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Triangle and 
ramp waveforms 

to 0.05% 
linearity. 

All waveforms with 
synthesizer stability. 

HP's new 3325A Function Generator gives you all this precision 
for only $3,000*. And it's programmable, too. 
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Now, the precision 
functions you need cost 
less with HP's new 
3325A Synthesizer/ 
Function Generator. 
The 3325A provides 

pushbutton selection of sinewaves, 
squarewaves and triangles as well as positive 

and negative ramps. Each function has the same high accuracy, 
stability and resolution you'd expect from a synthesizer. With 
its performance characteristics fully specified over the entire 
operating range. 

That means you can obtain triangles and ramps from 1 µHz 
(periods to 11 1/2 days), up to 11 kHz with 0.05% linearity. In 
applications such as VCO testing, you're assured of more con-
clusive results. 

For amplifier analysis and precision timing and gating, the 
3325A furnishes squarewaves over a range of 1 µHz to 11 MHz 
with less than 1 ¡Ls settling time to less than 0.05%. But that's 
not all. 
Sinewave harmonics are down 65 dB (to 50 kHz) for low-

distortion audio and VII/ULF testing. Integrated phase noise 

is also low, at —54 dBc up to 20 MHz—just right in developing 
multiplex communication systems and phase sensitive networks. 

Linear and logarithmic sweep are provided for all functions. 
Other standard features include HP-IB** capability for program-
mable control, variable phase and DC offset, and external AM 
and PM modulation capability. An optional 40Vpp high voltage 
output is also available. 

For further details on HP's new 3325A Synthesizer/Function 
Generator, contact your local HP field engineer today. Your 
designs deserve precision. 
• Domestic U S.A. price only 

•• HPs implementabon of IEEE Standard 48S-1975 

HEWLETT ik PACKARD 

1507 Page Mill Road. Palo Alto. California 94304 

For assistance call Washington (301) 948-6370. Chicago (312) 

255-9800. Atlanta (404) 955-1500. Las Angeles (213) 877-1282 

Circle 900 on reader service card 
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The Data link of the future 
is available from II 1' goda> 

HP'S new Fiber Optic System guarantees error free (P. <10') data transmission from DC to 10Mb/s NRZ over 
distances up to RX) metres. This system is immune to electromagnetic interference, radiates no external signal and provides 

total electrical isolation between terminals. 
TTL compatible, our system includes a PC board mountable transmitter and receiver which operate from a single 5V power 
supply. Our low loss, single fiber connector/cable assemblies are available 

in five standard lengths from 10 to 100 metres. 
Applications include large computer installations, distributed 

processing, power plants, process controls and remote instrumentation. 
Prices start at $570 for the HFBR-0010, 10 Metre System. HEWLETT h PACKARD 

For more information or immediate off-the-shelf delivery, call any franchised  
HP distributor. In the U.S. contact Hall-Mark, Hamilton/Avnet, 
Pioneer Standard, Schweber, Wilshire or the Wyle Distribution Group 1507 Page Mill Road, Palo Alto. California 94304 

(Liberty/Elmar ). In Canada, call Hamilton/Avnet or Zentronics. Ltd. 
• U. S. I )01111,11C Pri.-t• On!v. 

01806 
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80 dB dynamic range. That means 
80 dB without noise, spurious signals or 
distortion products. Total measurement 
range of -137 dBm to +30 dBm. 

3 Hz resolution bandwidth 
lets you resolve 50 Hz and 60 Hz 
powerfine sidebands greater than 
80 dB down from a camer 

±-0.3 Hz frequency accuracy 
with 0.1 ppm/mo stability due to 
a high-performance synthesized 
local oscillator. 

±0.4 dB absolute amplitude 
accuracy—until now only 
available with a wave analyzer. 

HP's new 3585A Spectrum 
Analyzer delivers all 
of this capability and 
more. An internal 
microprocessor gives 
you new versatility 
for spectral measure-
ments, provides ac - 
curate answers and 

saves measurement time. 
Easy-to-use. With the display marker, you can pick any 

point on the digitally stored trace and get direct answers without 
having to count graticule lines, interpolate, or perform calcu-
lations. Maximum accuracy is always maintained because of the 
automatic internal calibration routine. Photo documentation is 
simple—alphanumeric labeling on the CRT gives you all neces-
sary information to define a spectral sweep. 

It's simple to operate too, because control parameters can be 
easily entered via keyboard and continuously varied with a knob. 
Autoranging circuitry automatically selects the proper range for 
you. And bandwidth coupling assures proper resolution and 
sweep calibration. 
Added capability includes internal display marker with direct 

readout to measure spectral noise density as well as relative 
frequency and level. Other marker aids simplify display adjust-
ments such as centering a signal and raising it to the reference leveL 
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You can even store two traces and display them either 
separately or together. Or display the arithmetic difference to 
simplify comparisons. 
More than programmable. The 3585A is not only HP-IB* 

compatible for easy system integration, but with a desktop com-
puter, it can compute parameters such as total harmonic dis-
tortion or log frequency response using measurement data 
transferred from the analyzer. The computed data can then be 
sent to the analyzer CRT for convenient display. You can even 
use the analyzer keyboard to enter data into or call up programs 
from the desktop computer. 

But that's just the beginning. For complete details on the 3585A 
Spectrum Analyzer, priced at $17,500**, talk with your local 
HP field engineer. 
• HPs implementation of IEEE Standard 488-1975. 

•• Domestic OSA price only. 

