,16-bit, full-scale, packaged computer in the w 



...building your own just doesn't add up. 
Sum and substance. An 

unbeatable combination even for 
our competition, so you needn't 
feel too badly. 

Especially when you consider 
everything we've got going for us. 

Specialization, of course. 
OEM computers — low-cost OEM 
computers — are our only business. 
The NAKED MINI" people, 
remember? And when you do 
only one thing, you do it better. 

Experience, too. Over 10,000 
up-and-running, field-proven 
computers successfully integrated 
into all kinds of sophisticated 
OEM products. 

Also, some things Henry 
Ford would have appreciated. 
Buying in volumes most OEM's 
can't manage. Building the 
same way. 

Where all that gets you is on 
the down-hill side of the learning 
curve...where we get our pay-off 
and you get the lowest-priced, 
most reliable computers around. 

That explains why we can, 
but not necessarily why you can't. 
Here's the rest of the rationale: 

The chip shot: a hit or a myth? 
The fallacy of the micro-

processor is that a chip set isn't 
a computer. Even if you got your 
chip sets free you still couldn't 
build a computer equivalent to 
our ALPHA LSI-3/05 for $ 701. 

Price out the subassemblies 
shown in the picture and see what 
we mean. CPU, memory, card 
cage, power supply and console. 
All of that design and develop-
ment time. Amortized over maybe 
a few hundred systems? 

Heart of the ALPHA LSI- 3/05 
shown at left is this NAKEDTH 
MILLI central processor 
and memory for $395'.` 

ComputerAutomation 
will build thousands of ALPHA 
LSI-3/05 systems. 

Then there's the pack-
aging and fabrication. Cable 
assemblies, too. 

Just think about the procure-
ment activity alone.The lead time 

Getting our picture? 

The ALPHA LSI-3/C5 is offered in three series 
featuring a choice of ard cage., consoles, mein-
orics.and pofver supplies. 

Computers vs. computerization 
How do you talk to a 

computer? 
Mostly with money, it turns 

out. Interface money. And mostly 
a lot of it. 

Interfacing a computer to 
one or tm o peripheral devices can 
easily cost as much or more than 
the computer itself. 

Which is why we invented 
the Distributed I/O System. An 

optional interfacing system 
that simultaneously 
interfaces up to 32 
peripherals and spe-
cial devices, serial 
or parallel in any 
combination, 
for less than 
$200* per 
interface. 

What you see is not exactly 
what you get 

Here's what else you get when 
you buy an ALPHA LSI-3/05 
millicomputer: 
D 95 powerful instructions 
D Individually vectored 

interrupts 
Direct Memory Access 

D Memory expansion to 32K 
D Maxi-Bus interchangeability 

for easy upward expansion 
to our full line of compatible 
minicomputers 
Plus full-fledged mini-

computer software. 

From the people who 
brought you the NAKED MINI 

The people with the largest 
line of compatible computers in 
the world. 

Maxi-Bus compatible ALPHA LSI-3/05 achieves 
unprecedented cost-effectiveness with Computer-
Automation's new Distributed I/O System. 

The people with the lowest-
priced computers in the world. 

The people with the first 
and only Distributed I/O System 
in the world. 

The people who've been 
simplifying OEM build versus buy 
decisions for years. 

CA Corn puterAutomation 
NAKED MINI Division 

U. S. A. 18651 Von Karman, Irvine, CA 92715 
(714) 833-8830 

EUROPE Hertford House, Denham Way, Maple 
Cross, Rickmansworth WD3 2XD, Hertfordshire, 
England; Telephone: Rickmansveorth 71211 

All rrIces .hom 11 are for lots of IsV I,'5 A oats 

For further information circle 118 
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Master and slave. In Signetics' TWIN—test ware instrument—one 2650 processor executes software unrelated to actual device, and an 

other, the slave, executes software for prototype. Future versions could handle other processors by changing just the slave. 

opment system for the 8080 microprocessor [Electronics, 
May 29, 1975, p. 91]. 
The aim of in-circuit emulation is to allow simulta-

neous development efforts by both the software and 
hardware design teams. Without in-circuit emulation, 
software could not be completely debugged until the 
prototype was completed—at best it could be run on a 
simulator, which usually copies a system only im-
perfectly. With in-circuit emulation, the hardware de-
signer can build and check his prototype in stages and 
run software on whichever parts have been assembled, 
using the development system to substitute the facilities 
not yet included in the prototype. For example, the 
basic Intellec MDS at first provides memory and ho 
lines. As these are built into the prototype, the designer 
can switch over and use the actual hardware. 
The MDS with the emulation module is a two-proces-

sor system. One processor, a general-purpose unit based 
on the 8080, supervises the system running the assem-
bler and editor programs and controlling the peripher-
als. The other processor is in the in-circuit emulation 
(ICE) module and emulates the action of the processor 
in the prototype. It gains access to the prototype hard-
ware through a 40-pin DIP plug, inserted in the same 
socket that the prototype's processor will eventually use. 
Thus, as microprocessors appear, only the software and 
the ICE module need be changed to apply the system's 
full capabilities to that new device. Intel has announced 
two emulation modules so far—for the 8080 and for the 
3000 series of bipolar bit-slice devices. 
One system that its developers claim is universal is 

Signetics' new TWIN, for test ware instrument [Electron-
ics, March 18, p. 44]. The system, designed for Signetics 
by Millenium Information Systems Inc., Santa Clara, 
Calif., uses two processors—a master and a slave. The 
master processor is a Signetics 2650, but the slave can 
be any device, according to Millenium president Gerald 
Casilli. The master runs those programs, such as the 
disk operating system, that are independent of the type 
of processor in the prototype, while the slave runs the 
programs unique to the prototype's processor, such as 
the assembler, editor, and debugger. In its present ver-
sion, the slave processor is a 2650, but in future ver-
sions, simply changing the slave board and entering 
new assemblers and debugging software could convert 
the system to any processor. 

Similar simulation 

Motorola Semiconductor has been supplying its 
Exorciser for use with its 6800 since mid- 1975, but until 
recently it did not have an equivalent of the ICE func-
tion. Now, the company is making a double-barreled 
enhancement to the Exorciser—a system analyzer, plus a 
user system evaluator (USE) that is its answer to ICE. 
The system analyzer (see photo) is an extra board that 
plugs onto the top of the Exorciser's CPU board. It en-
ables the programer to set a breakpoint, display the 
status of the bus in hexadecimal code, and store the bus 
status for 64 bus cycles before and after a particular 
event. This data reveals how the program caused the 
processor to reach a particular step, when an error oc-
curred, and where it went from there. 
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The USE board, which must be used with the system 
analyzer card, has a cable ending in a 40-pin DIP plug 
that plugs into the microprocessor socket, thus extend-
ing the Exorciser bus to the prototype. All internal de-
bugging features then become available at the pro-
totype, but the system can run off the prototype clock. 
USE differs from ICE in that only one processor is 

used. As a single-processor system, the Exorciser offers 
much better emulation in real time, says Frank Tarico, 
Motorola product manager. Tarico concedes that dual-
processor systems offer greater flexibility in adapting to 
new devices. However, when part of the system is con-
trolled by the main processor and part by the emulation 
processor, waiting periods are inevitable while the con-
trol passes from one processor to another, thus upsetting 
the real-time emulation. To adapt the Exorciser to a 
new processor would require replacement of the master 
processor board and perhaps some of the other boards, 
according to Tarico, depending on the degree of differ-
ence between the new processor and the 6800. 
One point that should be emphasized is that these 

systems are, in themselves, computers. Although their 
primary function is to help a programer develop soft-
ware for his microprocessor system, the development 
systems can run programs for other jobs. For example, 
Motorola Semiconductor plans to include an interpreter 
for a version of Basic language on its Exorciser. This 
would allow an engineer to use the Exorciser to solve 
general computation problems as well as to design new 
systems. And Texas Instruments' system for its 9900 is 
based on its 990 series minicomputer, which uses the 
9900 as its CPU. This development Ti system, being in 
fact a 16-bit minicomputer, can run high-level lan-
guages such as Fortran, Basic, and Cobol. 
American Micro Systems Inc. Santa Clara, Calif., 

also is producing the 6800, using the same mask sets as 

Motorola. However, AMI has designed its own set of de-
velopment aids, both hardware and software. The sys-
tem uses a keyboard and a CRT capable of displaying 25 
80-character lines, and it runs with dual floppy disks. 

Since only the processor modules need be changed to 
adapt some systems to a new microprocessor, other 
companies may choose to take advantage of a designer's 
existing investment and offer only a special module to 
handle a new device or add a feature to the system. For 
example, Digital Electronics Corp., Berkeley, Calif., has 
designed an enhancement, similar to USE, for the Moto-
rola Exorciser. Called DICE/68, it extends the debug 
power of Motorola software to the user's 6800 system. 

Enhanced exorcism 

The DICE/68 plugs into the user's system through a 
40-conductor flat cable and 40-pin plug, and it uses the 
Exorciser software to give the designer access to the pro-
totype hardware. It extends the Exorciser 16-bit address 
bus, 8-bit data bus, and control lines out to the user. All 
facilities of the Exorciser, such as trace, breakpoint, and 
the ability to display and modify memory contents, may 
then be used for debugging. 
The DICE front panel also helps in debugging system 

hardware. For example, panel-mounted light-emitting 
diodes indicate the status of prototype data and address 
buses, as well as control lines. Control switches on the 
console allow the DICE/68 user to halt the processor, 
single-step the processor, and initiate a nonmaskable in-
terrupt, interrupt request, or reset. 
Some development systems reserve certain portions 

of memory for internal use, and the designer must re-
member to avoid allocating these blocks of addresses to 
his prototype system. Others, such as Zilog's Z-80 devel-
opment system, make all system memory available to 
the user's hardware when in the user mode. Zilog Inc., 

Let's pretend. Scientific Micro Systems' development tool, MCSIM, simulates the company's MicroController module, plugging directly into 

the prototype system. Although the panel displays just one line at a time, the lines can be ' rolled' to show complete program. 
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Interaction. Users of MOS Technology's microcomputer develop-
ment terminal, MDT 650, can assemble programs and debug soft-

ware with a keyboard or remote teletypewriter. Unit has 32-charac-

ter display and can trace previoJs 128 machine cycles. 

Los Altos, Calif., recently announced an enhanced ver-
sion of the 8080 and is now readying a dual floppy-disk 
development system based on a single Z-80 processor. 
The processor performs both the internal system moni-
toring tasks when in the monitor mode and controls the 
user's hardware when in the user mode. In the user's 
mode, all system memory and peripheral devices are 
dedicated to the prototype hardware. 
There are two different approaches adopted by devel-

opment systems. Some have a minicomputer, or instru-
ment, type of front panel, with many switches and 
lights, while others are almost completely bare, except 
for start and stop buttons and a couple of lights to show 
when the system is in operation. In either case, most of 
the commands and diagnostic information are obtained 
through a printer or a CRT screen anyway, but the in-
strument-type front panel can be helpful in debugging 
or repairing a system in the field. 

With and without panels 

Rockwell's PPS-8MP Assemulator, for example, exe-
cutes many debugging commands from a front-panel 
hexadecimal keyboard and instruction keys. Its LED dis-
play also shows hex addresses, instructions, and data. 
Another example is Ramtek's MM80. Intended for 

systems based on the 8080, it is viewed by its designers 
as more of a hardware engineering tool, useful both for 
development and final test, than a software develop-
ment system. Larry Krummel, product manager at 
Ramtek Corp., Santa Clara, Calif., says, "Everybody 
worries about software so much that they forget about 
the engineering aspects." The system does have a resi-
dent assembler, editor and debugger, all stored inter-
nally in read-only memory, and it can work with a key-
board terminal, such as Ti's Silent 700 terminal. 
(Ramtek, in fact, uses Texas Instruments Supply Co. as 
its main distributor for the MM80). 

National Semiconductor Corp. also has gone the 
switch-and-light-panel route for its development sys-
tems for the IMP- 16 and PACE microprocessors. The 

systems differ primarily in the basic central-processing-
unit boards, and the earlier IMP- 16 system can be con-
verted to handle PACE simply by adding a new CPU 
board and making other minor conversions. The Na-
tional development systems have the standard comple-
ment of assembler, editor and debugger software, plus a 
resident compiler for National's new SMPL high-level 
language. The compiler requires a memory of 12-kilo-
words within the system. 

Another system with a minicomputer front panel is 
Fairchild Semiconductor's Formulator, for the F-8. The 
front panel, under firmware control, provides an array 
of switches and LED indicators for direct access to F-8 
registers and memory locations. From the operator's 
panel, the user can examine and alter the micro-
processor storage, set hardware breakpoints, single-step 
the central processor, and even self-test the Formulator. 

Instead of using an ICE module approach, the For-
mulator itself serves as the system breadboard, by pro-
viding extra card slots for breadboarding the user's sys-
tem. In some cases a breadboard prototype may even be 
unnecessary, since the user can connect external I/O to 
the system. This would be useful in preliminary feasibil-
ity studies to determine if the processor can do a par-
ticular job. For example, the designer might connect di-
rectly to the control lines of the external system and use 
the Formulator as the F-8 controller. 

Two recent additions 

Another new programing aid is the µScope, from 
Tranti Systems Inc., North Billerica, Mass. [Electronics, 
April 1, p. 120]. This system is an integral desk-top unit 
containing an alphabetic keyboard, a 10-key numeric 
pad and control keys, a CRT, a small alphabetic printer, 
a magnetic-tape cartridge for program storage, and an 
expandable memory. Its software (monitor, editor, and 
assembler) is resident in ROM. The software essentially 
assembles the program as it is entered, rather than in a 
later off-line pass-through. Since the program is assem-
bled upon entry, the memory need not store line num-
bers, and only one byte of memory is needed for each 
byte of user program (although space is used to store la-
bels, at 8 bytes per label). 
The system itself is based on an 8080A. But the com-

pany says the software is universal and can be used for 
any 8-bit microprocessor. 
The Microkit-8/16, from Microkit Inc., Santa 

Monica, Calif., also helps development of systems based 
on the 6800 and 8080 microprocessors. It includes in-
circuit emulation capability [Electronics, March 18, p. 
152]. The standard system has a CRT, a keyboard and 
two 2,000-bit-per-second cassette tape units. The editor 
can run at the 20,000-character-per-second 1/00 rate to 
the CRT display. (In fact, Microkit says it is selling the 
system as a word processor.) The in-circuit analyzer al-
lows the system to monitor user-developed micro-
computer hardware by plugging directly into the user's 
microprocessor socket. In fact, programs developed us-
ing the software development package can be loaded 
into the user equipment. The user can set software 
breakpoints and also interrogate the microcomputer for 
register, flag, and memory contents. 
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The memory IC tester 
that does 

...and doesrit! 

Alma's new generation RAM tester does away with 
expensive $2,500 to $ 10,000 personality boards...but 
doesn't demand critical operator set-ups, doesn't re-
quire lengthy test time, doesn't take much room, 
doesn't use out of date circuit design and doesn't cost 
a bundle. 

Maybe that's why what it does do— test and 
evaluate RAMs and ROMs—it does better, faster, 
and cheaper than any other compact memory test 
system you can buy. 

When you think about memory IC testers, take 
a close look at the new generation Alma 760...where 
you can have big system features at little system prices. 

Here's a tester costing about one-half to one-third 
that of comparable units. Yet, when you compare per-
formance, flexibility and function, it gives you half 
again the performance of other units...and indeed 
performs several tasks other testers can't do. 

For instance, the parametric subsystem lets us do 
dc routines up to 500 times faster than anything else 
available (and parametric test routines are some-
times the only way to detect IC process changes or 

certain out of spec conditions). Programming is via 
low-cost plug-in cards. We do give you a sophisticated 
pattern generator with broad 48-bit words, which 
permits powerful instructions and eliminates dummy 
cycles. Our clock generator is ultra stable: ±- 0.5% with 
jitter of only 0.05%. 

We do give you a basic system with generator, 
clock, drivers, reference supp:ies and DUT bias sup-
plies. Then, we let you add the options you want such 
as variable programming, raster scan display, dc par-
ametric, or multiple margin. You can have a ROM 
"self-learning" test subsystem and interfaces for auto 
handlers and wafer probers. 

The versatile 760 uses either program boards to 
eliminate difficult operator set-ups or engineering 
programming options for hands-on control. Excellent 
waveforms plus parametric capability let you do su-
perior MOS, CMOS and ECL testing. 

The Alma 760 does more, and doesn't cost as 
much. Get into a dialog with us. Write or call Alma 
division of Develco, Inc., 404 Tasman Drive, Sunny-
vale, California 94086. Phone (408) 734-5710. 

ILIUM 
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If it weren't for its frequency response 
of 30 Hz at 100mm, 

its 99.65% linearity, 
its pressure-ink writing, 
its highest quality traces, 
its full range of plug-in conditioners, 
its 12 chart speeds, and 
its wide channels, 

the GOULD/Brush 2400 would be like 
most any other direct wilting recorder. 

But because of all this, it's the best 
performing direct writing recorder on 
the market today. When you see it, 
you'll believe it. So call your nearest 
Gould Sales Engineer today for a 
demonstration. Or, for more details, 
write Gould Inc., Instrument Systems 
Division, 3631 Perkins Avenue, 
Cleveland, Ohio 44114. Or 
Gould Allco S.A., 57 rue St. Sauveur, 
91160 Ballainvilliers, France. 

m> GOULD 

PHONE TOLL FREE TODAY FOR TECHNICAL BROCHURE (800) 648-4990. 
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MICROPROCESSORS 

Test methods 
change to meet 

complex demands 
by Robert E. Anderson, omnicomp Inc.. Phoenix, Ariz 

Microprocessors are powerful little devices, but their 
complexity means testing is neither straightforward nor 
simple. Moreover, testing at the device level is not 
enough. Something can be wrong with the fabrication 
of the boards into which the processors are inserted, so a 
second level of testing also is necessary. 

Essentially, there are two types of device testing for 
microprocessors: techniques similar to those used with 
the logic-circuit boards that the processors are replacing 
and system techniques similar to those used with com-
puters. Once a microprocessor passes device testing and 
is on a board with other devices, there are several test-
ing techniques to choose from. At both device and 
board levels, there are varying degrees of applicability 
of techniques, and this brief review will place them in 
perspective. 

Microprocessor testing often is compared with logic-
board testing and found to be more difficult. There are 
several reasons given. 
The first is the wide range of the characteristics of 

The variety of devices, unfamiliar 
failure modes, lack of access to 
internal logic, and higher test speed 
add to difficulty of checking 
devices. Moreover, extra testing at 
the board level is needed. 

currently available processors. The various architect-
ures, chip layouts, fabrication processes, instruction lan-
guages, input/output pin assignments, and bus sizes 
preclude development of a standard test. However, this 
difficulty probably is overemphasized. Logic boards 
have equivalent variety, and good techniques have been 
developed to test them. 
A more significant reason is that microprocessors 

have different failure modes from logic boards, and 
these are not well known to the users. By contrast, most 
failures of logic boards can be modeled by assuming 
that each integrated circuit or gate node can be "stuck-
at-one" or "stuck-at-zero." 

However, microprocessor vendors generally will not 
provide a user with the amount of detailed information 
required to create such a model, and processor failure 
modes are more complex than "stuck-at-one" and 
"stuck-at-zero." Also, detection of some microprocessor 
failures requires tests at operating speeds, and a wide 
variety of possible instruction sequences is needed be-

Microcomputer test. Microcomputer boards can be functionally tested without the microprocessor, ensuring that an expensive device will 

not be damaged by a faulty board. This Teradyne L125 circuit diagnos-ic system tests the board through the processor socket. 



cause the uncertainty about failure modes means that 
worst-case test patterns have not been developed. 
Another significant difference between micro-

processor and logic-board testing is the relative amount 
of access from the tester to the internal logic circuit. 
Printed-circuit boards with a logic complexity equiva-
lent to a microprocessor chip have three to four times as 
many 1/43 pins. The smaller number of pins on the mi-
croprocessor means that many more functions are con-
trolled internally. The tester has less control and less ac-
cess to intermediate results. 
On the other hand, this increased logic capability 

makes the microprocessor a more intelligent device un-
der test, which can be an aid. At the extreme, self-diag-
nostic programs can test microprocessors without an ex-
ternal tester. 
A final factor making microprocessor testing more 

difficult is that more sophisticated test-system hardware 
is required because of the higher test speed required for 
microprocessors. Most logic boards can be tested at 
rates much slower than their operating rates. If the pur-
pose of the test is to detect catastrophic failures, most of 
them are just as detectable at 1 kilohertz as they are at 2 
megahertz. 

Microprocessor testing must include a test of timing 
characteristics, because they are important in the de-
vice's operation and because the processor operates 
much closer to its maximum possible speed than do 
most logic boards. In addition, many of the processors 
are dynamic devices that have relatively high minimum 
operating frequencies. 
Another aspect of the problem for the test hardware 

is matching the bus organization of most micro-
processors. Information must be transferred between 
the processor and the tester across a 4-, 8-, or 16-pin bus 
within one clock cycle. What's more, because many 
buses are bidirectional, the tester must be able to switch 
between driving and sensing within a single clock cycle. 
The special timing requirements, plus the need to 

synchronize the timing between the tester and the pro-
cessor under test, necessitate a different test-system ar-
chitecture from the kind used for logic-board testing. 
Larger processor test systems also include a parametric 
measurement capability that is rarely used for logic-
board testing. 

In one sense microprocessor testing can be easier than 
logic-board testing: as well as its already mentioned ca-
pability of assisting in the test process, its faults can't be 
corrected by replacing the errant components. It's all or 
nothing with a microprocessor chip, so there generally is 
no need to isolate the cause of a fault. 

Applying board-testing techniques 

Logic-board testing requires the production of input 
stimuli to the board under test and a comparison of the 
actual output responses to the expected correct re-
sponses. Microprocessor testing also can be imple-
mented along these lines by applying test patterns and 
monitoring the output responses at each clock cycle 
(Table 1). 
There are three fundamental techniques for produc-

ing input patterns suitable for processor testing: 

pseudorandom pattern generation, manual programing, 
and algorithmic pattern generation. 
Pseudorandom patterns are used as the input stimuli 

in at least one in-house microprocessor tester, and they 
probably will be used in others. This technique, widely 
used for logic-board testing, is based upon the principle 
that a large number of repeatable random patterns will 
exercise the microprocessor sufficiently and will propa-
gate faults to output pins where they can be detected. 
As with logic-board testing, pseudorandom test patterns 
usually must be preceded by some specific test patterns 
to initialize and synchronize the microprocessor and to 
test highly sequential internal elements. 
Advantages of this technique are the low cost of the 

tester and the small programing effort required to gen-
erate a large number of test patterns. The disadvantage 
is the danger of applying "illegal" input patterns that 
create indeterminate states or block subsequent input 
patterns. Also it may take considerable convincing be-
fore the microprocessor vendor will accept the failure of 
chips tested with pseudorandom patterns. 
A second technique for producing input patterns is 

manual analysis, which is used with most of the avail-
able testers. Software digital simulators are a popular 
aid in this type of analysis because they provide the 
nodal logic-state information at every test, and because 
they can evaluate the comprehensiveness of the test 
program, letting the programer concentrate on the un-
detected faults. 
While digital simulators can be used by vendors who 

know the internal structure of the microprocessor, users 
do not have this information and must analyze the pro-
cessor functions in order to generate input test patterns. 
This is generally implemented by writing assembly-lan-
guage instructions and using a translator software pack-
age to convert the instructions to the input test patterns 
to be applied. 
The advantage of this technique is that specific se-

quences of test patterns can be generated and easily 
modified, based upon failure experience during testing 
and in the field. A disadvantage, however, is the need 
for thorough knowledge of the microprocessor functions 
and assembly language to generate an adequate test 
program. 

Algorithmic pattern generation, the third input tech-
nique, is available in testers from Macrodata Corp., 
Woodland Hills, Calif. and Fairchild Systems Tech-
nology, San Jose, Calif. It uses real-time generation of 
input patterns based upon a user's specified sequence of 
assembly-language instructions. The sequence is deter-
mined by a control program written by the test engineer 
in the test-system language. 

This technique reduces the amount of test-system sto-
rage required, since repetitive instructions can be exe-
cuted as loops or subroutines within the control pro-
gram, while the tester hardware generates the actual 
patterns corresponding to each instruction. 

It provides flexibility in generating various sequences 
of instructions and requires less program writing than 
an equivalent manual test program. Being more de-
terministic than tests with pseudorandom patterns, it fa-
cilitates testing the microprocessor's sensitivity to spe-
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TABLE 1: LOGIC BOARD TECHNIQUES APPLIED TO MICROPROCESSORS 

Techniques for producing expected output responses 

Stored responses recorded from Stored logic-state responses 
Real-time comparison testing known-good microprocessor generated 

techniques 
or producing 
nput 
patterns 

Pseudorandom 
patterns 

o 

Known-good 
microprocessor 

Emulated 
microprocessor Signatures Logic states Manually By simulator 

o 

Manual 
programing V 

Algorithmic 
pattern generation V -x- V o 

Legend: t/ = in use * = potential use O = imprac ical 

cific instruction sequences. Disadvantages are the high 
cost of the present test systems and, as in the case of 
manual programing, the knowledge required of the mi-
croprocessor functions and its assembly language. 

Producing expected output responses 

There are three techniques for producing the ex-
pected output responses when testing microprocessors, 
just as there are with logic boards: real-time comparison 
testtng, which includes comparison with a known-good 
processor and with an emulated one; stored responses 
from a known-good processor, which includes stored 
signatures and stored logic states, and manually gener-
ated logic-state responses, either with or without a simu-
lator. In general, most of these output-generation tech-
niques can be used with the three input techniques 
(Table 1). 
One form of real-time comparison testing consists of 

applying input patterns to a known-good micro-
processor as well as to the microprocessor under test. 
The output responses of the two devices are compared 
at each clock cycle and any discrepancy indicates a 
fault. 

This technique is relatively easy to implement, but it 
requires evaluating and selecting the reference micro-
processor and ensuring that it remains completely func-
tional. It is used with the pseudorandom input tech-
nique and with the manual input technique as in the 
MPU-1 tester from Micro Control Co., Minneapolis, 
Minn. It could be used with algorithmic pattern gener-
ation, also. 
Emulation is a real-time comparison test, in which 

the outputs of the microprocessor are compared with 
outputs of hardware circuits in the tester performing the 
same functions. 

Microprocessor under test 
executes self-diagnostic 
program 

It is used only with algorithmic pattern generation, 
although it could be used with the other input tech-
niques. Since the emulation must be at least as fast as 
the microprocessor under test, it was more useful with 
early processors than with the latest, higher-speed units. 
The second output technique is to record the re-

sponses of a known-good microprocessor during pro-
gram preparation. These responses are stored and used 
as the references to which the output response of the 
microprocessor under test are compared. They can be 
digital signatures, such as transition counts, represent-
ing the logic-state history at each output pin during the 
complete execution of the test program, or they can be 
the actual logic state at every output pin for every test. 
No commercial tester uses the stored-signature tech-

nique, but it appears to have good potential. It can be 
used with all of the input techniques and provides a 
good compromise between the moderate data-storage 
requirements of the real-time comparison-testing tech-
nique and the repeatable results and independence 
from known-good microprocessors of the stored-logic-
state techniques. A potential disadvantage is that the 
complete test program must be executed to obtain a 
pass/fail indication; thus the specific faulty instruction 
or test pattern would not be known. 

Using the expected logic-state responses is the ap-
proach of the largest microprocessor test systems avail-
able, such as those manufactured by Fairchild, Macro-
data, and Tektronix Inc. of Beaverton, Ore. These com-
puter-based systems also are used to test ROMs, RAMs, 
etc. Logic-state responses also are used with sev-
eral add-on buffer memories offered as microprocessor 
testing options for conventional board testing systems 
such as the 500-series board testers from Mirco Systems 
Inc., Phoenix, Ariz. The logic-state responses can be re-

TABLE 2: SYSTEM TESTING TECHNIQUES APPLIED TO MICROPROCESSORS 

Manually generated results 
of each routine 

In use 

Real-time comparison testing with 
known-good microprocessor 

In use 

Stored signatures recorded from 
known-good microprocessor 

Potential use 
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corded from a known-good microprocessor, or they can 
be generated by manual analysis or by software simula-
tion. 

All three of the stored-logic-state techniques are used 
primarily with test patterns created by translating man-
ually programed input patterns. They cannot be used 
with pseudorandom patterns because the large number 
of tests would require excessive storage. The stored-
logic-state technique may be used with algorithmic pat-
tern generation, so long as the outputs have been re-
corded from a known-good microprocessor. 

Applying system-testing techniques 

A major difference between a microprocessor and 
most logic-circuit boards is the intelligence of the mi-
croprocessor, which gives it a self-test capability. There-
fore, one effective test technique is to operate the device 
in an environment similar to its actual application and 
to program it to do the same kind of operations. While 
this is not an exhaustive nor even a worst-case test, it is 
a cost-effective test for most users and it can be ex-
panded as required by the failure experience in the 
product. There are three system-testing techniques suit-
able for microprocessor testing (Table 2). 

In the simplest technique, a memory (instructions and 
data) and a means of monitoring the microprocessor 
outputs are required. The results of each diagnostic rou-
tine are compared to manually generated expected re-
sults. This is the test technique used by most users who 
build their own dedicated testers. 
The diagnostic routines start with as few of the micro-

processor functions as possible in order to verify the 
correct operation of the initial instructions. They build 
upon portions already tested, as new instructions or in-
struction sequences are tested. 

This technique will identify only the failing instruc-
tions, rather than the specific problem within the micro-
processor, since the output responses can only be 
checked after groups of many internal operations. How-
ever, this is adequate for most users, who are concerned 
only with isolating defective devices, rather than analyz-
ing the causes of the failure. 
The two other system-testing techniques compare the 

outputs of the microprocessor under test to a known-
good processor or to stored signatures, such as transition 
counts or checksums, that have been recorded from a 
known-good device. Using checksums as the stored sig-
natures is the approach of the MEX 68CT, the low-cost 
tester of large-scale integrated components developed 
by Motorola Semiconductor Products, Phoenix, Ariz., 
for its 6800 family. 

Testing microcomputer boards 

Once a microprocessor is assembled onto a printed-
circuit board that includes random-access and read-only 
memories and other LSI logic circuits, that board is a 
microcomputer—which is more difficult to test than the 
average logic-circuit board. The microcomputer is a 
complex subsystem with few control or test points avail-
able at the board-edge connector. Also, its timing re-
quirements usually are faster than test rates of most 
general-purpose board test-systems. 

Guided probe. A high-speed functional board-test system like In-

strumentation Engineering's System 390 can apply conventional 

guided-probe fault-isolation techniques to a fully loaded micro-

computer board, despite the high data rates for the processor. 

Several approaches can test microcomputer boards. 
The board can be tested with a self-diagnostic program 
in which the microcomputer is exercised like a system. 
Since this technique will not isolate faults on the board, 
most users will want to test the board's fault-isolation 
techniques first. 

If a socket is used for the microprocessor, leads from 
the test system can be plugged in before the device is in-
serted. Then in-circuit ("bed-of-nails") testers or con-
ventional logic-board testers like the L125 logic-board 
tester from Teradyne Inc., Boston, Mass., (shown on p. 
125) can test for faults on the rest of the board. When a 
tested microprocessor is inserted, there is a high proba-
bility of the microcomputer functioning correctly. 

In some cases, the conventional logic-board test sys-
tem can provide input patterns to exercise the complete 
microcomputer board. However, the typical test rate of 
such systems is too slow to exercise the microprocessor 
directly. The two approaches used to accommodate this 
speed difference are a buffer memory to store a se-
quence of patterns that can be applied to the micro-
processor in a burst and a procedure in which the tester 
forces the microprocessor into a wait mode until the 
tester is ready for the next pattern. 
Another approach is the high-speed functional board 

test systems, such as the 390 from Instrumentation En-
gineering, Franklin Lakes, N.J. (shown above), which 
can apply large numbers of patterns on many board 
pins and use conventional guided-probe fault-isolation 
techniques despite the high test rate. These systems can 
provide confidence in the correct operation of the mi-
crocomputer board, including parametric and dynamic 
testing. However, their high cost limits their use to the 
very-large-volume users of microprocessors. El 
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Design with 
the complete 

flat cable/connector 
system. 

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 connecto's 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 

3 

trimming the cable after assembly. 
Connecior units provide 

positive alignment with precisely 
spaced conductors in 3M's flat, 
flexible PVC cable. The connector 
contacts strip through the 
insulation, capture the conductor, 
and provide a gas-tight pressure 
connection. 

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 
conductors, and an ever-
increasing variety of more than 

The 3M DELTA pin and 
socket connector. 

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. 

3 COMPANY 

See our catalog in EEM 2.1034. 

'line. 
"Scotchflex- is a registered trademark of 3M Co. 
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H E BIG SINITC 
Why Switchers? 

mew fete 
kW kee 
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Pee en 
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Dr. Karl Hinrichs 
V.P. Engineering 

1 Twice the efficiency for a 
more economical, reliable 
o system 

Efficiency ratings of 80% are common in 
switching-regulated power supplies, 
compared to 40% or less for linear-
regulated supplies. For the same output 
power level, then, the switched supply 
throws away only 1/9 the heat. 

requires less space for sinks and fans. For 
the user, it means a smaller system . . . or 
more capability in the same package. 

Fewer high-temperature, 
high-power components 
for improved reliability 

Switching technology can replace the 
22 hot ( 120°C Rise) power transisto s 
of a 600-watt linear supply 
with 4 cool (20°C Rise) 
transistors. Also, the 
power- sharing resistors 
are eliminated, and 
both storage and filter 
capacitors are greatly 
reduced in size. The parts 
count of a switching 
regulator is higher, hut 
the additional 
components operate at 
very low stress levels and 
do not add appreciably 
to the failure rate. 

937 WATTS 
• 

Can you afford to waste 1750 watts? 

AC INPUT POWER 2500 WATTS 
(For 750 Watts DC output) • 

Conventional Series 
Regulated Design. 
Efficiency = 30% 

DC OUTPUT POWER 

DISSIPATED POWER 
(Wasted) 

• 
750 WATTS 

• 
1750 WATTS 

Powertec's New 
Super Switcher 
Efficiency = 80% 
(Model 9N15-50) 

• 
750 WATTS 

• 
only 187 WATTS 

This reduction in wasted power and heat-
removal burden results in lower operating 
costs. Lower temperatures mean longer 
life for both supply and system. 

2 One-fourth the size and 
weight reduces the size of 

e your system 
The same output 

power is available 
in less than Vs the 
size and weight of 
conventional 
supplies. High-
frequency 

magnetics are small, 
and less capacity is required to smooth 
high-frequency ripple. The low heat loss 

4 Operation under brown-
out conditions 
• 

Switcher operation over a + 10/-20% 
line is available. A linear-regulated 
supply operating over a + 10/-10% line 
would have to increase dissipation by 
30% to meet a + 10/-20% line require-
ment. A switching regulator's efficiency 
is nearly independent of input voltage 
range. 

5 A 30-msec UPS for 
reduced down time 
• 

Energy storage time (carryover) is greatly 
improved over linear designs because 

H 
(and Powertec 

energy storage is performed "off-line" 
at high voltage (energy storage improves 
with the square of the voltage, while 
electrolytic capacitor volume is 
proportional to voltage). A switching-
regulated supply can readily keep output 
voltages within regulation limits for 
30 msec following loss of AC input power. 

This represents a substantial improvement 
over the normal 2 msec achieved by linear 
power supplies where the cost and size of 
comparable storage are excessive. 

6 Not completely a bed 
of roses 
• 

While advantages of 
switching regulators far 
exceed disadvantages, 
there are certain 
characteristics which 
require close 
consideration before 
final selection. 

Switching generally produces an order-of-
magnitude more EMI, both conducted 
and radiated, so that shielding and 
filtering must be integral to the design. 
Also, an order-of-magnitude difference 
in response time between switching and 
linear regulators dictates that a switcher 
be designed with adequate output 
capacity. 

Below 300 watts, control circuitry cannot 
be appreciably reduced, so that 
low-power switchers are more expensive 
than the series equivalents. Above 300 
watts, however, the inherent power-saving 
advantages of switching technology 
dominate, yielding lower costs at 
higher power. 

SOME PRIME APPLICATIONS 

• Add-on memory systems 

• Computer main frames 

• Telephone systems 

• Display consoles 

• Desktop instruments 

• Data acquisition systems 



S TO SIP/ITC 
leads the way) 

Why Powertec? 

It isn't that we're not fighters. Over the 
years we fought our way to the top in 
open frame and sub-module power 
supplies. We fought hard for our position 
of leadership by developing new, 
innovative techniques . . . and by 
producing the highest quality po‘cet-
supp.ies at competitive prices. 

This determination !o " lead the way" is 
why we have placed such heavy emphasis 
on switching technology during the past 
five years. It's why Powertec's line of SS 
Series Super Switchers is already 
considered the industry standard . . and 
why, today, there at e over 4100 SS units 
in use throughout the world. 

Good reasons for choosing 
Powertec switchers 

Efficient, Small and Light 
The SS Series case is a compact 10 x x 
5 inches. It weighs a remarkably light 
12 pounds. Yet efficiencies of up to 80% 
are a. tained! This combination of 
efficiency and small size results in the 
highest watts/in3 available todas. 

Modularized by Function 
Each Super Switcher uses functionaltzed 
modular P.C. boards to eliminate most 
wire harnessing, reduce potential high pot 

failures, and increase reliability 
through design simplification. 

Cyclic Testing and Burn-in 
Each SS undergoes a 24-hour burn-in 
with cyclic testing where, at elevated 
temperature, AC input is turned on 
and off, the load step changed from 
N.L. to F.L. to N.L., and output 
terminals short cit cuited on and off 
during switching. Dependable long-
life performance is assured, with 
minimum danger of " infant" failures. 

Master/slave Capability' 
Up to four units can be paralleled on 
an equal load sharing basis . . . 
without power supply modification. 

Advanced Features 
Slow turn-on circuitry protects against 
high line current surges. Energy 
storage time (carryover) assures 
output voltage wit)in regulation limits 
for at least 30 msec. Overload and 
overvoltage protection, logic inhibit 
function, remote sensing, and remote 
voltage programm:ng are standard features. 

Broad Model Range 
The SS line offers ten standard models, 
with outputs from 2V, 200A to 28V, 28A 
and an exceptionally wide range of 
inputs. Each model is programmable. 

Highest Quality Components 
Premium-grade low ESR capacitors are 
designed into output filter circuitry. A 
long-life fan and large internal heatsinks 
provide efficient cooling in any mounting 
plane. 

DC Output 

Model Voltage Current Efficiency 
Price 

Number Nominal @ + 40°C (Typical) 

q \ 2.2do 2 0%. 200A 55 r'o $695 
955-150 5.0V 150A 80% $695 
955-120 5.0V 120A 65% $625 

956-100 6.0V 100A 65% 5625 

9512-50 12.0V 50A 75% $625 
9NI5-50 15.0V 50A 80% 8625 

9517-42 17.0V 42A 80% $625 

9N20-40 20.0V 40A 80% $625 

9524-33 24.0V 33A 80% $625 
,r,20-28 28.0V 28A 80°70 $625 

ERS 

5 umming it up Any relatively new technology 
demands close evaluation of a 

company's reputation and past record. 
Powertec invites just such an evaluation. . . 
by you, personally. We're confident that 
our SS Series is unrivaled in quality, crafts-
manship, and design. We're also confident 
that we can answer any questions or help 
solve any design problems you may have. 

Just give us a call, or send us your specs 
and a statement of your requirements. 