HEWLETT rek PACKARD 

1507 Page Mill Road. Palo Alto. California 94304 

For »valance call Washngton (301) 944-5400. Cheap° (312) 
255-9800. Manta (404) 955-1500. Los Angels (213) 877-1282 

096,48A 
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Electronics  
The International Magazine of Electronics Technology 

39 Electronics Review 

MEMORIES: New bubble approach shows way to multimegabit chips, 39 
ISSCC: Intel n-channel RAM has power dissipation of C-MOS, 40 
Phase shifter goes full 360° over 8 to 18 GHz, 41 
Telephone switch uses LEDs, transistors, 41 
LCD watch doubles as a heart monitor, 42 
PACKAGING & PRODUCTION: Porcelain-on-steel makes progress, 44 
COMPONENTS: Better heat detector goes commercial, 44 
COMPUTERS: Race is on in 32-bit machines, 46 
COMMERCIAL: IBM introduces laser printer, 46 
BUSINESS: Iranian crisis has mixed effects for electronics firms, 48 
NEWS BRIEFS: 48 
INDUSTRIAL: Intel goes after industrial controls, 50 

63 Electronics International 
GREAT BRITAIN: Big ideas for multiple microprocessors, 67 
JAPAN: NEC takes on IBM's new mainframe generation, 68 
64-K RAMS are on the increase in Japan, 70 
WEST GERMANY: Simple method shows color slides on a TV set, 70 

81 Probing the News 
COMPUTERS: IBM squeezes plug-compatible market, 81 
COMMUNICATIONS: Voice recognition makes progress, 84 
MANUFACTURING: Lasers attract chip makers, 88 
SOLID STATE: Shortages have an air of déjà vu, 91 
COMMENTARY: Equipment makers worry about VLSI, 96 

105 Technical Articles 
SOLID STATE: Single n-MOS chip processes signals in real time, 105 
COMPUTERS: Oxide isolation builds a better Schottky TTL, 111 
DESIGNER'S CASEBOOK: Phototransistor with feedback is fast, 119 
Hybrid servo system minimizes hunting, 121 
INSTRUMENTS: Serviceability in microprocessor system design, 122 
CONSUMER: Sewing machines embroider from memory, 133 
MICROPROCESSORS: Using the 9900 for real-time control, 140 
ENGINEER'S NOTEBOOK: Finding common-mode impedance, 145 
HP-67/97 tracks communications satellites, 146 

153 New Products 
IN THE SPOTLIGHT: Modem modules fill custom needs, 153 
Intel rams bipolar-memory makers with 1- and 4-K statics, 156 
DATA ACQUISITION: LSI-11 users reap bounty of boards, 160 
INDUSTRIAL: IC's output goes up in smoke, 168 
COMPUTERS & PERIPHERALS: Pocket terminal sells for $495, 176 
MICROCOMPUTERS & SYSTEMS: MicroNOVA gets redesigned, 182 
COMPONENTS: Cheap triacs need little power, 189 
SEMICONDUCTORS: Chip decodes and drives four digits, 198 
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Highlights 

Cover: A one-chip analog-signal processor, 105 

Analog-to-digital and digital-to-analog con-
verters surround a microcomputer specially 
designed to process signals in real time. A 
programmable memory customizes it for 
different telecommunications applications. 
Cover is by Art Director Fred Sklenar. 

Machines are learning to listen, 84 

Researchers at Bell Labs have made head-
way with two systems that can reply to 
speech, provided the speaker talks only 
about airplane reservations or telephone 
numbers. 

High-speed Schottky parts use little power, 111 
Family of devices runs faster than standard 
Schottky transistor-transistor-logic parts but 
uses a quarter the power. 

Remember the serviceman, 122 • 

Mapping, signature analysis, and built-in 
diagnostics are all necessary in micropro-
cessor-based systems designed with the 
serviceman's needs in mind. 

. . . and in the next issue 

A special report on the technology of the 
IBM System/38 . . . Forth, third in a series 
on high-level languages for microcomput-
ers . . . the porcelainized-steel substrate. 

Electronics/March 1, 1979 3 



Choose the 
power supplies 

the experts choose. 
Tecnetics Incorporated is one of the leading suppliers of DC 

to DC power conversion units to military and aerospace markets. 
Those experts come to us because of our expertise in the 

technology of high efficiency and reliability. 
Because we design, build and test according to their highest 

standards. And because our products are proven under their 
toughest applications. 

So send for the catalog the experts use—the 1979 Tecnetics 
Catalog. And choose from over 800 quality DC to DC supplies. 

tecnetics 
I NLOR PORATED 

The DC-DC Expert 
1625 Range St, P.O. Box 910, Boulder, CO 80302 
(303)442-3837 TWX 910440-3248 
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The magazine 
you're reading now, 
could be your own. 
Drop off the routing list. Get your own fresh, unclipped copy mailed 
to your home or office. Turn to the subscription card in the back of 
the magazine. If somebody has beat you to it, write: Electronics, 
P.O. Box 430, Hightstown, N.J. 08520. 

Readers' comments 

Read this 

To the Editor: In your International 
Review, "Mail-sorting system reads 
typed addresses and verifies zip 
codes" [Dec. 21, p. 60], the discus-
sion of machines used in France is 
incomplete. 
m-Alcatel has also developed a 

LIPAP machine for the French postal 
service. A prototype was installed in 
Creteil [a small town on the 
outskirts of Paris] in May 1978. 

It reads zip code and street 
address and marks the letter with 
two bar codes, as do the machines 
from Recognition Equipment Inc. It 
can read all fonts—typewriter, line 
printer, addressograph, and book 
print—that are used on French mail, 
and it handles 36,000 pieces per 
hour. 

Joseph Pirollet 
Villejuif, France 

Smaller 

To the Editor: The chip size of the 
SD1933 data-link controller is 236 
by 196 mils, not 300 by 300, as 
indicated in my article ["Data-link 
control chip supports all three bit-
oriented protocols," Jan. 18, p. 137]. 
It is, however, housed in a 300-by-
300-mil package. 

Bill Meronek 
Western Digital Corp. 
Newport Beach, Calif. 

Corrections 

Robert Field, former vice president of 
marketing at Zilog Inc., remains at the 
company as a consultant for marketing 
planning and strategy (News Briefs, 
Feb. 1, p. 48). 

In "Coordinate converter aligns pie-
zolectric positioner" (Feb. 1, p. 114), 
the resistor closest to the inverting input 
of A2 must be connected directly to the 
x input, instead of to the output of AI. 
The output of A will then be — (c + x), 
as shown. 

1978 Index ready soon 

The index of articles published in Elec-
tronics in 1978 will be available short-
ly. For a copy, circle 340 on the reader 
service card. 