Free 
Instructive 

Booklets 
I. Switcher Evaluatifm 

Guide 

2. How to Spec 
a Switcher 

9168 DeSoto Avenue, Chatsworth, California 91311 • (213) 882-0004 • TWX 910-494-2092 
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TI's TMS 1000 series is unique among microprocessors. Versatile. Flexible. 
Cost-effective. For applications requiring economy, small size, low power, and 
high reliability. Printer controllers. Remote sensing systems. Cash registers. 
Appliance controls. Automobiles. Vending machines. Electronic games. 

Industrial automation. Communication systems. Smart terminals. Peripheral 
equipment. Test instruments. Gas pumps. Credit card verifiers. Telephone 

controls. Multiple timers. Data terminals. Traffic light systems. And many more. 



Computer on a chip. 
From TI's TIVIS1000 Series. 

Versatile. Cost-effective. Fully-supported. 
Now, you can use microcomput-
ers in a wide variety of applica-
tions where previously they were 
prohibited by economic and de-
sign considerations. The age of 
the pervasive microcomputer is 
here in the form of TI's TMS 
1000 series: an ALU, memory, 
and I/O all on a single chip! 

Cost-Effective 
Already in volume production, 
this field-proven, p-channel MOS 
series of one-chip microcom-
puters is extremely low in cost 
compared to other design ap-
proaches. 
For example, the best alter-

nate approaches are 4-bit micro-
processor devices generally re-
quiring five to seven individual 
packages to do what one TMS 
1000 does. Considering expenses 
such as stocking, pe board costs, 
component costs, testing, and 
inventory, the cost for produc-
tion runs using such kits exceeds 
the single-chip TMS 1000 ap-
proach several times over. 
Assembly costs are substan-

tially lowered by the significant 
reduction in package count; and 
a TMS 1000 single-chip approach 
greatly enhances system reli-
ability. 

Design Flexibility 
To help you match microcom-
puter to specific application 
needs, the TMS 1000 series is 
family-engineered to provide 
flexibility for a wide range of ap-
plications. The TMS 1000/1200 are 
basic 1024-instruction ROM 
microcomputers, ideal for low to 
medium complexity applications. 
The TMS 1070/1270 members 

of the family are identical to 
TMS 1000/1200 but allow direct 
interfacing to high-voltage indi-

cators such as the popular neon 
type displays. 
TMS 1100/1300 have twice the 

memory capacity of the 1000/ 
1200 devices allowing expansion 
into added functional require-
ments thereby providing the 
flexibility for highly complex 
applications. 

TMS 1000 software support incl-ides: 
HE-2 hardware emulator. SE-1 and 
SE-2 system emulators. Program Ref-
erence Manual. Software User's Guide. 
And TMS 1000 Data Manual. 

Software and 
Prototyping Support 
The fully supported TMS 1000 
family offers a variety of design 
aids to assist you with your spe-
cific application. For example, 
the SE-1 or SE-2 system evalu-
ators are chips functionally iden-
tical to the TMS 1000/1200 and 
TMS 1100/1300. They can be com-
bined with external instruction 
memory so you can cheek your 
instruction programming before 
shifting into volume production. 
And the HE-2 hardware if valu-

ator allows you to verify your 
program in real time. The HE-2 
emulates all the TMS 1000 series 
devices and considerably short-
ens design time. 
Worldwide timeshare software 

is available for simulator and 

assembler programs— ready for 
customer timeshare access at 
any time. 
Software documentation pro-

vided by the Programmer's Ref-
erence Manual and Software 
User's Guide will easily guide 
you through the programming 
stages. 

New Capacitive-Touch Interface 
Complementing the TMS 1000 
series is TI's new TMS 1976 Ca-
pacitive-Touch Interface Circuit. 
It converts outputs of a capaci-
tive-touch keyboard into signals 
compatible to the TMS 1000 
series for applications using 
touch-to-operate controls. 

Full Customer Support 
With such a vast range of appli-
cations, the TMS 1000 series will 
be used by some who are not 
totally familiar with electronic 
designs. TI's established net-
work of field sales personnel 
backed by field- located micro-
processor specialists will support 
your design efforts. TI also pro-
vides videotape instruction on a 
loan basis, as well as a full, 
inexpensive training course con-
ducted in Houston. TI's applica-
tions staff is standing by to 
provide additional support. 
From the idea to the finished 
product TI will assist in design, 
training, and service. 
For more information on the ver-
satile, cost-effective TMS 1000 
series microcomputers send for 
our Data Manual (CB 177-1). 
Write to Texas Instruments In-
corporated, P.O. Box 5012, M/S 
308, Dallas, Texas 75222. And if 
you are anxious to dis-
cuss a new TMS 1000 
design call your local 
TI sales office. 

1976 Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORAI LD 63001 





everywhere, from factories 
to retail stores to homes to 

mcropr hat 

out on the high seas, 
iocessors are al 

work in equipment loits ttheir programe 
exp e 
intelligence, versatility , and 
low-power operation. In 
electric power production, 
for example, the Diamond 
Power Specialty Corp. uses 
boiler-cleaning equipment 
built by PCS Inc. around Other 

8080s (top). 
applications are (let to 
Intel 
right) a supermarket 
checkout terminal made by 
Nat\ onal Semiconductor 
using the IMP 16C a 
Canadian F‘sneries and 

Manne Serce boat 
carrying a nerring shoal d 
estimator, also fabricate 
with an IMP 16C., an oil 
refinery controlled b a y  

Honeywell 1-DC2000 
compute' system based on 

a GI 1600., and a rnassWe 
grain storage center that 
uses a Howe Rlichardson 
Scale Co. buk-weig an Intel 

hing 

system built aroundg pages 
4040. In the followin, 
microprocessor users tell 

hhoewped micthroep rocessors lm solve design 

probleMs to provide 
irnproved equipment 

performance. 
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MICROPROCESSORS 

Users' ingenuity 
exploits device 

versatility 

Bit-slice processor converts 
radar position coordinates 
by Richard J. Smith 
RCA Corp., Moorestown, N. J. 

Ship-borne radars, like sailors, need to get their sea legs, 
and so they must convert the variable location-coordi-
nates to a fixed-reference coordinate system. The ra-
dar's computer can do this, but only at the price of plac-
ing a heavy load on its central processing unit—the 
conversion must be updated every 5 milliseconds; the 
computations involve generating sines and cosines and 
must be performed with 24-bit precision. Introducing a 
microprocessor to do the task conserves CPU capacity. 

In the coordinate conversion (Fig. I), three position 
angles ( roll, pitch, and yaw) are sampled and digitized 
by a gyroscope data converter at time To, then 

Wherever low-cost digital control 
is needed, microprocessors are 
taking over. In this section, system 
designers analyze their experience 
with 14 successful applications. 

smoothed using a polynomial filter. The A matrix, 
based on these variable coordinates, is multiplied by a 
reference matrix. 
The rate of change for each angle is determined, so 

that the position at future times T1 and T2 can be pre-
dicted. The. predicted angles are used to calculate their 
A matrices, which are multiplied by the reference 
matrix. The corrected coordinates are fed into the main 
computer of the radar system. 

But removing the bulk of the conversion computa-
tions from the central computer requires considerable 
extra hardwired logic. Initial estimates for one system 
were 250 4-by-4.5-inch printed-circuit cards (using tran-
sistor-transistor logic medium-scale integration). 
A microprocessor seemed to be the obvious means of 

simplifying the hardware; however, throughput and 
word-size requirements meant that a word-oriented 
processor such as the 8080 or IMP- I6C could not be 
used. Furthermore, none of the word-oriented devices 

PLATFORM 
MOTION 

GYRO DATA 
CONVERTER 

3 ANGLES  

YAW ( C), 
PITCH ( E), 
ROLL (Z) 

DATA SMOOTHING (PERFORM FOR EACH ANGLE): 
5-STAGE POLYNOMIAL FILTER 

0,, = (A On A20n- 3 - A30,2 + A40,1 + A50,11fA6 
7 
On ' ( B1On-4 - 1320n-3 - B390-2 - B4On-1 85°0/ 136 

Where 0 = First C, then Z, then E 

PREDICTED 3 ANGLES AT 
T1 ANO 12 

= 
bn(r2) = + Tin(T2 

DATA SMOOTHING 
AND 

MATRIX GENERATION 
MICROCOMPUTER 

TWO A MATRICES BASED 
ON PREDICTED ANGLES 
AT TIMES T1 AND T2 

all 

a21 

a31 

a12 

a22 

a32 

a13 

MATRIX FOR T1 AND T2 

COS C • COS Z + SIN C • SINE • SIN Z 

SIN C • COSE 

SIN C • SIN E • COS Z - COS Z • SIN Z 

= -SIN C • COS Z + COS C • SIN E • SIN Z 

COS C • COS E 

COS C • SIN E COS Z + SIN C • SIN Z 

COS E • SIN Z 

a23 = - SIN E 

a33 COSE • COS Z 

1. Coordinate conversion. Variable coordinate angles of a shipboard radar platform are referenced to a fixed coordinate system 200 times 

per second by the data readings and processing indicated here. To avoid loading down main radar computer with these computations, they 

are performed in a bit-slice microprocessor. The entire computation is performed in less than 3 milliseconds. 
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CO RRECTED ANGLES TO 
MAIN RADAR CO MPUTER 

t(241 
DATA-OUTPUT REGISTER 

74174 

SIGN   

ZERO -*— 

OVERFLOW -4 

t124) 

STATUS-OUTPUT REGISTER 

74174 

NUMBE RS IN PARENTHESES 
INDICATE THE NUMBER OF 
SIGNAL LINES. 

DATA OUT 

(24) 

5701/6701 
MICROPROCESSOR 
(6 4-BIT SLICES) 

(8) 

C3 MULTIPLEXER 

74157 

t(8) 

A', B' 

(FROM 
MACRO-
PROG RAM 
ROM) 

(8) 

A, B 

DATA IN 

(24) 

C, 

4 TO 1 
MULTIPLEXE 

74153 

MICROINSTRUCTION (8) 

MACROPR OG RAM 
ROM 

74S287 

(16) 

(24) 

(24) 

SC RATCH-PAD 
RAM 

74S200 

(24) 

(8) 

MI CRO INSTRUCTION 
REGISTER 

TWO 74161s 

MI CROPROG RAM ROM 
(256 x 24) 

74S287 

REGISTER ADDRESS 18) 

(8) 

CONTROL FIELD 

(CO3 CI  C7) 

1(24) 

DATA IN 
FROM 
GYRO DATA 
CONVERTER 

STATUS 
C3 REG STER 

74174 

EXTER NAL 
FLAGS 

I ZE RO I 

SIGN 

OVERFLOW 

2. 24- bit microcomputer. -; ix 4-bit microprocessor slices in parallel, plus other TTL chips, make up a general-purpose computer. The gen-

eral-purpose instruction set is in the microprogram ROM; the specialized instructions that adapt the computer for coordinate conversions are 

stored in the macroprogram ROM. Input and output data are 24-bit digi:ized values of roll, pitch, and yaw angles. 

could be guaranteed over the temperature range re-
quired in the military specifications for the radar sys-
tem. The solution is to use a bit-slice processor, and the 
Monolithic Memories MMI 5701/6701 was selected. 

This large-scale-integrated chip is essentially an arith-
metic/logic unit and a I6-word register file (a multiport 
random-access memory) in one 40-pin package. 

Eight instruction lines decode to 17 internal control 
!ines that determine the operation to be performed. The 
A-select and B-select lines address the register file to de-
termine the source arguments to the ALU. The B-select 
lines always determine the destination register where 
the result is stored. 

Operations such as add/subtract, shift, and store can 
be performed in a typical 4-bit device in one 200-nano-
second cycle. Paralleling 4-bit slices permits appli-
cations such as this one. It does increase the cycle time 
because the carry bit must propagate through all slices. 
However, look-ahead generators can minimize the in-
crease. Here, 256 operations can be performed via the 
8-bit instruction fed into the read-only memory. 
A bit-slice microprocessor requires more hardware 

than a word-oriented processor because the program of 
machine-level instructions is in external hardware. 
However, there are compensations: expandable word 
size, speed, and flexibility. 
Although reflecting the application to the radar sys-

tem, the block diagram in Fig. 2 essentially defines a 

general-purpose 24-bit microcomputer. There are a 
macroprogram and a microprogram, each stored in its 
own read-only memory. 
The macroprogram adapts the microprocessor to a 

particular purpose. For the coordinate-conversion ap-
plication discussed here, the instruction set contains all 
of the steps needed for the computations that are listed 
in Fig. 1: input/output handshaking, a Taylor series for 
calculating sines and cosines, a reference-coordinate 
matrix, algorithms for matrix multiplication, and the 
like. 

Tailored by the macroprogram 

The microprogram is more or less a general-purpose 
instruction set, tailored to a specific application by the 
macroprogram. In fact, a combination of micro-
instructions defines a macroinstruction, while the num-
ber of instructions within that combination, or routines 
depends upon the macroperation being performed. 
The macroinstructions specify start addresses for the 

microroutines used repeatedly by the macroprogram, 
which is 16 bits wide and expandable to 224 words. The 
eight most significant bits of each macroprogram word 
define the start addresses, and the eight least significant 
bits specify the processor's register addresses or ad-
dresses for program branches. 
One of the processor's two register addresses acts as a 

counter, keeping track of the sequencing through the 

Electronics/April 15, 1976 137 



macroprogram, under the control of the microprogram. 
The microprogram ROM controls the microoperations 

by an 8-bit instruction to the microcontroller, the micro-
program control word, and two 74161 4-bit register ad-
dresses. The register does the sequencing through the 
microprogram. During the fetch cycle of a microroutine, 
control bit C2 in the microprogram is set, enabling the 
register to be loaded from the start address register of 
the macroprogram. 
The microinstruction at this address resets C2 so that 

the 74161 also acts as counter. It is clocked at the end of 
each microcycle. The microregister sequences through 
the microprogram until another fetch cycle is encoun-
tered, at which time a new 8-bit address is loaded. 

Besides C2, the microprogram has seven other control 
bits. This 8-bit control field (Co . . . C7 in Fig. 2) acts as 
an event sequencer for all the hardware. During certain 
microinstructions, individual control bits are turned on 
and off, controlling the state of the hardware. For ex-
ample, if C4 is set, the data-out register is loaded from 
the microcontroller's output lines. 

Bits Co and C1 control the 4-to- 1 multiplexer, which 
selects input data to the microcontroller. The data may 
come from the macroprogram, the scratch-pad random-
access memory, the data-input register, or the status 
register. The RAM and the macroprogram ROM share an 
address, with the multiplexer distinguishing them. 

Bits C4, C5, and C6 control, respectively, the data-out 

register, the status-out register, and the RAM write com-
mand. The 2-to- 1 multiplexer selects addresses for the 
microprocessor's register file, with C3 choosing the ad-
dress from the microprogram or the macroprogram. 

Bit C7 may control external logic, whose status may 
be brought in and tested via the external flag lines. Ex-
ternal logic systems can monitor through the status-out-
put register. 

Only 38 pc cards 

The hardware in Fig. 2 requires 38 4-by-4.5-inch pc 
cards and is designed to operate conservatively at 2 
megahertz (500-ns microcycles). This means that regis-
ter-to-register operations are performed in 1 micro-
second, and a 24-bit multiplication in 14 µs. 
The extent of the detail in this article is rather super-

ficial, but the intent is to give an overview of a bit-slice 
microprocessor application operating under two levels 
of ROM control. The devices are very flexible to use, and 
logic designers should feel comfortable with them since 
they are specified at chip level, as are other medium-
scale and large-scale integrated devices. 
Too often, when trying to evaluate microprocessors, 

designers are intimidated by the software aspect of 
word-oriented microprocessors. If they approach the 
bit-slice microprocessor as they do the msi functions 
that perform the same basic tasks, they can take advan-
tage of some specialized designs in one LSI package. 

Teleprinter redesign 
reduces IC count 
by Frederick B. Scholnick 
Compro Corp Costa Mesa. Calif 

Reducing the number of integrated circuits from 91 to 
12 was reason enough to redesign a 30-character-per-
second print mechanism. But simplifying the control 
logic with the Fairchild F-8 microprocessor chip set 
brought significant other benefits, such as power and 
cost savings. The print mechanism is included in a fam-
ily of teletypewriter terminals intended for interactive 
communications and word-processing communication 
applications. 

All of the logic required for dynamic control of the 
print mechanism and status and communications in the 
basic terminal are contained in the F-8 three-chip set 
and nine additional devices, two of which are standard 
large-scale-integrated chips. By way of contrast, the 
same functions required 90 transistor-transistor-logic 
units plus one LSI package in an earlier version of the 
terminals. 
The redesign using a microprocessor took 40 days. It 

reduced the logic-board size from 10-by- 10 inches to 4-
by-4 in. Power dissipation dropped by 50%, and system 
cost was reduced by 20%. Other processors were consid-
ered, but the F-8 required 25% fewer peripheral inte-
grated circuits than its closest competitors. 
The F-8 configuration shown in the figure consists of 

three devices plus 1,024 bytes of external program and 

code-conversion read-only memory. The three chips are 
the 3850 central processing unit, the 3853 static-memory 
interface and the 3851 program-storage unit. The CPU 
and Psu each have two 8-bit input/output ports, which 
handle most of the data and control interfaces with the 
rest of the system. The smi and PSU each contain a timer 
and an external interrupt, which are used in high-speed 
control of the stepper motor in the print mechanism. 
The 64 bytes of scratch-pad memory in the CPU are 

adequate for the basic teletypewriter terminal. This con-
figuration provides the seven-character buffer for data 
coming into the printer. Up to 32,000 bytes of external 
memory can be added if buffers are needed for such ap-
plications as a cathode-ray-tube interface or high-speed 
data transmission for storage in data blocks on cassette 
tape. 

Adding program memory 

The addition of one more program-storage unit pro-
vides the I/O ports and additional program memory 
needed for interface with external storage media such as 
cassette, magnetic tape, paper tape, or floppy disk for 
word-processing applications. Because the PSU is a com-
patible member of the bus-oriented F-8 family, it can 
be added to the system without needing any added IC 
interfacing. 
The serial data interface and keyboard make use of a 

standard universal asynchronous receiver/transmitter 
and a standard baud generator. The receiver/transmit-
ter performs bidirectional conversion between parallel 
and serial data under control of the F-8. It also has the 
capability of deciphering and adding start-stop and par-
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MPU in a terminal. By using Fairchild's F-8 microprocessor set, Compro Corp. was able to reduce the IC count in its teletypewriter termi-

nals from 91 to 12, to reduce system power by 50%, and to cut system cost by 20%. The three-chip set and nine other devices contain all the 

logic required for dynamic control of the print mechanisms and status and communications in the basic terminal. 

ity bits in stream of the serial data. 
The baud generator selected is the Fairchild 34702, 

which permits a simple switch selection of the most 
commonly used transmission rates- 110, 115, 300, 1200, 
and 2400 baud. Other rates are also possible with mul-
tiple-bit selection. The 34702 also contains clock cir-
cuitry requiring an external crystal, which provides an 
output suitable for use as the F-8 clock. 
The diagram for the overall system shows that the 

F-8 handles control computations for the stepper mo-
tors. The only electronics in the system not described 
are the power amplifiers that drive the motors and the 
secondary power supply. 
Compro's engineers used their own programable ROM 

and ignored the built-in program in the F-8 power-
storage unit. Production versions of the teletypewriter 
will have Psus mask-programed by Fairchild to the 
company's specifications. 

Digital integrator enhances 
echo sounder's accuracy 
by A. J. Wiebe and Dave Stevens 
Environment Canada. Fisheries and Marine Service. Vancouver. Canada 

A good way to start an argument with a commercial 
fisherman for Pacific herring is to tell him how big his 
catch may be. But the Canadian government does it ev-
ery year, during the two-month spawning season when 
the herring are readily available. Government patrol 
cruisers make echo-sounder estimates of the herring 
schools to help set harvest rates that will assure enough 
fish reach the spawning areas to maintain the species. 

However, there can be quite legitimate disputes in 
reading the strength of the signal reflected from a 

school of fish—and fishermen have echo sounders, too. 
To insure accuracy and consistency of sounding esti-
mates, Environment Canada, Fisheries and Marine Ser-
vice, has developed a microprocessor-controlled in-
tegrator that digitizes the data from the sounders. 

Besides producing more accurate readings, the in-
:egrator increases the precision of the data, by refining 
the technique for discounting echo signals from the 
ocean floor. The system is undergoing ocean tests. 

With only an echo sounder, the tonnage of herring in 
a school is estimated by integrating the signal strength 
over the area of the school. Area is readily determined 
from boat speed and the time required to cross the 
school; no subjective evaluation is required, and the de-
terminations are consistent. However, the signal 
strength is displayed as a line of varying density. The 
standard method of subjective evaluation of line density 
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Fishing for signals 

Data from the echo sounder is converted into digital 
words and read when it is above the noise threshold. The 
analog section of the system is linear for a 20-decibel 
range of input signals, and a comparator insures that no 
signals below the threshold enter the memory-data bus. 
The timing inputs are the echo-sounder pulse and the 2-
kilohertz clock. The pulse sets the range of the timing and 
initiates the computer cycle, while the clock controls the 
analog-to-digital conversion at a rate of two samples per 
sound pulse and informs the processor that a sample is 
available. 
The controls include: 

• A bottom-level switch to start tracking of the ocean 
bottom. 
• An intensity-variation thumbwheel to adjust for steady 
or unsteady bottom-return signals. 
• A depth-variation thumbwheel for flat or varying bot tom 
configurations. 
▪ Bottom-threshold thumbwheels to set the intensity 
level above which signals are recognized as bottom sig-
nals. 
• Range switches to set the time interval for the integra-
tion. 

INPUT BUS 

IMP 16 C/300 

CONTROL 
INPUTS 

OUTPUT BUS 

OUTPUT READOUTS H PRINTER I 

• A print switch to produce printing of short-total read-
outs. 
• Another thumbwheel to drop numbers from the right, 
since only six digits can be shown. 
The outputs include: 

• The short-total readout, at 10 or 25 sound pulses. 
• The long-total readout, at 500 sound pulses 
in An intensity readout of the strongest signal in the bot-
tom " box." 
• A depth readout of the computer's decisions on dis-
tance to the bottom. 
• A saturation shift-register with eight light-emitting 
diodes that flash when the saturation level is exceeded. 
• A bottom-tracking LED that indicates the computer is 
tracking the bottom-return signals. 
• A printer for hard copy of long-total readout and, if de-
sired, of short-total readout. 
The address bus is used to address all devices and 

registers. The write-peripheral flag strobes data into dis-
plays and into the printer register from the output bus for 
buffered data. The data-select flag uses a read-memory 
modified pulse to se.ect on-chip random-access memory 
or external registers on the output bus for memory data. 

often can lead to very variable estimates of school size. 
Digitizing the signal strength and integrating this sig-

nal over specific time periods produces a number which, 
when corrected for system calibration, can be multiplied 
by the area to give a tonnage estimate for the school. 
The calibration constant is determined from the signal 
from a known fish density measured in a bait pond. 
The cramped wheelhouse of the patrol boats and 

budget limitations immediately ruled out use of a mini-
computer for digital integration. Selection of a micro-
processor made the next question a matter of the choice 
between an 8-bit and a I 6-bit device. 

30-bit word size needed 

In designing the integration program, it soon became 
apparent that word sizes up to 30 bits would be re-
quired for most efficient use of program memory. 
Double precision on a 16-bit processor obviously was 
the best way to go. Further, using single-instruction 
multiplication and division, rather than shift and add, 
would reduce programing steps. On the basis of these 
criteria, the National Semiconductor IMP- 16C micro-
processor was chosen. 

This card has 256 16-bit words of random-access 
memory and 512 16-bit words of programable read-
only memory. The program uses 500 of the PROM 
words, but only about 30 words of the RAM. One reason 
the program is able to make such minimal use of the 
read-only memory is that the IMP- 16C permits using 
peripherals as memory instead of as input/output de-
vices. This feature also saves two instruction steps in the 
program for each input signal. 

Depths searched typically are less than 50 fathoms. 
Transmitted pulses are 1 millisecond in length, and the 
return is sampled twice each pulse. 

Conventional circuits are used to filter a usable am-
plitude-modulated signal out of the noise coming from 
the echo sounder. The signal goes through a sample-
and-hold circuit to an analog-to-digital converter run-
ning off a 2-kilohertz synchronous clock. 
Depending on which timing range is used, the echo-

sounder repetition rate is 112 or 225 pulses per minute. 
Short-term integration totals, displayed every 10 or 25 
sound pulses but not usually printed out, are valuable 
chiefly when investigators want to look at smaller seg-
ments of a school. For estimating purposes to establish 
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The 
MPU ANALYZER 
ARM,  :SI 
Motorola proudly presents 
the remarkable 
MPA-1. 

It's here! The first digital 
d agnostic instrument created 
specifically for testing and 
debugging MPU hardware 
aid software. Look at 
the features: 

Hexadecimal display. The MPA-1 
ccn capture any 32-word segment of 
program execution and display it in 
hexadecimal. Simple, direct comparison with 
w,itten program instructions. No manual bi-
nary -to-hexadecimal translation. Each hex 
word displayed on the 9" CRT screen consists of 
4 address characters and 2 characters of asso-

I 

ciated data bus information. Status informa-
tion (from INTEL 8080 etc.) can be ignored, or cap-
tured and alternated with the corresponding dota frcm 
lo locations. 

Quick, easy connections. The MPA-1 eliminates the slow 
arid difficult individual- lead hookups. Individual probe 
buffers, with special quick-clip connectors, interface the 
Lit- it directly with the Intel 8080 (A), AMD 9080, Texas 
Instruments TMS 8080, NEC uPD 8080A, Rockwell PPS-4, 
AMI 56800, MOS Technology 6500 Series, Synertek 6500 
Series, plus the Motorola MC6800 and EXORcisor' TM. 

Attrective price. The complete MPA-1 package, w th 3 
probe connectors, and the probe buffer of your chDice, 
ccsts only $2985 (slightly higher for international soles). 
Additional probe buffers are $ 100 each. 
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If you can use 
one of our Vor 5A" magnetic pickups, 

you can save a lot of money. 
You might expect us to say that 

Airpax magnetic pickups are preci-
sion made and rugged. But here's 
a fact you can sink your teeth 
into: our verified return rate last 
year was zero. 

Here's the money saver: 
The magnetic pickups shown 
in the chart will enable you to 
handle most of your motion-
sensing problems. Because of 
this standardization, we can 
save you money, without sac-
rificing an ounce of Airpax 
quality. 

Think about it. If you design with 
Airpax in mind, you'll get excellent 
magnetic pickups at very reason-
able prices. We won't hold you up 
at the production end either .... de-
livery is virtually off-the-shelf. 

,4 — Low price, fast delivery, unbeat-/4- 
n able quality. What could be 

better? t 
For more information, circle 
our number on the reader 
service card; if you're in a 
hurry, give us a call. 
We're standing by ready 

to assist you. 

Mounting thread: 3/4 -18 UNF-2A 5/8-18 UNF-2A 3/8-24 UNF-2A 3/4 -24 UNF-2A 

Output voltage: 40-60V (P-P) 150-230V (P-P) 20-32V (P-P) 55-85V (P-P) 

DC resistance: 100-130 ohms 1200-1500 ohms 85-115 ohms 550-700 ohms 

Inductance: 33mH Ref. 360mH Ref. 22mH Ref. 125mH Ref. 

Operating Temp: -100 to 225 F --100 to 225' F -100 to 225° F -100 to 225° F 

Description: General purpose: 
stand. sensitivity 

General purpose; 
high sensitivity 

Miniature; stand. 
sensitivity 

Miniature; high 
sensitivity 

Model number: 1-0001 1-0002 1-0007 1-0032 

Al R PAX 
CONTROLS DIVISION 

6801 W. Sunrise Boulevard, Fort Lauderdale, Florida 33313 • (305) 587-1100 

Other Divisions: 

Circuit Breakers and Glass Seals, Cambridge Division, Cambridge, Md. 

Broadcast T.V. Equipment, American Data Corp., Huntsville, Ala. 
oCi 
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the harvest rates, long-term integration occurs every 500 
pulses and the number is printed out. The micro-
processor also marks lines on the echo-sounder's chart 
to indicate the depths where integration occurs. 
The PROM program consists of a main control and 

five subroutines. The main control program monitors 
timing functions and accumulates totals. Three subrou-
tines handle displays and printer output, and another 
one performs binary-to-decimal conversions. 
The most complex of the subroutines is bottom track-

ing. The signal from the bottom must be eliminated 
from the integrati9n, or else huge errors will occur in 
the estimate. The cross section of an ideal echo-sounder 
signal would show a sudden increase in signal strength 
as the top of the school is detected, along with a falling 
off of the signal through the school. A sharp drop in sig-
nal strength would occur at the end of the school, and 

then the bottom signal would increase gradually. 
The aim of the bottom-tracking subroutine is to ap-

proximate an ideal signal as closely as possible. In ef-
fect, the system makes a highly educated guess on the 
distance to the bottom. Human intervention is possible 
at any time—and is necessary at the beginning of the 
procedure because variations in signal strength mean 
the device can't decide which signals actually represent 
the bottom. So the operator sets the known depth 
through control-panel switches. 
As the bottom signals rise and fall, the subroutine 

predicts a maximum and minimum of distance to the 
bottom for the next pulse. These two limits form a 
"box," within which the system will recognize the 
strongest signal as coming from the bottom. If the pro-
cessor detects the bottom signal getting too close to one 
of the limits, the box is raised, lowered, or enlarged. 

C.-MOS processor automates 
motel phone system 
by Charlie L. Jones 
Jupiter. Fla 

Most private-branch telephone exchanges aren't ex-
pected to produce automatic wake-up calls, but the 
modern ones in hotels and motels can do just that. The 
secret to this—and other features needed by the lodging 

trade in its telephone systems—is microprocessor con-
trol, which permits adapting a PBX to a variety of busi-
ness applications. 

In designing a system that provided needed features 
for hotels or motels with no more than 112 extensions, 
an 8-bit complementary metal-oxide-semiconductor mi-
croprocessor was selected as the central control section. 
It provides low power dissipation, a suitable input-out-
put structure and a c-mos or transistor-transistor-logic 
interface. 
Even without these features, a c-mos processor would 
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1. Determining priorities. Key functions of the TDM switch are controlled by commands from the microprocessor via the command-decode 

module. Interrupt- priority levels are predetermined and assigned interrupt-flag lines. Here the timing generator has highest priority. Eventually 

there will be more integration on a single chip. 
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have been the choice. Other parts of the PBX used 
c-mos circuits, and a long-term design goal was to put 
all switch-control circuitry on a c-mos large-scale-inte-
grated chip to interface directly with the micro-
processor. 
The device can handle both driven and polled inter-

rupts. By pulling down an input line, extensions gain 
the immediate attention of the microprocessor, or the 
processor can periodically scan all lines to determine if 
service is needed. Cycle time was not critical, since the 
system need only scan 112 lines every 500 milliseconds. 

RCA's Cosmac microprocessor, with up to 32 kilobits 
of solid-state memory, controls a time-division-multi-
plexed switch, and formats and transmits data to the pe-
ripheral devices. A cassette loads the program into 
memory, which gives flexibility to the lineup of features 
that may be offered. 
The system interfaces with an integral display console 

that provides the video terminal, keyboard, and printer 
most lodging operators want for storing registration in-
formation and processing guests' telephone charges. 
The TDM switch interfaces with the room extensions, 
outside lines, central-office trunks, and a multibutton 
operator telephone that serves as inexpensive attendant 
console. 
The microprocessor controls most of the specialized 

lodging functions through the TDM switch (Fig. 1). It 
writes data into the control shift registers to make 
phone connections and can read back data from the 
registers via the status multiplexer. The registers act as 
an extension of the microprocessor memory, because 
their memory is under processor read/write control. 

Addressing the off-hook multiplexer permits the mi-
croprocessor to monitor all off-hook signals. By scan-
ning these signals, the processor counts the dial pulses 
and determines which connections should be made. 
The status multiplexer scans the message-register sig-

nals to keep a running total of all local phone calls from 
each room. It also reads the digits provided by tone-key 
receivers. While the system shown in Fig. 1 is equally 
adaptable to rotary-dial installations, the discussion that 

follows assumes the installation is of the newer, tone-
key type. 
The microprocessor controls the main functions of the 

switch via the command-decode block. For example, it 
generates dial pulses and routes them to a central-office 
trunk line by sending the commands to the command-
decode block. The dial pulses go through the line cir-
cuits providing the proper interface to the trunk lines. 
The ability of the microprocessor to provide dial signals 
for outside numbers is necessary for the abbreviated 
dialing feature, in which frequently called numbers may 
be reached by keying in a pair of digits. 
The control shift registers (Fig. 2) for each extension 

interface with mos switches that actually are c-mos 
transmission gates. The gates conduct whenever a logic 
1 appears on the output of the controlling shift register, 
making the input to the transmission gate go positive. 
The recirculating shift registers are being clocked at 

the same rate as the time-slot counter, which determines 
which one of the 20 time slots—that is, bit positions—for 
each shift register is controlling the conduction or non-
conduction of the switch. At the point shown in the fig-
ure, no phone connections have been made. 
The microprocessor can read or write to a specific 

time slot in a shift register by providing a read/write 
command and the number of the slot to the decode 
block. The command is executed when the counter 
turns up the same time-slot number as the one pro-
vided. The command affects all shift registers during the 
designated time slot. 
When any phone is taken off-hook, the micro-

processor writes a 1 in time slot 1 of the shift register 
controlling that phone and of the shift register control-
ling dial tone. It also sets a bit in time slot 1 of the regis-
ter that control the gating of the signal to the receiver. 
As the bit circulates around each of these three regis-
ters, a sample of dial-tone signal is taken each time it 
reaches the last stage of the register. This sample passes 
through the low-pass filter, and the phone receives a 
dial tone. 
As the caller begins to key in the numbers, the micro-
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tiates the proper connections to route telephone signals through analog audio signals. 
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processor removes thel stored in time slot 1 of the dial-
tone register so that the phone no longer receives a dial 
tone. As numbers are keyed in, the signal generated 
from the phone is sampled and reconstructed in the 
low-pass filter. The microprocessor then reads the digits 
to determine the telephone number being called. 

Making the call 

If, in Fig. 2, phone 1 is calling phone 3, the micro-
processor writes a 1 in time slot 1 of the register control-
ling phone 1 and writes a 1 in the register controlling 
ring-back tone. It sets a bit in time slot 2 of the control 
register for phone 3 and in the ring-tone control regis-
ter, which causes phone 3 to ring. 
When phone 3 is picked up, the processor writes a 1 

in time slot 1 of the control registers for the two phones 

and removes the bits in the ring-back-tone control regis-
ter and the ring-tone control registers. This results in a 
connection between the phones, and the conversation 
can begin. 
With an eye towards the long-term design goal of 

large-scale integration, it was essential to control as 
much of the switching as possible, thereby minimizing 
the number of small-scale-integration logic circuits 
needed. But excessive time spent servicing the switch 
would starve the peripheral devices. 

Since it is hard to determine in the early design state 
how many peripheral operating features will be re-
quired, it's hard to decide how much margin for their 
operation must be left. But too much margin causes the 
costs to soar. Ultimately, the answer lies in design expe-
rience rather than in hard and fast rules. 

On-line display terminal 
fits many different systems 
by Toshiyuki Tani 
Matsushita Communications Industrial Co.. Yokahama. Japan 

CRT display terminals are very convenient for a good 
many on-line uses and would attract many more cus-
tomers if only they cost less. Standardization on a mi-
croprocessor-based model is the answer. Instead of 
building as many models as there are end uses, the de-
signer can make one terminal satisfy a wide variety of 
business and environmental conditions simply by re-
programing its microprocessor. 
The figure shows the microprocessor-based JK-435 

cathode-ray-tube display terminal (a), as well as a block 
diagram of its elements (b). The central processing unit 
is a PFL-16A microprocessor made by Panafacom Ltd., 
a joint venture of Matsushita Electric Co. and Fujitsu 
Ltd. It accepts incoming data from the keyboard via its 
interface or from, say, a remote computer via the 
modem and the communications interface. It processes 

the data into 11-bit elements for display and into field-
control bit-sequences that are not for display. In so 
doing, the microprocessor acts under the direction of 
the program storéd in the field-programable read-only 
memory. Any processed data for which it needs tem-
porary storage—or for that matter, any momentary sur-
plus of input/output data—is held in the random-access 
memory. Lastly, the microprocessor transfers the 11-bit 
display data to the refresh memory—also a RAM. There 
it stays while being read out repeatedly onto the cath-
ode-ray tube by the CRT control. 
To reverse the process, and read out the contents of 

the display, the microprocessor picks up the data from 
the refresh memory and again processes it under the 
ROM's direction for printout, storage, or transmission. 
The PFL-16A microprocessor has a 16-bit word 

length, a 3-microsecond basic instruction cycle, 33 basic 
instructions, five arithmetic registers and two index reg-
isters, and three interrupt levels. In addition, it can con-
trol 256 inputs and outputs. Evidently, it performs al-
most as well as a minicomputer. But more specific 
reasons for preferring it to other microprocessors for 
this display application are: 

Processor-controlled CRT terminal. Varying the firmware that controls the microprocessor in terminal (a) enables one cathode-ray-tube 

display to satisfy many different end uses. The CRT can display graphs or characters, including alphanumerics and Japanese characters. 

Block diagram (b) shows use of PFL-1 6A microprocessor. Refresh memory stores data that the CRT control reads out for display. 
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Finally. 

A self-locking connector that's 
classified UL 94V-0 for flame resistance 
and UL 498 for 600 volts. 

And recognizes that people aren't. 



Our flame retardant Universal MATE-N-LOK series can take up to 
600 volts with ease. 

But people can't. 
That's why, along with all the UL, CSA, and VDE/CEE credentials 

you need for worldwide and flame-retardant use, Universal 
MATE-N-LOK connectors offer you an exclusive safety feature: 
A unique silo-design housing that makes it virtually impossible 

for you, or anybody else, to touch or mismate the pins and 
sockets. 

So, in addition to reducing the potential of a fire, you're 
eliminating the chance of a short—or a shock. 
With Universal MATE-N-LOK connectors, you get versatility too. 

Wire-to-pc board or wire-to-wire. Panel mount or free hanging. 
Mix pins and sockets in either half, for all types of keying 
combinations. And no matter how you apply them, Universal 
MATE-N-10K connectors are greedy for power—with dual-wire 
capabilities and other features that let you pack more action 
into less space. 
Of course, Universal MATE-N-LOK connectors, for sophisticated 

through non-critical applications, are backed by AMP technical 
service. Not just ordinary service, but the kind that says 
we'll help you with design problems. Application tooling. 
Training for your people. And troubleshooting. Just call us. 

Find out more about how Universal MATE-N-LOK connectors 
—and AMP—can help you get more power to your products. 
Without getting power to the people who use them. 
Call Customer Service at (717) 564-0100, or write: 

AMP Incorporated, Harrisburg, Pa. 17105. 

SEE US AT 
HANNOVER INDUSTRIAL FAIR 

AIM IP 
INCORPORATED 

AMP and MATE-N-LOX are trademarks of AMP Incorporated. 
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• The versatility of its addressing system, which in-
cludes direct, indirect, and relative addressing as well as 
an index modifier. This versatility saves many program 
steps, and thus reduces ROM requirements. 
• Instructions that can handle data by the bit, byte, or 
word, again conserving program space in ROM. 
• The 16-bit words, which are better than 4- or 8-bit 
words for handling the 11-bit display data elements. 
(More generally, too, 4- or 8-bit microprocessors need 
more memory and process data more slowly since each 
instruction requires two or three words.) 
• Programing and debugging are simple because one 
instruction corresponds to one word. 
The ROM that stores the control program may contain 

anything from 1,024 to 8,192 words, depending on sys-
tem requirements. The RAM can hold anything from 
256 to 4,096 words. 