6 Electronics/March 1, 1979 



RCA first in CMOS 
2 Million 
Units Increase 

1 Million 
Units Increase 

goo 
Base Figure (Units) 

1st Quarter 
1977 

2nd Quarter 
1977 

3rd Quarter 
1977 

We got the bandwagon started, and 
we're keeping it rolling. Faster than ever 

Still adding types 
We've just added 15 new types. So now 
there's a total of 225, the industry's 
broadest CMOS line. Most of these are 
available in High Rel versions. 

"B" versions across the board 
For just about every "A" there's a"B:' 
Result: More options for a closer match 
to the application. If you're still using 
"A"s, be assured that we are as 
committed to supplying them as ever 
Volume still climbing 

The curve above tells the acceptance 
story. It shows the increase in actual 

4th Quarter 
1977 

1st Quarter 
1978 

2nd Quarter 
1978 

sales of COS/MOS ICs off distributors' 
shelves. With RCA producing COS/MOS 
at the highest rate in our history, you 
can be sure of prompt delivery. And 
we're continuing to put more of our 
energy and resources into the CMOS 
technology. 

For immediate delivery, contact your 
RCA Solid State distributor For more 
information, contact RCA Solid State 
headquarters in Somerville, NJ; 1130 
Brussels, Belgium; Sunbury-on-Thames, 
Middlesex, England; Quickborn 2085, 
W. Germany; Ste. Anne-de-Bellevue, 
Quebec, Canada; Sao Paulo, Brwil; 
Tokyo, Japan. 

RCA COS/MOS experience is working for you RCA 
Electronics/March 1, 1979 Circle 7 on reader service card 7 



6800 
100-

W im4 

New possibilities for 
your Printed Circuit 
Board 

WIMA Miniature 
Capacitors  

'SO 100? 
/ 

330 0 
100 

A. 4 

WIMA MKS 2 
with a PCM of 5 mm 
The new miniatures from WIMA help 
you to save space on your Printed 
Circuit Boards and can be utilised 
everywhere. They are the smallest 
plastic cased, metallised polyester 
Capacitors available. 

Capacitance values 0.01 —0.47 i.1F 
(1 MF with 7.5 mm PCM.) 

WIMA FKS 2 from 1000 pF. 

All capacitors are resistant to 
moisture. 

Please ask for 
our special 
catalogue. 

WILH.WESTERMANN 
Spezialvertrieb elektron. Bauelemente 
P. 0. Box 2345 • D-6800 Mannheim 1 
Fed. Rep. of Germany 

U.S. Sales Offices: 
BOSL & ROUNDY • 3333, Delray Drive 
Ft. Wayne Indiana 46815 
(219) 483-3378 

THE INTER-TECHNICAL GROUP INC. 
North Dearman Street • P. 0. Box 23 
Irvington • New York 10533 
(914) 591-8822 

TAW ELECTRONICS CO. 
4215 W. Burbank Blvd., Burbank 
California 91505 (213) 846-3911 

8 Circle 8 on reader service card 

News update 

al The Federal Aviation Adminis-
tration has started modifying the 
radar cathode-ray tube—commonly 
called plan view display—used by 
air-traffic controllers at some 20 en-
route air terminals. The retrofit kit, 
consisting of a deflection yoke and 
amplifier, will cut power consump-
tion by 36%, thereby greatly reduc-
ing the heat generated by the 
displays. The yoke allows a reduc-
tion in anode potential from 18 kilo-
volts to 14 kv, without increasing 
maximum spot size above 20 milli-
meters. 

"Savings in power will be great: 
each PVD will use 450 fewer watts," 
says Leroy G. Walker, lead engineer 
for what the FAA calls its computer 
display channels. "The PVD will also 
be more reliable in terms of failure 
rates due to overheating," he adds. 
Orwin Associates Inc., West Ba-

bylon, N. Y., is supplying the kits 
under a $1 million contract. It 
provides the deflection amplifiers 
and support documentation directly 
and has subcontracted for the deflec-
tion yokes from Display Components 
Inc., Littleton, Mass. 

Pamela Hamilton 

• When the Seasat earth satellite, 
the first with a full complement of 
microwave sensors for monitoring 
ocean conditions, went down last 
October, there were a lot of unhappy 
engineers and scientists. For one 
thing, the bird had lasted only for 
105 days [Electronics, Dec. 7, 1978, 
p. 36]. More important, even though 
an investigation into the failure 
produced reams of data for analysis, 
the initial finding blamed total fail-
ure of the power system on a "short 
circuit." 
Now a more complete report has 

been issued. In it, the National 
Aeronautics and Space Administra-
tion faults the contractor, Lockheed 
Missile and Space Co., for not 
taking proper account of slip-ring 
failures in power supplies on other 
projects. Also, Seasat program poli-
cy is attacked for inadequate control 
and monitoring of the so-called stan-
dard bus that contained the electri-
cal power subsystem that caused all 
the trouble. Harvey J. Hindin 

Xciting 
XCIT011 
HIGH EFFICIENCY/ LOW CURRENT RED 

Xciton s advanced manufacturing 
lines produce red GaP LED lamps achiev-
ing superior luminous intensity at drive 
currents of 10mA or less for power sen-
sitive applications 

These high performance LEDs can 
be driven directly off a single TTL gate 
load without a buffer They are very ef-
ficient drivers for CdS Photoconductors 
and Silicon Detectors 

High efficiency/low current red GaP 
LEDs are available in the standard T-1 Y.  
and T-I package for use in Medical Elec-
tronics. Computer Logic Status Indica-
tors, Alarms. Front Panel Indicators and 
Battery Operated Instruments 

Custom built LEDs, accessible tech-
nical assistance, plus unmatched pro-
duct service — with a 6-8 week lead time 
- is what Xcdon is all about 

Catalog, spec sheet, and free sam-
ples are available from your Xciton sales 
Representative or the factory direct-call 

Cliff Jurus at 

Corp. 
5 Hemlock St., Latham, N.Y. 12110 

(518) 783-7726, TWX: 710-444-4962 

Circle 257 on reader service card 

CABLE 
TESTING 

THE WAY IT 
SHOULD BE 

Tests 1 to 50 conductors or more 
with continuous readout. Locates 
shorts, opens, reversals, contin-
uity, ground shorts, shield shorts 
and intermittent connections 
instantly. 