Despite the PFL-16A's speed, the retrace rate of the 
CRT's picture area is on the slow side—approximately 44 
hertz. Nevertheless, the images appear free of flicker be-
cause the CRT has a P39 phosphor, which can hold a 
trace for the fairly lengthy period of 200 milliseconds. 

What's to be seen on the screen 

The 14-inch high-resolution cathode-ray tube can dis-
play 24 or 25 80-character lines. Each 11-bit display 
data element consists of 8 bits for character data, 1 for 
memory protect, 1 for cursor display, and 1 for graph 
designation. A total of 128 different characters include 
alphanumerics, punctuation marks, and Japanese kata-
kana characters. Simple graphics can also be displayed. 

Microprocessor routes data 
inside programable scope 
by Fred A. Rose and Steven R. Smith 
Norland Instruments, Fort Atkinson. Wis. 

The field-control data, which is not displayed, con-
trols the image or field that will follow the one currently 
on display. This data controls the subsequent field's 
brightness or darkness, use of ruled lines, character 
blinking, and even nondisplay. 

Besides the alphanumerics and kana characters, the 
keyboard contains 16 program-function keys, including 
character insert, character delete, or data transmission. 
The modem, which links the CRT display to the central 
computer, comes in two versions: an asynchronous sys-
tem with speeds of 110, 200, 300, 600, and 1,200 bits per 
second, and a synchronous system with speeds of 2,400, 
4,800, and 9,600 b/s. 
An optional printer and flat disk may also be inter-

faced to the PFL-16A. (The terminal, incidentally, is 
plug-compatible with the IBM 3270.) 

Transfer of data to or from these peripheral units is 
entirely controlled by firmware—the program in the 
ROM. Only the interfaces are completely "hard-wired." 
Firmware also controls most of the CRT displays such as 
field protection, field erase, control of numeric field, 
tab, backtab, character insert, character delete, scroll-
ing, and erase. The terminal units can be connected so 
that they meet the transmission control procedures at 
the central computer. If the central computer is 
equipped with software for other CRT display or termi-
nal units, this terminal can be linked to it with a slight 
modification of its own software. 

In short, the design of this cathode-ray-tube display 
terminal minimizes the role of hardware while playing 
up its programability. 

Microprocessors have bred a new species of general-
purpose laboratory instruments, with most of the conve-
nience of computer-based systems at a much less incon-
venient price. But in Norland Instruments' model 
NI 2001 programable calculating oscilloscope, an Intel 
8080 microprocessor does more than process the input 
data—it also controls almost all phases of the instru-
ment's operation, from monitoring the front-panel con-
trols to routing the input signals to their correct destina-
tions in memory. 
The instrument acquires data rather like a digital 

transient recorder. It accepts up to four channels of digi-
tized data simultaneously, each channel being up to 12 
bits wide and operating at sampling rates up to 1 mega-
hertz. The four channels enter through two plug-in 
slots, much like the arrangement of vertical deflection 

1. Road map. Multi-line data from a number of sources can be di-

rected to any one of several outputs under microprocessor control, 

even though the device is too slow to handle the data itself. Here, a 

microprocessor ( not shown) programs a 4-by-4-bit memory array 

that sets up the high-speed logic that is actually the data path. 
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plug-ins in an oscilloscope. The data from each channel 
is stored in any one of four random-access-memory ar-
rays, each 12 bits wide and 1,024 bits deep. 
The user can manipulate and modify this data under 

program control for a number of purposes—maybe con-
verting it into engineering units or deriving such quan-
tities as power—and can display the results in a variety 
of oscilloscope-like presentations. For example, the in-
strument can simultaneously acquire and digitize a volt-
age and a current waveform, then multiply the two 
point by point to produce an instantaneous power 
waveform. This derived waveform exists in the memory 
of the NI 2001 as properly scaled values, which can be 
read out in watts on the screen of a cathode-ray tube 
along with the original waveforms. 

Switching direction 

But to revert to the 8080's role as traffic director, the 
NI 2001 can acquire data in any combination of chan-
nels and plug-in slots, and ideally it should also be able 
to direct data from any channel from either slot to any 
one of the four sections of memory. But the number of 
possible combinations is large, and some are prohibited. 
For example, one section of memory cannot be chosen 
for more than one channel of data. 
At the same time, the actual data transfer rate—up to 

48 bits every microsecond when all four channels oper-
ate at 1 mHz with 12-bit resolution—is far beyond the 
ability of any microprocessor, or even a minicomputer, 
to process under program control. 
The solution to this dilemma is to combine high-

speed hard-wired logic for data handling with a micro-
processor to control the logic through a control memory 
(Fig. 1). The microprocessor reads the front-panel 
switches on the plug-ins to determine how many plug-
ins are in use and how many channels within each plug-
in are activated. It then verifies that the switch positions 
are compatible. If the switch positions are not compat-
ible, a red error light is illuminated, and the machine 
comes immediately to a halt. 

Tabling the data 

When a permissible combination of front-panel selec-
tions is present, the microprocessor writes a table into a 
4-word-by-4-bit control memory (Fig. 2). This table 
forms a control program for a sequential control imple-
mented in hardware, and it provides switching instruc-
tions for the various multiplexers involved in the data 
transfer. The hardware controller transfers the data at 
the required high rate. 

In the control table, the first bit in each line identifies 
which plug-in is the source of the data, the next two bits 
identify which of the four quadrants of the memory are 
to be loaded from this input, and the last bit identifies 
the final instruction in the array. In Fig. 2, the first word 
is an instruction to take the data from the first (lowest-
numbered) active channel of the right plug-in ( 1) and 
transfer it to the memory's third quadrant ( 1 l ). The sec-
ond word instructs the hardware to accept data from the 
first (lowest-numbered) active input of the left plug-in 
(0) and feed it to the first quadrant of the memory (01). 
The third instruction takes data from the second active 
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SOURCE OF DATA 

1 1 1 o 
o o 1 o 
o 1 o 1 

.-- START EACH 
SAMPLE HERE, 
ONE ROW FOR 
EACH DATA 
TRANSFER 

END BIT, IDENTIFIES 
END OF CYCLE 

DESTINATION, IDENTIFIES 
REGISTER TO BE LOADED 

2. Routing traffic. The 4-by-4- bit control table contains information 

needed by input-switching hardware to direct digitized input data. 

The first bit identifies the input, the second two bits identify the out-

put, and the fourth bit identifies the last step in the cycle. 

channel of the left plug-in (0) and feeds it to the 
memory's second quadrant ( 10). Since the fourth bit of 
this command is a logic 1, it is the last command in the 
array, so the instrument will then return to the first 
word and repeat the cycle. 

Evidently, another convention is also needed, and it 
is employed to keep the control array as small as pos-
sible. Whenever a plug-in is interrogated for its unput 
signal, the first request is for the lowest-numbered ac-
tive channel, the second request for the next-lowest ac-
tive channel, and so on. The circuitry to maintain this 
protocol is within the plug-in; the mainframe of the in-
strument simply assumes that the plug-in is adhering to 
the rule. 
With the mainframe, the 12 lines from each of the 

two plug-ins feed into a 12-bit 2:1 multiplexer that se-
lects the proper input based on the first bit of the con-
trol table. The output bus of the multiplexer is tied to 
four 12-bit registers. The clock signal for these registers 
is a load command generated by control logic. This 
"clock" strobes a 2-to-4-line decoder which sorts the two 
center bits of the control array's 4-bit command onto 
four separate clock lines. Consequently, only the 12-bit 
register that corresponds to the proper memory quad-
rant receives a clock signal when its data is present on 
the 12-bit data bus; the other 12-bit registers remain 
inactive. 

Doing what each does best 

Hard-wired logic capable of making the logical deci-
sions required to write the control table would be dis-
couragingly complex, but the programable micro-
processor produces the answers in a straightforward 
manner. Similarly, the data transfer rate is too high for 
the microprocessor to handle alone, but, with the help 
of the microprocessor-written control table, the hard-
wired logic easily manages it. 

At the time of this design, the only microprocessor 
with sufficient capability was the Intel 8080. Since then, 
several comparable units have become available. The 
8080 remains an excellent choice for this application, 
but would undoubtedly have many competitors were 
the instrument being designed today. 
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Blood analyzer tests 
30 samples simultaneously 
by H. Miranda and M. Hatziemmanuel 
Union Carbide Clinical Diagnostics, Rye. N. Y. 

A microprocessor controls a centrifugal spectro-
photometer that analyzes in real time the chemical reac-
tions of 30 blood samples in parallel and prints out the 
results as well as displaying them on a cathode-ray tube. 
The instrument, the Centrifichem, performs end-point 
analysis, which indicates the difference between the ini-
tial and final absorbance values of the sample and a re-
agent, as well as kinetic or enzyme analysis, which re-
quires calculation of the reaction rate. 
The Centrifichem, shown in Fig. 1, whirls the sam-

ples, contained in 30 cuvettes arranged around the pe-
riphery of rotating disk. As the rotor picks up speed, the 
centrifugal force transfers the reagents from an inner 
disk to the cuvettes, which have transparent tops and 
bottoms. The chemical reactions are measured as the 
cuvettes containing the serum pass through the beam 
from a lamp mounted at the top of the apparatus. The 
light can be filtered as desired. The rotor is timed so 
that the exposure of each chemical reaction in the light 
beam is long enough that its absorbance peak can be 
measured, yet is short enough to track the 30 kinetic re-
actions in real time. 
The system performs 18 standard analyses that have 

been programed, but the memory has the capacity to 
define the parameters of 39 different tests. The light 
transmitted through each sample generates a phototube 
output that is digitized and processed in the micro-
processor circuit, as shown in Fig. 2. The 8-bit system, 
built around the Intel 8008 microprocessor, has greater 
capacity and flexibility than a hard-wired system, yet it 
is less expensive. What's more, the use of fewer inte-
grated circuits provides higher reliability. The Centrifi-
chem is configured in modules—analog basket, front-
panel control, printer, cathode-ray tube, left-hand con-

1. Test station. Blood analyzer is arranged for fast, accurate mea-

surements Hard-copy printout provides permanent record. 

trol, motor-speed control, and the microcomputer. 
The microcomputer must read test parameters en-

tered through the front panel, process data, print the re-
sults, and recognize special instructions after printout. 
The special instructions may be to read the contents of 
the data that has been gathered and stored in memory, 
update data on command, recalculate and print, or re-
start the test without slowing the rotor. 

Optical clocking identifies samples 

To associate each value of light transmission or ab-
sorption with the correct sample, an optical clocking sig-
nal is derived from the disk mounted on the rotor shaft. 
This light pulse and the photocell produce a peak detec-
tor-reset signal and a convert-command pulse that drive 
a 12-bit analog-to-digital converter. 
The converter busy signal and a zero-reference (once-

around pulse) from the rotor generate interrupts to the 
microprocessor to indicate when new data is available. 
By counting interrupts, the processor can synchronize 

2. Centrifugal spectrophotometer. Centrifichem has 30 cuvettes around roto • so that 30 blood samples can be tested with reagents in par-

allel. The microprocessor that controls the operation is programed with all the parameters to conduct any of 18 different tests. 
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3. Well designed. The 8008 CPU receives data via a multiplexer. Maskable interrupts facilitate gathering high-speed data from the rotor and 

detecting errors. The data is read for eight consecutive revolutions of the rotor and averaged to improve noise correlation. 

the reCeive data with each test sample. To minimize er-
rors resulting from noise, data is measured during each 
of eight consecutive revolutions of the rotor, and the 
values are averaged. 
Two types of chemical tests are performed by the in-

strument. One type determines the difference in absorb-
ance values at initial time To and final time (To + N8T), 
where N is the number of measurements and ra is the 
time interval between measurements. Other tests, which 
determine kinetic or enzyme reactions in the sample, re-
quire the calculation of the reaction rates. In addition, 
the results sometimes require normalization or conver-
sion. The variables required for these functions are To, 
dT, filter position ( band-pass selected to match the ab-
sorbance wavelength of the reaction), selection of rate 
or terminal for the type of reaction being measured, and 
units of concentration or absorbance. 
These parameters may be supplied to the machine 

through a series of thumb-wheel switches or automatic-
ally assigned by the memory upon entry of a standard 
test code. In Fig. 1 the rotor position is on the left and 
the control panel is on the right. 

Figure 3 shows how maskable interrupts are orga-
nized to collect data from the rotor in real time and de-
tect errors that may be encountered in gathering the 
data. For example, when it is time to gather the absorb-
ance data, the central processor arms the once-around 
interrupt in order to find the first cuvette in the array 
of samples. 
When the interrupt is received, the interrupt-service 

routine initializes a counter and arms both the data-

ready and once-around interrupts. Each time a data-
ready interrupt is received, data is read and stored, the 
counter is incremented, and interrupts are re-enabled. 
Upon receipt of the next once-around interrupt, the 

counter is checked to ensure that all 30 data readings 
were taken. If not, the set of readings is discarded and 
the sequence is repeated to avoid error. When data col-
lection is finished, the once-around and data-ready in-
terrupts are disabled until the time comes to once again 
read data. 

External counters call time outs 

Time outs for the To and AT intervals are handled by 
external counters, programable by the central processor. 
that interrupt the CPU upon expiration of the preset 
time interval. This timer interrupt is also maskable so 
that time outs can be ignored when necessary upon 
completion of a run. Readying the printer and the push-
button signals to print out results are also handled as 
maskable interrupts. 
Two interrupts in the system cannot be disabled. 

These are the logic-reset function, which allows a test to 
be started over without slowing down the rotor, and the 
spin-off interrupt, which tells the CPU that processing 
for a run has been stopped. Input data is multiplexed, 
and because more than eight input ports are needed, an 
output channel is used to enable one of two banks of in-
put channels. Any subsequent input instructions receive 
data from the selected channel of the enabled bank. 

For software, the high-level PL/M language, en-
hanced with certain subroutines in assembly language, 
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Automate 
your instruments. 

Our new 
computing controllers 

make the connection friendly. 

The new HP 9815 and HP 
9825 computing controllers 
make interfacing practical and 
inexpensive. If you haven't 
automated your instruments 
yet, hook them up to one of 
these HP controllers and up-
grade your system's perform-
ance. You'll get results and 
reports faster and easier. In-
crease your system's through-
put. Control variables in 
real-time. Free yourself from 
manual readings, adjust-
ments, and calculations. 

No matter what your inter-
facing requirements are— 
simple data logging, dedicated 
instrument control, data com-
munications or large-system 
integration— you'll find these 
controllers can save you time 
and money while increasing 
your productivity. 

Interface cards and 
simplified programming 
make interfacing easy. 
You can choose from the 
commonly used interfaces— 
BCD, bit-parallel/byte-serial, 
RS-232C, or HP-IB (the inter-

face bus that conforms to 
IEEE Standard 488-1975). 
You simply connect your 
instrument or black box to 
the cable of the appropriate 
HP interface card and plug 
the card into the controller. 
Then, using simple high-level 
commands, you program 
the computing controller to 
monitor and control your in-
struments and analyze the 
data. You don't have to hire 
a computer programmer to 
set up and use an automated 
instrumentation system. 
That's the friendly, direct 
approach to interfacing. 

The HP 9825: 
unexpected power 
for systems control 

Though the 9825 retains the 
friendliness and programming 
simplicity of a calculator, it has 
the power and performance of 
a minicomputer. Features 

like vectored priority inter-
rupt, buffered I/O, live key-
board, and direct memory 
access allow it to do several 
interfacing jobs simulta-
neously: transferring data and 
commands, accepting inputs, 
analyzing data and printing or 
plotting results. And the 
9825 can run application pro-
grams and solve keyboard 
calculations at the same time. 
Using HP-IB, it can control as 
many as 42 instruments and 
peripherals at once. That's 
big system performance. 

Let an HP 9815 
supervise your instrument. 
The 9815 at a base price of 
$2,900* (I/O option and inter-
face cards/cables extra), is 
the inexpensive alternative to 
manual monitoring of an in-
strument or small system. 
It can even run control appli-

cations unattended. And it 
can handle a variety of so-
phisticated compuations as 
well. Truly, the 9815 pro-
vides a lot of performance 
for the price. 

Improve your system 
and become more 
productive, too. 
No matter what kinds of instru-
ments you use—scanners, 
counters, spectrometers, 
meters, converters, chromato-
graphs or your own black 
box—an HP computing 
controller can help you utilize 
them and their outputs more 
effectively. And in the process, 
free you for more produc-
tive, creative work. 

We have a brochure that 
details the features and 
techniques of simplified inter-
facing using HP computing 
controllers. Call your local HP 
representative for your 
copy, or circle our number on 
this publication's reader 
service card. 
''Domestic U.S.A. price only 

HP computing calculators put the power where the problems are. 

HEWLETT ilk PACKARD 

Sales and servlce from 172 offices in 65 countries. 

Electronics/April 15, 1976 Circle 153 on reader service card 153 



is used instead of assembly language to shorten the pro-
graming time required and because it is easier for the 
average engineer to understand than assembly lan-
guage. However, PL/M has its drawbacks. Its inefficient 
use of memory is probably the worst. By experimenting 
with syntax, the memory capacity needed for program-
ing was reduced from about 7.5 kilobytes to less than 6 
kilobytes. However, use of assembly language could 
easily have reduced it to 4 to 5 kilobytes. 

In addition, it was impossible to write in PL/M the 
interrupt handlers that gather the real-time absorbance 
data because the code could not execute quickly enough 

to handle the data rates involved. Therefore, assembly-
language subroutines were interfaced to the main body 
of the PL/M code. And to increase efficiency, several 
specialized mathematics routines for multiprecision 
arithmetic were also written in assembly language, 
which is not difficult to interface with PL/M. 
To facilitate fault isolation at the system level, a 

panel of light-emitting diodes was built into the micro-
computer module to indicate the status of the bus and 
data inputs. Pattern programs compare actual operation 
with desired results, and other routines check the pro-
gramable read-only memory. 

Four-bit chip set cuts 
cash register's cost and size 
by Ed Sonn 
Data Terminal Systems, Maynard, Mass. 

Only by offering to do more for about the same price 
can an electronic cash register compete with the highly 
efficient electromechanical cash register found in small 
and medium-sized retail stores. To stake a claim in the 
market, Data Terminal Systems in 1971 brought out the 
successful DaCap 44, a stand-alone programable elec-
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Inside the register. The processor board in Data Terminal Systems' series 300 electronic cash register holds the six microprocessor chips. It 

handles information to and from the memories and the input (keyboard) and output (display and printer) portions of the machine. 
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9 questions and 8 answers about Fairchild's 
microprocessor kit. 

What exactly is an F8 kit? 
Put simply, it's a package designed to help 
you get better acquainted with micro-
processors in general and our F8 in particular. 

What's in it? 
Each kit contains a fully assembled micro-
processor which includes an F8 CPU, a 
preprogrammed Program Storage Unit, an 
F8 Memory Interface Circuit, and lk bytes 
of static RAM. You'll also get a wired edge 
connector- one end for the board, another for 
your TTY and three wires for power. And it all 
comes on a fully assembled and tested PC board. 

The board is a complete microcomputer with 
CPU, memory, 32 I/0 bits, two levels of 
interrupts, two programmable timers, and all 
the necessary control circuits. I/O signals are 
T2L compatible. And have been brought out 
to the edge connector. Internal signals have 
also been brought out to connectors for 
possible system expansion. 

Unlike most other kits there's no additional 
assembling. Just add power. No soldering. No 
wiring. Compare that with the assembly time you'll 
spend getting other kits up and running. 

What if I don't really know all that much about 
microprocessors? 
No problem. We've included everything you'll need. 
The F8 Programming Manual, the F8 Data Book, and the 
Fairbug program. 

Will they really help me get on the air? 
They sure will. The F8 Programming Manual contains all the 
basic programming information you need even if you've never 
written a program before. And, if you're already acquainted with 
programming, it contains some very sophisticated techniques. 

Fairchild F8 
microprocessor kit. 
What's in it for sou? 
The Data Book completely characterizes the F8 parts, both internal 
functions and the electrical characteristics of all the pin-outs. 

With the aid of these two manuals you'll be writing and running 
programs in a couple of hours. 

And don't forget Fairbug. 

What's Fairbug? 
The kit's PSU has the Fairbug program on it. It's a series of user 
oriented subroutines to make your job as a designer a little 
easier. For instance, entering a program into RAM can be a 
difficult process. But our Fairbug handles the problem quickly 
and easily with a "bootstrap loader" that loads data from a 
terminal and stores it in RAM. 

What else will Fairbug do? 
The Fairbug contains 1,000 bytes of programming and the 
"bootstrap loader" is only a small part of it. The remaining 
functions allow you to communicate with virtually any terminal 
or TTY at speeds from 10 to 300 cps; dump memory from 
RAM for future loading or to create a PROM and to read from 
a high speed paper tape reader. 

It also lets you examine and alter any register or memory 
location in an F8 system from a terminal. Suppose you've erred 
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midway through 
your program and 

need to change several 
instructions. What can you 

do? Simple. Go to Fairbug, 
examine the bad locations, and 

alter them. All done at the terminal. 

These are all written in subroutine format. 
So you can use them both as the Fairbug package, 

and as part of a subroutine library. 

Sounds pretty impressive. What does the whole kit cost? Would 
you believe S185.00 for a fully assembled microcomputer? 
That's a lot less than the bag of unassembled parts offered by 
most other manufacturers. Then add our powerful Fairbug 
user's program and twice as much RAM as most kits. 

Where can I get a kit? 
Kits are available for immediate delivery from your local 
authorized Fairchild distributor. Or, if you prefer, use the 
coupon below, and we'll process your order from the factory. 

Last question. How effective will Fairchild's F8 kit be 
in my application? 

We thought you'd never ask. 
FAIRCHIL_ID That's one you'll just have to 

answer yourself after you've tried 
MICRO SYSTEMS it, and the first step is to get the kit. 

I'm sol d. Fairchild Microsystems Division of Fairchild 
Camera & Instrument Corporation, 1725 Technology Drive, San Jose. 
California 95110. Please rush me Fairchild's F8 microprocessor kit toda 
Here's my: D check CI money order CI P.O. number for S185.00 (add 
sales tax where applicable) D have a salesman call 

NAME 

COMPANY  

ADDRESS  

CITY STATE 

TITLE  

ZIP  

SIGNATURE  

PHONE NUMBER EXT  
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For the Intel 8080 CPU, use our K1117A. 
For the Motorola MC6800 MPU, use our MC6870A, 71A or 71B. 
Each is designed to provide the critical 2-phase non-
overlapping waveforms required by the specific 
microprocessor. Crystal, oscillator, TTL and NMOS 
drivers and necessary waveshaping circuitry are pack-
aged by hybrid thick-film IC technology into one dual-
in-line module that cuts your component count and 
board space. 
So now you can divert valuable engineering time 

from oscillator/driver design to equipment or softwave 
design. 
Complete Application Notes are available by writing 

Motorola Inc., Component Products Department, 
2553 North Edgington, Franldin Park, Illinois 60131, 
Attention: OEM Sales. Or phone Dan Stetler at 
(312) 451-1000, extensions 4183, 4184, or 4185. 
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tronic register costing $3,000. To compete in the 
broader, lower-priced market the company began de-
veloping a new model in 1973, the series 300, to be 
priced around $ 1,500. 
The series 300 had to meet four important design 

considerations. It had to have fewer electronic compo-
nents than the DaCap 44. It had to be simple to take 
apart and repair. It had to be smaller than its predeces-
sor yet still be capable of housing a battery pack inside 
the cash-register cabinet, instead of outside, as on the 
DaCap 44. The battery, needed as backup in case of a 
power failure, had to be able to provide one hour of op-
eration and protecting the memory for 24 hours. 
The selection of a microprocessor for the 300 can best 

be understood in light of the design of the DaCap 44. 
At the heart of the earlier system was a processor and 
memory board composed of an arithmetic/logic unit, 
eight random-access memories, and six read-only 
memories, plus some small- and medium-scale transis-
tor-transistor-logic chips. In addition, this processor 
board contained power regulators, a clock, drive logic 
for the printer, and drivers for the cash-drawer sole-
noids, numeric display, and keyboard. A second board— 
the keyboard card—consisted of reed-switch type keys 
and the keyboard matrix scanning logic. A third card, a 
numeric display consisting of light-emitting-diode read-
outs and latch/driver circuits, was also required. 

Deciding factors 

The microprocessors available at the time included 
the Intel MCS-4004 and the Rockwell PPS 4. Neither 
was perfect for the application—the PPS 4, for instance, 
lacked an interrupt scheme. Compensating for this lack, 
however, the PPS 4 has two peripheral controllers, and 
these, plus its price, tipped the balance in its favor. 
One of the two controller chips handles the keyboard 

and display, and the other handles the printer. The 
printer controller performs all real-time control func-
tions required to operate a Seiko type 101 or 102 drum 
printer. The general-purpose keyboard/display control-
ler, however, eliminates all real-time processing associ-
ated with keyboard and display. It scans a 64-key array 
with two-key rollover logic and places the detected 
keystrokes in a nine-position first-in/first-out memory 
for processing. It can also refresh either an 8- or a 16-
digit display. 
The PPS 4 microcomputer set economizes drastically 

on space. A single printed-circuit card. about 60% the 

Checkout terminal takes on 
many supermarket tasks 
by Milton Schwartz 
National Semiconductor Corp., Santa Clara, Calif 

size of the DaCap 44 processor board, includes: the 
CPU, RAM, and ROM; the printer and display controller 
chips complete with drivers; the keyboard scanning 
logic; a dc-to-dc converter, and the display itself. 

This new design has no need for a separate display 
board or for active components on the keyboard card. 
On the other hand, it does add a bus board, designed to 
link the microprocessor bus to the outside world. The 
bus board permits the user to enlarge the system by 
adding optional cards for functions such as automatic 
change dispensing, communications, and automatic 
weighing of purchases. 

Aside from the packaging and circuit cost reproduc-
tions that it makes possible, the Ls! microprocessor set 
also cuts packaging and power supply costs dramati-
cally. Because it needs much less power, the number of 
batteries falls from three to one, which can easily be 
mounted within the cash-register chassis rather than in 
a separate power pack. 
Although the final product has proved to be reliable, 

easy to manufacture and service, and less expensive 
than its predecessor, the use of an LS! MOS design in-
stead of ssi or Nis! TTL at that time suffered from some 
drawbacks. First of all, interfacing to the PPS-4 for pur-
poses of expanding the system required special interface 
chips supplied by the manufacturer. In the case of the 
low-price electronic cash register, these chips were more 
expensive than the device to be interfaced. 

Secondly, the microprocessor at that stage of its de-
velopment reduced the design flexibility of attempts to 
modify the capabilities of the system. If a logic designer 
has access to data buses, registers, and strobes, he can 
usually satisfy custom requirements by adding a small 
amount of logic. Access to these elements in an LSI sys-
tem is, of course, not possible. 

Finally, the instruction sets of off-the-shelf micro-
processors were general-purpose and inefficient for a 
particular application. While the designer of a ssumsi 
processor can tailor the instruction set and system archi-
tecture to an application, the design of a custom LSI mi-
croprocessor is prohibitively expensive for this relatively 
low-volume type of application. As memory and micro-
processor costs decrease, however, inefficiency in the use 
of memory becomes less of a factor. In cash registers, 
speed is usually not a problem. Moreover, since the de-
sign of the series 300, advances in microprocessor tech-
nology and economics have made these devices increas-
ingly flexible and easy to use. 

Supermarkets, more than most other stores, need highly 
adaptable point-of-sale terminals. Equipment require-
ments vary—a small store may require just the elec-
tronic equivalent of a cash register, and a chain may re-
quire multiple interlinked units, each with electronic 

scales, highly annotated printouts, remote readouts, and 
laser-based universal-product-code scanners. Computa-
tional and reporting requirements vary—chains differ in 
the way they handle food stamps, checks, cash, discount 
coupons, and even bottle deposits. Taxes and taxable 
items vary from state to state and town to town. Finally, 
the terminals must supply management data that meets 
the needs of the individual chain. 
To enable its Datachecker T2500/T3000 terminals to 

handle all these requirements, National Semiconductor 
uses an IMP- 16 microcomputer in them. On the basic 
IMP- 16 card is a 5-chip central processing unit (one 
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. Does everything but bag. Block diagram of microprocessor-controlled supermarket checkout terminal shows how printer, keyboard 

weighing scale, and various peripherals are tied to the IMP-16 central processor by buses. The address-and-order-decoder decodes 3-bit 

order codes and 5-bit address codes onto just one address line and one order line that go to all the peripherals. 
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2. The summing up. Register slip from intelligent checkout terminal 

provides breakdown of both cash and non-cash transactions. 

control read-only memory plus four register and arith-
metic/logic chips), 256 16-bit words of random-access 
memory and 512 16-bit words of ROM, plus a clock gen-
erator, flag circuitry, interrupt timing, jump condition 
inputs, and data buses. Other cards add 1,000 I6-bit 
words of RAM and 6,000 16-bit words of ROM and hold 
input/output buffer circuitry for driving the interfaces 
on the word and data buses. 

Linked to the IMP- 16 by two buses are up to nine in-
terface circuits. These connect the microcomputer to the 
keyboard, printer, an outside controller, as well as to 
various peripherals. 
The keyboard has a 10-key numeric pad, up to 10 

keys for store departments (such as dairy, produce, etc.), 
10 function keys, and a scale-interface key. It is very like 
the keyboard on the cash register familiar to super-
market checkers. 
The printer is an 18-column drum-type model that 

produces the sales slip. 
The communications interface links the terminal ei-

ther to other terminals or to a dual-processor controller. 
A supermarket may first install the terminals as stand-
alone units, then may connect 16 of them through a 
polling interface for broader accounting and manage-
ment-information record keeping. Later, up to 23 termi-
nals may interact with a dual-processor controller for an 
in-store centralized system. Finally, binary-synchronous 
interface controllers, compatible with most protocols, 
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HP displays. 

Because your system deserves 
a bright, sharp image. 

You put a lot into each OEM system: good circuit 
design, quality components, careful testing. But end 
users will judge it by the information they get from the 
display. They expect bright, sharp images. That's why 
HP's 1332A, I333A, and 1335A CRT displays make 
excellent choices for all types of systems — from spec-
trum, network, and chemical analyzers, to automatic 
test systems. 

Each display has a very small spot size that focuses 
uniformly over the complete viewing area, regardless 
of writing speeds or intensity level. This eliminates 
the need to refocus at each intensity setting and assures 
crisp images, even around the outer edges of the 
screen. Fine image detail with excellent contrast and 
uniformity make them particularly well suited for appli-
cations involving complex graphics, especially those 
with alphanumeric data. 

The 1335A, a variable-persistence, storage, and 
non-storage display, introduces a totally new CRT 
design optimized exclusively for information display. 
It offers exceptionally good resolution over the entire 
8 x 10 cm screen. And the 1335A is versatile too. Any 
operating mode — erase, store, write, conventional, or 
variable persistence — can be selected with manual 
front-panel controls, remote program inputs, or a com-
bination of both. Manual controls can be inhibited en-
tirely during remote operations.The I 335A is a welcome 

addition to medical and instrumentation systems. 
OEMs who need a larger viewing area and a 

brighter image at faster scan rates like the 1332A. 
They appreciate its 9.6 x 11.9 cm viewing area, its 
superior performance, and the ease with which the 
1332A, like the others, integrates into a variety of 
racks and cabinets. 

For photographic recording of displayed data, the 
new 1333A offers new performance levels. Its ex-
tremely small spot size of 0.20 mm (0.008 in.) pro-
vides the exceptional quality necessary for easy and 
accurate photo evaluation. And its 8 x 10 cm screen 
allows reproduction on Polaroid film with very little 
optic reduction. For convenience, all frequently used 
controls on all of these displays have been placed on 
the front panel for maximum accessibility. 

Which display best fits your requirements? Let 
your local HP field engineer help you decide. Or 
write for specific details. We'll help you pick a dis-
play that makes your system look as good as it 
actually i,. oi.9A 

HEWLETT ek PACKARD 

Sales and s.,nnce from 17. off.eS In 65 countries 
'SO , I., M P.m 94304 

Electronics/April 15, 1976 Circle 159 on reader service card 159 



(SAW-SYSTEM)  

©PROCESSOR 

Processor-8 (P) 

Processor-8/1 (WP) 
Processor-8/1H (WP) 

OM EM CRY 
SAW-ROM [ 1KB (M) 

[2KB (P) 

SAW-ROM(IKB)/RAM(1KB) 

SAW-ROW1KBWRAM(4KB) 
SAM2-RAM [ 1KB 

[2KB 

SAWRAM 8KB M'-RAM 

SAM'-RAM 256B 

°INTERFACE 
SAM'-PIC/1 
SAW-TTYifor ASR-33) 

SAM'-PTR 

SAM'-SIF 
SAM'-BA 

SAM'-INP 
SAMAC-8/1 CSL [(M) 

[(P) 

CMT/Control 
DISPLAY/Control 

KEYBOARD/Control 

SAMAC-8 Standard 1/0 
ifr \ SP. PTP. ' 

BRAND NEW HIGH QUALITY 
MICRO-PROCESSOR BASED SYSTEM 
HERE IS MOST SOPHISTICATED AND NEWLY DEVELOPED 
MICRO- PROCESSOR BASED SYSTEMS WITH ATTRACTIVE PRICES, 
FOR WHICH TAKING THIS OPPORTUNITY WE WANT TO CALL 
YOUR INTEREST. 

SYSTEK MICROPROCESSOR & MICROPROCESSOR-BASED SYSTEM 
, MODULES \ I ICROCOM P \I IC ROPROCESSOR-BASED 

SYSTEM SYSTEM 

(P) 

(P) 

(P) 

(P) 
(P) 

(M) 

O SAMAC-8 

0 SAM AC-8/1 

0 SAM AC-8/1H 

OSAMAC-9000S For Scientific Areas 
Programmable Calculator 

System 

OSAMAC-EC/X for Small Data Processing 
Electronic Management Machines 

OSAMAC-SC/X for Industrial Automation 

Sequence Controller 
OSAMAC-WP/F for Word Processing and 

electronic typewriters 

-WP/M 
OSAMAC-POS/X for Point-of-sale and 

electronic cash registers 

0M-200 for Billing Machine 

ONCT-9000 for Phato Typesetting 
Machine 

NOTES:(M)—Module 

(13)—PCB 

ma idle 
omit egvb 
are Nort aim Me 

SAM MODULE SAMAC-8 I H 

SAMAC 9000S 
PROGRAMMABLE CALCULATOR 

NIAC 9000S is a sophisticated progr-
ammable table-top calculator of revolutio-

nary design suitable for a wide range of 
applications in science and technology. 

In contrast to the ordinary computer. 

SAMAC 9000S requires no specific 

language, allowing any person to with 

programs and operate easily with a min-

imum of training. As an alternative, 

manual calculation is possible. 

The calculator has outstanding memory 

capacity in its class:2,000 program steps 

and 200 words of data storage in the 

basic configuration, and 10,000 steps and 
1,000 words if additional memory is inst-

alled. Since a number of special function 
capabilities necessary for scientific and 

technical calculation are incorporated, 

SAMAC 9000S can fulfil the most sophis-
ticated task. Not only are display tubes 

and a digital printer provided in the 

standard configuration but also a cassette 
magnetic tape unit is included. 

SAMAC WP200 WORD 
PROCESSOR 

The SYSTEK SAMAC WP200 is a comp-
uter based Text Editing System. It basi-

cally consists of those, LSI Micro-comp - 

uter with semi-conductor memory, ROM 

and RAM, dual magnetic cassette tape 
transports, and the input/output typewriter. 

The SAMAC WP200 is designed to have 
many kinds of automatic features which 

are neccessary for the text writing and 

editing work. 

And also designed to have the expandable 

capability by easily equiping with the 
peripheral device, such as CRT display, 

high speed printer, paper tape unit and 

communication control device. 

SYSTEK MICRO COMPUTER 
SYSTEM 
MODEL:SAMAC 8,8/1,8/IH 
The SAvIAC — is the 8— bit 

micro-computer which employs the latest 

solid state technology. 
The SAMAC— series is the complete 

micro-computer system based on the 

concept of our SAM' system ( Systek 

Application— oriented 8.c Microprocessor 
—based function Module System). 

There are three different micro—computers 
in this series, each of those has very 

unique features; 

A. SAMAC — 8/I is less expensive and 
may used for systems at low cost. 

B. SAMAC — 8/IH has powerful inst-

ructinos and is used for systems 
which require high performance. 

C. SAMAC —8 provides user the capa-

bility to make up user's application 
oriented instruction by means 
of micrprogramming technique. 

NCT-9000 PHOTO 
TYPESETTING SYSTEMS 

This is a microcomputerized photo 
typesetting machine of completely autom-

atic spacing, character selection, size 

selection, in justification, centering and 
top or end justify.etc., A matrix containing 

all the characters in the form of photog-

raphic images is projected and exposed 
character by character onto photosensit-

ive paper or film. 
An offset printing plate is then exposed 

from the original filmed image. 
This system differs conceptionary from 

the hot metal type casting of raised 

characters and works most efficiently in 
the photo-offset printing mode as compa-

red to the letter press method of printing. 

MORE DETAILED INFORMATION WILL BE SENT TO YOU UPON 
REQUEST 
LOOKING FORWARD TO YOUR GOOD NEWS OR ANY QUESTIONS 
OUR DOOR IS ALWAYS OPENED FOR YOUR CONTACT  

Systek Corporation 
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may be added to link up with a remote computer. 
The various peripherals attachable to the terminal in-

clude a display, electronic scales, an optical universal-
product-code scanner, coin dispensers, and a nonreset-
table-total counter, which records the terminal's gross 
dollar activity. Figure 1 indicates the requirements for 
each peripheral. 

In addition, to avoid distributing all address lines to 
each peripheral, the system uses a centralized address 
and order decoder. With its 1-of-32 and 1-of-8 decoding 
circuits, only two lines need go to each peripheral. 
These two address and order lines also go to the 

alarms interface, to signal the opening of a cash drawer, 
and to alert the cashier to his errors. For example, if a 
cashier inadvertently rings a sum above a predeter-
mined limit (say $ 100 instead of $ 1), the IMP- 16 sends 
single-bit codes through the address lines to light lamps 
and ring bells. 

Interrupts in abundance 

The system is basically interrupt-driven. All inter-
faces capable of generating an interrupt—the printer, 
keyboard, scanner, and communications interfaces—are 
linked to a controller, which establishes the priority and 
passes the interrupt to the IMP- 16. The processor polls 
peripherals to ascertain their status and initiates the 
proper interrupt routine once it recognizes a peripheral. 
When an interrupt occurs, a last-in/first-out stack 

saves the subroutine and interrupt return address. Use 
of a pull command simplifies the extraction of priority 
subroutines from several levels of nested operation. A 
system timer produces interrupts at regular intervals. If 
these interrupts are not acknowledged, the timer auto-
matically re-initiates the system, preventing looping. 

More complex video games 
keep player interest high 
by T George Blahuta 
Midway Manufacturing Co., Franklin Park, 

The IMP- 16 has a basic 43-command instruction set, 
augmented by a 17-command extended set in system 
programing. Its Fortran cross assembler runs on an 
IBM 360. The programer, having written an assembly 
program that fits a specific retailer's requirements, can 
keypunch it or enter it through a terminal and then can 
call it up on the terminal for editing and debugging. 