Adapters available for any 
connector. 

D-TECTOFC1200 

• 

c . cost savers in electronics 

11035 Harry Hines Blvd. Suite 212 
Dallas, Texas 75229 

1214) 350-6714 or 350-6829 

Circle 258 on reader service card 



a NEW laboratory 
system so good you'll want it 7L1In 

FIRSTLaBM 
P[CDP`H 
THE RES! 01 BOTH WORLDS 

you'll want it 
FIRST because: 
Li proven hardware 
[I) superior software 
11 worldwide installation & service 
ri the best price/performance 

PROVEN HARDWARE 
Tens of thousands of PDP Il "s are 
successfully operating all over the world. 
Fl RSTLAB is a family of PDP 1 I " 
laboratory systems. ranging from the 
smallest to the largest configuration. 

Ele 

TM 

SUPERIOR SOFTWARE 
D Benchmark tests show TWO to THREE 

times the system thruput over existing 
laboratory systems. 

D Better human engineering makes the 
system easier to use. 

D FIRSTLAB software is upward com-
patible to larger PDP I I "s. 

DIGITAL EQUIPMENT CORPORATION® 
FIELD SUPPORT NEAR YOUR SITE 
CI Digital Equipment Corporation the 

manufacturer of the PDP I 1 "s. has 
worldwide facilities for installation 
and field service. 

o The Real-Time Operating System 
Software is backed up by Digital 
Equipment Corporation « software sup-
port people and includes software 
update services for one year. 

NO OTHER LABORATORY SYSTEM 
IN THIS PRICE RANGE CAN COME 
NEAR FIRSTLAB PERFORMANCE. 
o For complete details on our bench-

mark tests and specifications, write 
to FIRST. 

O Ask other manufacturers for their 
benchmark figures and compare them 
with ours. 

• then —after you have compared them all. 

you'll want FIRSTLAB 
FIRST because 
IT'S THE BEST! 

Dept. E-L-79( LI-A) 

` Registered trademark of Digital Equipment Corporation. Maynard, Mass. 

Trademark of First Computer Corporation 

TWX NUMBER 910-651-1916 Circle 9 on reader service card 

computer corporation 
corporate square/825 north cass avenue/ westmont, illinois 6055/(312) 920 1050 



11111111 ill 

IMINIIIIIII 

Mil=InEard &Lie Il 

1111111111111111111111111111111111111111111 
MIIIIIIIIIIIBEZreeMMIR -... 
111111111111111111111.....a ....... ....... ,. v, e p 1 ir r 

.111111.111.11 "eel eV e  ef t4(44 e  

MAW 4IIM3P Aida". 

iMMUMMORMMWell 
MUMMUMMMUMI 
iMMEMMEIrarM« 

IMMEMIN% 111,,Ili 
11111111111111111111501e:-1.%4  eicer 

ZIIIIIIIIIIIIIIIICM'"'qIIII I 
11111111111111111111111111 
IIIIRIIIIIIIIIV., , 
M1111111Le-y,.._ 
MM. IF4-1= 

• »WV«, A107M-
AWN., 

pi 

.4r1 
.yrr•rli 

WRIT" i) 
7 

z 3 I 5-6 

pierPV--
Avne-C+) 
C1A--et) 

Awns-

/4/a-o eo 

SAVE 4 BITS 
ON YOUR NEXT 

12- :1 T DAC. 



GET THE 8-BIT DAC 
WITH 12-BIT ACCURACY 
AND DYNAMIC RANGE. 

THE AM6070/71. 
In control systems, our 8-bit companding 

DAC's are every bit as accurate as any-
body's 12-bit linear DAC's. And that's a fact. 
The Am6070/71 has 12-bit resolution 

around zero over the entire temperature 
range. Guaranteed. It has a typical settling 
time of 300 nanoseconds. And since it has 
an 8-bit architecture, your MPU will find it 
much easier to get along with than the 12-bit. 
We could have stopped there. But did 

we? No. 
The Am6070/71 costs you half what you're  

paying for 12-bit linear DIA converters. 
As always, you get MIL-STD-883 for free. 
So, whether you're designing servo-motor 

controls, electro mechanical positioning 
systems, set-point controls, or microprocessor-

controlled sound or voice systems, get the 
Am6070/71. 

It's the 8-bit DAC with 12-bit performance. 

BITS-OFF COUPON 
3/1/79 

I'd like to save space and money on my next DAC. 
Send me the Am6070/71 application note. 

ADVANCED MICRO DEVICES 
901 Thompson Place 
Sunnyvale, California 94086 

Name  

Title  

Mail Stop  

Company  

Address  

City State Zip  

Advanced 
Micro Devices 
r 

Multiple technologies. One product: excellence. 
901 Thompson Place. Sunnyvale. California 94086 

Telephone (408) 732-2400 
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TERADYNE HAS ALWAYS 
BUILT THE WORLD'S MOST 
PRODUCTIVE LINEAR TEST AND 
TRIM SYSTEMS. 

Since we introduced the J273B Linear Test System, we have improved it almost 
continuously. 

Over the past few years, we've introduced system elements for audio and am radio 
parts, chroma and VHF devices, as well as op amps, voltage regulators, and other devices. 
And we've developed standard packages for testing most devices in those families. 

Teradyne is committed to linear testing. Committed to providing whatever new test 
capabilities the industry requires. Whether in industrial, consumer, automotive, 
or telecommunications markets. 

As a result, the J273B continues to be the most 
flexible and economical system you can own. 

In 1978 alone, we developed over a dozen new 
capabilities, all compatible with installed systems. And 
more are coming in 1979. 

With almost two hundred systems in operation 
worldwide, the J273B is easily the best-selling linear 
tester. It is considered the industry standard by most 
people concerned with high-volume production testing 
and trimming. 

Over 60 engineers working in 
analog test technology. 

Teradyne supports the world's largest group of developmental engineers specializing 
in analog testing and trimming. As the facing page attests, they are a prolific lot. 

Each engineering project begins with four objectives: 1) improve linear testing eco-
nomics; 2) improve capability in all market areas simultaneously; 3) reduce applications 
work required; and 4) upgrade installed systems whenever possible. 

Teradyne's commitment to linear testing goes far beyond engineering. From market-
ing, sales, and customer service to training and applications support, we are geared to 
serve the rapidly changing linear market. 

Unusual benefits. 
Our broad base of installed systems assures you uncommonly close correlation with 

your customers and vendors. Our unmatched experience provides many opportunities to 
save time and money for manufacturers and users alike. 

In short, Teradyne is dedicated to providing both the best linear test systems and the 
best support. 

We won our reputation in linear testing from the very beginning by offering what was 
needed. And the only way to keep that reputation is to keep surpassing ourselves. 

Our new J273B Linear Test System brochure has all the facts. Just write: Teradyne, 
183 Essex Street, Boston, MA 02111. Or call (617) 482-2700. 

1 
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BUT THIS YEAR 
OUR ENGINEERS SURPASSED 
EVEN THEMSELVES. 

Floating Point Math Package in the 
control software offérs high-precision, 
on-line math routines including a 
1-036-bit mantissa, trig/log functions, 
high-resolution db calculations, etc. 

IF Generator and lidtmeter 
covers the AC test range 
from 200 kHz-I2 MHz. 

IEEE Bus Interface pro-
vides a standard means 
of controlling add-on test 
equipment required for 
special testing needs. 

RS232C Port extracts data 
from the system for output to 
RS232C-compatible periph-
eral receivers or higher-level 
computers. 

New Timesharing nch-
niques ArJ27313 worksta-
tions improve total system 
throughput considerably: 

DR070 Data Reduction 
Software is a powerful, 
easy-to-use, off-line capabil-
ity forgathering data in the 
form of statistical summa-
ries, ranked data. histo-
grams, cumulative plotting, 
and correlation curves. 

Circle 13 on reader service card 

VHF  Synthesizer covers the 
frequency generation and 
measurement range of 10 
MHz-3I2 MHz. 

M365M Computing Con-
troller is a new, fast version 
of the Teradyne computer 
that can increase throughput 
by. as much as 30% with 
a minimum engineering 
investment. 

Low Current Ammeter 
extends the127311's total 
measurement capability to 
10 pA-I0A. 

Digital Drivers/Detectors 
offer 36 channels for testing 
linear devices with digital 
I/O, as well as purely digital 
parts. 

High-Village  Power Supply 
extends the system capability 
to +300 volts at 200 mA. 

Workstation Audio permits 
timeshared AC testing from 
20 Hz-210 kHz. 

In:Proved Laser Trimming 
capabilities enhance adjust-
ment of monolithic devices. 
(Optional.) 



People 

\ Twice Actual Size 

FULLY QUALIFIED 

JANTX/JANTXV 
RATINGS 

OPTRON 
OPTICALLY COUPLED 

ISOLATORS 
NEW JAN 4N22A SERIES 

OFFERS 
HIGHEST RELIABILITY 

You can't buy a more reliable optically 
coupled isolator than one of OP-
TRON's new JAN 4N22A series. The 
popular JAN 4N22A, 4N23A and 
4N24A all feature fully qualified 
JANTX and JANTXV ratings. 

These new OPTRON isolators 
consist of a high efficiency, solution 
grown gallium arsenide LED and a sili-
con N-P-N phototransistor in a hermet-
ically sealed 6-pin TO-5 package. 
Minimum input-to-output isolation 
voltage for the series is 1000 volts and 
minimum current transfer ratios range 
from 25% for the 4N22A to 100% for 
the 4N24A. 

New "A" version OPTRON 
isolators are a significant improvement 
over the older 4N22 series since the 
case is isolated from the sensor and 
LEDto eliminatethe need for an insulat-
ing spacer in many applications. 

OPTRON also offers a new 
JEDEC registered series of high relia-
bility isolators in a 4-pin TO-18 pack-
age. The 3N243 series includes three 
devices with the same reliability and 
similar characteristics as the JAN 
4N22A TO-5 series, yet in a smaller 
package. 

In addition, OPTRON's 
complete line of optically 
coupled isolators includes 
other immediately available 
standard devices in high-rel 
metal cans and low cost DIP 

' and other plastic config-
urations for almost every 

3N243 application. 

Detailed technical information on 
optically coupled isolators and other 
OPTRON optoelectronic products. 
chips, discrete components, limit 
switches, reflective transducers, and 
interrupter assemblies . . . is available 
from your nearest OPTRON sales rep-
resentative or the factory direct. 

OPTRON, INC. 
:-'01 Tappan Circle 
— arrollton. Texas 75006. u s ;• 
1 WX-910-860-5958 

' 214/242-6571 

Meshing words and data 

is Frederick Wang's goal 

To Frederick A. Wang, it's a little 
like trying to avert the collision of 
two marching bands in full regalia 
heading toward each other. Newly 
appointed director of market plan-
ning and development at Wang 
Laboratories Inc., Lowell, Mass., 
Wang must figure out, first, how to 
keep in step and later on how to 
mesh two very successful product 
lines—one involving word process-
ing, the other data processing. 

"Integrated word- and data-
processing systems are beyond the 
capability of people to accept 
today," says Wang, the 28-year-old 
son of company president An Wang. 
"It won't be until 1983 or 1984 that 
such systems will be accepted. The 
problem is what we should do with a 
dual product line in the intervening 
years." 
Wang sees the two systems being 

integrated in two phases, beginning 
almost immediately with equipment 
already in the hands of users. "As 
they get familiar with the equip-
ment, users will probably start 
connecting the two products them-
selves," he predicts. "They could, for 
example, set themselves up to shift 
data directly into memos being 
typed." 
Wang sees his company, which 

had $198 million in sales last year, 
involving itself more and more in 
helping its customers integrate the 
systems. And by about 1983, word-
processing gear will be routinely 
designed to handle the data-shifting 
function, he says. 
He moves up to his new post from 

marketing director of word-process-
ing equipment. He has been involved 
with many different phases of the 
company since graduating with a 
degree in applied mathematics in 
1972. As the president's son, he even 
began working there at age 16. 
Wang sees himself now as a conduc-
tor of what he calls an orchestration 
of marketing people and those in 
research and development. Both 
groups will be involved with the 
companies who will be using the 

Instructor. Teaching companies to be more 

efficient is also part of Wang's job. 

integrated products. And he wants 
Wang Laboratories to be slightly 
ahead of what those companies will 
need two to three years out. 
He also finds himself faced with 

an educational challenge. The giant 
Fortune 1,000 companies who are 
his customers cannot be told simply 
to change their ways of doing things. 
Rather, they will have to realize for 
themselves the advantages of auto-
mating and combining secretarial 
and data-storage functions. Bringing 
them to that realization is part of 
Wang's job, too. 