Supermarkets that use such custom-tailored point-of-
sale terminals run more efficiently. For instance, they 
give the clerks better control over cash and noncash 
transactions—discount coupons, bottle deposits, cash re-
funds, credits, and checks are handled automatically 
and documented fully in the register slip shown in 
Fig. 2. Included among the subtotals is the amount 
computed and displayed by the IMP- 16 microprocessor 
as payable by food stamps. 
Automatic tax calculation, based on a tax table or on 

a fixed rate programed into memory, insures more accu-
rate tallies of total purchases. Depending on state and 
local tax requirements, some food items are not taxable. 
These exceptions are programed by the store manager 
into the terminals. 
Checkout is speeded up by having tables of com-

monly purchased items and their prices stored in 
memory. Then the clerk need enter only code numbers, 
instead of slowly punching in each item's department 
and price data. The manager can add and delete prod-
ucts, or he can code the price per pound of produce and 
meat so that an electronic scale displays total price. 

In addition, the store manager gains better control of 
his operation because he has complete figures for gross 
sales, taxable sales collected, total refunds, amount and 
number of coupons, food stamp volume, department to-
tals, and many other specific items. 

The microprocessor, busy bee of the electronics world, is 
now engaging in fun and games as well as drudgery. Al-
though the earliest video games in arcades were built 
with transistor-transistor logic, they were so simple they 
could soon become boring to many players. And the 
manufacturers, lacking the capability to design their 
own Tit logic, had to buy the designs and sometimes 
even the logic packages as well. 

Designing games around the microprocessor has in-
creased their complexity by two to five times, and al-
lows the manufacturer to design his programs right in 
his own shop. What's more, changing to the micro-
processor has cut development time by 75%. 
Of course, the transition from TTL was not accom-

plished without difficulties. In the first place, the data 
rate required for the faster scan to keep the image on 
the video screen is far beyond the capabilities of micro-
processors. And, although this problem was solved with 
a random-access memory, the technicians were at first 

frightened by the microprocessor and did not fully un-
derstand the waveforms involved in its operation. 

Training quickly increased the proficiency of the 
technicians, and a read-only memory was programed to 
isolate problems they had with RAMS. With this help 
and their increasing expertise, the technicians could re-
pair twice as many defective boards as before, and iron-
ically, the high repair rate created a serious parts short-
age as suppliers struggled to keep with demand. 
The microprocessor was adapted for use with the 

video display by storing the picture information in a 
large RAM, and reading it out on to the screen one bit at 
a time, while conventional horizontal and vertical de-
flection circuits generate the raster just as in any home 
TV set. The pattern on the screen is 224 horizontal lines, 
each line consisting of 256 dots. The RAM therefore 
must hold the 224 X 256 bits of information that deter-
mine whether the individual dots are bright or dark. 

In this arrangement, the microprocessor is not used 
for scanning the picture, but merely changes the con-
tents of the RAM at a slow rate—once every frame or 
even every few frames. The only interaction between 
the microprocessor and the screen-scanning logic is an 
interrupt signal at the bottom of the screen that the mi-
croprocessor uses for synchronization and timing. 
Midway chose the Intel 8080A microprocessor, 16 In-
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. Game circuit. Because microprocessor is too slow to generate raster scan for arcade video game, image is plucked from RAM and im-

pressed on screen during conventional raster scan (a). Microprocessor responds to inputs from switcnes controlled by players, forms new 

images according to program stored in electrically alterable ROM. Memory map (b) shows ROM and RAM for typical game. 

tel 2107 dynamic RAMS and an Intel 2708 electrically 
programable read-only memory (Fig. 1). Intel's MDS 
800 hardware/software development system [Electron-
ics, May 29, 1975, p. 95] was modified to develop and 
debug programs. The Intel system was chosen for speed, 
register capacity, availability of parts, and support in 
developing games and programing. 

RAM configured for screen pattern 

The RAM contains 57 kilobits to correspond to the 
screen pattern of 224 by 256 dots. The raster reads out 
the memory in 1/30 second. The microprocessor uses 1 
kilobyte by 8 bits of the RAM as a scratchpad without 
any significant loss of vertical resolution. Conventional 
input/output ports are handled by the microprocessor 
as on/off switches. 
A series of games has been written in 3 to 5 kilobytes 

of instructions (Fig. 2). A good portion of each game 
consists of patterns. A typical game requires 8 kilobits 
of read-only memory for the program. An equivalent 
hard-wired circuit could require 150 TTL packages. The 
microprocessor writes the image on the screen by mov-
ing the two-dimensional pattern changes from the pro-
gramable ROM to the RAM a byte at a time. 
Each byte move shifts the pattern incrementally to 

simulate motion. The interrupt limits the number of op-
erations within the interrupt routine. Since the interrupt 
generates the synchronous signals, it provides timing in-
formation to the main program. Its accurate clock times 
an output switch that must be kept open for a certain 
length of time. Finally, the interrupt checks the state of 
input ports and flags changes to the memory. 
A game program is designed in two parts: the main 

game-logic pattern and the interrupt. The main pro-
gram sets an action in motion and checks for its comple-
tion. The interrupt moves the pattern and informs the 
main program an expected condition is met. For ex-
ample, a pattern might be a car at point A with velocity 
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B traveling in one direction until condition C is met. 
The interrupt veers the pattern from point A at veloc-

ity B and informs the program when condition C is met. 
The main program then initiates the next operation. 
part of which may be sound or light output. The inter-
rupt operates from the blanking pulse when the scan 
reaches the bottom of the video screen. 
The MDS 800 for developing and debugging pro-

grams has been expanded by replacing its teletypewriter 
with a floppy disk, a powerful operating system, a high-
speed printer, and a cathode-ray-tube terminal. The 
floppy disk and printer handle the vital editing and as-
sembly function at 10 times the speed of the unmodified 
system. The initial debugging is checked on the MDS 
monitor as the new program is run from the MDS 
memory, and final debugging is conducted with an in-
circuit emulator on an erasable programable read-only 
memory that is repeatedly blasted by pulses from a pro-
gramable-Rom programer on the actual game board. 

2. Quick on the draw. Basic microprocessor circuit is used for a va-

riety of games by changing instructions stored in read-only memory. 



Distributed control boosts 
process reliability 
by Anthony M Demark 
Honeywell Process Control Division, Fort Washington. Pa. 

When a control failure can produce catastrophic effects, 
as in the chemical or petroleum processing industries, 
the concern for reliability dominates design decisions. 
So, in recent years, the process industries have been 
moving toward distributed control because of its in-
creased reliability. Failure in one part of a distributed 
system need not shut down the entire process, since 
each part operates independently. 

Microprocessors are fairly new on the distributed-
control scene, but they fit well on the bottom rung of a 
hierarchy of controls. One example is the TDC 2000 
controller file that is built around General Instrument's 
CP1600 microprocessor. 
The file has the conversion and computational cir-

cuitry for controlling eight process loops. It has 28 con-
trol algorithms stored in a read-only memory. And the 
operator can configure his control strategy with a re-
motely locatable pushbutton panel. He also can make 
his selections through cathode-ray-tube control stations, 
or directly through the minicomputer that is at the top 
of the control hierarchy. 
The controller file in the figure is organized around a 

16-bit bidirectional data bus that allows the CP1600 or 
the date-highway interface to gain access to information 
in any of the controller cards. 

Generally the microprocessor controls the data bus 
and implements the control strategy stored in random-
access memory by executing specific sections of the 120-
kilobit ROM. These strategies always involve the encod-
ing of the process inputs via the analog-to-digital con-
verter, calculation of valve responses and conversion to 
analog form by eight independent digital-to-analog 
converters, and transmission of the responses to the pro-
cess-control valves—basically eight loops of control. 

The data entry panel is serviced via the interface card 
at the completion of the control calculations. Informa-
tion too critical to remain in the volatile RAM, is period-
ically transferred into the core memory. 

Using the coaxial data highway and highway inter-
face card, a remote supervisory computer or central CRT 
display can gain access to information stored in the con-
troller memory. The card requests control of the bus 
from the processor, addresses the location of interest, 
and conditions the data for transmission to the request-
ing device. It is this interface that truly implements the 
distributed-control architecture, since it permits com-
munication among all elements of the control system. 
The CP1600 and four companion circuits were devel-

oped for this application. All five custom circuits were 
designed using an n-channel ion-implant process. 

Large arithmetic content 

The 16-bit architecture of the central processing unit 
resulted from the large arithmetic content of the control 
algorithms, often involving 48-bit products. 
The other chips are a 256-word-by-4-bit RAM circuit 

built into a 512-by- 16-bit memory array, 23 512-word-
by- 10-bit ROM circuits storing the controller's operating 
program, a 16-channel analog multiplexer that contains 
the address latches and switches needed to connect any 
of the 16-process inputs- 1-5 volt dc signals represent-
ing temperature, pressure, and flow to the a-d converter, 
and a dual 10-bit pulse-width d-a converter that stores 
and converts calculated valve signals into analog form. 
The design challenge was to get all the digital-control 

advantages of the microprocessor without violating the 
critical rules for safe, reliable process operation. The 
chief areas of concern were power supply, independent 
valve outputs, conventional displays, firmware oper-
ating aids, memory volatility and diagnostics. 
The control system must operate from a single, 

loosely regulated dc source (22.5 to 30 volts), so it can 
use rugged, reliable ferro-resonant power supplies for 
the process transmitters, valves, and control equipment. 
Also, this type of supply can be paralleled for redun-
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Tying Into the system. The TDC 2000 components connect to the 16-bit bidirectional databus for communication among controller compo-

nents and also to permit the controller to talk with other peripherals or with a hierarchical computer, if there is one. 
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dant operation, a highly important reliability feature in 
a plant that can't tolerate instrument power loss. 
The various logic and control circuits require 14 am-

peres at 5 volts dc, and modest amounts of ±-12-v dc 
power. The 12 v supplies were handled by two inte-
grated-circuit regulators, and a simple inverter ( + 24 to 
-24 v). But the only technique that promised efficient 5 
V dc from 24 v dc was a switching regulator, which was 
used in spite of its reputation for generating electrical 
interference. The end result was a 70%-efficient supply 
isolated from noise by four-terminal electrolytic capaci-
tors and shielding. 
Experience shows that users can tolerate loss of auto-

matic control for eight loops, but assuming handwheel 
control for eight valves would place great strain on the 
plant operating staff. An independent storage register 
and a d-a converter for each valve output virtually elim-
inates the possibility of simultaneous failure of more 
than one output. 
A custom circuit contains a 10-bit register that stores 

the digital equivalent of the valve signal. This register is 
available for parallel loading by the microprocessor and 
for increment/decrement manual intervention by a pro-
cess operator. This chip also contains a pulse-width d-a 
converter that converts the digital value into a 4-to-20-
milliampere dc signal. The circuits that provide manual 
control operate from a single 24 v dc supply and can 

function without the remaining controller circuitry. 
Process control operators sometimes prefer conven-

tional analog displays. The significant amount of inter-
facing that this option entailed was feasible only when 
integrated into the valve-storage-and-conversion chip 
described above. The hardware features of the d/a con-
verter chip and firmware initialization routines greatly 
simplify operating rules, thereby reducing the probabil-
ity of the operator inadvertently disturbing the process. 
The convenience, access time and costs of solid-state 

memory are hard to beat. However, it is volatile. Bat-
tery backup schemes are all limited by life, capacity, 
maintenance, or shipping considerations. The cost and 
power consumption of a parallel core was also exces-
sive. So a hierarchical concept using the 4,096-by- 1-bit 
core memory was used. Variable data is stored in the 
volatile RAM memory, with all critical values serially 
transferred to core three times per second. 

If the microprocessor, analog input system or analog 
output system fails any of the extensive, hardware and 
firmware diagnostic tests, the system prevents the pro-
cessor from transferring calculated outputs to the valve 
d/a converters. This keeps potentially erroneous infor-
mation from reaching the process and maintains the 
valve signals at a previously valid level. In addition, a 
"watch-dog" timer monitors the program execution 
time to eliminate any infinite loops. 

Standard process controller 
can be programed in field 
by Bruce Allen 
Bristol Division, American Chain and Cable Co.. Waterbury, Conn. 

Programing a microprocessor for a complex and refined 
process-control application can be wildy expensive 
when done on a large computer and very time-consum-
ing if done on a simple microcomputer develop-
ment system. A quick low-cost alternative—if the right 
kind of minicomputer is at hand—is to trick the mini-
computer's macroassembler into producing the micro-
processor's machine language instead of its own. That 
was how the operating codes for the UCS-3000 process 
controller were written. 

Industries as diverse as the chemical, petrochemical, 
oil, gas, water treatment, food, steel, and paper are 
equally well served by the microprocessor-based UCS-
3000. This process controller, which can function either 
in a network of controllers or independently, is a stan-
dard unit that does not need custom programing. In-
stead, engineers in the field, with no specific training in 
computer techniques, decide on the machine's initial 
configuration and may change that configuration later 
without shutting down the process. 
As elements in a network, the units are cost-effective, 

and run unattended, each of them controlling a very 
small segment of a batch or continuous process. As a 
stand-alone device, a unit handles either complex pro-
cess control or data acquisition and reduction and for-
mats the output for printers, cathode-ray-tube display 

terminals, floppy disks, and other peripherals. 
The design revolves around 24 pseudo-hardware 

building blocks—basically programable calculators, 
Boolean logic blocks, counters, data storage units, etc. 
Several hundred blocks may be interconnected in each 
process controller through 1,000 possible software con-
nections. To handle all this, an Intel 8080 micro-
processor is augmented by a sophisticated multi-pro-
gramed operating system and a device-independent 
multi-buffered input/output software system. The 8080 
also employs a modular process 1/0 interface, plus 
memory, communication I/0, and operator interfaces. 

Meeting expectations 

Demands on the 8080 are high. It must execute hun-
dreds of logic equations as effectively as a programable 
controller and must solve generalized arithmetic equa-
tions faster than a programable calculator. It must time 
external events to a resolution of 4 milliseconds and 
control the on/off outputs to within 0.1 second. It has to 
measure process variables with 12 bits of resolution, 
and then control proportional devices based on calcu-
lations accurate to one part in 16 million, with a dy-
namic range of 1077 and with time constants up to sev-
eral days or integration times of a month. Lastly, it must 
efficiently handle two-way asynchronous ASCII data 
communications on several devices simultaneously up 
to 9,600 baud, and it must handle full-duplex synchro-
nous multi-drop transfers up to 250,000 baud. 
The 8080 is therefore used to its fullest extent. There 

is a three-layered interrupt structure that produces 486 
interrupts, and a complete direct-memory-access struc-
ture that allows each of 30 i/o boards to handle DMA 
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Who's the performance winner 
in 16k and 32k memory systems? 

Check the specs. 

Fabri-Tek has packed more speed and 
total performance into single- board 16K 
and 32K memory systems than anybody 
else in the business. Compare our 696 
and 698 systems against the competition, 
and you'll see what we mean. We'll not 
only beat them in specifications— 
we're the only company that offers 
you total upward compatibility to 
32K. At competitive prices, too. It's 
what you'd expect from a company 
with years of leadership in the memory 
business. Go with the winner— call us 
today for the best in both off-the-shelf 
and custom memory systems. 

FABRI- 
TEK EMM 

DATA 
PRODUCTS 

, 

DATA 

- 

RAM 

MODEL 696 698 Micro 3000 
D.D. 

Micro 3000 
Q.D. 

Store 
1680 

DR- 103 DR- 103 

MEMORY SIZE 168 328 16K 32K 16K 32K 16K 32K 

CYCLE TIME 650 650 650 850 650 650 750 

ACCESS TIME 250 250 270 300 280 265 300 

PHYSICAL 
SIZE 

11.75x15.4 
x1.0 

11.75x15.4 
x1.0 

11.75x15.4 
x1.0 

11.75x15.4 
x1.0 

11.75x15.4 
x1.0 

11.5x13.7 
x1.0 

11.5x13.7 
x1.0 

COMPATIBILITY 
16K TO 32K YES NO NO NO 

SALES 
OFFICES: 

Boston 
(617) 969-5077 
Tom Fitzgerald 

FA\ D II I tiZ INC. 
COMPUTER SYSTEMS 

5901 South County Road 18 • 

Chicago 
(312) 437-4116 
Bruce Richardson 

West Long Branch, N J 
(201) 222-6250 
Fred Genovese 

San Jose, Calif. 
(408) 246-8391 
John French 

Minneapolis, MN 55436 • (612) 935-8811 

Dallas 
(214) 661-3155 
Al Yarnell 

Minneapolis 
(612) 935-8811 
Jack Graham 

Hawthorne, Calif. 
(213) 973-0484 
Wally Harrison 
Don deVries 
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Low cost 
disc storage for 
DEC, NOVA and 
Interdata mini's. 

Available now for 
immediate delivery! 

1:b1.   
ces s  :1;1  :s 

Compare the Plessey disc system (PM/DS) with those furnished by the 
original mini supplier. With the Plessey PM/DS you achieve double the 
storage in half the space at a big reduction in cost. 

The PM/DS is software, hardware, and media compatible with 
the DEC,Data General, and Interdata family of minicomputers. It con-
sists of a disc controller (PM/DC) and a dual disc drive (PM/DD) either 
of which may be purchased separately. The PM/DC will accommodate 
disc drives made by numerous manufacturers including Diablo, Wangco, 
Pertec, Caelus, and lomec. The PM/DD contains five megabytes of 
storage, 2.5 fixed, 2.5 removable, and may be daisy chained in your 
existing disc system. 

The PM/DS is another step in the Plessey plan to expand—from 
a leading manufacturer of minicomputer add-on memory, to a complete 
supplier of a wide range of mini peripherals. If you use DEC, NOVA or 
Interdata minis you can satisfy all your requirements for disc, memory, 
and punched tape products with one supplier— Plessey. 

Contact us today for details or a demonstration. Whatever you 
need, you are going to be impressed with what we can do for your mini-
computer system and love what we can do for your budget. 

PLESSEY 
MICROSYSTEMS 
(714) 540-9945 

THE MINI EXPANDERS 
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. Your 
microprocessor, 

our displays... 
pffluilifflommium 

...mude for 
each other. 

Your microprocessor-based system should have an alpha-
numeric readout device. In addition to the ability of your 
product to present alphanumeric information, such displays 
are extremely useful for debugging and for data recall 
during programming. 

Burroughs' SELF-SCAN * panels readily interface to the 
I/O devices of the popular microprocessors, including the 
MC 6800, Intel's 8080 and 4040 series, National's IMP, and 
many others. An "off-the-shelf," inexpensive, dc-dc con-
verter uses your system's low voltage (+ 5 or + 12V) to sup-
ply the display. Your software programming effort to control 
the display represents a small portion of the overall pro-
gram development. 

It's that simple to get a bright, easy-to-see alphanumeric 
readout. SELF-SCAN panels feature neon-orange 5 x 7 dot 
matrix characters free of glare, distortion, flicker and fuzzi-
ness. Panels are available with 16, 20, 32, 80, and 256 
characters, with or without memory. 
To learn more about the ways our displays and your 

microprocessor were made for each other, write to Bur-
roughs Corporation, Electronic Components Division, P.O. 
Box 1226, Plainfield, New Jersey 07061. Or call one of our 
special sales/applications numbers: 

East Coast (201) 757-5000 
West Coast (714) 835-7335 
London, England (01) 240-1479 

SELF-SCAN panel displays are available from our distribu-
tors: Hamilton/Avnet, Cramer Electronics, Arnold Barnes 
Associates. For overseas inquiries, write Burroughs ECD 
International, 11-15 Betterton Street, Drury Lane, London. 
MC6800 chlp photo courtesy of Motorola Corporahon 

You con ee the difference 

Burroughs 
168 Circle 168 on reader service card 

600 
MICROCOMPUTER 

SYSTEMS 

Mikul 600 is a microcomputer system based on 
the powerful 6800 microprocessor, designed for 
a variety of microcomputer applications. The 
modules are built on 7 x 5 cards, which fit in 
compact Nema enclosures, and operate with-
out forced air cooling in most environments. 
The broad line of modules and straight forward 
bus structure make it easy to implement reli-
able, cost effective solutions to a wide spectrum 
of control, communication, and processing 
problems. 

TL INDUSTRIES, INC. 
TOLEDO, OHIO 43612 • (419) 478-7564 
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PL/M6800Tm 
COMPILER 
COMPILES FOR 
MOTOROLA M6800 
MICROPROCESSOR 
• Use it worldwide on timesharing 
• Purchase it for in-house use 

Available now — SEND FOR 
PRODUCT INFORMATION SHEET 

111TERMETRICS 

1 
701 CONCORD AVENUE 
CAMBRIDGE, 
MASSACHUSETTS 02138 
(617) 661-1840 

Compiler Developers 
For Seven Years 
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INTEL 8080 
MICRO 
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Process control In action. Up to 30 identical I/0 boards may be addressed through 10 lines, but each board is connected to only five 

Board 1 is shown as performing interrupt, and board 2 is performing direct memory access. Only the active elements are depicted for each 

function. Interrupt and direct-memory-access queries are daisy-chained through each I/O board until intercepted by a requesting board. 

transfers at full 8080 speed (see figure). Memory con-
sists of 65,536 bytes implemented in core and in semi-
conductor, both random-access and programable read-
only memory. 
To simplify input and output, all devices communi-

cate over an 8-bit output data bus and a separate nega-
tive-data input bus. In addition, the 8080 sends 12 ad-
dress lines to the boards. Ten of them carry the 5-bit 
board addresses, a different assortment of five lines end-
ing up on each board. When a board is selected, its five 
address lines are high. The other two address lines go to 
all the boards, for further device selection. 

In the first level of the interrupt structure, there are 
six interrupts internal to the microprocessor and a single 
external one, which is shared by all 30 1/0 boards. 
To notify the 8080 that it has an interrupt to be ser-

viced, a board simply pulls down the bus INTERRUPT 
line. The 8080 then sends out an INTERRUPT QUERY, 
which elicits its five-bit address from the nearest board 
with an interrupt pending. This address triggers a sec-
ond-level interrupt that branches to one of 30 program 
starting points. Meanwhile the 8080's original query re-
sets the interrupt on the now serviced board and allows 
other boards to generate additional first-level interrupts. 
A third level of interrupts may be triggered by the 16 

digital inputs on each I/O board. Each of these 16 points 
on a board may be selectively armed to generate an in-
terrupt on change of state. When this happens, the 

board pulls down the INTERRUPT line as before. How-
ever, the software must also determine which bit 
changed state and then transfer the information to the 
appropriate interrupt service program. 
A direct-memory-access transfer may be initiated by 

any I/O board, by pulling down the common HOLD line 
and waiting for a HOLD ACK from the microprocessor. 
Then the board places its memory address on the 16-bit 
memory address and either puts data on the DATA oui 
bus and issues a MEM WRITE, or issues a MEM READ and 
takes data from the DATA IN bus. Then the HOLD is re-
leased by the I/O board and the CPU resumes operation. 
To program the 8080 for a complex continuous-pro-

cess-control application, experience indicated that none 
of the Intel assemblers and simulators—let alone PL/M— 
would be particularly suitable. For one thing, they re. 
quire a lot of expensive computer run time: the 8080 
cross assembler, for instance, being written in the high.. 
level language of Fortran, is a slow way to produce 8080 
machine language. For another, they do not allow link.. 
ing of subroutines, though that would be no problem in 
the case ola one-time processor development. 
An alternative is to buy a microcomputer develop.. 

ment system based on the microprocessor that will 
eventually be used. But again, for a job of any size, the 
process turns out to be slow, and the crude operating 
systems usually lack linking capability. 

But a third, highly efficient, approach may be used by 
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anyone with a modern minicomputer disk operating 
system. This kind of minicomputer has a macro assem-
bler for converting its own assembly language into its 
own machine language. But it can be tricked into using 
its assembler to convert 8080 assembly language into 
8080 machine language by storing in it a library of 
macroinstructions that define the 8080 instruction set. 
This assembler can be run at least 10 times as fast as a 
Fortran-based cross assembler and will take only one 
fifth the mini's core space. 

Also, the assembler's output is not absolute code, i.e. 
a specific address for each machine instruction. Instead 
it is link-ready code. In other words, the program can be 
divided into subroutines, and an entire subroutine or 
module can be addressed instead of just an absolute lo-
cation in that subroutine. Eventually, the link editor (or 
cataloger) will link the modules together. In addition, 

Bulk weighing system 
keeps operator honest 
by Stanley E. Laberski 
Howe Richardson Scale Co., Clifton, N. J. 

programs can use a reference name for a not-yet-written 
subroutine, for its insertion later during linking. 
When the final program is ready to run in the 8080, 

an in-house-built microcomputer development system 
transfers it together with a debug program from the 
minicomputer disk to the 8080, where it is then de-
bugged rapidly in its real environment rather than a 
simulated one. The process is so fast that a programer 
working at a CRT terminal may edit source modules, as-
semble, link, and load a 20-k program in 5 minutes. 
To customize the system for a particular application, 

an ACCOL compiler (run on the same minicomputer and 
itself written in Fortran) defines the control configura-
tion of an UCS-3000 prior to shipment. ACCOL is the 
firm's own control-hardware-oriented language. In the 
field, a programed panel enables the user to edit the 
USC-3000's software, again using ACCOL. 

A microprocessor controller enables a scale for such 
commodities as grain, chemicals, flour, and sugar not 
only to weigh them automatically, but also keep the op-
erator honest. The Bulk-tronic can require the operator 
to identify himself by means of a number or badge 
reader before it will operate. What's more, until the 
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New Honeywell portable 
packs 28.channels, 

meter monitoring and solid 
ferrite heads ,  „  all into _  

one small, 
superb 
unit. 

If you've been waiting for better features and 
more capability in a portable tape recorder 
—you've got it. The Model 5600E from 
Honeywell! 
Our new portable gives you up to 28 tracks, 

7 speeds. field-convertible intermediate or 
wideband, solid ferrite wideband heads and 
'0 1/2-inch reel capacity. There's also a variety 
of rack and shock mount configurations and 
an intecraL dc power supply option. 
Our meter monitoring isn't typical either. Not 

with simultaneous monitoring or record input 
and reproduce output on any channel, plus track 
monitoring with mis or peak ac or dc meter 
coupling, and there's more . . . 

Like electronics and parts commonality with 
other Honeywell portables; a 3,000-hour ferrite 
head warranty and a proven transport all in a 

lightweight compact package. 
Get complete technical specifications by 

calling Darrell Petersen, (303) 771-4700, or write 
Honeywell Test Instruments Division, P. O. Box 

5227E, Denver, Colorado 80217. 

H on eywe 
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Transients can strike from anywhere, 
guard your microprocessor designs 

with a id-Series Translorb: 

Line surges, lightning, relays, solonoids, 
motors and inductive loads, automobile 
ignition, static electricity, hash, 
noise ... transients! 

Microprocessing capabilities will take 
your next product design into new and 
hostile environments. How are you going 
to protect that expensive microprocessor 
circuit from damaging transients? 

We have the answer: the new /LP-Series 
TransZorb. Tailor-made for microprocessor 
circuits, µP-TransZorbs are available with 
voltage ratings from 5 Volts to 45 Volts. 

Now you can provide maximum transient 
protection for your microprocessor and 

build- in unparalleled reliability. Field 
service calls are expensive, so it makes 
good sense to design- in transient 
protection from the very start; for $1.72* 
can you afford not to? 

It's the best way 
Electrical system disturbances, such as 
static discharges, can result in transients 
exceeding 10,000 Volts. Placing 
/2P-TransZorbs across Vss, Vdd, or Vcc 
lines and transient- prone data lines will 
maintain circuit voltages at nearly constant 
levels, even with surges in excess of one 
hundred amps. And TransZorb's response 
time is a blazing one picosecond! 

TransZorbs were subjected to over 
5.6 million device pulses with results 
unparalleled by any other transient 
suppression device. 

Get the whole picture: 
We have complete data sheets 
available, with application notes. Don't 
commit your microprocessors to an 
alien environment without adequate 
protection. Send for your copies, or call us, 
our response time is pretty fast, too. 

*Unit price in 10,000 pc. quantities. 

*  GENERAL 
*SEMICONDUCTOR 

INDUSTRIES, INC. 
20,,, WEST TENTH PLACE • TEMPE. ARIZONA 85281 • 602-968-3101 • TVVX 910-950-1942 
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weight has been logged by the scale's recorder, the con-
troller won't open the hoppers to dispense the product. 
To weigh a particular material, the operator selects 

by keyboard the product and the total weight desired. 
The controller then determines the optimum batch size 
for the available weigh hopper. If successive weighings 
are required, the controller totals the dispensed grain, 
adjusts the batch size to reach the desired weight, and 
cuts off the automatic cycling when all the commodity 
has been delivered and recorded. 
The only way the system could be built economically 

and also provide system diagnostics and the capability 
to tie into a centralized computer system was to use pro-
gramable logic. After simpler devices had been tried 
and rejected, for reasons to be described later, the Intel 
4040 microprocessor was chosen. 
The maximum-capability system is built on three 

types of 6-by-8-inch cards that share a bus. The 4040 
central processing unit is mounted on the first card, 
along with 16 random-access-memory chips; the second 
card contains the PROMS, and the third the ho interface. 
The cards plug directly into the bus, together with the 

analog-to-digital converter for the strain-gage load cells 
and the operator's numeric light-emitting-diode display. 
The bus is a 50-wire flat cable. 
Each 1/0 card contains a 1-out-of- 16 decoder plus ter-

minals for hard-wired addressing of the device. By 
means of hard-wired addressing, the RAM output lines 
select the desired Po bank with which the software is to 
exchange information. Any peripheral can have the ad-
dressing and decoder circuitry of an I/0 card designed 
into it so that the software will treat it as an 1/0 card. 

It was obvious from the beginning that the Bulk-
tronic would need extensive ho capability. Engineers 
started with the smallest and least expensive device—a 
single-card Intel 4004, together with support hardware 
for programing and debugging software. The 4004 uses 
the same programable read-only memory chips as the 
PDP-16 minicomputer. A programer controlled by a 
PDP 8 with editing, listing, and assembling capability 
was used to program the PDP-16 read only memory. 

However, control simulations quickly showed that the 

single-card 4004 had too small an PO capability, so a 
larger, multi-card 4004 microcomputer was tried next. 
This device handled larger programs, which, however, 
wire in assembly language and had no source-language 
listings with comments to aid in software debugging. 
Here is where the common PROMS proved valuable. The 
PDP-8 assembler was modified to accept 4004 source 
language, and the programer to accept the PROM chips 
directly. These modifications made it possible to pro-
gram and edit the 4004 in source language, add com-
ments, and let the minicomputer assemble, load the 
programs into the PROM, and provide annotated listings 
of source and assembly language. 

However, by now, it was apparent that the Bulk-
tronic needed the more capable Intel 4040, with its abil-
ity to monitor individual instruction cycles, its larger 
number of subroutine nestings and index registers, and 
its larger instruction set. 

Programer can compensate for slow speed 

Operating speed was found to be the only significant 
limitation of the 4-bit 4040 microprocessor. However, so 
long as the programer keeps the instruction cycle time 
in mind, he can normally avoid problems because the 
system controls relatively slow real-time situations. 
The maximum Bulk-tronic microcomputer system 

consists of one CPU card containing 1,280 hexadecimal 
character stored in 4-bit RAM. Also on the card is a 
dual-in-line package connector for attaching a software 
monitoring panel that contains single-step and stop-on-
address controls and displays the instruction cycle. 
There may be two PROM cards, each with a memory in-
terface chip and 16 PRoms for a card capacity of 4,096 
8-bit instructions, and 64 1/0 cards. 
Each of the two PROM cards can service 32 1/0 cards. 

And since each i/o card contains 32 inputs and 32 out-
puts, a maximum of 2,048 gated mos inputs and 2,048 
latched mos outputs can be realized. There are also 64 
p-channel mos output lines from the 16 RAM chips, 
which are bought off the CPU through four 16-pin DIP 
connectors. The outputs of the first two RAMS also con-
nect to the system bus, to implement [to bank selection. 

Measurement system 
logs analog data 
by Richard E. Morley 
Lion Precision Corp.. Newton. Mass 

The acquisition and control of analog data on dimen-
sions, pressure, flow, temperature, force, tension, and 
the like are widespread needs in industry. Meeting indi-
vidual requirements with hard-wired logic imposes high 
engineering costs, and, in the end, the system becomes 
dedicated to a special purpose. 
The Analog Data Acquisition Analysis and Control 

System (Adaacs) is a highly efficient, flexible micro-
processor-based computer system designed for analog 
instrumentations systems (see figure, over). Its major 
functions are: to provide control of the instrumentation, 

to provide digital encoding of analog data signals, to 
process the data, and to provide output data in analog 
and digital form to peripheral devices such as an al-
phanumeric display, meters, or a data-logging printer. 

Contact and noncontact transducers provide the data 
in analog form to the Adaacs. If desired, closed-loop 
control of a process can be implemented. 

Sixteen single-ended or eight differential analog in-
put signals (expandable to 256) may be accommodated 
at the input interface. The Adaacs output interfaces in-
clude two EA-standard output ports, which allow inter-
face to a peripheral unit or a communication link. A 
third EIA interface is dedicated to a Termiflex Corp. 
HT/2 hand-held input terminal. Two output ports are 
provided for devices such as a meter and recorder. 
The modular hardware and software of the system 

can meet the varying requirements of customers eco-
nomically. A program function, the number of chan-
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TheTenMost 

WANTED 

Brush Ose inograph 260 

Esterline Angus Chart Recorder General Radio 
Sound Level Analyzer 

GE Chart Recorder 

INSTRUMENTS 

Nicole) 
Digital Storage Oscilloscope 

 e  e   
Hewlett- Par kard 5302 A 

Kaye Data Ar quisition Ssstem 

RENT'EM 
FROM GE 

What's at the top of your Most Wanted List? 
Quick • rental instruments has rounded up over 5,000 
different instruments from all the manufacturers. Our 
100 Sales/Service Centers are major-city located, 

KQuicitrentat GENERAL Instruments 'Trademark General Electric 

Data Research 
Transient Voltage Re. order 

Tektronix Oscilloscope 

Texas Instruments 
Temperature Re e order 

coast-to-coast. And we'll ship your instruments on the 
day you call, calibrated to the manufacturer's specs. 

Short or long term rentals, money-savers when 
you want instruments. For more information call your 
nearest Rental Center or (518) 372-9900 collect. 

ELECTRIC 
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New products 

Current tracer pinpoints failures 
Instrument in family of troubleshooters for digital circuits 

uncovers faulty components; logic pulser is signal source 

by Andy Santoni, Instrumentation Editor 

Although the aim in troubleshooting 
digital circuits is to isolate the com-
ponent that has caused a failure, no 
simple method has been devised un-
til now to perform this function. At 
best, logic probes, oscilloscopes, and 
other digital troubleshooting gear 
have been able to determine no 
more than which node has failed— 
not which driver or receiver is re-
sponsible. 
The model 547A current tracer 

from Hewlett-Packard Co. can de-
termine precisely which component 
has failed because it can uncover 
the paths through which fault cur-
rents are flowing. For example, if a 

signal bus is stuck at ground, the 
547A can determine whether the 
fault is in the receiver or driver, 
even in wired-OR circuits. The in-
strument can also uncover solder 
bridges or printed-wiring slivers on 
printed-circuit boards. 
An adjunct to the current tracer is 

the model 546A logic pulser, which 
can also be used as a signal source 
for another member of this family 
of digital troubleshooting instru-
ments, the model 545A logic probe 
[Electronics, March 4, p. 139], or 
other logic probes. 
The current tracer, priced at $350, 

locates low-impedance faults by fol-

Ire 
CC009-09CCO CC1r ji 

I 0C000 .09CÇO OCV ji 

lowing alternating-current pulses 
flowing to or from a fault. It senses 
the magnetic field generated by sig-
nals in the circuit or from the pulser, 
and a one-light indicator displays 
transitions, single pulses, and pulse 
trains. Because it is not voltage-sen-
sitive, the tracer can be used with 
any logic family as long as current 
pulses over I milliampere at repeti-
tion rates less than 10 megahertz are 
available. 
The tracer uses a shielded induc-

tive pickup and a wide-band, high-
gain amplifier to provide the sensi-
tivity needed to detect magnetic 
fields created by current changes 
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IriTiR:11Akk 
CRYSTAL OSCILLATOR 

ELEMENTS 
A Complete Controlled Signal Source from 6000 KHz to 60 MHz 

The MOE series is designed for direct plug-in to a standard 
dip socket. The miniature oscillator element is a complete 
source, crystal controlled. in an integrated circuit 14 pin 
dual-in-line package with a height of I/2 inch. 

Oscillators are grouped by frequency and temperature 
stability thus giving the user a selection of the overall 
accuracy desired. Operating voltage 6 vdc. Output wave 
shape — non sine. 

TYPE CRYSTAL 
RANGE 

OVERALL 25°C PRICE 
ACCURACY TOLERANCE 

MUE-5 
6000KHz 
to 60MHz 

+ . 002% 
— 10° to + 60°C 

Zero 
Trimmer $35.00 

6000KHz + .0005% 
MUE-10 to 60MHz — 10°to + 60°C 

Zero 
Trimmer $50.00 

International Crystal Manufacturing Company, Inc. 
10 North Lee, Oklahoma City, Oklahoma 73102 

New products 

along pc-board traces. The instru-
ment's sensitivity is high enough to 
follow signals in multilayer boards, 
through the insulation in shorted ca-
bles, and on backplanes and moth-
erboards. 

In operation, the tracer is placed 
at a reference point, usually a node-
driver output, and the sensitivity 
control is set so that the lamp just 
turns on. The probe can then be 
moved along the circuit path, and 
the lamp will go out when the 
shorted branch is passed. 

Input sensitivity range is 1 mil-
liampere to 1 ampere, and max-
imum current-transition rise time is 
200 nanoseconds at 1 MA. 
The current tracer requires a 

power supply of 4.5 to 18 volts dc 
with a maximum ripple of ±500 mv 
above 5 v, and is protected against 
overloads up to ±25 vdc for one 
minute. Maximum input current is 
75 MA. 
The tracer's power supply can be 

floating with respect to the supply of 
the circuit under test. 
The model 546A logic pulser can 

drive high nodes low or low nodes 
high with short, high-energy pulses 
that cannot destroy the integrated 
circuits under test. It contains a 
read-only memory that allows push-
button programable operation with 
six output variations: single pulse, 
100-hertz continuous-pulse stream, 
100-pulse burst, 10-Hz continuous 
pulse stream, 10-pulse burst, or 1-Hz 
continuous pulse stream. The out-
put waveform is chosen by pressing 
the push button or sliding it toward 
the probe tip; a table of codes is 
printed on the pulser's body. 
A light-emitting-diode indicator 

monitors the pulser's output, elimi-
nating the need to guess whether or 
not the output is active. 
The pulser, priced at $150, oper-

ates from supplies of 3 to 18 v dc 
and draws less than 35 mA. The top 
output is protected against contin-
uous overloads of ±50 v and short 
circuits, and the power-supply input 
is protected up to ±25 V. Time-base 
accuracy is to within ± 10%. 
Inquiries manager, Hewlett-Packard Co., 
1501 Page Mill Rd., Palo Alto, Calif. 94304 
[338] 
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Memories are made of this. 

r -11 

The Harris family of GENERIC PROMs 

Once you know about the Harris family 
of GENERIC PROMs, stand-alone PROM 
designs are easy to forget. That's because 
the diverse requirements for density, 
modularity and performance within a system 
can be completely satisfied by our one 
GENERIC family. 