Trapnell to develop 

software for Amdahl 

Software may no longer be taking a 
back seat at Amdahl Corp., the 
Sunnyvale, Calif., computer maker 
whose annual sales last year totaled 
$320 million. It recently added a 
vice president for software, Freder-
ick M. (Fritz) Trapnell. 
Amdahl's forte ever since it 

started nine years ago has been 
hardware: applying state-of-the-art 
circuitry to the production of com-
puters that, while plug-compatible 
with big IBM machines like the 
370/168, are both faster and cheap-
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Here's how you can be fully computerized 

for so much less than you thought 
BUSINESS — EDUCATION — ENGINEERING — MANUFACTURING 

We are pleased to announce the first 
professional time-sharing system in the 
microcomputer field. 

Naturally, it's from Cromemco. 
This new multi-user system will do 

all of the tasks you usually associate with 
much more expensive time-sharing com-
puters. Yet it's priced at an almost un-
believably low figure. 

Look at these features: 
• You can have up to 7 terminals plus 
a fast, 132-column line printer 

• You can have a large system RAM 
memory that's expandable to 1/2  
megabyte using the Bank Select 
feature 

• Each user has an independent bank 
of RAM 

• You can have floppy disk storage of 
up to 1 megabyte 

• You have confidentiality between 
most stations 

• And, make no mistake, the system 
is fast and powerful. You'll want to 
try its fast execution time yourself. 

PROGRAMMERS LOVE OUR BASIC 
This new system is based on Cro-

memco's well-known System Three 
Computer and our new Multi-User 
BASIC software package. 

Programmers tell us that Cromemco 
Multi-User BASIC is the best in the field. 
Here are some of its attractions: 
• You can use long variable names 

and labels up to 31 characters long 
— names like "material on order" 
or "calculate speed reduction." 

• You get many unusual and helpful 
commands that simplify programs 
and execution — commands such as 
PROTECT, LIST VARIABLES, NOLIST, 
and many more. 

aincorporated 
Microcomputer Systems 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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• No round-off error in financial work 
(because our BASIC uses binary-
coded decimal rather than binary 
operation). And we've still been able 
to make it FAST. 

• Terminals and printer are interrupt-
driven — no additional overhead 
until key is pressed. 

• The conveniences in this Multi-User 
BASIC make it much easier to write 
your own application software. 

• A line editor simplifies changes. 

BENCHMARK IT — NOW 
In the final analysis, the thing to do 

is see this beautiful new system at your 
dealer. See its rugged professional qual-
ity. Evaluate it. Benchmark it for speed 
with your own routine (you'll be agree-
ably surprised, we guarantee you). 

Find out, too, about Cromemco's rep-
utation for quality and engineering. 

Look into it now because you can 
have the capabilities of a fully compu-
terized operation much quicker and for 
much less than you ever thought. 

Cromemco 



Coils 
where you need them, 
when you need them. 
Specify Delevan inductors and transformers and relax. Our coast-to-
coast distribution network guarantees reliable, on-time delivery, no 
matter where you are. In Europe, too, our distributors have coils 
in stock for immediate, off-the-shelf service. Components are also 
available direct from the factory for OEM production or prototype 
design evaluation. 

Our no-fault production record, plus sophisticated quality control and 
testing, have made Delevan components the standard of excellence 
throughout industry. In the long run, Delevan subassemblies can cost 
you less than "cheaper" ones. Delevan's proven dependability is your 
assurance of avoiding premature malfunction ... a major cost to pay 
for a few cents' savings in parts. 

Our lineup of RF inductors and transformers have been developed to 
keep pace with the growing needs of the electronics industry. So we're 
not going to let you down when you need them, wherever you need 
them. When your reputation is on the line, Delevan delivers. 

Delevan AMERICAN • PRECISION 
Division INDUSTRIES INC 

270 QUAKER RD./EAST AURORA, N.Y. 14052 
TELEPHONE 716/652-3600 TELEX 91-293 
OTHER DIVISIONS INCLUDE BASCO. DUSTEX. AMERICAN 

PRECISION INDUSTRIES (U K I LTD OUSTEX OF CANADA INC 

People 

New program. Software will start flowing 
from Amdahl early next year, says Trapnell. 

er. Its customers use IBM software. 
Changing times. But Trapnell, and 

other industry observers, see the 
situation changing. IBM is starting to 
charge for what it has till now made 
available for a nominal charge or no 
charge at all. For example, with its 
new 4300 low-end mainframe [Elec-
tronics, Feb. 15, P. 85], IBM charges 
for much of the special-purpose soft-
ware. 

It looks, therefore, as if customers 
and plug-compatible makers may 
have to spend sizable amounts on 
software. (IBM may shift its revenue 
sources from a 95% to 5% split 
between hardware and software to 
70% to 307, industry sources say.) 
"To keep up, we have to develop 

our own software," says Trapnell, 
who earlier in his career spent 10 
years with IBM, becoming manager 
of the product development labora-
tory in Hursley, England, and assist-
ant director of engineering for IBM 
World Trade. "We have to shift to 
remain competitive." 
He also sees a new opportunity for 

Amdahl—introducing software 
products for markets IBM does not 
serve. "Beginning next year," says 
Trapnell, "a steady stream of soft-
ware products" should start flowing 
from the growing group of software 
development people Amdahl is cur-
rently recruiting nationwide. 
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You may not know how expensive a pushbutton 
really is until months after ifs paid for. 