As a result, there are many advantages 
of the Harris GENERIC PROMs to keep in 
mind. Like compatible DC electrical 
specifications and common programming 
requirements. 

Fast programming speed (guaranteed 
1 ms per bit max.). Equivalent I /0 
characteristics for easy upgrading. Past 
access time, guaranteed to meet worst case 
N2 sequencing over temperature and voltage. 
And improved testability. 

Right now, our entire family of GENERIC 
PROMs is in volume production (see table). 
With 100 and up pricing at less than 1/2 cent 
per bit on the popular 1 K, 2K and 4K 
configurations. 

So remember, if you want PROMs with 
common programming requirements, low 
system costs, and the highest performance, 
get the Harris family of GENERIC PROMs. 

It'll give you plenty of great memories. 

Device 8 
No of 
Bits 

Orgaru-No 
zation 

of 
Pins 

Max 
Access 
Time* 

Pr ce 
100 up 

Corn Mil Corn Mil 
HM 7602 
(open coil) 

256 32x8 16 4Ors 5Ons $2 95 $5 95 

HM 7603 
(three state) 

256 32x8 16 4Ors 5Ons $2 95 $5 95 

HM 7610 
(open coil) 

1024 256x4 16 6Ors 75ns $4 95 $9 95 

HM 7611 
(three state) 

1024 256x4 16 6Ons 75ns $4 95 $9 95 

HM '620 
(open colt) 

2048 512x4 16 7Ons 85ns $9 95 $19 95 

HM 7621 
(three state) 

2048 512x4 16 7Ons 85ns $9 95 $19 95 

HM-7640 
(ope..) coil ) 

4096 512x8 24 7Ons 85ns $19 95 $39 95 

HM 7641 
(three state) 

4096 512x8 24 7Ons 85ns $19 95 $39 95 

HM 7642 
(open coil) 

4096 1024x4 18 7Ons 85ns $19 95 $39 95 

HM 7643 
(three state) 

4096 1024x4 18 7Ons 85ns $19 95 $39 95 

HM 7644 
(acti te pullup' 

4096 1024x4 16 7Ons 85ns $19 95 $39 95 

•Access time guaranteed over full temperature and voltage range 
Industrial (TA = 0°C to 70°C. VCC± 5%) 

Military = 55°C to 17`)° C Vcc 

HARRIS 
SEMICONDUCTOR 
A DIVISION OF HARRIS CORPORATION 

PO. Box 883, Melbourne. Florida 32901 (305) 724-7412 
WHERE TO BUY THEM: OEM SALES OFFICES: CAUFORNIA: b ' "3: 42:h 7687 Palc Alto :4,5 964-6443 FLORIDA: Melbourne ( 305) 724.7430 ILUNOIS: H,r3 
325- 424.- MASSACHUSETTS: Wellesley Hats 617) 237 5430 MINNESOTA .' hneapcIts ( 612) 83:: 2505 NEW YORK: Endwel (6071754 5464 MelytIle L I (516)249 4500 OHIO .• 
1513 1, PENNSYLVANIA.* Wayne (215)687-6680 TEXAS. (21413'.31 9031 

SALES REPRESENTATIVES: ARIZONA:Scottsdale 602' 948.55 , CALIFORNIA: Lcs Angeles 213)870 9 91 Mounter, Mew :4151961 8,21 San Pego ( 7,4) 565•9444 COLORADO 
Deese, CONNECTICUT: Trumbull (203) 261 218? FLORIDA: Boca Ra'un t 305) 3' 5-6108 G.ttedo ( 305) 365 3283 Tampa (813) 933-3183 ILLINOIS: Elk Grp,: . )ge 
(312)645 I 850 KANSAS:Wtc hit& ( 316)943-6221 MARYLAND: RandaIlsto,n ( 301)972 1248 MASSACHUSETTS: Burlington. (617)273 1313 MICHIGAN: Farmington (313)476-2446 
MISSOURI: Hazelwood (314)731-5799 Kansas City, (816)761-6543 NEWJERSEY: hpasbey ( 51E) 567-590) NEbV MEXICO: Albuquerque (505) 265 5655 NEW YORK: Albany ( 518) 
489 7408 or 4777 Hunttngton Staten (516) 567 5900 NORTH CAROUNA: Balegh 1919' 828-0575 OHIO: Cleveland 1216) 831-8292 CYhrton ' 512 - 110 2 ' 50 OREGON: Bea," 
643 1644 PENNSYLVANIA: Alltson Park (412)487 4300 Ktng Prussta :2 5: 265 0E34 TENNESSEE: Shethyville (615)684 4544 TEXAS: Dallas ••11l-4592 Houston " • 
VIRGINIA: Falls Church ( 703 534-1673 Lynchburg (804)237-4740 WASHINGTON: Bellevue (2) 454-03i .0 CANADA: Montreal ( 141626-672 vs (613)749 0740 7 
676 1042 

NATIONAL DISTRIBUTORS: Harnkon1Aynet The Harvey Group FIlL Schw,-ter Electrhncs V V% athertord 2,ornnany 
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Groyhill 
coded output 
/witch firmdulef 

/tack upl 

new performance 
standards... 

1,500,000 cycles 

with less than 

10 milliseconds bounce 

•Self-generated Jogic...7 wire coding 
capability 

•Can be stacked in any array 

• Telephone array will provide stan-
dard frequency selection 

This • second generation - of low-
profile Grayhill pc mountable push-
button switch modules passes exact-
ing test for life and for bounce. 
Choose 6-, 3-, 2- and 1-button hori-
zontal or vertical modules, to array in 
any format, including telephone key 
set, while maintaining constant cen-
ter-to-center spacing' Circuitry avail-
able as SPST through 4 PST, normally 
open, or the poles can be internally 
shorted so several terminals connect 
when button is actuated. Choice of 
colors, with hot stamped or molded-
in legends. For more information on 
these Series 82 modules, consult EEM 
or ask Grayhill for engineering data. 

puree 

New products 

Meter samples fast 
51/2-digit dc unit takes 1,000 readings a second; 

options add resistance and ac-voltage scales 

by Lawrence Curran, Boston bureau manager 

Until now, users of dual-slope inte-
grating digital voltmeters have had 
to settle for a maximum speed of 
100 conversions per second in a 41/2-
digit instrument. But by using an 
extension of the dual-slope tech-
nique [Electronics, March 4, p. 26], 
Data Precision Corp. has come up 
with a 51/2-digit entry capable of 
1,000 conversions per second. The 
series 7500 is for use in automated 
test equipment and data-acquisition 
systems. It allows the user to choose 
from three conversion speeds, de-
pending upon the amount of noise 
rejection required. 

In addition, the new meter system 
allows the user to buy only the capa-
bility that he needs. The basic in-
strument, which can measure dc 
voltage and dc-voltage ratios, sells 
for $2,995. It has a maximum error 
at 23°C of ±(0.007% of reading 

+0.001% of full scale). It meets this 
specification for six months after 
calibration, the company says. 
With the appropriate extra-cost 

options, the series 7500 is a univer-
sal ratiometer, according to com-
pany president Harold S. Goldberg. 
It will measure ac volts, ohms, and 
any ratio—including dc volts to ac 
volts and vice versa, ac volts to 
ohms and vice versa, dc volts to 
ohms and vice versa, ac volts to ac 
volts, and ohms to ohms. 
Goldberg maintains that no other 

multimeter on the market offers this 
ratio-measurement versatility, and 
he points out that the 100-kilohertz 
frequency response of the ac volt-
meter is no small achievement. The 
same is true of the 1,000-conver-
sions-per-second capability, but it's 
a mixed blessing, Goldberg says. 
"One of the advantages of dual-

Choice of speed. Series 7500 meter can do up to 1,000 conversions a second. The basic 

instrument measures dc voltages and ratios, but options extend its capabilities. 

561 Hillgrove Avenue • LaCeange. Illinois 60525 
¡312) 354-1040 
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F37 Log/Lin Sweep Function Generator 
Precision Performance. F37's frequency setability is more accurate to begin with, because you can set your desired 
frequency with one fully calibrated coarse/fine control. The fine-tune vernier is centered on the dial so the output 
frequency meets accuracy specs wherever the vernier is set. And for easy and accurate sweep limit settings, you just 
swing the sweep limit cursor around. 

Top Sweep Capability. Inside the F37's sturdy metal case is all the capability you need for sweep function generator 
applications — triggered sweep and burst modes, log/linear selection, and two separate plotter drive signals, for 
example. F37 sweep time is ten times faster, too, than competitive models — all the way from 10 picosecs to 100 
seconds. 

You can count on F37's smooth performance and superior operating features because quality engineering and years 
of instrumentation experience are built into every Interstate Electronics unit. 

F37 — the best sweep function generator you can buy for $795. 

InLerstate's SERIES 30 offers you a complete, economically priced line of quality-built function generators. Write 
for our SERIES 30 datapack. 

Circle 181 on reader service card 

r CC 
INTERSTATE 
ELECTRONICS CORPORATION 

Subsidiary of A-T-0 Inc 

P.O. Box 3117, Anaheim. California 92803 • ( 714) 549-8282 • TVVX 910.591-1197 • TELEX 655443 & 655419 



Up to 86 % efficiency in Tecnetics 
DC to DC regulated converters. 

When your design calls for a 
highly efficient regulated converter 
in a compact package, Tecnetic's 
3000 series fits the bill. Efficiencies 
range from 66% to 86% with pack-
ing densities up to 2.78 watts per 
cubic inch. Our broad product line 
gives you a choice of models with 
25, 50, 100 and 150 watts of power 
and outputs from 5 to 48 volts. 

Standard features of the 3000 
series include input-output isola-
tion, overload and short circuit 
protection, input filters to reduce 
conducted EMI, and remote error 

sensing to insure that the proper 
voltage is maintained at the point 
of load. A I units are fully encapsu-
lated and designed to meet the 
vibration, shock. humidity and alti-
tude specs of MIL-E-5400. 

So. when you are looking for 
state-of-the art power converters, 
look to Tecnetics, the company 
wi:h proven expertise. For more in-
formation and prices on the 3000 
series, or three-hundred other 
power supplies, write for our 26 
page catalog. 

3000 SERIES HIGH EFFICIENCY REGULATED CONVERTERS 
Output Power 

Output Voltages 

Input Voltages 

150. 100. 50, & 25 watt models 

13 standard outpt.ts from 5 to 48 V 
28VDC or 48VDC (48 VDC only on 150 w units) 

Price range $305-$525. 

Dimensions (excluding terminals): 

25 & 50 watt: 4x4x2 inches 
36 oz. Fully encapsulated 

100 á 150 watt: 6x4x24 inches 
6C oz. Fully encapsulated 

tecnetics 

Regulation: 

Line (LL to HL) 0.3% 

Load (1/2  to FL) 0.1% 
Load (NL to FL) 0.4% 

Tell) 0.01% / °C 

The Power Conversion Specialists P.O. Box 910, 
1625 Range Street, Boulder, Colorado 80302 (303) 442-3837 TWX 910-940-3246 

C,rcle 182 on reader service card 

Roto-Kit, Inc. announces an 
ASCII Character Generator Kit 

for only $79.95 
FEATURES CRYSTAL OSCILLATOR FOR ACCURATE OUTPUT TONES OF 
1070, 1270, 2025, AND 2225 PLUS BAUD RATES OF 110, 150, 3011,450, AND 

600. IDEAL FOR TESTING MODEMS, ACOUSTIC COUPLERS, MINI 

COMPUTERS, ETC. 

ORDER BY COUPON AND WE WILL PAY SHIPPING—USE YOUR NRAUfER 

CHARGE OR BANK AMERICARD. 

Card No. 

Name 

Firm 

Address 

City, State Zip 

ANACCNOCosa OIAIACTIf OIRMATOR 

» »OS t• 

t•-- e rib 
41> eq, • u • 
• 1111 

All prices FOB Addison, III. All prices and specifications subject to change witnout notice. 

Model 88C 

FOR MORE INFORMATION, 
WRITE OR CALL ROTO.KIT, INC. 

ADDISON, ILL. 60101 
13121 543.2699. 

New products 

slope integration is its immunity to 
noise, but providing that immunity 
slows down the instrument. There's 
no way we can get rid of normal-
mode noise with that 1-millisecond 
conversion. But if the user has a 
quiet signal or isn't greatly con-
cerned about noise, he can get that 
speed." 
Data Precision also is offering 

front-panel or remote-control selec-
tion of slower conversion speeds for 
the user who needs better noise per-
formance: 8 milliseconds (125 con-
versions/second) for the user who 
wants to filter out a lot of high-fre-
quency noise, and 64 ms (15.6 con-
versions/second) to eliminate 60-
hertz noise. When running at top 
speed, the instrument's noise rejec-
tion can be improved somewhat by 
switching its input active filter. But 
the filter does not have a very low-
frequency cutoff because that kind 
of cutoff would slow down the in-
strument. 
The quadriphasic extension of the 

dual-slope integration technique is a 
big contributor to the instrument's 
speed. Developed by Paul Lucas, 
vice president for engineering, it in-
tegrates the unknown input for 200 
microseconds to get the 1,000 con-
versions per second. The instrument 
integrates a large reference input for 
as long as is required to get within 
1% of full scale. Then the compara-
tor sends a signal that changes the 
reference current and the clock rate 
each by a factor of 100, reducing the 
load on the comparator for the final 
brief integration period, the com-
pany points out. 
The series 7500 includes a binary-

coded decimal output for easy inter-
facing to a computer. It also in-
cludes an optional ($895) dedicated 
microprocessor to accommodate the 
IEEE 488 standard interface bus. The 
ac signal conditioner option adds 
$545 to the price, while the ac refer-
ence is a $495 option. The resistance 
signal conditioner goes for $345, 
and a root-mean-square option is an 
additional $ 100. Delivery time is 60 
days. 
Data Precision Corp., Audubon Rd., 
Wakefield, Mass. 01880. Phone (617) 246-

1600 [339] 
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Complete RF Network Analysis 
at prices you can afford 

O NARROW-BAND ANALYSIS 
The new GR 2261 Synthesizer Network Analyzer was 
developed primarily for precision testing of narrow-band 
devices such as crystal or surface-wave filters, where ampli-
tude, phase, and group-delay data is required. Besides pre-
serving and enhancing the repeatability of measurements 

made with the 1710, the GR 1062 Synthesizer source adds 
the frequency resolution and stability needed to measure 
components with Q factors of up to several million, in the 
frequency range from 200 kHz to 500 MHz with 0.1-Hz 
increments. 

0 BROAD-BAND ANALYSIS 
The GR1710 RF Network Analyzer provides continuous 
swept-frequency transmission and reflection measurements 
of both magnitude and phase, from 400 kHz to 500 MHz 
with 0.005-dB resolution and over 100-dB dynamic range, 
dual measurement channels with 5042 and 754-2 measuring 
circuits. Group-delay-measurement and Smith-Chart-display 
capabilities available as low-cost options. 

O PUSHBUTTON SIMPLICITY 
The GR 1713 S-Parameter Sets add pushbutton selection for 
50-2 or 7542 measurements of the four S-parameters and in-
cludes a reference-plane extension and bias-insertion capability. 

OPUTOMATIC GREASE PENCIL 
The GR 1716 Reference Storage Unit reduces magnitude, 
phase or group-delay frequency-response errors by up to an 

order of magnitude, permits automatic error correction, 
and provides a rapid means of rf comparison measurements. 

O X-Y PLOTS 
The GR 1715 Sampling X-Y Recorder duplicates the 1710 
and 2261 scope displays, even at the highest sweep rates, 
and features simple one-button operation and crisp 8-1/2 
x 1' or 11 x 17-inch plots. 

O COMPONENT MEASUREMENTS 
The GR 1710-P5 Imminence Probe provides swept meas-
urements of impedance or admittance to characterize resis-
tors, capacitors, cables, transistors, diodes, networks, etc. 

()PRECISION FREQUENCY MARKERS 
The GR 1717 Frequency Marker/Counter provides five 
independently adjustable frequency markers with settable 
counter resolution and a 6-digit LED readout. This unit is 
operable only with the GR 1710. 

For complete information, call or write: 

GenRad 
300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 

ATLANTA 404 394-5380 • BOSTON 617 646-0550 
CHICAGO 312 992-0800 • DALLAS 214 234-3357 

DAYTON 513 294-1500 • LOS ANGELES 714 540-9830 
NEW YORK (N Y./ 212 964.2722, IN J.1 201 791-8990 

SAN FRANCISCO 408 985-0662 • WASHINGTON, DC 301 948-7071 

TORONTO 416 252-3395 • ZURICH (01) 55 24 20 
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New Edmac Model 8030 Hi-Ci 
Tunable Filter lets you search out 
those hard-to-identify frequencies. 
With it you can... 

Eliminate unwanted 
background signals 
during signal analysis. 

Analyze spectral 
components. 

Measure harmonic 
distortions. 

Secure adjustable, 
simultaneous band-pass 
and band-reject outputs. 

Locate specific 
frequencies which 
indicate trouble areas 
during machine 
operation and testing. 

Model 8030 tunes in selected fre-
quency ranges from 1 to 30,000 
Hz with corresponding indepen-
dent bandwidth selections in a 
ratio of 100 to 1 for any given 
frequency, thus permitting max-
imum O's of 100 to 1000. Sweeps 
through a preset frequency band 
in response to a remote voltage 
signal and can operate in a selec-
table mode to lock on and follow 
the strongest signal in a preset 
band. 130 microvolt RMS Filter 
background noise. Dynamic range 
to 95 db. 

Find out more about the Model 
8030 filter for your application. 
Write for descriptive literature. 

East Rochester, N.Y. 14445 (716) 385-1440 

EDMAC 
Associates, Inc. 
333 West Commercial Street 

New products 

Components 

Relay is housed 

in tiny DIP 

Electromechanical unit 

can be driven by C-MOS 

switches 2 A at 28 V dc 

Logic-compatible electromechanical 
relays in low-profile packages are 
continuing to proliferate. The latest 
is a double-pole, double-throw 
miniature unit from Electrodyne 
that can be driven directly by com-
pl em entary-MOS-logic devices. 
This high-sensitivity electromechan-
ical relay, the first in the company's 

ELECTRODYNE INC. 

L 81-1 

PAT. PENDING 

new series 10 family, is in a dual in-
line package measuring merely 0.64 
by 0.64 by 0.405 inch. 
Electrodyne president A.E. 

Sprando says the new relay has a 
rotary balanced-armature design, 
rather than the glass-capsule reed 
switches commonly used in conven-
tional miniature DIP relays. Since 
external interfacing devices,like am-
plifying transistors, are unnecessary, 
design costs are reduced, and less 
circuit-board space is needed, says 
Sprando. He adds that heat-sinking 
is not required. 

Because of its proprietary rug-
gedized design, the series 10 unit 
may be placed directly on printed-
circuit boards, flow-soldered, and 
then cleaned, without damage from 
heat or cleaning agents. The device 
is sealed against the environment in 
a molded plastic housing with a ter-
minal-grid spacing of 0.1 by 0.3 in. 

so that it can be plugged directly 
into DIP sockets for integrated cir-
cuits. 

Although its coil power is only 30 
milfiwatts, the relay is capable of 
switching contact loads from dry cir-
cuits up to and including 2 amperes 
at 28 volts dc. Contact resistance is 
less than 50 milliohms, while con-
tact-to-contact capacitance is only 
0.3 picofarad. Furthermore, oper-
ating time for the units is 3 millisec-
onds, while electrical life expectancy 
at full-rated load is a minimum of 
100,000 operations. 
Unit price is $ 12.60, dropping to 

$6 each for lots of 1,000. 
Besides the series 10 30-mw de-

vice, Electrodyne offers 1-, 2-, 3-, 
and 4-pole units in A, B, or C con-
tact configurations. 
Electrodyne Inc., 1404 21st St , Milwaukee 

Ore. 97222 [341] 

Ceramic capacitors 

withstand up to 5 kV 

A family of multilayer ceramic ca-
pacitors is available in a variety of 
sizes with voltage ratings from 1 to 5 
kilovolts. Offered in 40 standard ca-
pacitances from 180 to 330,000 pi-
cofarads, the capacitors change 
value by less than 15% over the tem-
perature range from - 55°C to 
125°C. The smallest units measure 
0.25 by 0.20 by 0.15 inch, while the 
largest are 0.65 by 0.60 by 0.25 in. 
Semtech Corp., 652 Mitchell Rd., Newbury 

Park, Calif. 91320. Phone William B. Krause 

at (805) 498-2111 or (213) 628-5392 [344] 

Triac-output relays 

switch up to 10 amperes 

A series of solid-state relays rated 
for operation up to 10 amperes uses 
single triacs as the power-handling 
devices. Although the triacs do not 
work as well as dual SCRs in circuits 
with highly inductive loads, they 
provide cost savings of about 20%. 
The new relays, designated the TL 
110 and TL 210, are for operation at 
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FUJITSU MOS MEMORY 4K Dynamic RAMs 

SEMICONDUCTORS MB 8214/8107 
When t comes to semiconductor 
memories, faster speed can mean 
dollars of difference to you. 
And when it comes to 16-pin and 
22-pin :ndustry-standard 4K RAMs, 
the best "money-savers" are the 
new MB 8214/8107 N-channel 
silicon gate MOS 4K RAM families 
from Fujitsu. Yes, with speeds that 
meet or exceed the best available 
anywhere, the MB 8214/8107 
devices are sure to provide you 
with the type of performance you've 
been looking for. And both devices 
are fully interchangeable with your 
present source. 

The 16-pin speed leaders 
The new Fujitsu MB 8214 MOS 
4K RAM family offers a 2Ons speed 
advantage in the industry standard 
16-pin 4K configuration with no 
increase in price! With Fujitsu 16-pin 
4K RAMs, you get maximum access 
times of 33Ons ( type N), 28Ons 

type E), or 230ns with the type H. 
And faster versions will be 
announced soon. Of course, all 
devices are fully TTL compatible, 
come in standard DIP packaging, 
and offer low power consumption 
ior solid savings all around. 

Four 22-pin chips to choose from 
The Fujitsu MB 8107 22-pin family 
offers the industry-standard 2107/ 
4060 pin-outs for full interchange-
ability. You have a choice of any 
of the three standard access times 
of 300ns ( type N), 250ns ( type E), 
and 200ns (type H)—all equal to, 
or better than, those of your present 
source. And, you have the additional 
availability of a very-fast model 
(type Y) with a fantastic guaranteed 
access time of only 150ns! In total, 
Fujitsu 4K RAMs are the way to go 
in semiconductor memories. 

Proven reliability and available now 
The MB 8214/8107 4K dynamic 

RAM families are built by Fujitsu, 
a maker with proven reliability 
in the field of semiconductors and 
semiconductor memories. Stringent 
production standards, proven 
in- field performance, the most 
advanced processes, the capability 
to meet your requirements, and 
a price that's fully competitive— 
these and more add up to Fujitsu 
quality and Fujitsu service. 
So, contact Fujitsu now for the 
MB 8214, MB 8107, or any of your 
MOS memory requirements. 
Availability is NOW! Write or call 
for more information to Fujitsu 
California, Inc., Laboratory 
Division, 1280 East Argues Ave., 
Sunnyvale, California 94086, 
phone: 408-735-0735 telex: 346393. 

FUJITSU LIMITED 
Conununicatinn3 and aeclronici 

Marunouchi, Tokyo, Japan 
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Now you can turn to MCL for 
reliable high power, r-f 
and microwave testing. 
Many customers remember us for the "extras" engineered and built 
into our microwave cavities, e.g., our potted anode bypass assembly. 

But some may not be aware that today MCL also offers one of the 
industry's largest and most diverse power oscillator, amplifier 
and systems lines. 
The same extra margin of reliability and performance 

customers have learned to expect 
from our cavities is also a feature of 
our instrumentation products. 

For a recommended solution to 
your high power testing problem — 
without obligation— write us today. 

MCL, Inc., 10 North Beach Avenue, La Grange, Illinois 60525. Or call (312) 354-4350. 

Circle 258 on reader service card 
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Elgar 
Frequency Converters 

will never be out-phased. 

•+rio;"•,6*  

Besides providing superbly regulated (. 01%) undistorted AC 
power from 50 VA to 10 kVA, Elgar AC Power Sources ( Frequency 
Converters) provide the potential to change. By simply adding 
plug-in modules and external interconnections, two or more units 
can be combined for 2-phase or 3-phase applications. And the 
frequency can be adjusted from 45 Hz to 10 kHz. Most important, 
all output functions are programmable. Why not phase out what-
ever you're using now, and give Elgar Frequency Converters a 
try? For more information, 
contact Elgar Corporation, 
8225 Mercury Court, San Diego, 
CA 92111. Phone ( 714) 565-1155. 

ELGAR 
Elgar also is a leading producer 
of AC Lane Conditioners and 
Uninterruptible Power Systems. 

New products 

140 and 280 volts rms. respectively. 
Triggering voltage is from 3 to 32 
volts dc to accommodate all popular 
logic types. The relays have excep-
tionally high breakdown-voltage 
ratings- 300 v for the 140-v units 
and 500 y for the 280-Y devices. The 
optically isolated relays sell for 
about $ 12.90 each in hundreds. De-
livery is from stock. 
Crydom Division, International Rectifier 

Corp., 1521 Grand Ave., El Segundo, Calif. 

90245. Phone (213) 322-4987 [343] 

Foil heaters are compact 

and respond quickly 

Supplied with a resistive tempera-
ture detector as an integral part of 
the heater element, a line of foil 
heaters has thicknesses of only 2 
mils and a thermal time constant of 
less than 1 second. The flexible 
heaters can be cemented around 
crystal cans, thus eliminating the 
bulk of a component oven. Other 
applications include heating liquid-
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Fujitsu brings you 
the light touch in keyboards 

Are you a design engineer, 
production engineer, or other 
involved in the section and purchase 
of components that go into the 
terminal equipment your company 
manufactures? Did you know that 
there is another type of keyboard on 
the market that offers a different type 
of key touch — a touch that can lead 
to productivity gains for your 
customers? Well, if you are, and 
if you didn't, then take a look at these 
new keyboards from Fujitsu and 
see what you (and your customers) 
have been missing. 
Fujitsu has a full line of keyboards 
available for terminal equipment, all 

featuring the use of the Fujitsu 
FES series snap-action key assembly. 
This highly reliable key assembly is a 
Fujitsu-engineered snap-action device 
that makes our keyboards easier to 
operate because it makes each key 
lighter to stroke, and with excellent 
tactile qualities. Thus, with smoother 
and lighter key touch, operators are 
less fatigued and, therefore, less prone 
to error. Fujitsu keyboards offer other 
advantages, too. Take the large capacity 
encoder fittad on each board — it's 
a MOS LSI ROM that helps to 
keep Qquipment size down and per-
formance up. And there is a full 
selection of keyface styles ( including 

sloped, stepped and sculptured) in 
arrargements to meet your every need. 
N- key rollover, 2- key lockout, a wide 
r&nge of codes ( USASCI I, EBCDIC, 
etc.), and even a range of options 
including illuminated keytops and 
capped keytops, all increase the 
choice for you. 
Remember, the touch can make the 
difference, so when you need the 
d;fferent touch come to Fujitsu. 
All at prices you're sure to appreciate. 

FUJITSU LIMITED 
(ow Ill uiii afion I 'Ma e".iceir0/1/(i 

Marunouchi, Tokyo, Japan 

For fw ther , nforrnatl an please contact 
la Components Division(Head Office): Syuwa Onamhon Bldg 1-1 Sh,nba,,K 6-chorno lenato-k_., Tokyo 105 Japan Phone Tokyo.03, 4,g-211 Cable FUJITSULIMIF ED TOKYO Telex 2422808 

FT SIN J IBNetv Yoe% Oflice:680 Filth Avenue New York NY 10019 L S A Phone 1212l 265-5360 Telex 23 234969 • Fujitsu California Inc.: 1135 East Jan,!' Street Carson Cahlyrna 
90746 U S A Phore 12131 636-0858 537-8930 Telex 230 67338' flondon Office: Nc-rhan HoJse 105/109 C 2 Engl.), Phone•24L,-0461/0462 Telex 51 22305 
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New products 
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From the deep jungles of jumbled software, from the rivers of 
mysterious circuits, he came. Mini-Micro Designer. He was 
tough and smart. And he glowed with purpose. To teach the 
people microcomputers. 
Learn from the leader in the modern electronics revolution. 
E&L's Mini-Micro Designer (MMD-1) comes with a series of 
educational "modules" that teach you how to design and use 
a microcomputer. And you get complete documentation and 
full software support. MMD-1 features the 8080A central pro-
cessor chip, direct keyboard entry of 
data/instructions, LED status indicators, 
and all the apparatus needed to make 
your first microcomputer. Novice or ex-
pert, MMD-1 gets you into action fast. 
Put a revolutionary on your side. Send 
for more information today. 

ITIffn° 
'   

Prices start at $125.00 
in kit form. 

E&L INSTRUMENTS, INC. 
Circuit Design Aids 

61 First Street, Derby, Ct. 06418 (203) 735-8774 

Circle 188 on reader service card 

in o word is what we ore. 
Project HOPE exists because there are Give to 

people with hope— people who have given 
3.5 million men, women, and children on 
four continents the chance for happier, 
more productive lives through improved 
health care. 

Department A 
Washington. D. C. 20007 

crystal displays, stabilizing inte-
grated circuits, and controlling the 
temperature of process baths. The 
unit shown in the photo is rated at 5 
watts, has a 125-ohm detector and a 
25-ohm heater, and allows control 
to within 1°F. In lots of 5,000, it sells 
for $ 3.75 each. Delivery time is four 
weeks. 
Photofabrication Technology Inc., Grenier 

Industrial Village, Londonderry, N. H. 03053. 

Phone (603) 668-4002 [ 345] 

Screened-image displays 

include custom messages 

The SP-400 series of planar gas-dis-
charge displays includes both digits 
and customized fixed-format mes-
sages that are screened onto a glass 
substrate. Display areas up to 10 
inches by 2 in. accommodate char-

°' 

56 

acters and figures from 0.25 to 2 in. 
high. A typical unit, with seven 
character positions and seven mes-
sage areas, sells for less than $9 in 
lots of 5,000. 
Screened Image Displays, Beckman Instru-

ments Inc., Information Displays Operation, 

P.O. Box 3579, Scottsdale, Ariz. 85257.• 

Phone (602) 947-8371 [ 346] 

Thick-film, axial-lead 

resistors are very stable 

A series of high-value resistors 
(resistance from 1 to 100 megohms) 
is made by a thick- film process that 
yields tolerances as tight as 0.05% 
and temperature coefficients as low 
as 25 ppm/°C. Unlike carbon-film 
resistors, the low-noise axial-lead 
devices can be produced in any 
quantity or tolerance at any time of 
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4051 personal computing: 

Ask a BASIC question, 
get a Graphics answer. 
Compare Tektronix' 4051 to any 

other compact computing system. 
There's a Graphic contrast. 

Wide-ranging performance right 

at your desk. BASIC power. 
Graphics power. Terminal capa-

bility. You've got instant access to 

answers, all from one neat 
package. 

Easy-to-learn, enhanced BASIC. 
We took elementary, English- like 
BASIC, and beefed it up for more 
programming muscle. We've 
designed it with MATRIX DRAW, 

features like VIEWPORT, 

WINDOW, and ROTATE, to help 

you get your teeth into Graphics 

almost : nstantly. 

There's a Graphic contrast. 
The 4051 will handle most appli-
cation problems. But for your most 

complex problems, the 4051's 

Data Communications Interface 
option can put you on-line to 
powerful Graphic applications that 

no stand alone system can tackle. 

Just $6995.* Less than most 

comparable alphanumeric only 

systems. Including 8K workspace, 
expandable to 32K, with 300K byte 

cartridge tape drive, full Graphics 

CRT, upper/lower case, and all 
the BASIC firmware. 

Talk to Tektronix today! Your 
local Sales Engineer will fill you in 

on our 4051 software. Our range of 
peripherals. Our flexible purchase 

and lease agreements. And he'll 
set up a demonstration right on 

your desk. Call him right now, or 
write: 

Tektronix, Inc. 
Information Display Group 
P. O. Box 500 
Beaverton, Oregon 97077 

TEKTRONIX® 
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New products 

Rack up Sales 
Right from tne beginning of a sale to its very end. no rack 

works harder for you than an Optima. 
For the introduction of your product, distinctive styling and 

colors get you out in front, instantly. Set you apart from all the rest. 
Rugged aluminum construction and durable finishes help 

promote your product's long range dependability. 
Accessories like easy-sliding chassis and drawers, 

convenient doors and shelves give you still more selling points. 
And your customer more confidence. 

We think Optima racks are silent salesmen. Once you see 
how they get your product going, so will you. For size information, 
color selection, options and accessories, call 404-939-6340 
or write... 

011111A 
Optima' Enclosures a division of Scientific-Atlanta Inc 
2166 Mountain Industrial Blvd., Tucker, Georgia 30084 

SA-87515 

the year that they are required. 
Hy-Meg Corp., 245 W. Roosevelt Rd., West 

Chicago, III. 60185. Phone (312) 231-6688 

[347] 

Low-profile relays have 

1 60-mW sensitivity 

An extension of the widely accepted 
MPC series of relays, MPCS devices 
have low profiles and a pull-in sen-
sitivity of 160 milliwatts. Capable of 
switching 2 amperes, the relays are 
offered in two versions: one has a 
single set of form C contacts, and 
the other has two. Measuring only 
0.415 inch high by 0.600 in. wide by 

1.1 in. long, the new MPCS series 
can operate directly from "r-rL driver 
circuits. The relays combine long 
life and high reliability with low 
cost. The version with a single form-
C contact configuration sells for as 
little as $ 1.88 in lots of 1,000. 
Gould Inc., Allied Control Division, 100 Relay 

Rd., Plantsville, Conn. 06479. Phone (203) 

628-9654 [349] 

Polyester capacitors 

are rated up to 16 kV 

Offered with voltage ratings from 2 
kilovolts dc to 16 kv dc, a family of 
metalized polyester capacitors is 
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...a few ways Belden can help you protect your bottom line. 
Wire Dna cable usually cost less to buy than install And poor 

performance can cut into profitability deeper than pcdential 
penny-per-foot savings on an initial buy 

He es how Belden can help protect your bottom line per-
formance 

I3ROAD UNE: We can help you meet toughest environmental 

cnd application requirements from an exceptionally oroad 
line of standard wire and cable configurations, or design a 
soec al for you if stock answers won't work 

si 

It 

UNIQUE PUT-UP CAPABILITY: Ask about Belden's UNREEL"' 
packaging cializept A dispensing system that eliminates the 
reel And time- Robbitng snails, backlash. and tangle prob-

lems We have 3 number of ways to put-up wire that can save 
you production ime and money 

ENGINEERINZi- HELP: There's a Belden Electronic cable spe-
cialist near you Fies backed' by factory engineering special-
ists and a Techn.cal Research Center 'you won't find a better 

source for sotyrng cable problems 

HOT-LINE ASSISTANCE: Need a * righit now" answer to a 

cable requirement Call 317-966-6681 Its a direct- line to 
f3eldem's cabie engineering facility A way to get immediate 

assistance on problems that won't wait 

DESIGN KIT: If you're looking for design help, we have a kit 
that covers most of the nitty-gritty aspects of performance 

charazteristics, cos's, and material capabilities Send for 
your kit, today 

GREAT DELIVERY: Beiden ha5. increased production capabil-

ities ad offers .shorter lead -Imes on most cable configura-
tions Check t Otlt 

Profit protection is pad of 'he Belden cable package But, 
find out for yourself Write IBelden Corporation, Electronic 
Division, PO 3ox 1327, Richmond, Indic na 47374 

new ideas for moving electrical ene-gy 

BELDEN 
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Dialight 
sees a need: 

(Need: A switch for all reasons.) 

Reason 1: Dialight 
offers three switch 
configurations to meet 
all your needs—snap-
action switches with 
silver contacts for mod-
erate-level applications, 
snap-action switches 
with gold contacts for intermediate-level 
applications, and wiping-action switches with 
gold contacts for low-level applications. 
Each of these ranges is served by two switching 
actions—momentary ( life: 600,000 operations) 
and alternate ( life: 250,000 operations). 

Reason 2: Dialight's snap-action and 
wiping-action switches come 
in a new modular design concept... 
a common switch body for either 
high or low current operation. All 
554 series switches and matching 
indicators have the same rear-

SNAP ACTION 
SILVER CONTACTS 

VOLTAGE 
AC 

1 125' 

24 

15 

SWITCH OPERATING RANGES 

7SNAP ACTION —GO/LD ‘ONTACTS ( 

5 125 VAC apphes to snap actIon watches only 

CURRENT TA IA 500mA 

WIPING ACTION 
GOLD CONTACTS 

5OrnA 

panel projection dimensions. 
The snap-action switching 

mechanism guarantees a fast 
closing and opening rate. 
This insures that contact force 
and contact resistance 

1-,...1-0 .- ./.;‘) --- Q.  

Iliri,411.71111 

Lie e 
, ipirej0 

PRODUCT SELECTOR GUIDE 

SWITCHING 
ACTIONS 

Snap.Silver 
contacts 

Snap•Gold 
contacts 

Wiping-Gold 
contacts 

SPDT DPDT SPDT DPDT SPDT DPDT 

MOMENTARY 0 0 0 0 0 0 

ALTERNATE 

OPTIONS 

1/2 " Sq. 

PUSH BUTTON 

3/4 " Sq. 

CAP 

VS" X 3/4 " 

SIZES 

3/4 " Sq. 3/4 " x 1" 
BEZEL MOUNTING 
TO ACCOMMODATE 0 0 o 0 0 

o o 0 
.. 1 BEZEL MOUNTING WITH 

BARRIERS TO ACCOMMODATE 

PANEL MOUNTING 
TO ACCOMMODATE 0 0 o o 
MATCHING INDICATORS 0 0 0 0 O id 

are independent of the sw.tch's actuation speed. 
In the wiping-action switch, the contacts 

are under constant pressure (A unique Dialight 
design). This insures long life with a minimum 
build-up of contact resistance. 

Both switch types are tease-proof. 

25rnA 

VOLTAGE 
DC 

1 30 24 

15 

5 

 (1) 
1mA 

Reason 3: Dialight 
offers a wide variety 
of panel and snap-in 
bezel mounting 
switches with momen-
tary and alternate 
action configurations 
in SPDT and DPDT 

types. There are over 240 switch variations 
to choose from. 

The 554 illuminated switch, designed 
for front of panel lamp replacement, gives you 
a choice of five different bezel sizes... 
3/4 " x 1", 5/8" x 3/4", 3/4" square, 5/8" square, 
and 1/2 " square. The first four sizes are also 
available with barriers. You also get a 
choice of six cap colors ... white, 
blue, amber, red, green, and 
light yellow .... four different 
underlying filter colors... 
red, green, amber, and blue 
and a variety of engraved or hot-
stamped legends ... over 300 
cap styles ... over 100,000 
combinations. 

There is also a variety 
of terminal connections... 
solder blade, quick 
connect, and for PC 
board insertions. 

Reason 4: Dialight's 554 
series is designed as a 
low cost switch with 
computer-grade quality. 

EACH 

P/N 554 — 1121 
(1K PRICNG 

See eDialigtet 

13/A LIGHT 
A North American Philips Company 

203 Harrison Place, Brooklyn, N.Y. 11237 
(212) 497-7600 

192 Circle 192 on reader service card Electronics/April 15. 1976 



New products 

aimed at high-density packaging ap-
plications. Designated type 
X675HV, the capacitors are avail-
able with values up to 0.68 micro-
farad, insulation resistances of 
30,000 megohms per microfarad, 
and a dissipation factor of less than 
1% at 1 kilohertz. 'The capacitors 
have an operating temperature 
range of -55°C to 65T. They can be 
operated up to 85T with a 25% 
voltage derating. Delivery time for 
the devices is 30 days. 
TRW Capacitors, 301 West 0 St., Ogallala, 

Net). 69153 [348] 

TOPICS 

Components 

Centralab Electronics divi-
sion, Globe- Union Inc., For: 
Dodge, Iowa, has introduced a 
line of slide potent ometers with 
an enclosed top slot that helps 
keee dirt from entering the unit 
The series 700 devices are 
offered with both linear and 
audio tapers. Alco Elec-
tronic Products Inc., North An. 
dover, Mass., is offering mini-
ature rotary swi:ches, the MRC 
series, with turret terminals suit-. 
able for hand-wired or printed-. 
circuit applications . . . Allen-
Bradley, Milwaukee, Wis.. rias 
nad its type CC quarter-watt cer-
met film fixed resistor, style 
RLR07, approved to Revision C 
of MIL-R-39017. This means the 
the resistors will now be avail-
able with a 1% tolerance as wel 
as 2%. 

Seanbe•gram 

o 

Ci 

RE: LASTING CONTACTS WITH US-2 SOCKETS 

GONE FOREVER - FUNKY I.C. SOCKET CONTACTS...SCANBE'S 

NE' i US-2 LOW PROFILE SOCKETS FEATURE UNIQUE EDGE 

CONTACT....UTILIZE GAS-TIGHT DESIGN CONCEPTS... 

PLUS HIGH TENSILE STRENGTH NICKEL-SILVER ALLOY. 

GONE TOO - SDLDER WICKING....PATENTED ANTI-WICKING 

BARRIER DOES IT, WITHOUT WAFERS... . NO MORE FLUX 

ENTRAPMENT OR INTERMITTENT SHORTS. 

US -2 MEETS OR EXCEEDS EIA STDS....ALL POPULAR SIZES. 

GEr ALL SPECS AND DETAILED MATERIAL INFO. SEND FOR 
FREE US-2 SOCKET, TEST REPORT, SPEC SHEET 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

AmmgdIH 
"Imitated never duplicated 

SCANIBE 
CANOGA INDUSTRIES 

Scanbe Manufacturing Corp. 
3445 Fletcher Ave., El Monte, CA 91731 
Tel: (213) 579-2300 • TWX: 910-587-3437 
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MICROPROCESSOR SERIES NO 1 

OUR EASIEST-TO-USE 
2650: 

NOW MULTI-SOURCED. 

All the 2650's 
you need, in stock at 
Signetics, authorized 
distributors, 
Advanced Memory 
Systems (AMS) and 
Philips, too 

THINK 

Clip coupon to letterhead. 
'Dr call ( 408) 739-7700. Ext. 2982/3 
'lease rush me my FREE 2650 
Shod Form Catalog. 

Narre 

rel. 

Title 

M.S. 

ill E AMES, SUNNYVALE, CA, 94086 

SigilatiC5pP 
subsKtelUSPhIl.ps Caofâion m j 
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RELIABILITY walks in 
with 

PHOTOMULTIPLIER 
TUBES 

THE WIDE SPECTRUM. From near- infra-
red to X-rays 
THE BROAD FIELD OF USES. B & W and 
color TV - broadcasting, applied, closed-
circuit, small-frame; phototelegraph; in-
frared TV; photometry; spectrometry ( in-
frared included); scintillation equipment 
for monitoring lasers. 
THE TWENTY-PLUS TYPES. INCLUDING: 
FEU-82 - particularly suited for scintilla-
tion equipment. The light response linear 
(by anode current) in pulsing mode, up to 
800 mA. 
FEU-57 - ideal for ultraviolet region. The 
photocathode offers 5 x 10-3 A/W response, 
anode - 2000 A/W (at 230 nm wavelength). 
FEU-96 - the one for measuring threshold 
light fluxes. The cathode dia. mere 3 mm. 
Dark current 3 x 10-10 A. Response thresh-
old 5 x 10-13 lumen/Hz'. 
FEU- 113 - specifically developed for in-
frared research. Oper. ranee from 300 to 
1060 nm. Cathode response at 1060 nm 
wavelength - 6.5 x 10-4 A/W. Response by 
anode current 300 A/W. 
FEU-114 - THE RUGGEDNESS IS UN-
MATCHED. Withstands vibration to 20 g, 
1 Hz to 3000 Hz, linear acceleration up to 

500 g and single impacts as strong as 
1000 g. Operative within 250 nm to 850 nm 
range. 
The louvres dynode system in the FEU 
Photomultiplier Tubes ensures a broad 
linear range of light response, stable 
anode (plate) current, independence of 
external magnetic fields. 
"VISIT ELORG AT BOOTHS 1813-1821 
AT THE INTERNATIONAL ' ELECTRO-76' 

EXHIBITION TO BE HELD FROM MAY 
11 TILL 14 IN BOSTON, USA, WHERE 
THESE ARTICLES WILL BE ON DISPLAY." 

•.•• 
• •• • 

Exporter: 

ELORG 
32/34 Smolenskaya-
Sennaya 
121200 Moscow • USSR 
Telex 7586 

New products 

Semiconductors 

Rectifiers rated 

at 500 V, 50 A 

Close control of gold-doping 

limits leakage current; 

diodes recover in 50 ns 

Gold-doping has been used for 
some time by rectifier manufac-
turers to control the recovery time 
of switching devices and make them 
faster. But too much gold in the pro-
cess can lead to undesirably high 
leakage currents at elevated junc-
tion temperatures, limiting the max-
imum voltage possible. Unitrode 
Corp. has a proprietary gold-doping 
technique to closely control the 
amount of gold deposited—a 
method that has extended Uni-
trode's new family of switching rec-
tifiers for power-supply applications 
to 500 volts at 50 amperes [Electron-
ics, March 4, p. 26]. 

Peter Jenner, manager of product 

marketing at the company, says 
only that Unitrode has developed a 
way to prevent over-doping with 
gold, and over-doping "shoots the 
leakage current way up." This con-
trol, combined with package mate-
rials that minimize thermal resist-
ance, permits the extension beyond 
today's best devices, which are rated 
at 450 v at 12 A, says Fred Swymer, 

Unitrode's manager of rectifier 
products. 
The company hasn't sacrificed 

anything in recovery time, either, in 
its new line. All of the devices have 
a specified recovery time of 50 
nanoseconds, which Swymer main-
tains is 25 ns faster than most de-
vices now available. 
At the low-current end of the 

scale, the Unitrode's family begins 
with 2-A and 4-A axial-lead devices. 
There are also a unit in a DO-4 
package rated at 2 A, a DO-5-pack-
aged rectifier at 50 A, a TO-3-
housed device at 3 A, and a 30-A en-
try in a center-tap TO-3 package. 
Each of these devices has voltage 
ratings of 200, 300, 400 and 500 v, 
and each of them has a forward-
voltage drop of 1.1 v at the output 
current. The highest leakage level 
for any of them is 1 milliampere. 

Unitrode uses a hard-bonded as-
sembly technique for these rectifiers 
in newly designed packages that 
minimize thermal resistance, at least 
in part, by using materials in the 
joining system that "handle the 
rated currents continuously with a 
good margin of safety," Swymer 
says. In effect, the company has 
doubled the current-carrying capa-
bility of the DO-4 and DO-5 pack-
ages, he says. 
The 500-v, 50-A unit will cost 

$17.20 in quantities of 100; the 200-
v, 20-A rectifier is priced at $ 10 in 
those quantities. Delivery time is 
two to four weeks. 
Unitrode Corp., 580 Pleasant St., Water-

town, Mass. 02172. Phone Fred Swymer at 

(617) 926-0404 [411] 

V-f converter also changes 

frequency to voltage 

A monolithic voltage-to-frequency 
converter, the A-8400, has the 
added capability of performing fre-
quency-to-voltage conversions. As a 
v-f converter, the unit converts volt-
ages at 0 to + 10 volts or currents at 
0 to + I milliampere to frequencies 
as high as 100 kilohertz. The full-
scale frequency, set by an external 
resistor and capacitor, can be less 

Visit Elorg Booths 1813-1821 at the International Electro-76 

Circle 194 on reader service card 
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If you want a microcomputer 
with all of these standard features... 

than 100 kHz, if desired. Conversion 
linearity is within 0.05% at 100 kHz 
full scale, and within 0.01% at 10 
kHz. The unit's temperature coeffi-
cient is typically ±-50 ppm/°C. In the 
f-v mode, the time constant of the 
output integrator can be varied ex-
ternally for flexibility in trading off 
response time and ripple. 
Housed in a standard 14-pin ce-

ramic dual in-line package, the A-
8400 operates over the temperature 
range from 0°C to 70°C and has a 
unit price of $ 15. The model A-
8400-ETI, rated for operation from 
-25°C to 85°C, sells for $20. Deliv-
ery of both units is from stock, the 
company says. 
Intech Function Modules, 1220 Coleman 

Ave., Santa Clara, Calif. 95050. Phone Bill 

Jumper at (408) 244-0500 [413] 

76-mm thyristors and diodes 

handle thousands of amperes 

Believed to be the largest commer-
cially available semiconductor de-
vices, a family of 76-millimeter thy-
ristors and diodes can handle 
unusually high currents without the 
problems of hooking several devices 
in parallel. The J-Pack devices in-
clude thyristors with ratings from 
1,820 amperes rms at 3,500 volts to 
5,570 A rms at 400 V. Among the 
diodes are units that can handle an 
average current of 4,570 A at 600 v 
and 2,400 A at 3,000 V. The units are 
available individually or in air- and 
water-cooled assemblies. Surge rat-

• 8080 MPU (The one 
with growing soft-
ware support) 
• 1024 Byte ROM 
(With maximum Cu 
pacity of 4K Bytes ) 
• 1024 Byte RAM 
(With maximum 
capacity of 2K 
Bytes) 
• TTY Serial I/O 
• EIA Serial I/O 
• 3 parallel I/0's 
• ASCII/Baudot 
terminal com-
patibility with TTY machines or video units 
• Monitor having load, dump, display, insert 
and go functions 

INVl • Complete with card 
— connectors 

! 1 — • Comprehensive 
User's Manual, plus 
Intel 8080 User's 
Manual 
• Completely 
factory assembled 
and tested— not  
a kit 
• Optional ac-
cessories: key-
board/video 
display, audio 
cassette modem 

interface, power supply. ROM programmer 
and attractive cabinetry... plus more options 
to follow. The HAL MCEM-8080. S375 

...then let us send you our card. 
HAL Communications Corp. has 
been a leader in digital communi-
cations for over half a decade. 
The MCEM-8080 microcomputer 
shows just how far this leadership 
has taken us...and how far it 
can take you in your applications. 
That's why we'd like to send 
you our card—one PC 
board that we feel is the 
best-valued, most complete 

microcomputer you can buy. For 
details on the MCEM-8080, write 
today. We'll also include compre-
hensive information on the HAL 
DS-3000 KSR microprocessor-
based terminal, the terminal that 
gives you multi-code compati-

bility, flexibility for future 
changes, editing, and a 
convenient, large video 
display format. 

UFA 

HAL Communications Corp. 
Box 365, 807 E. Green Street, Urbana, Illinois 61801 

Telephone ( 217) 367-7373 

Circle 195 on reader service card 

MI MI BIM IM I= 

MICROPROCESSOR SERIES NO 

2650 
I DEVELOPMENT HARDWARE 
• FOR ALL 
• COST/CAPABILITY LEVELS. 

I 

I 

THINK 

signutiespg 

(4e 

Here now: 
•PC1001 

Prototyping Card 
•PC20004K 

Byte RAM Card 
-DS2000 Demo 

Base with PS 
-PC3000 Smart 

Typewriter 
Democard 
-KT9000 Proto-

typing Kit 

• More Soon' 

Clip to your letterhead. 
Send me the Short Form Catalog 
including the foregoing data sheets. 

Name Title 

Tel. M.S. 

811 E. ARGUES. SUNNYVALE. CA. 94086 
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VACTEC optoelectronics 

New High Speed 
Silicon Photovoltaic Cells 
Ten times foster with excellent linearity, high 
temperoture stobility. and high low- light 
sensitivity. 

RESPONSE TIME VS LOAD FOR .2- ...7* SILICON PHOTOVOLTAIC CELLS 
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THE INDUSTRY'S 
BROADEST LINE: 
A. Standard Silicon and Blue-Enhanced Photovoltaic 

Cells. Blue-Enhanced Photodiodes. and 
PIN Photodiodes. 

B. Phototransistors and Photodorlingtons 
C. Voctrols (Opto-lsolotors) 
D. Selenium Photovoltaic Cells 
E. Custom IC's Design and Fabrication 
F. Photoconductive Cells 

Vactec, Inc. 
2423 Northline Industrial Dlvd. 
Morylond Heights. Mo. 63043 

Phone (314) 872-8300 

on reader service card 



Two-Tone SSB RF Test Set 
New products 

ings as high as 45,000 A for the thy-
ristors and 70,000 A for the diodes 
facilitate the design of fuseless con-
trol systems. 
Power Semiconductors Inc., 90 Munson St., 

P.O. Box 296, Devon, Conn. 06460. Phone 

Janos de Warga or John Mungenast at 

(203) 874-6747 [414] 

1-k random-access memory 

has 25-ns access time 

Emitter-coupled logic gives the 
1,024-bit random-access memory, 
model HM 2110-1, a maximum ac-
cess time of 25 nanoseconds and a 
power dissipation of 0.5 milliwatt 
per bit. A slightly slower memory, 
the HM2110, has an access time of 
35 ns at the same power dissipation. 
Developed for scratch-pad, control, 
and buffer-storage applications in 
high-performance computers, the 
memories are the largest in Hi-
tachi's line of extremely fast ECL 
RAMS. The family includes the 128-
bit HD10147 which has an access 
time of 12 ns and a power dissipa-
tion of 3.3 mw/bit. 
Hitachi Ltd., New Marunouchi Bldg., No. 5-

1, 1-Chome, Marunouchi, Chiyoda-ku, 

Tokyo, Japan. In U.S., write to Bell & Stanton 

Inc., 909 Third Ave., New York, N.Y. 10022. 

Phone John P. Margaritas at (212) 759-

4800 [415] 

Chopper-stabilized op amp 

drifts less than 0.1 ju,V/ °C 

Featuring a maximum input-volt-
age drift specification of 0.1 micro-
volt/°C, the AM-490-2C chopper-
stabilized operational amplifier is a 
monolithic device with differential 
inputs, an open-loop gain of 5 x 
108, and a dc common-mode rejec-

Model 315 combines two Model 925 RF Signal Generators having 
"Signalock- with a Model 210 Signal Combiner, resulting in a two-
tone test set with unsurpassed stability from 50 kHz to 80 MHz. 
Signal level of each tone or combined tones is adjustable from 0.1 
pv to 2 volts. with ± 10 Hz stability. Signal spacing is from 100 Hz 
to almost 80 MHz. Intermodulation distortion is 60 dB down at full 
output: better at lower outputs. Write or call today for complete 
specifications and pricing. 

LogI'Metrics 
121-03 Dupont Street, Plainview, New York. 11803, 516)681-4700/TVVX: 510-221-1833 

RF Signal Generators. Frequency Synthesizers. Traveling Wave Tube Amplifiers 

Circle 197 on reader service card 
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MICROPROCESSOR SERIES NO 3 

2650 
HIGHER LEVEL LANGUAGE I 

SPEEDS 
YOUR DEVELOPMENT. • 

Available: 
(A) PLitS 
Compiler fix 
16- & 32-bet 
computers and on 
Time-share, ( B) 16-
& 32-bit ASsemblers 
and Simulators. 

THINK 

Cl.p to letterhead. 
Send me quickly the 2650 Short 
Form Catalog including data 
sheets on the foregoing software. 

Name Title 

Tel. M.S. 

811 E. AMES, SUNNYVALE, CA. 9 

smilouseicc,s 
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MICROPROCESSOR SERIES NO 4 

2650 SUPPORT CKTS 
ARE ALL 

MULTI-SOURCED. 

O 

Available: 
interface, ROM. 
RAM, PROMs/ 
EROMs. Coming: 
PPI, PCI. A-D 
Converters, SDLC 
Specials from 
AMS, too 

‘emhtim--row / 

poop'‘leiL 

7 
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THINK 

Attach to your letterhead. 
Put me on your reservation list for 
the first mailing on upcoming 2650 
Interfacing Circuits. 

Name Title 

Tel. M S. 

811 E. ARQUES. SUNNYVALE, CA. 94086 

signutiespP :setireetec.pre.. 
Circle 248 on reader service card 

$250 PAPER-TAPE READER 

HAS ONE MOVING PART 

This paper-tape reader comes with TTL interface and has 

only one moving part . It reads any standard tape at 150 cps, 

asynchronous. Bi-directional, the unit stops on character 

and automatically detects taut tape and end of tape. The 

reader's user-furnished clock input is a positive-going pulse 

that advances tape at the input's negative-going edge and 

may also strobe the output data. Power requirements are 

+ 5 Vat 200 mA and 24 Vat 600 mA. Stand alone versions 

with parallel or serial RS 232 outputs, fanfold box and 

spooler are also available. Price $250 ( 1-99 units). 

Addmaster Corporation,416 Junipero Serra Drive, San 

Gabriel, CA 91776. (213) 285-1121. 

."1 

Where can you find 
a remote controlled 

cassette tape 
transport for under 

$100? 
For Applications In: 

1. Micro Processors 
2. Data recording logging/storage 
3. Programming 
4. Instrumentation 
5. Industrial Controls 
6. Data duplicating 
7. Security/automatic warning systems 
8. Test applications 
9. Audio Visual Education 

10. Others 

With Features Of: 
• 4 motor reliability 
• Quick head engage 
• Completely programmable- Logic 
• No tape coasting 
• Low power—AC or battery 

PHI-DECK 
The Economy Co.. III Division 

Oklahoma City, Oklahoma 73125 
The Phi-Deck is the first American-made tape transport with remote 
control capabilities and features including standard and nonstan-
dard functions — selling for under $ 100 in quantities of one. 

IThe Economy Co.. Ill Division 
19C1 North Walnut 

Oklahoma City. Oklahoma 73105 
(405) 528-8444 Ext. I I am interested in application no. 
Li Have Representative call 

Send application notes IName Title 
Company Name 

IAddress 
City State Zip 
Phone Number 

MMI 

G G 

198 Circle 198 on reader service card Circle 249 on reader service card 



New products 
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tion ratio of 160 dB. The unit pulls 
only 5 milliamperes from its -±12- to 
-±20-v dc supplies. This low power 
consumption, combined with a 200-
millisecond warm-up time, makes 
the amplifier a good choice for bat-
tery-powered equipment. Housed in 
an eight-pin hermetic TO-99 can, 
the AM-490-2C sells for $49 in 
small quantities. Two companion 
units are the AM-490-2B, which has 
a maximum drift of 0.3 iiv/°C and 
sells for $44, and the -2A, which has 
a maximum drift of 1 jtv/°C and is 
priced at $39. Delivery is from 
stock. 
Datel Systems Inc., 1020 Turnpike St., Can-

ton, Mass. 02021. Phone Eugene Zuch at 

(617) 828-8000 [416] 

4,096- bit dynamic RAMs 

have access times to 200 ns 

A pair of 4,096-bit dynamic ran-
dom-access memories have access 
times as low as 200 nanoseconds 
and a maximum power dissipation 
of 750 milliwatts over the operating 
temperature range from 0°C to 
70°C. Available in a 22-pin package 
(model Am9060) with separate in-
put and output circuitry and in an 
18-pin package ( Am9050) with 
shared /0 pins, the silicon-gate 
mos devices require only a single 
clock. All inputs and outputs, except 
the clock, are TTL-compatible. An 
unusual feature of the new memo-
ries is input circuitry that provides a 
purely capacitive load so that, dur-
ing chip-enable transitions, the units 
do not experience extraneous cur-
rent surges. Both the 18- and the 22-
pin memories come in three ver-

33% more power to the people. 
Power/Mate presents 

Econo/Mate II. 
The open frame power supply. 
Now Power/Mate brings you 33% 

more power in the same package size 
with the second generation of our 
Econo/Mate series. 
The size is the same, the basic 

components are the same for easy 
inferchangability. But that's where the 
similarity ends. 
Econo/Mate Il adds features like 

dual AC primary and a plug-in IC 
regulator for improved regulation 
And Econo/Mate II is tough. 

Computer design, quality control. and 
Power/Mate's experience helps 
insure 100,000 hr. MTBF even at this 
higher power output. 

But for all its features, Econo/Mate 
II is still, most of all, economical. 
We wouldn't call it Econo Mate 

if it wasn't. 
Econo/Mate II is in stock, ready for 

delivery. Send for our free brochure. 

Prices start at $ 19.95. 

POWER/MATE CORR  
World's largest manufactur.r of quality power supplies 

514 South River Street/Hackensack, N.J. 07601 / Phone (201) 343-6294 TWX 710-990-5023 

Circle 199 on reader service card 
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2650 CRASHPRCKIF I 
DEVELOPMENT SYSTEM: II 

TWIN I 
WITH DUAL FLOPPY DISKS. II 
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TestWare I 
(TWIN) le 
develop so 
and hardw 
together in 
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Clip to letterhead. Mail now. 
Please send me 2650 Short Form 
Catalott full data on TWIN. 

Name Title 

Tel. M.S. 

811 E. ARGUES. SUNNYVALE. CA. 94086 

SMglUtiCapP 
sediearf US. Philips Corporation j 
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MICROPROCESSOR SERIES NO 6 

1 2650. 1 
I APPS ENGINEERS: 1 
i IN STOCK NOW. i 
1 i 
I 4(.0•19 • I I 
• 1 í r I , 1 1 1 
1 ummp... ....„ • 1 i 1 
• 1 
• Dozens of people 

to support systems. 
• hardware. testware, 
II devices in USA 
• and Europe 
I More coming 

I THINK 

SMIliltiCSpg 
Mil B 

S. Philips Corporation 
M! 

Attach to your letterhead. Mail. 
Send me the list of 2650 
Applications Engineers with 
addresses á phone numbers. 

Name Title 

Tel. M.S. 

811 E. ARGUES, SUNNYVALE. CA. 94086 

Circle 200 on reader service card 

Gas Sensing Semiconductor 

FIGARO 
AS 

SENSOR 
TOS quickly senses 

even small 
amount 
of gas. 

New Models, 
some with highly sensitive 

CO sensor, now on the market. 
Please contact the address below directly for 

catalogs and price/delivery information. 

FIGARO ENGINEERING INC 
3-7-3. 1-11gasaltoyonaka. Toyanaka C ty. Osaka 560 

Japan/Tel:106) 849-2156 
Cable: FIGARO TOYONAKA/Telex: 05286155 FIGARO J 

EN! 
ELECTRO 
SCIENT1HC 

Low-cost (under $1500) 
IC testers 

Linear IC Tester Model 
1234. Devices tested: 

Monolithic or Hybrid 
Operational ampli-
fiers. 
Tests performed: 

Eos,IB—,161+,DC 
open loop gain, DC 

CMRR, oscillation detection. 
Remarks: 3-digit direct reading 

digital display which enables go-no-
go testing. 

Digital IC Tester Model 
1248. Devices tested: 
14 and 16 pins. TTL, 
DTL and CMOS @ 5V. 

Tests performed: Fixed 
pattern functional test. 

Remarks: Performs 22° inspections per 
test in from 1 to 5 seconds. No compari-
son with a "good" IC is neces-
sary. 4-digit display gives abso-
lute test results. Can also be 
used to check continuity of 
resistor network. 

Digital IC Tester Model 
1249. Devices tested: 
TTL, DTL @ 5V, HTL @ 15V, 
CMOS @ 5V, 10V, 15V. 

Tests performed: Same as 
1248. Remarks: Interfaces 
with manual and automatic 
handlers. Multiple voltages 
for CMOS. 

13900 N.W. Science Park Dr. 
Portland, Oregon 97229 
503-641-4141 

New products 

sions. These have access times and 
100-piece prices of: 300 ns for 

$15.30, 250 ns for $ 19.80, and 200 ns 

for $21.60. 

Advanced Micro Devices Inc., 901 Thomp-
son Pl., Sunnyvale, Calif. 94086. Phone 
(408) 732-2400 [417] 

10-bit multiplying d-a 

converter sells for $ 15 

A monolithic C-MOs multiplying 

digital-to-analog converter with 10-
hit resolution, accuracy, and line-

arity sells for only $ 15 in hundreds. 
The AD7530 operates from a single 

5-to- 15-volt dc power supply and 
dissipates a total of only 20 milli-

watts. The unit has a maximum 

temperature coefficient of gain of 10 

ppm of full scale per degree Celsius 

and settles to within 0.05% of final 
value within 500 nanoseconds. De-
livery is from stock. 
Analog Devices Inc., P.O. Box 280, Nor-

wood, Mass. 02062 Phone Lowell Wicker-
sham at (617) 329-4700 [418] 

TOPICS 

Semiconductors 
Intersil Inc., Cupertino, Calif., 
has completed an agreement 
with Signetics Corp., Sunny-
vale, Calif., to become an alter-
nate supplier of Signetics D-MOS 
devices, including ICs and a 
broad line of FETs.. . 

Synertek, Santa Clara, Calif., 
is introducing a line of ion- im-
planted n-channel shift registers 
as direct replacements for the p-
channel AMD 2833 and the Sig-
netics 2533. . . . The Nitron di-
vision of McDonnell Douglas 
Corp., Cupertino, Calif., has in-
troduced its NCM 7040—a 256-
bit non-volatile p-MNOS memory. 
Priced at $10 in hundreds, the 
unit is believed to be the first 
commercially available unit of its 
type. . . .Teledyne Crystalon-
ics, Cambridge, Mass., is mar-
keting FETs as diodes for the first 
time. The 1 N5283 through 
1N5314 devices are current-lim-
iting units. 

Circle 250 on reader service card Circle 251 on reader service card Electronics/April 15, 1976 



WHERE CAN YOU GET 
. RELIABLE GERMANIUM 

OIS THERE A DEPENDABLE 
GERMANIUM POWER 

• 

POWER TRANSISTORS? 

GPD 

• TRANSISTOR FACTORY? 

GPD 

When you need germanium power transistors for 
military, industrial or commercial applications, 
the overwhelming answers are always found at 
Germanium Power Devices. They come in 20 
package pellet combinations with power dissipa-
tions from 75 amps to 1 amp. We manufacture 
every type including JAN, EIA and PRO ELECTRON. 
In these series: AD, ADY, ADZ, ASZ, AUY. We'll 
always come up with a solution for you because 
we make custom devices to meet your require-
ments. So, put your germanium power transistor 
questions to us. 

GGERMANIUM 
POWER 
DEVICES CORP 

P.O.BOX 65, SHAWSHEEN VILLAGE STATION 
SHETLAND INDUSTRIAL CENTER, YORK STREET, ANDOVER, MA 01810 

(617) 475-5982 TELEX 94-7150 

FINISH YOUR pP PROJECT AHEAD OF SCHEDULE! 

6800 SOFTWARE 
•Cross Assembler • Simulator • PL/VV 

6800 HARDWARE MODULES 
• MPU • RAM • ROM • I/O 

EROM PROGRAMMER 

CUSTOM HARDWARE/SOFTWARE CONSULTING 

pP PERIPHERALS 

CRT Terminal • Cassette • Modem 

902 N. 9th Street 

Corp. Lafayette, IN 47904 

(317) 742-6802 

Circle 252 on reader service card 
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MICROPROCESSOR SERIES N() 

I BY SEPTEMBER I 
THE 2650 IS OVER 

30% FASTER. i 

IYour system's features can be 
extended with the 
speedier 2650 
Current 2650 soft-
ware will apply 

THINK 
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get— 
m. 
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Clip to your letterhead. 
Put me on your reservation list for 
the first mailing of the faster 2650 
data sheet. 

Kii-111113 Title 

Tel. M.S. 

811 E. AMES, SUNNYVALE, CA. 94086 
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The easiest-to-use 
1-11 "croprocessor 

(Photograph approximately 2x actual size.) 

The single- chip 2650 is easiest-to-buy, too. Now only $21.50 1100-up). 
Full support of customer and product is the key to 

ease of development with the 2650. Applications 
engineers in the U.S. and abroad are at your beck and 
call at every stage. Software for almost anyone's 
requirements and machines. Development hardware 
is versatile and inexpensive. All circuits are 
multi-sourced. 

Flow Chart: How to travel safely and quickly 
from spec sheet to your µC. 

Applications Engineers — in the field now, 
more coming. Specific assistance to you is 

available around the USA, and in Belgium, 
Holland, Germany, France, Sweden, Britain, Italy, etc. 

Multi-sourced 2650 — available in any 
quantity from Signetics, at the unprecedented 

low price of $ 21.50. Also available from AMS 
and Philips, and from Signetics' authorized distributors. 

Development Software — includes the PL ¡LS, 
an extremely efficient High Level Language 

(compiler) that reduces programming effort and 
cuts development time. ANSI standard Fortran IV 
executes on most machines without alteration. 
2650A51000/1100 Assembler and 2650SM1000/1100 
Simulator are available in both 32- and 16-bit, on GE 
and NCSS time-sharing. 

Multi-sourced Support Circuits — You'll need 
MOS and/or Bipolar Memories, Interface and 

Logic. Signetics has everything for a complete 
system. Back up any item from other sources. Coming 
soon from Signetics are: Programmable Peripheral 
Interface and Communications Interface, A-D 
Converters, Synchronous Data Link Controller, 16k 
NMOS & Bipolar ROMs, 4k & 8k NMOS EROMs, and 
8k Bipolar PROMs. 



0 Development 
Hardware 

.70•-71:-.:1:n: 

2650 op 

e, Development Hardware — Design/develop/ 
/prototype with a variety of cost/capability 
levels of hardware support. Including 

prototyping cards and kits, smart typewriter demo 
card, 4k-byte RAM card, and more. Applications 
help if you need it. 

TWIN With Floppy Disks — "crashproofe 
your system checkout. With DOS, Resident 

Assembler, and Text Editor. You develop 
programs and circuits together in an actual system 
environment with TWICE ( Test Ware In Circuit 
Emulator). PROM programming, too. 

Over 30% Faster 2650 — By the time you've 
proven out your „Lc, you'll have available a 

faster 2650 if you want it. Uses the same 
software. For still higher speeds, call Signetics Bipolar 
Microprocessor Marketing about our 2650 emulator 
using 3000 series P. 

You go from gleam-in-your-eye to proven prototype in 
less time for less cost, and the /IC you develop is easier 
and cheaper to produce in quantity, when you start 
with the 2650. Start now by mailing the coupon. 

r Attach this to your letterhead for fast response. 
1] Send me complete 2650 short form catalog. 
LEI Have a Field Applications Engineer call me for 

appointment. 
My need is: E immediate El 6 months El information only 

My application is 

Name Title 

Telephone Mail Stop 

THINK Si MUCH µ US Ph.ps Corrx,ition 

811 E Argues Ave., Sunnyvale, Ca. 94086  
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New products 

Subassemblies 

Revamped hybrid 
line costs more 

Citing price-yield ratios. 

Datel offers family of 

higher- performance devices 

Within the last six months, the 
prices of commercial hybrid data 
converters have been dropping 
steadily. Bucking this trend, Datel 
Systems Inc. is replacing its low-cost 
devices with an expanded line of 
improved-performance units at 
much higher prices [Electronics, 
March 18, p. 44]. 
Only last September, the Boston-

area firm started up its new hybrid 
facility with a trio of eye-opening 
products [Electronics, Sept. 18, 1975, 
p. 1171 This introductory HY series 
included a pair of self-contained 12-
hit digital-to-analog converters sell-

on.TPtr 

ing for only $29 each and a 12-bit 
analog-to-digital converter, also 
self-contained, for $79. 
These devices are no longer avail-

able. Instead, Datel is offering 
slightly superior pin-for-pin replace-
ments, in addition to 15 brand-new 
models. In all cases, prices are at 
least 50% higher than those of the 
original products. 

"Extremely low pricing placed a 
heavy burden on yield require-
ments, while customer requests for 
extended-temperature operation 
and metal-case packaging added 
further demands," a company 

World's first 4-chann 
PM 3244 

....411ur., 

orv 

A 7(.11 

DEL T IMF 

unrut. SLOPE 
• p• 

BEIM 
TRIG TB • 

spokesman says. As a result, Datel's 
cost-to-yield ratios have been less 
than desirable, and the firm has de-
cided to make a fresh start with a re-
structured product family. 
There are 18 new devices in all-

12 d-a converters and six a-d con-
verters. Every model is a self-con-
tained 12-bit unit, requiring no out-
boarded components at all, not even 
a voltage reference. The converters, 
which are packaged in hermetically 
sealed glass or metal cases, are 
available in a choice of operating 
temperature ranges: 0°C to 70°C, 
-25°C to + 85°C, or -55°C to 
+ 125°C. 
All the new series HZ d-a con-

verters settle to half a least signifi-
cant bit within 3 microseconds. 
Linearity error is ±0.5 LSB for binary 
versions, ±0.25 LSB for binary-
coded-decimal versions. Addition-
ally, the units can be obtained with 
complementary-binary or comple-
mentary-BCD coding at no extra 
charge. 

In quantities of 1-9, price ranges 
from $49-$175 each for converters 

ct. 

MAIN 
D TB ,P10, ALT 

POSITION g. 

Dimensions (h x vs, x d)154 x 316 x 410 mm. Weight just 9.6 kg. 



having a gain temperature coeffi-
cient of 20 ppm/°C. Also being 
offered, for $ 150 each, are binary 
and BCD units that provide a gain-
temperature coefficient of 10 
ppm/°C over the range of -25°C to 
+85°C. 
All six a-d converters are succes-

sive-approximation binary units 
whose linearity error is -±0.5 LSB. Be-
sides being pin-programable, they 
offer both parallel and serial output 
formats. Their gain temperature co-
efficient is 20 ppm/°C. 
The three HZ versions, which 

have a conversion time of 8 its, sell 
for $ 149-$215 each in lots of 1-9. 
The three HX models, with a con-
version time of 20 its, range in price 
from $ 119 to $ 185 for 1-9. 

Except for military-temperature-
range models, delivery is approxi-
mately 4-6 weeks for the d-a con-
verters, 8-10 weeks for the a-d con-
verters. For all military versions, 
delivery time is about 12 weeks. 
Datel Systems Inc., 1020 Turnpike St., Can-

ton, Mass. 02021. Phone (617) 828-8000 
[381] 

Analog Devices invades 

dc-dc converter arena 

As a rule, manufacturers of en-
capsulated modules, like oper-
ational amplifiers and data-conver-
sion devices, also sell the power 
supplies for these products, permit-
ting customers to buy an entire com-
plement of modules from one 
source. One of the leading module 
houses, Analog Devices, which 
claims to be the largest direct sup-
plier of modular power supplies to 
end users, is now marketing a full 
line of dc-to-dc converters, too. The 
initial seven models are pin-compat-
ible with competitive units. 
"The dc-dc converter market is 

now approximately $3 million and 
expanding at 20% a year," points 
out Fred Pouliot, marketing man-
ager for analog modules. "Our im-
proved performance, smaller size, 
and continuous (six-sided) shield-
ing, coupled with an aggressive pric-
ing strategy, will enable us to 

achieve market leadership in the 
next 18 months," claims Pouliot. 

Besides current-limiting, each of 
the seven models provides line and 
load regulation of ±-0.05% max-
imum. All include a si-type input fil-
ter to reduce reflected input ripple 
current, and all can operate over the 
temperature range of -25°C to 
+71°C without power derating. At 
full load, minimum efficiency ranges 
from 48% to 62%, depending on the 
model. 
Models 940, 941, 942, 943, and 

945 are housed in a 2-by-2-by-
0.375-inch package and have a con-
tinuous breakdown voltage rating of 
500 v dc. Models 944 and 946 come 
in 3-by-2-by-0.6-in. packages with a 

„mini amazing triggering facilities 
There's never been a spec. like this 
before. 
E] four 50 MHz channels plus 
E two differentials (simultaneous 
display if needed) plus 
ri fully independent triggering of main 
and delayed time bases meaning 
E main time base triggering on any of 
the four channels + composite + 
external + line and 
[I] delayed triggering on any four 
channels plus composite. 
[I Moreover it all comes in a compact 
9,6 kg construction. 

So now you can display just 
about anything, for example a magnified 
view of any delayed section of a signal 
even when it is not directly related to 
the main time reference! 

Easier to use too 

One look at the PM 3244's front panel 
tells you everything. Controls are 
logically grouped and positioned to fall 
naturally to hand. So you study the 
screen and not the 'scope. 

One look inside will tell you how 
it's done - with a Philips technique 

called cold switching. This means that 
the actual switching is performed on 
the boards with simple DC signals from 
the controls. The removal of mechanical 
connections eliminates layout and 
electrical design restraints, which in 
turn allows the PC boards to be 
designed for optimum layouts at all 
frequencies and for all facilities. 
Reliability is therefore greater, both 
mechanically and electrically,and 
servicing is made easier. 

Another Philips development gives 
you remarkable low 29 W consumption 
which eliminates the need for ventilation 
fans and holes. It also boosts reliability 
and allows the PM 3244 to work from 
a battery pack as well as just about 
any voltage frequency combination. So 
the world's first 4-channel compact 
lives up to its name. Going anywhere 
that 4 channels are needed. Which in 
todays's digital world means just about 
everywhere. 

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

Philips Test & Measuring Instruments, Inc. 
A NORTH AMERICAN PHILIPS COMPANY 

In the Uruted States 
400 Crossways Park Drove 
Woodbury. New York 11797 
(516) 921-8880 

In Canada 
6 Leswyn Road 
Toronto, Ontano Canada 1,(16A1K2 
(416) 789-7188 

PHILIPS 
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1St $1000 
talCROCOMPUTIR istiet,... Io goon) 

'There's more to ICC microcomputer systems than just 

filling your order . Before you spend a cent we help you 
understand how the powerful ICC microsystern provides 

Md our rnicrosize 3" x 2" standard and custom Abacus" 
the exact microcomputer to fit your application. 

modules developed over the last 9 years provide all the 
expandability and dese flexibility your rnicrosyst «ta eeds. 

Now you can do virtually everything minicomputers do 

at a fraction of the cost. No more simulation guessing 
games. Our hands-on Miaow are' supplies all the 
hardware/software tools you need to be system-ready in 

hortest possible time. 
the s Send for the free facts todaY. 

'Burry, rush me my microcomputer information. 

--............---- 

¡tee for ell. Get Web. 

same D ate Phone 

Address  

City/State/ Zip 

Information Control Corp., \ iii AppliCation 

CA. 90045 (2131641-8520. 

11‘111)W ARE/ OFIN.NNgf./ SUPPOItT .........................- . •••••••••••••••••••• 9610 Bellanca.Los Angeles, , 

Own your own holder to hold your own! 
Hold your own copies of Electronics in specially de-

signed slipcase holders. They'll keep your Electronics 
library neat and handy—a permanent information file, 
issue by issue. 
Just complete the coupon and mail to Jesse Jones. 

He'll process your order upon receipt, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 
2250 E. Butler St., Philadelphia, Pa. 19137 

Please send me: CI boxes e, $4.25 each; D 3 boxes e, $12.00;11 6 boxes G, $22.00. 

My check or money order is enclosed. 