The true measure of a pushbutton's cost isn't 
so much what you pay. It's how many times 

you pay it 
If you spend less in 

the first place, you could end 
up with a higher price tag 
from what you spend over 
and over in repair costs 
and downtime 

That's why it's 
New full-guarded pushbuttons worth it to specify the 
MICRO SWITCH Advanced Manual Line 
(AML) of pushbuttons, rockers, paddles and 
indicators. It's the most complete line of manual 
controls ever offered, designed to save you 
money from start to finish. 

AML is easy to wire, thanks to single-
level termination, simple snap-in PC board 
mounting and sub-panel mounting that uses 

stnp or matnx hardware (see inset). 
The result is low installed cost. 

And of course, you get traditional 
MICRO SWITCH reliability and long life. Which 
means money savings over the long haul. 

No matter how many words you use to 
describe the broad AML lineup, it all comes 

-iown to just two: cost effectiveness. For a 
panel that's pleasing to the eye as well as 
the budget. 

If you'd like a personal demonstration 
just call 815/235-6600. 

MICRO SWITCH is also ready to provide 
you with field engineers for application assist-
ance and a network of authorized distributors 
for local availability. 

AML. It's the closest a line of push-
buttons can come to paying for itself. 

MICRO SWITCH 
FREEPORT 

A DIVISION Ci - F '.ELL 
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The Future Has Arrived. 
Intel delivers the 8086. Powerful. Practical. 

And the Architecture of the Future. Here today. 
We have seen the Future 
and it is called 8086. 
Even better, it's here 
today. Our new 16-bit 
microcomputer is an 

architectural triumph, introducing 
designers to a new world of system 
expansion capability, high-level 
language programming and 
dramatically increased system 
thruput. 

Why we call it "The Future" 
To deliver the Future, we 

designed the 8086 with a totally 
new architecture, super-efficient 
for implementing high-level, 
block-structured languages such 
as Pascal and PL/M-86. 

The 8086 addresses up to a 
full megabyte of system memory 
with new addressing modes and 
efficient register utilization that 
totally support such minicomputer-
like capabilities as relocatable and 
re-entrant code and instruction 
look ahead. 

And the 8086's powerful new 
instruction set includes both 8-bit 
and 16-bit multiply and divide in 
hardware, with efficient byte 
string operations and improved 
bit manipulation. 

We're committed to delivering 
the industry's highest performance, 
today and into the future. The 
8086's architecture maximizes sys-
tem thruput today by delivering 
ten times the processing power 
of its 8-bit predecessors. Planned 
expansion promises another order 
of magnitude increase in perfor-
mance through the addition of 

I/O processors, special instruction 
set extension processors, memory 
management and distributed 
intelligence configurations. 

System components for ex-
panded multiprocessor applications 
are available right now, supporting 
the MukibusTM architecture in 
timing, control and drive levels. 
They include 8288 Bus Control-
ler, 8282/8283 Octal Latches and 
8286/8287 Octal Transceivers. 

Get a jump on the future. 
8086 is the most successful 

new microcomputer ever. The list 
of major market leaders who have 
evaluated 16-bit machines and 
chosen the 8086 is staggering. 

One reason for the 8086's 
success is our commitment to your 
success. We've made the 8086 the 
industry's best-supported micro-
computer. The cpu, interrupt 
controller and six additional 
support circuits are on distributors 
shelves, with more on the way. 
You can take advantage of the 28 
existing Intel®peripheral interfaces. 
Our 2716 (16K) and 2732 (32K) 
EPROMS provide programming 

Multiple 
Processors 

V  I/0 
Proce 

wingenzu  

8086 

Memory 
Management 

Special 
Application 
Processors 

flexibility and unique features for 
8086 users, including protection 
against bus contention. 

And we complete your system 
with a variety of off-the-shelf +5 
volt MOS RAMs. 

You can begin hardware/ 
software development today, using 
the Intellec® Microcomputer 
Development system with ICE-867" 
in-circuit emulation, PL/M-86 and 
ASM-86 for assembly language 
programming and 8080/8085 
software conversion. 

SDK-86, a complete system 
design kit including all essential 
components, makes it easy to 
begin prototyping without delay. 

For an additional head start, 
iSBC 86/12'single board computer 
brings the power of the 8086 to 
the Multibus with a fully assem-
bled and tested 16-bit system. 

The Future belongs to you. 
Get to market first and 

capture a piece of the future for 
your product. You can order 
the complete 8086 family from 
your distributor. Or, for more 
information, contact your local 
Intel sales office or write: 
Intel Corporation, Literature 
Dept., 3065 Bowers Avenue, 
Santa Clara, CA 95051. 

Intel delivers. 
Europe: Intel International, Brussels, Belgium. Japan: 
Intel Japan, Tokyo. United States and Canadian distributors: 
Arrow Electronics. Alliance, Almac/Stroum, Component 
Specialties. Cramer, Hamilton/Avnet, Harvey. Industrial 
Components, Pioneer, Sheridan. VVyle/Elmar. Wyle/Liberty, 
L.A. Varah and Zentronics. 
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In 1964, DrCharles Kao of ITT 
was the first to see 

the communications potential 
of opticcil fiber. 



Today, ITT is the first 
to be able to offer you 
total optical fiber communications 
systems capability. 

Many commercial ITT designed 
and installed fiber optic systems 
ranging to 45 Mb/s are already 
in use. All are delivering the inter-
ference-free communications ex-
pected. Additional systems are 
currently in production. 

A unique record. A record 
only made possible by our early 
recognition of the potential of 
fiber optics, and the willingness to 
concentrate the scientific, tech-
nical, and production resources 
required to turn feasibility into 
practical reality. 

Today, the Electro-Optical 
Products Division of ITT can offer 
design and application engineers 
either complete systems or any 
components their work requires. 
• Optical fiber cable. • Light source 
and detector packages. • Electro-

optical transmitter and receiver 
modules (digital or analog). • Star, 
tee, directional and bidirectional 
couplers. • Connectors. • Connec-
tor and splice installation equip-
ment. All provide int. -ference-free 
information handling capacity not 
achievable in conventional wire 
systems. All are compatible. All are 
field proven. 