Name'  

Address' 

City.  Slate: Zip: 
—J 

New products 

breakdown rating that is specified 
at 8,000 v dc. 

Output voltage is 5, -±12, or -±15 
dc. For the 5-v units, output current 
is 600 or 1,000 milliamperes, and 
peak-to-peak output noise voltage is 
50 millivolts at a 20-megahertz 
bandwidth. For the dual-output 
models, output current is -±60 or 
-±150 mA, and the 20-MHz output 
noise voltage is 35 my pk-pk. Five 
of the units operate from a nominal 
input of 5 y dc, while the other two 
accept a nominal input of 28 y dc. 

In quantities of one to nine, price 
ranges from $62 to $79. All models 
are available from stock. 
Analog Devices Inc., P.O. Box 280, Route 1 

Industrial Park, Norwood, Mass. 02062. 

Phone (617) 329-4700 [382] 

50-W switching supplies 

sell for less than $200 

Until recently, frame-type switching 
power supplies were economically 
feasible only for power ratings of at 
least several hundred watts. But new 
low-cost high-performance switch-
ing power transistors are steadily 
changing this situation. A young 
firm, Etatech Inc. of Placentia. 
Calif., is offering a family of seven 
switching supplies with ratings of 50 
to 60 watts, priced at only $ 175 
each. In lots of 100, the price drops 
to $ 138 each. Delivery time is two to 
four weeks for 5-v models, and six 
to eight weeks for all others. Adjust-
able output voltage and battery 
backup input are available as op-
tions. 
These series B units, which mea-

sure 47/8 by 7 by 13/4 inches and 
weigh 2 pounds, can operate from 
line inputs of 95 to 130 volts root 
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HP91130A USERS: HAS THIS EVER HAPPENED TO YOU? 

2 It.- LINE 6i:J 

M.DIF I 00 
bar... a a ..••• • earn 

*A product cf the Hewlett-Packarc company 

HEATH 

Memory overflow problems can now be a thing of the past. The 
EM-30 Extended Memory System eliminates the necessity of re-
designing your programs as a result of ERROR 2. 

You can now economically expand the read/write memory 
" capacity of your 9830A to a full 32K bytes. 

(by. You can easily work with large arrays of data without resorting 
" to peripheral storage. 

With the EM-30 you are assured of full compatibility with all 
v-v software, peripherals, and HP ROM options. 

The EM-30 is a direct plug-in replacement for HP memory and 
vm you can install it in minutes with just a screwdriver. 

The HP 9830A* already approaches the power of a minicomputer. 
The EM-30 Memory System significantly furthers the dimensions of 
this versatile machine by giving you minicomputer memory capacity 
with desk-top convenience. For half the cost of HP memory you can 
expand a fully- loaded 15K byte 9830A to 32K bytes. You can inte-
grate the extended memory capability of the EM-30 into the 9830A 
without changing any of your existing programs. 

The design of the EM-30 Extended Memory System is based on 
proven 4K RAM chips for low power requirements and high reli-
ability. All units have passed .extensive tests to ensure that they 
are consistent with the high quality and reliability that you expect 
from HP products. 

INTRODUCTORY OFFER: Send us a list of your ROM's, options 
and peripherals and we will send you a cassette containing a col-
lection of appropriate commercial programs. Your name will be 
added to a growing list of 9830 users who are interested in a 
mutual exchange of programs and techniques. For additional in-
formation circle the reader number or call us collect. 

Infotek Systunas 
733 E. EDNA PLACE • COVINA, CALIF. 91723 

(213) 966-7431 • TWX 910-584-1812 

Circle 207 on reader service card 

Schlumberger 

SCOPE SENSE 
Where 
else but 
Heath 
can you 
buy a 
dual-trace, 

DC-15 A/IHz scope for only $775? 
• 1 mV ' cm input sensitivity 
• 45 MHz :yp. triggering bandwidth 
• Time base sweep to 100 nsecicm; X5 magnifier 
• Fully regulated power suppl es • X-Y capability 
• Operates on common line voltages 
from 100 to 280 VAC 

Read about the SO-4510, other proven values in our 
new Assembled Instruments Catalog. 

FREE' mre, 
Heath Compaby, Dept. 510-160 
Benton Harbcr, Michigan 49022 

EK-484 

from MATRIX 

MICROCOMPUTER DICTIONARY AND GUIDE 
Charles J. Sippl and David Kidd 
Over 8000 definitions and explanations of terms and con-
cepts (704 pages) relating to microprocessors, microcom-
puters and microcontrollers. There are also separate 
appendices on: programmable calculators; math and sta-
tistics definitions; flowchart symbols and techniques; binary 
number systems and switching theory; symbol charts and 
tables; summaries of BASIC FORTRAN and APL. In addition 
there is a comprehensive electronics/computer abbrevia-
tions and acronyms section. Price: $ 17.95 

CALCULATOR USER'S GUIDE AND DICTIONARY 
By Charles J. Sippl 

Contains comprehensive sections on ( 1) what's available 
in programmable calculators in today's market — including 
comparisons ( 2) how to use most units ranging in price 
from $ 50 to $ 3000 (3) a 7000 term dictionary section 
relating to calculators. 

Programmable calculators are now the keyboard com-
puters for the masses — easily understood and usable by 
anyone who knows the terminology — students, business-
men, professionals, etc. However, you would be wise to 
buy a calculator ONLY AFTER READING THIS BOOK! 
Approx. 550 pages in all. Price: $9.95 
These texts also available from technical book stores and selected 
electronic distributors 

MATRIX PUBLISHERS, INC. 
Dept. E, 207 Kenyon Rd., Champaign, IL 61820 

Please send me book(s) checked below under your 15 day no risk 
trial guarantee. If payment accompanies order, we pay all shipping 
and handling charges ( Ill customers add 5% sales tax) 

D MICROCOMPUTER DICTIONARY D CALCULATOR USERS GUIDE 

Name  

Address  

City State Zip  
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THE SUNSHINE STATE 
OFFERS HIGHER PROFIT 
POTENTIALS TO ELECTRONIC 
PRODUCTS MANUFACTURERS 
THAN ELSEWHERE IN THE 
COUNTRY! 

Florida's substantial labor 
and operating cost advantages, 
plus ready access to the markets of 
the United States, Latin America and 
the world, combine to offer a unique 
profit opportuQity for a Florida-
based manufacturer. 

Before you make any decisions 
regarding your business, this new industry 
study documenting Florida's position 
should be reviewed carefully. 
To get your copy of Florida Profit Potentials 

in Electronic Products Manufacturing, write or call. 

WE'RE MORE THAN SUNSHINE 

Joe Hennessy, Director 
Division of Economic Development 
Florida Department of Commerce 
1 07 W. Gaines Street, Room 103E 
Tallahassee, Florida 32304 
(904) 488-5507 

Circle 208 on reader service card 

mammoth power 
miniature price 

1350 RMS, 4i. Forever. The 
W M-600 won't blow up, quit 

or sulk no matter how you 
hook it up. Put two together for 2700w, 8f2. 
Also forever. 

It's cheap. $1,695 of the best quality amplifier you can buy. Others 
in the DC-20KHz range may cost you more, but they won't do more. 
Write for your free copy of M-600 performance specs. 

crown inTErnaTionaL 
1 7 1 8 W. MISIIAWAKA ROAD ELKHART, INDIANA 46514 219-294-5571 

New products 

mean square at 47 to 440 hertz. Re-
mote sensing, automatic recovery, 
and protection against overloads, 
short circuits, and overvoltages are 
standard. 
The seven models cover the out-

put-voltage range of 2 to 60 v dc, 
with a minimum power-transfer ef-
ficiency of 75%. Typical output cur-
rent is 10 amperes for the 2-v 
model, 10 A for the 5-v model, 5 A 
for the 12-v model, 4 A for the 15-v 
model, 2.25 A for the 28-v model, 
1.5 A for the 48-v model, and 1.25 A 
for the 60-v model. 

For all units, both line and load 
regulations are 10 millivolts max-
imum. Additionally, the series B 
models offer long life—their mean 
time before failure is specified as 
70,000 hours, for a baseplate tem-
perature of 80 C. 
Etatech Inc., 187-M West Orangethorpe 

Ave., Placentia, Calif. 92670. Phone 

(714) 996-0981 [383] 

CRT display has maximum 

spot diameter of 0.2 mm 

An extremely high-resolution cath-
ode-ray-tube display, the 1333A, 
has a spot diameter of no more than 
0.2 millimeter anywhere on its 8-by-
10-centimeter screen. Intended for 
such demanding applications as nu-
clear, ultrasonic, thermographic, 
and X-ray scanning systems, the dis-
play will be used primarily in medi-
cal diagnostic equipment. It can re-
solve 193,354 picture elements and 
produce highly detailed images any-
where on its screen. Small alphanu-
merics may be written clearly even 
at the extreme edges and corners of 
the display. Modular in design for 
easy serviceability, the 1333A is 
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PDP-11 users. 
ANCH 

, 

Full RPO3 emulation at less than 1/2 the price! 
Our DD-52 Disc System allows your POP- 11 to operate 
30 faster with better usage of your storage capacity for 
greater system flexibility. 

For only $ 16,000.00, you can have 54.7M bytes of unfor-
matted data storage with software transparency or 
RSTS E, RSX-11D or MUMPS operating systems. 

BRANCH OUT for greater flexibility and system tailoring: 
the DIVA DD- 52 Disc System. 

DIVA, INC. 
607 Industrial Way West 
Eatontown, N.J. 07724 

(201)544-9000 TWX: 710-722-6645 
Outside N.J.call 800-631-2141 

Circle 209 on reader service card 

DIVAS 

A new family of tone active filters series TAF24 
has been developed by DATA DELAY DEVICES. 

They have the following specifications: 

• 3db ( BW) — + 1.5% to + 3% of fc. 
• 20db ( BW) — + 10.5% of fc. 
• Gain — 10db + 1db. 
• Gain stability — +. 4db from 00c. 

to 700 c. 
• Power supply — + 15 Vdc. 
• Size — 1.5 x 1.5 x.375 

Send for bulletin TAF24 

DATA DELAY DEVICES y  
253 CROOKS AVE CLIFTON NJ 07011 TN 12011 172 1106 

Now you can "see" 
inside your 8080 with 
the Ramtek MM 80 

Develop and debug 8080/8080A hardware and 
software— 

using the real engineering prototype. 

Fast and convenient software— 
with ROM resident assembler and editor. 

Service and debug 8080 systems in the field— 
with a sixteen pound package. 

Easy program modification during 
development — 

with the PROM programmer. 

Get "inside" your 8080 breadboards and know 
where you are every step of the way— 

without building special front panels. 

RAMTEK's new MM80 in circuit Emulator 
plugs (Erectly Into a 8080 microprocessor 
soewt with its own 8080, giving ou complete 
symetn access through a full complement of 
console commands, front panel controls, dis-
plays and probe points. With the MM80, you 

actually "see" what's going on inside the 
system. 

The programmer can step. trace and 
breakpoint the software in the real system, and 
display and alter the 8080 registers, memory 
and I/O ports even if the user programs are 
all in ROM. 

The MM80 provides a complete control 
and test ceiter for any system under test. Five 
scope probe points let you trigger on MI, sync, 

signals and specific address references. 
RAM diagnostic programs are provided. The 
LED display provides complete processor 
status information. 

For the complete inside story on Ramtek's 
new MM80, call or write 

CRAMTEK CORPORATION) 
PHIC DrSPL AY COMPANY 

The Ramtek MM80 is arailable 
now from Texas Instruments Supply. 

Circle 257 on reader service card 209 

RAMTEK 
MICRO MACHINES 
292 Commercial Street 
Sunnyvale. CA 94086 
Tel: (408) 7Ci5-8400 
TWX: 910-339-9379 
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The first, accurate 
digital pyrometer 
that measures 
thermocouple and RTD 
ranges for $165.00 

DIGITAL PYROMETER 

I -I II In' 
I ZI -I -I I_ 

X NEWPORT 

WITH NEWPORT'S 
EXCLUSIVE POLYLOG 
i.INE) 5,1ZER 

MODEL 26Ef 

Newport's Model 268 Digital Pyrometer gives you 19 optional bipolar 
ranges. It can be adapted to almost any application where temperature 
is measured. Power and signal inputs are attached to a convenient 
screw terminal barrier strip, while digital signals are handled through a 
PCB connector. 

OTHER OUTSTANDING FEATURES: 
• Large 13mm (1/2 inch) LED digits • Bipolar ranges in either °C or °F • 
Less than 0.3% error with five TC ranges • Platinum RTD ranges with 
less than 0.15% error • Reference junction mounted in barrier strip • 
3 ¡N/count sensitivity • DIN standard case • Parallel BCD output 
standard • Open TC indication • 100/115/230VAC power (5VDC op-
tional) • Lowest parts count for highest reliability • Linearized analog 
output (optional) • One or two digital set point controller (optional) • 
NMR 60dB • CMR 120dB 

Newport Laboratories, Inc 
630 E. Young St.. Santa Ana, CA 92705 
Call Collect: ( 714) 540-4686 
In Netherlands, Call: 

Amsterdam ( 20) 45-20-52 
X NEWPORT 
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Own your own holder to hold your own! 
Hold your own copies of Electronics in specially de-

signed slipcase holders. They'll keep your Elect,onics 
library neat and handy—a permanent information file, 
issue by issue. 
Just complete the coupon and mail to Jesse Jones. 

He'll process your order upon receipt, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 
2250 E. Butler St., Philadelphia, Pa. 19137 

Please send me: D boxes C., $4.25 each; D 3 boxes e $12.00; D 6 boxes 
My check or money order is enclosed. 

Name:  

e $22.00 

Address•  

City:  State: Zip: 

New products 

available in a version (Option 330) 
that is listed by Underwriters Labo-
ratories in accordance with UL544. 
The display sells for $ 1,500. 
Hewlett-Packard Co., 1501 Page Mill Rd., 

Palo Alto, Calif. 94304 [384] 

Low-noise chopper amplifier 

drifts less than 2 0//year 

The model MP221 low-level chop-
per amplifier is a low-noise differ-
ential device with an input imped-
ance of 109 ohms, an input bias 
current (in the noninverting mode) 
of only ±20 picoamperes, and an 
offset voltage drift of less than 1 mi-
crovolt per month or 2 itv per year. 
Intended for the amplification of the 
low-level signals that are generated 
by such transducers as load cells, 
thermocouples, and strain gages, the 
MP221 has a common-mode rejec-
tion ratio of 140 dB and an input 
common-mode voltage rating of 0.5 
V. Housed in a compact, shielded 
metal case, the amplifier sells for 
$64 in small quantities. 
Analogic, Audubon Rd., Wakefield, Mass 

01880 Phone (617) 246-0300 [3861 

TOPICS 
Subassemblies 

Burr-Brown, Tucson, Ariz., has 
announced price cuts of up to 
52% in its DAC80 and ADC80 
line of 12-bit d-a and a-d con-
verters. In hundreds, the ADC80 
has been reduced to $47.50 and 
the DAC80 to $19.50. . . Anal-
ogic Corp., Wakefield, Mass., 
has cut the price of its MP2600 
12-bit binary, 31/2-digit BCD a-d 
converter from $149 to $89 for 
small quantities. . Analog 
Devices Inc., Norwood, Mass., 
is offering the complete line of 
thin-film resistor networks made 
by its Resistor Products division 
in chip form. The networks are 
available in two accuracy 
grades, or they can be supplied 
untrimmed to allow active trim-
ming after assembly. They are 
offered diced, scribed, in unbro-
ken plate form, or as inked mat-
rices. 
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11950 T\A,ELFTH AVENUE SOUTH 
BURNSVILLE MINNESOTA 55337 

(612) 890-5135 

THE DIGITAL CASSETTE PEOPLE 
OVER 30,000 IN THE FIELD 

COME TO BRITAIN 
The International Home 
Electronics 84 Domestic 
Appliances Exhibition 

National Exhibition Centre, 
Birmingham 

23-27 May1976 

To: MONTBUILD 
11 Manchester Square, London W1M 5AB 
Tel: 01-4861951 Telex: 24591 

Please send further details including 
Package travel arrangements. 

Name  

Address  

Circle 211 on reader service card 

TRY OU W TRANSPORT! 
• Low in cost (only $195 in quantity) 

• Compact, reliable. Only 2 moving parts 

• "Accu-RateTm", new concept in electronic tape 
speed control 

• Takes only 1 voltage ( 14-30 VDC) 

• "POPS" cassette release 
(Push to Open, Push to Shut) 

Looking for transport reliability? For low power consumption, 
short IRG, excellent speed control? 

Then we think you'll be impressed with our newest transport. 
Cieck it out. 

BRAEMAR YE I'd Let's arrange for a demo. Call me at 

I'd like to know more about the new CD-200. 

L Send literature. 

JCOMPUTER I D EVICES, INC. Name   

Title   

Firm   

Address 

City   State  Zip   
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FEATURE ARTICLES FROM ELECTRONICS 
AVAILABLE IN REPRINT FORM 

No of 

copies 
wanted New reprints 

R-600 World market report 1 976 
24 pp $5.00 

R-526 How reliable are today's com-
ponents 16 pp $3.00 

R-524 Special report on bipolar 
large-scale integration 12 pp 

$3.00 
R-522 Special report on power semi-

conductors 12 pp $3.00 
R-514 Eight ways to better radio re-

ceiver design 6 pp $3.00 
R-512 Design of circuits for dan-

gerous environments 4 pp 

$3.00 
R-510 Bipolar integration advances 

with I2L microprocessor 8 pp 

$2.00 
R-508 Designing microprocessors 

with standard-logic devices 
12 pp $3.00 

R-506 The case for component 
burn-in 7 pp $2.00 

Charts 
R-516 Electronic symbols (chart) 

$2.00 
R-211 Electromagnetic spectrum 

(16-page report and chart) 

$4.00 
  R-213 Electromagnetic spectrum 

(chart) $2.00 
  R-326 Optical spectrum (6-page re-

port and chart) $3.00 
R-327 Optical spectrum (chart) 

$2.00 

Books 
R-520 Microprocessors-Electronics 

Book Series $8.95 
R-11 Computer-aided Design 135 

pp $4.00 
  R-032 Active Filters 88 pp $4.00 
  R-031 Circuit Designer's Casebook 

182 pp (U.S. only) $5.50 
(foreign) $12.00 

Payment must 
accompany your order 

Make check or money order pay-
able to Electronics Reprints. All 
orders are shipped prepaid by 
parcel post. Allow two to three 
weeks for delivery. 

Back issues now available: 
1960 to 1969. $5.00 each 
1970 to 1973, $3.00 each 

1974 to 1975, $4.00 each 

212 

Other Reprints 
  R-518 Special issue-productivity 

$4.00 
  R-434 Designing automated systems 

with the new standard inter-
face 12 pp $3.00 

  R-432 An update on communi-

cations satellites 8 pp $2.00 
  R-430 Choosing the right bipolar 

transistor model for com-

puter-aided design 20 pp 

$3.00 
  R-428 Designing with low-cost la-

sers 6 pp $2.00 
  R-504 U.S. forecast 1975 20 pp 

$3.00 
  R-502 European forecast 1 975 

20 pp $3.00 
  R-500 Japanese forecast 1 975 

16 pp $3.00 
All three forecasts $7.50 

  R-426 Special issue-technology up-
date 1974 $4.00 

  R-424 Microprocessor applications 
28 pp $3.00 

  R-422 A microprogramable mini-

computer 8 pp $2.00 
  R-420 Computerized text-editing 

and typesetting 8 pp $2.00 
  R-418 Computer analyses of if cir-

cuits 8 pp $2.00 
R-416 Optical waveguides look 

brighter 8 pp $2.00 
  R-414 The ion-implanted n-channel 

process 6 pp $2.00 
  R-412 Liquid cooling of power semi-

conductors 6 pp $2.00 
  R-410 Special report on passive 

components 16 pp $3.00 
  R-408 Bringing sight to the blind 

8 pp $2.00 
  R-406 Designing with the new logic, 

C-MOS and bipolar 16 pp 
$3.00 

  R-328 Special issue-pervasiveness 
of electronics $2.00 

R-324 Semiconductor memories are 
taking over data-storage ap-
plications 16 pp $3.00 

R-322 Special report: new displays 
complement old 10 pp $2.00 

  R-320 Special report on designing 
with flat cable 14 pp $3.00 

  R-318 Special report on auto elec-

tronics 16 pp $3.00 
  R-316 Hybrid circuits solve tough 

design problems 16 pp $3.00 
  R-312 Leadless, pluggable IC pack-

ages reduce costs 7 pp $2.00 
R-310 Penetration color tubes are 

enhancing information dis-
plays 6 pp $2.00 

  R-308 Program for transition from 
nonlinear to linear transistor 

model 6 pp $2.00 
  R-306 Charge-coupling improves its 

image, challenging video 

camera tubes 8 pp $2.00 
  R-209 Semiconductor RAMs land 

computer mainframe jobs 
15 pp $2.00 

  R-207 Technology gap starts to 
close for computer peripher-

als 16 pp $3.00 
R-205 Bridging the analog and dig-

ital worlds with linear ICs 
16 pp $3.00 

  R-203 East Europe market report 
16 pp $2.00 

  R-113 Optoelectronics makes it at 
last 34 pp $4.00 

  R-107 Wanted for the ' 70s: easier-
to-program computers 24 pp 

$4.00 
  R-104 The new concept for memory 

and imaging: charge-coupling 

12 pp $2.00 
  R-023 Special report on tomorrow's 

communications 32 pp $3.50 
  R-15 Special report on LSI pack-

aging 18 pp $3.00 

USE THIS PAGE AS YOUR ORDER FORM 
Cost of orders 
Plus 10% handling charge 
TOTAL AMOUNT ENCLOSED 

SEND REPRINTS TO 

s-

Mail your order to: 

Janice Austin 
ELECTRONICS REPRINTS 

P.O. Box 669 
Hightstown, N.J. 08520 

Name 

Company  Dept.  

Street   

City   State Zip 
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New products 

Packaging & production 

Tester handles 
96-pin devices 

Computer-controlled 20-MHz 

system does functional and 

ac and dc parametric tests 

Even as the test-equipment industry 
is adjusting to the relatively new 48-
to-50-pin standard on large-scale-in-
tegrated logic devices, designers of 
computer systems are pushing hard 
toward the next generation—very-
large-scale-integrated (um) circuits 
with 96 to 100 pins. Taking their cue 
from computers now under develop-
ment in the U.S. and Japan, engi-
neers at E-H Research Laboratories 
Inc., have completed development 
of a 96-pin, 20-megahertz Super LSI 
tester, the EH4700. 

Earl M. Olsen, director of systems 
marketing, explains that the 4700 
series is a family of modular test sys-
tems capable of performing dc and 
ac parametric, computer-rate func-
tional, and real-time functional tests 
during a single device insertion. 
Like earlier systems, they can be 
used for either engineering or pro-
duction tests of printed-circuit 
boards, logic arrays, and modules as 
well as VLSI circuits made with mos, 
diode-transistor, transistor-transis-
tor, and emitter-coupled logic, as 
well as Schottky TTL. 
Ac parametric measurements are 

made on a single-shot basis. The 
dual dc measurement module will 
make current and voltage measure-

ments in a single parametric test. An 
IBM 1130 computer controls the 
system for both testing and data ac-
quisition. 
The dc package includes six volt-

age-forcing supplies and one cur-
rent-forcing supply. These supplies 
are connected to a dc matrix that al-
lows any supply to drive any of 96 
fixture pins. The pins are driven by 
Kelvin twisted pairs and a driven 
guard. "The driven guard is impor-
tant for the dc power and sense," 
Olsen says, "because it reduces the 
capacitance between power and 
sense lines and ground. This reduces 
the capacitance that must be 
charged and speeds dc tests, partic-
ularly for low-level measurements." 
The dc-measurement module can 
measure the current on any voltage-
driven pin and the voltage on any 
pin. 
The most important part of the 

4700 is its test fixture, which in-
cludes 96 pulser/sensors—one for 
each pin. The pulsers require only 
1.5 nanoseconds to swing the 800 
millivolts of an En-level change 
and can swing 10 volts in 5 ns. The 
pulsers are back-matched 93-ohm 
drivers with a dynamic range that 
extends from -2 v to + 8 V. Their 
programed levels are accurate to 
within 1%. 
The system has two pairs of driv-

ing levels and two pairs of 
thresholds. The levels and 
thresholds at each pin are selectable 
under program control. Because of 
its sensor-per-pin configuration, 
along with its high-speed word gen-
erator and high-speed comparator, 
the 4700 can perform real-time 
functional testing at speeds up to 20 
MHz. 

Price of the tester ranges from 
$700,000 to $800,000. 
E-H Research Laboratories Inc., 515 Elev-

enth St, Oakland, Calif. 94607. [391] 

Cable tester checks up to 

350 connector combinations 

Cable testing is just a matter of 
watching indicator lights with a new 
system that will be unveiled at the 

CY? 
MEASURE IT ANYWHERE 
To 60 MHz with the FM-7. 

NL.S. proudly announces a IVEW FrequEncy Meier. 

$195 With Rechargeable 
Batteries & Charger Unit 

Features Include: 

• Portable, batte ry operated for measurement 

anywhere! • 10 Hz te 60 MHz input with LED 7-

digit resolution. • High sensitivity ; 30 mV - 50 H z 

to 30 MHz (100 mV - 10 Hz to 60 MHz). • Input 

overload protection. • Small, only 1.9 'H x 2.7 ' 11/ 

x 4"D. • High stability internal time base. • For 

field application, servicing or production testing. 

See your local distributor! 

Distributor inquiries invited. 

NLS adds to its counter line — the new, small 
Model PR-5 solid-state preset counter. 

-^ 

I LI 
CNTR 

MODEL PR- 5 
REILPET 
45 6_ 456 456 456 456 

çk'ébtk73' 40i'3,•0.8riedi 
109 109 109 e1 09 109 

Unit Quantity—$.149 

Features Include: 

• Five-digit LED disphyot countplus 5-digitcre-

set. • Counts at 500 kHz pulse & 300 Hz contact 

closure. • Small size, x 3.25W x 

fits in the palm of your hand. • Permite multiple 

presets. • Carry outputs for cascading. • Op-

tions: battery pack for standby operation s Salid-

state C/MOS circuitry with high noise immunity. 

See your local distributor! 

Distributor inquiries invited. 

Non-Linear Systems, Inc. 
Originator ot Ma cartel 1.1)iiIINNI. 

137. N, Del Men, Calilornle 92014 

Telephone (714) 755.1134 TWX 910.322-1137 
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New products 

Market-Directed 
Surveys Provide 
Inputs Tailored To 
Your Decision 
Making 

Do you know the size of markets 
for your products? Do you know 
if your products are preferred? 
By whom? And why they're 
preferred? Do you know if your 
salesmen reach the buying 
influences for your products? 
What proportion are contacted? 
Which is your best advertising 
message? What are your 
industry's marketing trends? 

These are a small number 
of the questions that can be 
answered for you through 
actionable research by the 
unique facilities if McGraw-Hill. 

Today's dynamic market-
place requires more market 
information than ever before. 

Studies conducted by 
McGraw-Hill Research to fill the 
needs of corporate manage-
ment, marketing executives, 
product managers, sales 
mana ers and advertising 
managers are identified as 
"Marketing Directed Surveys" 
by McGraw-Hill Research. 

These surveys bring you 
new information about your 
company, its products, their 
markets, marketing tools used 
in the markets, and your 
advertising program. 

For more information about 
"Market- Directed Surveys," 
write for our booklet Answers for 
Decision Makers in Marketing, 
or phone Allen Cobb, Jr., 
Director of Research 
(212) 997-6823. 

McGraw-Hill Rese irch 
McGraw-Hill 
Publications Company 
1221 Avenue of the Americas 
New York, N.Y. 10020 

tgeile 

Design Engineers' Electronic Com-
ponents Conference later this month 
in San Francisco. Called Q-Chek, 
the tester can check out cables for 
continuity, shorts, and crossed wir-
ing between terminations. It can be 
used as a tool by mobile repairmen, 
or in original-equipment-manufac-
turer operations such as incoming 
inspection and quality assurance. 
One model, the QC1001, can test 

more than 180 combinations of 
standard audio terminations, in-
cluding commercial phone jacks, 
telephone- and military-type plugs, 
phonograph plugs, premium-quality 
connectors, and European DIN-type 
connectors. A second model has 
seven adapters, extending its testing 
range up to as many as 350 combi-
nations. 
Operating the cable tester is 

simple. The user just opens the 
cover, connects the cables to be 
checked to the proper connectors, 
and then depresses a set of pro-
graming pushbutton switches in se-
quence. An array of lighted indica-
tors, then displays the condition of 
the cable. 
Switchcraft Inc., 5555 North Elston Ave., 

Chicago, III. 60630 [393] 

Reel-to-reel handler heats 

devices, not carrier tape 

Large-volume users of semicon-
ductor devices, such as the automo-
tive industry, are finding as many as 
one out of four components fail in-
coming inspection when tested at 
85°C. Most of these same parts pass 
the tests at room temperature. This 
situation has created a need for fast, 
high-temperature testing of reels of 
tape-fed transistors. 

Unfortunately, if a portion of the 
paper or Mylar carrier tape (see 
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MAGNETIC SHIELDING 
photo) is heated to the desired test 
temperature, the adhesive holding 
the semiconductor device to the 
tape can soften, causing the device 
to skew from its testing position. A 
reel-to-reel handler for the inspec-
tion and testing of transistors and 
silicon controlled rectifiers, the Lor-
lin 640T, has an optional mecha-
nism that directs hot air at the de-
vices so as to avoid heating the 
carrier tape. This eliminates the 
need for separate test ovens and 
prevents skewing. The new handler, 
which is among the first to handle 
three-leaded devices on tape, has a 
sense circuit that determines the ex-
istence and position of a transistor 
and high-speed operation. 
The 640T can move 45,000 com-

ponents an hour if they require no 
heating and zero test time. The ac-
tual throughput, of course, depends 
upon the test time required for the 
particular device, its thermal mass, 
and the temperature to which it is to 
be heated. Throughputs of 10,000 
components per hour are realizable 
when testing transistors at 125°C. 
A light-source/photodiode sensor 

is used to determine the position of 
each part, allowing greater accuracy 
and improving device-contacting. 
Parts missing from the tape or parts 
slightly out of position do not affect 
operation, because a test cycle will 
only begin when the sensor detects a 
component. The price of the ma-
chine varies from $8,000 to $ 14,000 
depending upon options. Delivery 
time is 60 days. 
Lorlin Industries Inc., Precision Rd., Dan-

bury, Conn. 06810. Phone (203) 744-0096 

[394] 

Unit pinpoints shorts 

on printed-circuit boards 

Many testers can determine that a 
short circuit exists between two or 
more points on a printed-circuit 
board. The problem is to determine 
the short's exact physical location. 
Short-Stop is an instrument de-
signed to solve this problem. It 
drives a train of current pulses into 
the shorted node and allows the op-

MATERIAL. 

• CO-NETIC AA Alloy 
High Permeability 
.002" to . 100" thick 

EXCLUSIVE 

Perfection Annealed — No further 
anneal required if severe forming is avoided. 

• NETIC S3-6 Alloy — High Saturation Induction. 
.004" to . 095" thick 

• Immediate Shipment from Stock 

SEND FOR NEW MG-3 
Material Application & Fabrication Guide 

MAGNETIC SHIELD DIV. 

PERFECTION MICA CO. 

740 N. Thomas Dr. 

Bensenville, III. 60106 

Ph. (312) 766-7800 
TWX (910) 256-4815 

The Preferred Source 

for Magnetic Shielding 

Circle 215 on -eader service card 

...of thurnbwheel 
switches 5 7 2 Z 2 7 5 

D 10 MODELS—FRONT & REAR MOUNTED 

D 4 BASIC SIZES 

D 6 DIFFERENT WHEEL COLORS 

O 250 DIFFERENT SWITCH CODES 

D OFF-THE-SHELF DELIVERY 
• MANY OTHER OPTIONS ALSO AVAILABLE 

CALL US FOR DETAILED INFORMATION 

INTERSWILTC;11 

ONE OF THE PURE» GRTUP OF MPA, 4FL .":; 

770 Airport Blvd., Burlingame, CA 94010 
Phone (415) 347-8217 TW' 110-374-2353 TFI E 34-9373 

Electrc nics/April 15, 1976 C 'bbde: • t 21'; 



NEW 
A/D Converter 

with 

HIGH SPEED CONVERSION 
(10 tu sec. per bit) 

HIGH RESOLUTION 
(1 part in 32,767) 
(15 Binary Bits) 

HIGH ACCURACY 
(±0.0065% of FSR) 

is available at 

LESS COST 

Phoenix Data's new ADC1215 accepts a full-
range ± 10V or -±-10.24V signal with opti-
mum system isolation. 

Recommended for military and commer-
cial/industrial applications with extended 
temperature-range requirements, Phoenix 
Data's model ADC1215 — a new, lower-
cost ($ 1,118.) A/D converter — has a 
total conversion time of 10 microsec-
onds, resolution of 1 part in 32,767, 
accuracy of ±-0.0065% of FSR, and the 
ability to make 220,000 15-bit conver-
sions per second. It utilizes a single 
fold-back technique in conjunction with 
successive approximation to achieve an 
equivalent conversion rate of 667 nano-
seconds per bit. 
If it's stability, accuracy, speed, or all-
around quality you need in Data Con-
version, contact Ron Brunnemer, director 
of marketing, or the representative in 
your area. 

,Y08 
PHOENIX DATA,INC. 
3384 W. Osborn Rd. Phoenix, AZ 85017 
Ph. (602) 278-8528, Twx 910-951-1364 

New products 

erator to trace the current with a 
probe that senses the magnetic field 
generated by the pulses. A slightly 
more complex tester called Short-
Stop II is also able to determine 
which component is contributing a 
faulty input to a wired-OR data bus. 
The patented current-detecting 
probe used ir_ both units responds to 
currents as :ow as 1 milliampere. 
Short-Stop sells for $495, and Short-
Stop II is priced at $675. 
Testline, 1625 White Drive, Titusville, Fla. 

32780. Phone Roger Boatman at (305) 267-

7212 [395] 

Backplane I/O connector 

handles up to 50 pins 

A backplane input/output connec-
tor is designed to allow connections 
directly over wrapped-wire pins on 
standard 0.1-by-0.2-inch grid spac-
ings. The Scotchflex 50-position 
socket connector 3307 incorporates 
a polarizing key to ensure accurate 
positioning. The 3307 is actually a 
connector system which includes the 
socket, a strain-relief clip, a keying 
header, the polarizing key, and a 

KD-
102 

• Extra fine vinyl wire 

KO-901 0.45i, 7/0.05A 
KD-902 0.5i, 5/0.08A 
KD-903 0.5i, 5/0.05A 

é 

• KD-401 

• Antenna cord for FM use. 

KD-303 

fee.. 

KID-301 

• Shielded wire with braided  
terminal 

 v e--

KD-302 

• Coaxial cable fabricated products  

KD- • Magnetic earphone 
101 

• Crystal earphone  

216 Circle 216 on reader service card Circle 261 on reader service card 



New products 

locator plate. The connector will 
mate with 26- and 28-gage solid or 
stranded wire and with 30-gage 
solid wire. 
3M Co., Dept. EP5-31, P.O. Box 33600, St. 

Paul, Minn. 55133, Att: Dan Noonkesser 

[396] 

System performs in-circuit 

and functional testing 

The microprocessor-controlled 
Troubleshooter 400 is a printed-cir-
cuit-board test system that provides 
anlog and digital fault analysis 
down to the component level. The 
in-circuit tester also provides exten-
sive functional test capabilities. Its 
microprocessor allows the system's 
software to handle many functions 
that had been hard-wired. Thus the 
system is flexible enough to allow 
on-line generation and editing of 

test programs, the compilation of 
such management data as statistics 
on component failures, and the 
automatic generation of test pro-
grams from a list of components. 
The system includes a cathode-

ray-tube terminal and keyboard for 
program preparation. During test-
ing, the CRT provides operator in-
structions (such as to adjust a poten-
tiometer) and data display. Mass 
program storage is by means of a 
floppy disk system, and a solid-state 
memory holds the test programs 
that are in use. 

Because the Troubleshooter 400 
has a bus structure, many optional 
accessories can be added easily. 
Pricing on the system starts at 
$47,950; delivery time is 90 days. 
Zehntel Inc., 2440 Stanwell Dr., Concord, 

Calif. 94520. Phone Craig Pynn at (415) 

676-4200 [397] 

OUR PROTO-CLIP 
CAN PAY FOR ITSELF THE 

1ST TIME YOU USE It 
The reason's as simple as the time you'll 
save testing, signal tracing or wiring in DIP's. 
Not to mention the cost of IC's ruined by 
accidental shorts. A Proto-Clip is the foolproof, 
short proof way to bring up leads from 
crowded circuit boards. Its patented, molded 
design and unicue gripping teeth freé hands 
for other work. Built to withstand tough day-
to-day use, CSC clips are available with or 
without cable for 14-, 16-, and 24-pin DIP's, 

starting at $4.5(r For more information, 
see your dealer or write for 
our full-line catalog and 
distributor list. 

CONTINENTAL SPECIALTIES CORPORATION 

=M= 
44 Kendall Street, Box 1942 
New Haven, CT 06509 • 203-624-3103 
TVVX: 710-465-1227 
West Coast office: Box 7809, 
San Francisco, CA 94119 • 415-421-8872 
TWX: 910-372-7992 
Canada: Len Finkler Ltd., Ontario 

U.S. Pat No. 3.914,007 
'Mir's sugg. retail 

.e 1975, Continental Specialties Corp. 

Circle 217 on reader service card 

ASCII WORD GENERATOR 
8 to 800 Character Message 
EASY TO USE • S650 • 

Gives you a handle on those tough 

TESTING, CHECK-OUT, and DE-
SIGN problems. 

Covers all standard data formats, 

and BAUD rates from 50 to 9600 
BAUD. 

Two EIA or Current Loop out-
puts, plus a scope sync. 

NANO SYSTEMS 
837 North Cuyler Avenue 
Odk Park, Illinois 60302 
Phone 31 2/524-1348 

—ORDER YOURS TODAY— 

name   

company  

address   

city   

state   zip   
•••• • M, Om» 41M•M MM. d• • • 

Circle 262 on reader service card 

PROFESSIONAL 
DISCOUNT 
PRICES ' 

AVAILABLE ON 

HEWLETT the PACKARD 

Engineering Calculators 

PHONE TOLL FREE 

800-638-8906 
FOR THE CURRENT LOW DISCOUNT 

PRICE OF THE LATEST MODEL 

CALCULATOR OF YOUR CHOICE 

THE GUARANTEE 
10 day money back trial. If you are not com-
pletely satisfied you may return the Hewlett-
Packard calculator you order within 10 days for 
a cash refund or charge cancellation. In addi-
tion Hewlett-Packard and Capital Calculator Co. 
Inc. warrant each calculatcr for a period of 
one year against defective Farts and workman-
ship. 

Capital Calculator Company 
Maryl..nd residents phone: 

(301) 300-7200 

701 East Gude Drive 
Rockville, Maryland 20850 
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15MHz 
Triggered 
Sweep 
Dual Trace 
Scope 
Usable to 
30 MHz 

B & K- PRECISION MODEL 1472B '630 

Normally rated at 15MHz (-3dB), 
it easily syncs and displays a 
30MHz signal with sure triggering. 

• Automatically selects chopped 
or alternate trace display 

• Maintains calibration accuracy 
over 105-130VAC range. 

• 11 sensitivity ranges, 10mV to 
20V/cm. 

• 19 sweep ranges, 0.5µSEC to 
0.5SEC/cm. 

• 24nSEC rise time. 

• Front panel X-Y operation with 
matched phase-shift and 
sensitivity inputs. 

• Uses BNC connectors. 

• Complete line of probes 
available. 

Available from your distributor. 

:«PRECISION 
PRODUCTS OF DYNASCAN 

1801 West Belle Plaine Avenue 
Chicago, Illinois 60613.312/525-3990 

In Canada: Atlas Electronics, Toronto 

New products/materials  

Abrasion-resistant plastics for use as 
watch crystals, instrument-gage 
crystals, sight windows, safety gog-
gles, etc., are available in clear, red, 
green, and amber versions. The 
coated plastics resist marring and 
scratching from such materials as 

steel wool and pencil erasers. They 
are available in sheets as large as 12 
inches by 20 in. Delivery of the 
sheets is from stock. 
3M Co., Visual Products Div., Dept VP5-97, 

P.O. Box 33686, St. Paul, Minn. 55133 

[476] 

A silver-filled epoxy adhesive and 
coating formulation is useful in mi-
crowave shielding, pc-board repair, 
and as a cold solder. The material 
has a volume resistivity of less than 
10-4 ohm-centimeters. ECR-4100 is 
available in preweighed kits ranging 
from a 2-gram dual pack up to a 2-
pound kit. 
Formulated Resins Inc., P. O. Box 508, 

Greenville, R I. 02828 [477] 

Injection-moldable magnetic com-
pounds made by combining a 
thermoplastic resin with predeter-
mined loadings of ferrites has cer-
tain advantages over ceramic mag-
nets. Chief among these are ease of 
fabrication of complex shapes, and 
the elimination of fragile preforms 
and secondary operations needed in 
the production of ceramic magnets. 
Magnecomp "A" is the first com-
pound to become available. It has a 
maximum B-H product of 0.9 x 106 
gauss-oersteds and is intended for 
such applications as indicators and 
small motors. 
LNP Corp., 412 King St., Malvern, Pa. 

19355 [478] 

Bonding to Teflon and other fluoro-
carbon plastics is always a problem 
because of their reluctance to ad-
here to anything. So before cement-
ing, encapsulating, or soldering Tef-
lon-coated wire or wires coated with 
such other fluorocarbons as Fluon, 
Kel-F, Halon, and Kynar, their sur-
faces may be modified by being pre-
treated with Bondaid etchant. This 
stabilized dispersion of metallic so-
dium makes the plastics receptive to 
adhesives for bonding. Bondaid is 
offered in 1-ounce, 2-oz., half-pint, 
and pint bottles. 
W. S. Shamban & Co., 11543 W. Olympic 
Blvd., Los Angeles, Calif. 90064 [479] 

Insulating epoxy adhesives with vol-
ume resistivities of 1015 ohm-cen-
timeters and 1016 ohm-cm resist 
moisture and bind strongly. The 
one-part thixotropic formulations 
cure in 1 hour at 100°C. Type 13 is a 
general-purpose adhesive, type 14 
conducts heat rapidly, and type 15 
has high peel strength. Type 14 has 
a volume resistivity of 1016 ohm-cm; 
the other two have 1015 ohm-cm. 
Available from stock, the adhesives 
sell for $ 15 a pound. 
Transene Co., Route One, Rowley, Mass. 

01969 [480] 

Rare-earth/cobalt permanent mag-
nets with energy products in excess 
of 18 megagauss-oersteds have ex-
ceptional long-term stability. 
Ceramic Magnetics Inc., 87 Fairfield Rd., 

Fairfield, N. J. 07006 [361] 
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GO WEJCON/76 
It's the big electronic show for the big West Coast 
market in the big turnaround year. The industry 
will be there, 35,000 strong — designers, specifi-
ers, production, test and reliability engineers, and 
more. They'll come to talk, to listen, to see, to feel, 
to learn. They want to know what's new, what's 
happening. It's your big chance to go one-on-one 
with the key decision makers in your key market. 

We expect 400-plus exhibitors occupying 700- plus 
booths. It's a blue-chip spectrum of the electronics 
industry — small, medium and large cor porations 
under one roof. 

WESCON/76 is the big one; no doubt about it. 
It's at the right time, in the right place, with the 
right "show system" to serve the industry as the 
economy moves into high gear. RESERVE YOUR 
BOOTH SPACE TODAY! 

To bring them in: Timely technical sessions. Com-
puterized registration, front and rear. Categorized 
floor plan. Fully carpeted aisles. 

To help you out: Free drayage in and oJt. Famous 
WESCON rental packages. Free shuttte bus sys-
tem. Daily janitorial service. 

OUR BIRTHDAY SPECIAL 

Reserve your WESCON/76 space now. If your ap-
plication and deposit are received by May 15, you 
get a beautiful authentic 3' x 5' Bennington ' 76 
flag, complete with pole, halyard and holder to 
display in commemmoration of America's Bicen-
tennial. 

For your copy of the WESCON/76 Exhibits Pros-
pectus, use the coupon or telephone directly to 
Tom O'Gorman, (800) 421-6816. ( In Ca'ifornia call 
collect: ( 213) 772-2965) 

LA. CONVE VTION CENTER, SEPTEMBER 14 - 17 

Western Electronic Show & Convention 

999 North Rculevarl El '') egtindo, California 90245 

Wescon/76 Silver Celebration YES. I WANT TO BE THERE FOR THE BIG ONE AT THE L.A. CONVENTION 
CENTER, SEPTEMBER 14 - 17. 

Please send me complete information on WESCON/76. 

NAME TITLE 

COMPAN`r 

ADDRESS PHONE 

CITY STATE ZIP 
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Classified 
section 
FOR EMPLOYMENT 
AND SALES OPPORTUNITIES 

RATES $46 per advertising inch ((4") Corn-

mIssionable 

SIZES to 10" deep in widths of one col-

umn , 1,4) two ((4") three (54") and four 

CLOSING Two weeks prior to mailing 

MAILING One week prior to issue date 

ISSUE DATE Every other Thursday 
AD ORDERSiSOX NUMBER ANSWERS 
i'end to Electronics. Post Office Box 900, New 
York. N Y 10020 

JOB WORK COLLABORATION 
OR PARTNERSHIP 
EXPORT ZONE. 
BOMBAY, INDIA 

ELECTRONICS COMPA NY 
Skilled, diligent staff of newly established 
electronics firm available immediately for 
manufacturing, testing, sorting and grading 
of electronic components or the assembly 
of complex electronic systems. Very 
reasonable terms Partnership available 

For more information, please contact 

C1iWif-9982 ELECTRONICS 
CLASS. ADV. DEPT. 

P.O. BOX 900 N.Y. N.Y. 10020 

EMPLOYMENT SERVICE 

Electronics' Industry Newsletter tells 
you which firms have current employ-
ment opportunities, in the field of 
Electronics, for all types of Engineers, 
Sales Representatives, Technicians. 
Executives, Computer Personnel 
and others. Latest product informa-
tion is also reported. For information 
write: Electronics' Industry News-
letter. Dept. 304A, 23573 Prospect 
Avenue, Farmington, MI 48024. 

POSITION VACANT 

Design, Production, Instrumentation, 
Communication Engineers and 
Managers. All fees paid. Career op-
portunities now exist with our mi-
croelectronics, analytical. telecom-
munications and electronic manu-
facturing companies. Salaries open. 
Call or send resume to James 
Franklin and Associates, Inc. 502 
Earth City Plaza, Suite 120 Earth 
City, Mo. 63045 
(St. Louis) Phone: 1314) 291-6880. 
Specialists in Engineering Search and 
Placement. 

Position Available— Need BS Eng. 
+ U.S. exper. in engineering or tech-
nical sales. Fee paid by employer. 
Over 1.00C U.S. client co's. Est. 
1959. Send resume & present 
salary. Atomic Personnel, Inc., Box 
L. 1518 Walnut. Phila, PA 19102. 

Growth Positions: $15,000-27,000. 
Nationwide. Motor/Machine/Process 
Controls; Pwr. Supply; Transformers; 
Components; Weld Equip.; Genera-
tors; Magnetics; F.H.P. Motors; S.S. 
Circuits; and others. Fees paid. In-
clude pres. and min. salary req. and 
location flexibility with resume. 
Longberry Employment Service, 914 
Niles Bank Bldg., Niles, 0. 44446. 

New literature  

Chart recorders. Four basic strip-
chart recorder measuring systems 
are explained in a 24-page catalog 
from Esterline Angus Instrument 
Corp., P. O. Box 24000, Indian-
apolis, Inc. 46224. Catalog number 
C200 covers permanent-magnet/ 
moving-coil, electrodynamometer, 
pressure-and-vacuum, and position-
and-motion systems. Circle reader 
service number 421. 

Snap-action switches. Technical bul-
letin No. 90 discusses important fea-
tures of nine lines of snap-action 
switches made by Control Switch, a 
Cutler-Hammer Co., 1420 Delmar 
Dr., Folcroft, Pa. 19032 [422] 

LED lamps. A reference set of nine 
data sheets describes the full line of 
light-emitting-diode lamps and 
panel-mounting hardware offered 
by Chicago Miniature Lamp, 4433 
N. Ravenswood Ave., Chicago, Ill. 
60640. The sheets show features, op-
tical specifications, dimensional 
drawings, and electrical character-
istics. Each data sheet includes five 
curves including one of relative in-
tensity versus viewing angle. [423] 

Coil winders. A 12-page catalog de-
scribes a line of numerically con-
trolled coil winders. Included are 
photos and descriptions of seven 
machines made by Eubanks Engi-
neering Co., 225 West Duarte Rd., 
Monrovia, Calif. 91016 [424] 

Relays. General-purpose, power, 
and specialty relays are covered in a 
32-page Relay Engineering Manual 
put out by Deltrol Controls, 2745 
So. 19 St., Milwaukee, Wis. 53215. 

RELAY 
ENGINEERING MANUAL 

Bulletin 1845 provides data on more 
than 40 relay types from latching 
units to antenna-switching devices. 
[425] 

Control knobs. A 16-page catalog 
covers a wide variety of control 
knobs, molded of ABS plastic, and 
offered with aluminum shaft bush-
ings in three sizes: 0.125, 0.1875, 
and 0.25 inch. Available in four 

standard colors—black, gray, green, 
and blue—the knobs can be supplied 
with textured tops, metal inlays, 
skirts, pointers, and various index-
ing marks. The catalog can be ob-
tained from Radial Controls, 2555 
East 55 Pl., Indianapolis, Ind. 46220 
[426] 

True-rms ammeters. A pair of in-
strument bulletins provide technical 
data, prices, and features on a line 
of portable and edgewise panel 
true-rms ammeters. Information is 
provided on a number of analog 
meters with ranges from 25 micro-
amperes to 1,000 amperes. Write to 
Gerry Frank, Greibach Instrument 
Div., Electrical Instrument Service 
Inc., 25 Dock St., Mount Vernon, 
N. Y. 10550 [427] 

Meters. A 30-page catalog of me-
ters, indicators, and instruments is 
offered by Emico, 123 N. Main St., 
Dublin, Pa. 18917. Specifications, a 
mechanical drawing, a photograph, 
and a description of its outstanding 
characteristics are provided for each 
model in the catalog. [428] 

220 tw.crutn. 
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WE'RE 
WAR MEG 

... these new panel-type alarms for home, business and factory warning 

systems can't be ignored. Strident continuous, pulsing or continuous- plus-

pulsing tone. Rated to 90 clbA at 2.7 kHz ... some models rated 85 dbA 

at 10 feet . .. 6 to 16 vdc and 15 to 32 vdc ... drawing just 10 mA 

maximum current. Features 50mm diameter pie:zo crystal. Wire leads. 

Ask for your personal copy of our new catalog. 

VI/here to buy an audio indicator :or every need: 

projects 
unlimitec 

3680 Wyse Road, Dayton, Ohio 45414 
Tel. ( 513) 890-1918, TVVX 810-450-2523 

Selected distributorships available. 

CALIFORNIA, COSTA MESA 
Mai Vac Electionics 

MASSACHUSETTS, SHARON 
Ads oui 

NEW YORK, ROCHESTER 
0s5mann Components 

Series X-40 Panel Alarm 

OHIO, COLUMBUS 
Hughes Peters, Inc. 

TEXAS, DALLAS 
K. A. Electronics 

UTAH, SALT LAKE 
Newark Electronics 

Actual Size 

WASHINGTON, SEATTLE 
Elwood Industries 

WISCONSIN, MILWAUKEE 
Taylor Electric 

ONTARIO, WILLOWDALE 
Electro Sonic, Inc 

Circle 220 on reader service card 

The Data Acquisition 
Route: $175 

Now you can mate a complete analog front end to your microcomputer 
for less than $ 11 per channel in OEM quantity ... $ 175 for a complete 16 
channel data acquisition module, the DT5701. 

This DATAX II module is a total precision-engineered system ... 
included is a fully protected analog multiplexer, differential amplifier, 
high speed sample/hold, highly accurate 12- bit A/D converter plus all 
control and programming logic with tri-state outputs for direct 
connection to 8 or 16 b't uC busses. Interfacing to any uC such as the 
8080A, 6800, PACE, 1St-11, etc. is simple and straightforward ... we 
can show you how. Col us at 617-879-3595. 

DATA TRANSLATION 
  INC 

... the analog I/O company 

109 CONCORD STREET, FRAMINGHAM, MA 01701 

Circle 264 on reader service card 
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"Business is a lot better 
Seven things 

for management 
to worry about 

in the improving 
Electronics 
Technology 
Marketplace. 

1. Worry about the 
business cycle 
running gour business 

In May, 1973, we published the 
first editorial in this series. The 
headline was "Advertise? I can't 
even deliver the orders I've 
booked", and the ad contained 
nine things to consider about 
advertising in a boom. In Decem-
ber, 1974, the sixth ad in this 
series was headed "Business is 
lousy—let's cut. the advertising 
budget", and it offered seven 
things to consider about adver-
tising in a bust. In May, 1975, 
the seventh ad stated that a boon, 
was on the way, and suggested 
seven ways to prepare for it. 
Now it is March of 1976, and I 
have just been informed of two 
companies that are cutting their 
advertising because they have 
more orders than they can 
handle. I was tempted to head-
line this ad "Here we go again!" 
and offer "one sure way to make 
this business cycle worse than 
the last". Because there is one 
sure way—and that's to let the 
business cycle run your busineh. 

2. 
Worry about 
lousy forecasting 

One of the ways to let the cycle 
run your business is to let it 
influence your forecasting. We all 
have the same problem: In boom 
years, our forecasting gets in-
creasingly bullish, and our 
visions of market share lose 
touch with reality. The result 
is that our forecasting, rather 
than helping smooth the business 
cycle, actually aggravates it. 
That's because when the bust 
comes, it comes off of a peak 
that we have made artificially 
high, so we have farther to fall. 
Then all through the down time 
we continue to forecast gloom 
and doom so we are never ready 
for the recovery. 

Let's face it: these cycles will 
continue. They may even be 
shorter and sharper. The trick is 
to run the business steadily and 
consistently in spite of them. 
And good forecasting—forecast-
ing that tries very hard to empha-
size the constants and ignore the 
variables of the moment—is 
required. Good forecasting recog-
• izes that we're lousy at 
recasting. Therefore we need 

to plan for various contingencies 
as well as expectations. Good 
planning isn't predicting the 
future. It's being ready for 
any future. 

3. 
Worry about 
technology change 

The next few years will bring 
dramatic changes in technoloe 
The real impact of microproces. 
sors, semiconductor memory, 
and other large-scale integrate 
circuitry is still in front of us. 
It will change the way we do 
business. It will change the 
fundamental economics of ever 
electronic product, and every 
product that could be electronic 
It will ruin companies that hay 
not sharpened their marketing 
skills. It will change the compet 
tive balance in many markets, 
and will force us to change the 
way we sell. Our changing tech 
nologies will bring us both 
opportunity and danger. Oppor 
tunity for those who develop a 
thorough understanding of 
technology trends, and apply ti 
understanding in a consistent 
way to the fundamentals of 
their business. Danger for thos 
who keep doing things the samc 
old way, and let themselves 
be blown about by the winds of 
the marketplace. 

4. 
Worry about 
financial planning 

Electronics used to be a 
components-based, product-
engineering, labor-intensive, 
assembly business. It is becomi 
a materials-based, systems-
engineering, capital-intensive, 
batch-processing business. The 
increasing capital requirement 
of this new kind of electronics 
business are going to tax the 
ability to finance our growth. 
And outside money will be mor 
difficult to get because the final 
cial community is tired of our 
business cycles. ( Bankers are 
shell-shocked from the recessio 
and smarting under well-deser 
criticism. The go-go banking 
fad is over.) Consistency of pui 
pose in financial management-
rather than overreaction to 
short-term conditions—is now 
essential. 
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Let's start worrying' 
5. 

Worry about 
positioning 

Is technology changes and 
narket forces become more com-
dex, it becomes increasingly 
mportant to have a carefully 
•onsidered "position" for your 
ompany and each of its product 
mes. Positioning errors will be 
ncreasingly expensive, and the 
undamental questions like 
'What should our business be?" 
.nd "Can we really achieve 
hat?" and "How will the contpe-
ition react?" should be answered 
irecisely. Once you've decided 
he positions, make sure you 
on't hide them from the market-
dace. Use advertising—and use 
t steadily and consistently— 
o drive home your position and 
reempt your competitors. 

6. 
Worry about 
market development 

'et's not lose sight of the fact 
lat one of the best ways to 
mooth out the business cycle is 
broaden our markets. There 

re new markets waiting to be 
)1d. There are still old ways of 
oing things that are waiting to 
e converted to electronics. 
:conomics are on our side. Our 
ew technologies are bringing 
ew applications into our range. 
f we are going to achieve real 
rowth instead of inventory 
bubbles", and mitigate the 
ffects of the next downturn, our 
iarket development programs 
lust be consistent in purpose, 
unding, and management 
riority. 

7. 
Worry about how to 
sell up to management 

The selling proposition is chang-
ing. In the old days, if you sold 
something like a connector or 
capacitor or relay, you could get 
the job done by calling on design 
engineers, buyers, and standards 
people. Unless it was a big deal— 
in which case it helped a lot to 
have management on your side. 
But now the market is being 
made—and the economic and 
technical decisions are being 
forced—by semiconductor tech-
nology. And that technology is 
being sold at the highest levels of 
engineering management. If you 
are not selling your product 
there, too, you will wind up being 
an afterthought—competing on 
price and specs in a game some-
one else controls. The message 
is clear: You must find more 
effective ways to sell up—to com-
municate with management. 
Your salesmen will have trouble 
doing it.Your top management 
can't do it and still run the busi-
ness. Your advertising can do it. 
In fact, it is the one thing your 
advertising must do, even if it 
doesn't do anyth ing else. 

A few words 
in closing. 

In looking back over what I've 
written, I find this is an adver-
tisement about consistency. 
Consistency in planning, in fore-
casting, in selling, in manage-
ment objectives. As a matter of 
fact, that's what this whole 
series has been about—consist-
ency in the face of short-term 
business conditions. 
To carry this theme into 

advertising, there never was a 
great advertising 

campaign that wasn't consistent 
—consistent in what it said, 
consistent in how often it ap-
peared, and consistent as to 
where it appeared. And on that 
note: 

—If you are going to use 
advertising to help you 
develop new markets, 
please remember that 
Electronics is the premier 
market development 
medium, and the only 
truly international 
medium. 

—If you are going to use 
advertising for position-
ing, and to sell up, please 
remember that Electron-
ics is by far the best-read 
and most-preferred 
publication among engi-
neering managers. 

Daniel A. McMillan III 
Publisher 

I'm consistent in at least one thing—I 
never get around to having speeches 
printed up until a while after I make 
them—if ever. This is one from last 

September's WESCON. It's about some 
of the same things as this ad. If you 

want a copy, send the coupon. 

To Dan McMillan. Publisher 
Electronics 
1221 Avenue of the Americas 
New York, N.Y. 10020 

Please send me a copy of " Electronics in the Next 1000 Days." 

Name  

Company 

Street  

City 

State _ Zip 

 _J 

Electronics le j4 r14 
THE SOURCE. I: f111 

:is the ninth of a series of editorials on advertising, marketing, and planning in the Electronics Technology Marketplace. Your comments are welcome. 
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Ibm ...Datalogger! 

A universal data collection system with these standard features; 

• 20 internal input input channels 
• Channel skip point selection 
• Integral 24 hour clock, 
displaying hours & minutes 
• Cycle interval selection 
• Simultaneous visual display 

of time, channel & parameter 
• Hard copy printout of all data 
• 41/2 digit display of parameter 
• DC Volts, Millivolts 

• AC Volts, Ohms, DC Autorange 
• 5 Thermocouple types temperature 
measurement 

• Platinum Resistance Temperature 
measurements 

• Thermistor measurements to 
0.01 ° resolution 
• BCD output of all data 
• Manual, automatic or remote 
cycle start 

Available Options: 
• Expansion to 200 channels • Hi-low alarming 
• Solid state switching • Compatible paper tape punch 

1200 Series, DC Voltage Measurements 
1500 Series, Temperature Measurements 

Digirec 

silute:t $2895, 
UNITED SYSTEMS CORPORATION 

918 Woodley Road • Dayton, Ohio 45403 • Ph: (513) 254-6251 • TWX: (810) 459-1728 

These instruments available under GSA contract GS-00S-29011. 

For Information Only Circle 222 on Reader Service Card 
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"Light" your LI 
gas discharge 
displays from (-1 
low voltage In / 
DC lines I-1 
with 

DC-to-DC 
Power Supplies 

When you you must convert low 
DC line voltages to nominal 
200 or 250 V DC levels in order 
to activate gas discharge dis-
plays, ask us to recommend 
the DC-to-DC power supply 
that's right for your applica-
tion. 

Various models available: 
• Standard inputs-5, 9, 12, 

15 V DC; others under 
5 V DC and up to 48 V DC. 

• For seven-segment and 
matrix-type displays. 

Write for 
free 

literature: 

• • • 

• • 

• • • 

• • • 

• • • 

• • 

• • • 

• Regulated and unregulated. 
• Single and dual output. 

capable of up to 12W total. 
• Outputs from 5 V to 

1500 V DC. 

Compact size and light weight 
help give easy portability to 
equipment in which they are 
used! 

Need custom designed power 
supplies for your gas dis-
charge displays? Ask about 
our custom engineering and 
production capabilities. 

ENDICOTT COIL 
32 Charlotte St.. Binghamton. N.Y. 

13905 ( 607) 797-1263 

"IV 
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EILECTRONIC 

DulLourtiG 

LOCKS ity 

igg---...« ......„. 

Modules... !eel 
for the test 
engineer 

41 VARIABLE CLOCK FOR I.C. TESTING OR BREADBOARDING 

-0 SINGLE- ENDED TO DOUBLE ENDED P.S. CONVERTER 

41 OSCILLATOR POWER OUTPUT BOOSTER 

TTL LOAD SIMULATOR 

41 NOISE SOURCE . . . AND MANY MORE 

Quality Modules Built For Valid And Reliable 

Testing Results 

Write Today For Free Brochure 

Woodard Electric, Inc. 
SPECIAL PRODUCTS DIVISION 

P.O. Box 1050 Hartselle Alabama 35640 

1205) 773-2055 

224 Circle 224 on reader service card Circle 265 on reader service card 



Electronics advertisers Aprd 16.1976 

• Abbott Transistor Labs Inc. • Dumont Electron Tubes .4 Devices Corp II • Hughes Aircraft Company 39 

Addmasters Corporation a Eastman Kodak Company Indiana General 53 
GMD GD Photofabrication-
Microelectronics 12 

. Adeisy 2 1 Individualized Instructions, Inc. 198 

• EDMAC Associates 184 

a Airpax Electronics 142 Information Control Corporation 236 
EECO 98 

Alma Division of Deveico 123 Information Handling Services 1 1 3 1 1 1 
• E&L Instruments Inc. 188 

American Microsystems Inc. 54. 55 infotek Systems 207 
• Electro Scientific Industries 200 

• AMP Incorporated 146, 147 
Z Electronic Representatives Association 85 Intel Corporation 18. 19 

• Analog Devices Inc. 10, 11. 101, 102, 103 
Elgar Corporation 186 t Instrumentation Eng., Inc. 58 

Belden Corporation 191 
Elorg Electronorgtechnica 194 intermetrics 168 

B 8 K Precision Division Dynascan Corporation 218 
• Endicott Coil Co. Inc. 224 International Crystal Mfg Co. 178 

• Boums Inc. 3rd cover 
a Erie Technological Products Co. Inc. 9 Intersil Inc. 24 

• Bowmar Inst. Corp. 36 
Exhibitions, Ltd. 211 • Interstate Electronics Corp. 181 

Braemar Computer Devices 211 
Fabri-Tek Inc. 166 interswitch 221 

Brand Rex Corporation 2nd cover 
a Fairchild Systems Technoiogy 155 a Kepco Inc. 5 

Burroughs Corp. 168 
Figaro Engineering Inc. 200 Kitakami Denki Co. 216 

Capital Calculator Co. 217 
Florida Dept. of Commerce 208 Litronix Inc. 34 

• Centronics 59 
Z Fujitsu Limited 185, 187 a Logimetrics 197 

a Claires Corporation 4th cover 
* General Electric Instrument Rental Division 176 Magnecraft Electric Company 15 

• Coll-Ler Mfg. Inc. 38 
General Magnetics 228 • Magnetic Shield Div., Perfection Mica 215 

Computer Automation 118. 119 
a General Radio 183 Matrix Publishers Inc. 207 

• Continental Rentals 8 
General Semiconductor Industries, Inc. 172 a MCL Inc. 186 

a Continental Specialties Corporation 217 
a Germanium Power Devices Corp 201 ° Membrain Limited 62 

Crown Industrial 208 
• Gould Inc., Instrument Systems Division 124 • Mini Circuit Labs. 91 

Data Delay Devices 209 
• GrayhIll Inc. 180 3M Electronics Division 129 

Data General Corporation 28 
Hal Communications 195 Motorola Data Products 141 

a Data Translation Inc. 221 
Harris Semiconductor 179 Motorola Communications 8. Electronics 156 

Delco Electronics Division 
General Motors Corporation 56, 57 • Heath/Schlumberger Scientific Instruments 207 t• Motorola Semiconductor Products Inc. 27 

• DIalight Corporation 192 Hermes Electronics, Ltd. 50 Nano Systems 217 

Digital Equipment Corporation (OEM) 69 • Hewlett-Packard 1, 2, 20. 40. 48, 152-153, 159 $• National Semiconductor 21 

a Diva Inc. 209 Honeywell Test Instrument Division 171 • Newport Labs. 210 
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iaiçje scale 
Rite Ration 
LS' 
LSI 
L$1 
LS' Book Series 

Electronics 

The Electronics Book Series 
offers you a handbook on the 
current and revolutionary 
impact of LSI on digital 
design. This 220-page book 
presents a unique opportunity 
for circuit designers, systems 
designers, and engineering 
managers and supervisors to 
bring their expertise into line 
with today's LSI design 
requirements. 

Electronics Book Series 
PO Box 669, Hightstown, N.J. 08520 

0 Send me   copies of "Large Scale 
Integration" at $9.95 per copy. 

I must be fully satisfied or you will refund full 
payment if the books are returned after ten 
day trial examination. 

0 Payment enclosed D Bill firm 0 Bill me 
Credit Cards Charge My Book To 

D American Express D Master Charge 
D Diners Club O BankAmericard 

Acct. No. 

Date Card Expires 

Interbank No. 

1st No's, above name on Mastercharge only. 

Name 

Title 

Company 

Street 

City 

State Zip 

Signature 

Electronics gifi re 
IS THE SOURCE Sill• 

ri • 
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t Nichicon Corporation 62 * TEAC Corp. 176 

• Non-Linear Systems 213 Tecnetics 182 

f• Omron Corporation of America 72.73 • Tektronix Inc. 189 

• Philips Test & Measuring Instruments Inc. 204.205 • Teledyne Relays 17 

• Phoenix Data Inc. 216 Texas Instruments Incorporated 
Components Div. 132-133 

• Plessey Memories 60 
Texas Instruments Incorporated 

Digital Systems Division 22-23 

° Plessey Microsystems 85.167 

Thyrotek Corporation 40 

Positronlcs industries 8 

TL Industries 168 

• Powermate 199 

• TRW/Power Semiconductors 175 

▪ Powertec Inc. 130 131 

United Systems Corp. a Sub of Monsanto Co. 224 

• Precision Monolithic Inc. 13 

• Vactec Inc. 196 

Projects Unlimited Inc. 221 

Vacuumschmeize 927 

Pro-Log Corporation 49 

° Wendel und Goltermann 58 

Ramtek Corp. 209 

• Wavetek Indiana Inc. 27 

RCA Solid State Division 7 

▪ Weinschel Engineering 165 

RCL Electronics Inc. 14 

Wescon 219 

Robinson Nugent Inc. 77 11 

Wima Westermann 16 

• Rogers Corporation 

Wintek Corporation 201 

° Rohde & Schwarz 11 

Woodard Electric Inc. 224 

Roto-Kit Incorporated 

° Yokogawa Electric Works Ltd. 185 

Scanbe Mfg. Corporation 

• Scientific Atlanta Optima Division 190 Classified & Employment AdvertisingF J Eberle Manager 212-W7-2557 
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What you must 
know about 
Microprocessors 
Using articles from the pages of 
Electronics, this book contains prac-
tical and up-to-date information on 
available microprocessor devices, 
technology and applications—rang-
ing from the simplest 4- bit p-channel 
MOS system to the second-genera-
tion n-MOS 8- bit processor chips, 
and the new injection logic and 
Schottky TTL bipolar processor fam-
ilies needed for the toughest com-
puter- based control applications. 
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VAZ 
VACUUMSCHMELZE 

VACOZET® 
a semi-hard 
magnetic alloy 
with rectangular 
hysteresis loop 
for impulse controlled 
self latching relais. 

à 

"1 

o 

Bobbin 1 

1 

Bobbin 2 

Properties: 

high remanence 

e adjustable coercitive for 

VACOZET 200 258 655 923 

tic A/cm 15 30 50 75 

Br T 1.5 1.45 1.45 1.25 

Br/Bioc 0/0 ca 90 

For data sheet and 
further information apply to 

VACUUMSCHMELZE 
GMBH 
6450 HANAU 
W.- Germany POB 109 
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SOLID STATE 
3 WIRE SYNCHRO TO 
LINEAR D.C. CONVERTER 
FEATURES: 

• Develops a DC output voltage linearly proportional to a synchro 
angle over a t 180° range. 

• Completely solid state with all of the inherent advantages over a 
mechanical system such as: 

• High reliability (since there are no moving parts) 
• Light weight-6 ozs. 
• Small size 

• All units hermetically sealed 

RESPONSE CURVE 
MAC 1422-1 
MAC 1449-1 É 
MAC 1458-1 
MAC 1459-1 ;' 

SVNCNERD ANGL 

0 90 IRO 2 0 360 

SYNGE1R0 ANGLE DEGREES 

RESPONSE CURVE 

• Wide temperature range operation 
• Output short circuit protected 
• Three wire inputs isolated from ground 

• Package size may be altered at no extra cost 
• Units can be altered to accept different line to line voltages or 

different operating frequencies at no extra cost 
• Not affected by reference voltage or power supp y variations. 

MAC 1460-1 
MAC 1461-1 

UNIT 
MAC 
1422-1 

MAC 
1449-1 

MAC 
1458-1 

MAC 
1459-1 

MAC 
1460-1 

MAC 
1461-1 

TRANSFER EQUATION ± IV/18° ± IV/18° ± IV/18° ± IV/18° +11//36° +11//36° 
ACCURACY (+25°C) 1/2% 1/2% 1h% 1/2% 

1/2% 1/2% 
ACCURACY (-25°C-+85°C) 1% 1% 1% 1% 1% 1% 
L - L SYNCHRO INPUT (VRMS) 11.8 90 11.8 90 11.8 90 
FREQUENCY ( Hz) 400 400 60 60 400 400 
FULL SCALE OUTPUT ± 10V ± 10V ± 10V ± 10V +10V +10V 
OUTPUT IMPEDANCE <112 <112 <112 <12 <112 <112 
L - L INPUT IMPEDANCE >10K -:'-30K >2K >10K >10K >30K 
REFERENCE VOLTAGE (VRMS) 26 115 26 115 26 115 
OPERATING TEMP. °C —25 - + 85 —25 - +85 —25 - + 85 —25 - +85 —25 - +85 —25 - +85 
D.C. SUPPLY ± 15V _' 15V ± 15V ± 15V ± 15V ± 15V 
D.C. SUPPLY CURRENT ± 75MA +.75MA ± 75MA t 75MA ± 75MA ± 75MA 
BANDWIDTH 10Hz 10Hz OPT. OPT. 10Hz 10Hz 
WEIGHT 6 oz. 8 oz. 6 oz. 8 oz. 6 oz. 6 oz. 
SIZE 3.6x2.5x0.6 3.6x2.5x0.6 3.6x3.0x0.6 3.6x3.0x1.0 3.6x2.5x0.6 3.6x2.5x0.6 

A.C. LINE REGULATION 
A new method has been developed which allows us to provide a low 
distortion highly regulated AC waveform without using tuned 
circuits or solid state active filters of any kind. 

The result is a frequency independent AC output regulated to 0.1% 
for line and load with greater than 20% line variations over a wide 
temperature range. 

FEATURES: 
• 0.1% total line and load regulation 
• Independent of 20% frequency fluctuation 
• 1 watt output 
• Extremely small size 
• Isolation between input and output can be provided 

Specifications: Model MLR 1476-1 
AC Line Voltage: 26V ± 20% @ 

400Hz ± 20% 
Output: 26V ± 1% for set point 
Load: 0 to 40ma 
Total Regulation: Al% 
Distortion: 0.5% maximum rms 
Temperature Range: —55° C to 

+125°C 
Size: 2.0" x 1.8" x 0.5" 

Other units are available at different power and voltage levels as wej 
as wider temperature ranges. Information will be furnished upon 
request. 

SOLID-STATE SINE-COSINE 
SYNCHRO CONVERTER - 
NON VARIANT 

This new encapsulated circuit converts a 3 wire synchro input to a 
pair of dc outputs proportional to the sine and cosine of the 
synchro angle independent of a-c line fluctuations. 
• Complete solid state construction 
• Operates over a wide temperature range 
• Independent of reference line fluctuations 
• Conversion accuracy-6 minutes 
• Reference and synchro inputs isolated from ground 

Specifications Model DMO 1508-2 
Accuracy: Overall conversion accuracy 6 minutes. Absolute value of 

sine and cosine outputs accurate to + 30MV 
Temperature Range: Operating —40°C to +85°C, Storage — 55°C to 

+125°C 
Synchro Input: 90V RMS ± 5%LL 400Hz ± 5% 
DC Power: 15V DC ± 10% @ 50MA 
Reference: 115VRMS ± 5% 400Hz ± 5% 
Output: 10V DC full scale output on either channel @ 5ma load 
Temperature coefficient of accuracy: if: 15 secondsPC avg. on con-

version accuracy ± 1 MV/ °C on absolute output voltages 
Size: 2.0" x 1.5" x 2.5" 
Units are available with wider temperature ranges and 11.8V L L, 

26V reference synchro inputs. Information will be supplied upon 
request. 

There is No Substitute for Reliability 

-›- GENERAL MAGNETICS • INC 
135 Bloomfield Ave., Bloomfield, New Jersey 07003 - Tel. (201) 743-2700 
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. here today at 
no extra cost in every 
Trimpot® Potentiometer 
Historically, pin-to-element termination problems have been one of the primary 
causes of trimmer failure ... especially during handling and PC nerd process 
operations. Bourns exclusive Swage-Bone process virtually eliminates pin 
termination failure ... truly a revolution in trimmer reliability. Fi.rthermore, Swage-
Bonding results in a marked improvement in temperature coefficient consistency. 

Other trimmer manufacturers utilize a simple clip-on terminatior. Some solder this 
connEction, some rely on tension pressure alone. In the Swage-Bond process, the P.C. 
pins ere secured through the substrate, with a high-pressure compression swage on 
both top and bottom sides. The pressure of the swage locKs the in solidly into 
the element, and thoroughly bonds it to the thick-film termination material. 

The seal that seals ... without springback 

Bourns trimmers stay sealed when others fail. 
We know. We've tested tfkern all. Bourns uses a 
chevron-type sealing technique, that seals 
without 0-rings ... eliminating the windup and 
springback thaf frequently occurs with such 
seals. The result is faster and more precise 
adjustability . . . with a seal that really works. 

Wrap-around wiper for better setting stability 

Bourns multi-fingered, wrap-around wiper 
delivers more consistent, more reliable 
performance. The unique iesign significantly 
reduces CRV fluctuations and open circuit 
problems due to thermal and mechanical shock 
... by maintaining a constant wiper pressure on 
the element. Compare the ruggedness of Bourns 
design with the common " heat-staked" wiper 
designs. Compare performance. Specify Bourns. 

HERE'S PROOF: 

Send for a copy of our new engineering report on TRIMMER PERFORMANCE. Tell us 
about your application, and we'll provide qualification samples that best suit your needs. 

Bour ls reliability is available at ordinary prices ... off-the-shelf from nearly 190 local 
distributer inventories ... plus our largest-ever factory stock. TRIMMER PRODUCTS, 
TRIP/ POT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside, 
Calibrnia 92507. Telephone 714 781-5320 — TWX 910 332-1252. 

›egie - gi mew ...., , 4.„. It iv  ,e..,.. - 
lational: HO Switzerland, 042/23 22 42 • Belgium 02/218 2005 • France 01/2039633 • Germany 0711/24 29 36 • Italy 02/32 56 88 
herlands 070/58 93 18 ° United Kingdom 01/572 6531 • Japan 075 92 1121 • Aust•alia 86 9410 • Brazil 257-3535 • India 373 544 
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Swage-BondTM eliminates pin 
termination failure, provides 
more reliable tempco. 
Microphotograph shows 
trimmer element magnified 
20X. 



Get more current 
at lower 

Iiaht levels 
Clairex photodarlingtons 
exhibit the highest sensi-
tivity in the industry with 
specific types having a 
guaranteed light current 
(IL) at 0.02 mw/cm2 ir-
radiance. A broad line of 
phototransistors and pho-
todarlingtons is available 
in the TO-18, the "micro" 
( Pill) and an intermediate 
( Post ) package. 

The micro package is 
.080" in diameter and per-
mits the assembly of ar-
rays utilizing .100" centers. 
The intermediate package 
has a flange diameter of 
.098" which permits its use 
for small space applica-
tions and ease of product 
handling. 

All units are hermet-
ically sealed with either 
glass windows or glass 
lenses. The lenses provide 
a narrow angular response 
of 17° while he win-

dows provide an angular 
response of ±- 35°. 

All Clairex phototran-
sistors and photodarling-
tons are 100% tested for 
light current. (1 L) at a 

stated irradiance ... either 
per the standard Clairex 
specification, or per your 
special requirements. In 
addition, most Clairex 
units are tested to a mini-
mum and maximum light 
current (IL) limit ... nor-
mally a 3:1 spread. 

Because Clairex has 
specialized in opto-elec-
tronics since 1953, we 
probably stock the photo-
transistor or the photodar-
lington with the 
characteristics that you 
need. 

Call ( 914) 664-6602 
or write Clairex*, 560 
South Third Avenue, 
Mount Vernon, New York 
10550. 

Clair« 
photodarlingtons and 

phototransistors. 
CLAIREX ELECTRONICS 

A Division of Clairex Corporation 
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