If you envision use of fiber 
optics in your computer system, 
telecommunications, industrial ap-
plications, or for any other pur-
pose, write us on your letterhead. 
Because we may already have 

-.1"11111111111 . 

gone over the 
same ground. And 
because we 
both know the optical 
fiber communications age 
has begun. 

Imagine what we can 
do together. 

ELECTRO-OPTICAL PRODUCTS DIVISION ITT 
7635 Plantation Road, Roanoke, VA 24019 
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Design your 
64K system now. 

ODesign now. Start pro-
duction now. You don't have 
to wait for the 64K RAM. 

Mostek's new 32K RAM is 
available and offers twice 
the density of 16K RAMs. 
When 64K RAMs are avail-

able, your 32K system can 
be totally compatible. 

Design in flexibility. 

You can design memory 
systems that interchange 4K, 
16K, 32K and 64K dynamic 
RAMs. The MK4332, or-
ganized as 32K x 1, mounts 
two 4116s in leadless chip 
carriers connected to a 
standard 18-pin dual-in-line 
package. The two chips 
share commcin Address, Data 
In, Data Out, Write Enable 
and power pins. Separate 
11-70 and CAS clocks for each 
4116 are provided for easy 
device selection and control. 
The arrangement of all other 
pins is identical to the indus-

try standard 16-pin config-
uration for 4K and 16K RAMs. 
The pin configuration is also 
compatible with Mostek's 
soon-to-be-announced 64K 
RAM, the MX4164. 

Design in high performance. 

Access time for the high 
density 4332 is a fast 200ns 
with a cycle time of just 
375ns. Because both 16Ks 
feature an Edge-ActivatedTM 
selection mode, one chip re-
mains in standby while the 
other is activated. This 
means the 4332 dissipates 
just 482mW while active and 
40mW during standby. It al-
lows a ± 10% tolerance on all 
power supplies ( + 12V, ± 5V). 

Design with confidence. 

With 16K RAMs in high 
volume production, you can 
be certain of 32K RAM 
availability. And alternate 
sourcing will soon be an-

nounced. You can count on 
Mostek's reliability. Mostek's 
4116 quality standards set 
the pace for the industry 
Every 16K RAM we ship is 
thoroughly tested to rigorous 
screens and stresses. With 
the same package dimensions 
as an 18-pin cerdip, the 4332 
is compatible with your 
automatic handling and test 
equipment. 

For more information on 
Mostek's 32K RAM, call your 
local Mostek representative 
or 214/245-0266 for location 
of the nearest sales office. 
Mostek Corporation, 1215 W. 
Crosby Road, Carrollton, 
Texas 75006. In Europe, con-
tact Mostek Brussels; phone 
(32)02/660.25.68. 

MOSTEK® 
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Portable Miniscopes for Electronic 
Professionals on the Go!!! 

The standout oscilloscope development of the decade!!! 

Now—single & dual trace models. Compare the 
performance, then compare the price. 

MS-15 $318 MS-215 $435 
• 15-megahertz bandwidth. • Accuracy-3% full scale. 
• Internal, line or external trigger. • Batteries and 
charger/transformer unit included. • Graticule: 4 x 5 
divisions, each division 0.25". • Weight: Less than 
3 lbs with batteries. • Size: 2.9" H x 6.4" W x 8.0" D. 

NLS products are available from Nationwide Electronic Distributors. 
Send for our brochure today! 

Non-Linear Systems, Inc. 
Originator ot the digital voltmeter. 

Box N. Del Mar, California 92014 Telephone (714) 755.1134 
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IS YOUR SCREENING PROGRAM FOR 

MICROCIRCUITS GIVING YOU THE 

COST-EFFECTIVE RELIABILITY 
THAT YOU EXPECT? 

IF NOT, YOU WILL GREATLY BENEFIT BY 

READING RAC'S LATEST TECHNICAL 

RELIABILITY STUDY: 

MICROCIRCUIT 
SCREENING 
EFFECTIVENESS 
• Design factors affecting microcircuit 
reliability • TTL, MOS, linear; SSI, MSI, LSI; 
flatpacks, cans; plastic and hermetic seals 
• Screening for technology- and package-

related malfunctions • Thermal-mechanical stress analyses • Burn-in stress 
analyses • Screening cost effectiveness • Reject rate distribution • 104 pages 
• Ordering No. TRS-1, $30 per copy ($36 non-U.S.) prepaid 

RAG 
r Reliability Analysis Center 

RADC/RBRAC • Grdliss AFB, NY 13441 • Tel. (315) 330-4151; Autovon. 587-4151 

RAC is a DoD Information Analysis Center Operated by IIT Research Institute 

Meetings 

Mid-Atlantic Computer Exposition, 
The Caravan Group (Newton, 
Mass.), New York Coliseum, New 
York, N. Y., March 13-15. Other 
Computer Expositions are scheduled 
for Chicago, March 27-29; St. Paul, 
April 3-5; San Francisco, April 
17-19; Los Angeles, April 24-27; 
Houston, May 8-10; Charlotte, 
N. C., May 15-17; Pittsburgh, May 
22-25; and Boston, May 29-31. 

12th Annual Simulation Symposium, 
IEEE, Causeway Inn, Tampa, Fla., 
March 14-16. 

Fifth Annual Conference and Exhibit 
on Industrial and Control Applica-
tions of Microprocessors, Informa-
tion Gatekeepers Inc. (Brookline, 
Mass.), Sheraton Hotel, Philadel-
phia, March 19-21. 

IECI '79—Industrial and Control Ap-
plications of Microprocessors, IEEE, 
Sheraton Hotel, Philadelphia, 
March 19-21. 

Automatic Testing Deutschland and 
Test and Measurement Exhibition 
'79, Network/Watts Steadman Ltd. 
(London), and Gene Selven & Asso-
ciates (Cupertino, Calif.), Rhein-
Main-Halle, Wiesbaden, West Ger-
many, March 20-22. 

Eighth Annual Programmable Con-
trollers Conference and Equipment 
Display, Engineering Society of De-
troit, to be held at the society's head-
quarters, March 20-22. 

Southwest Printed Circuits and Mi-
croelectronics Exposition, Industrial 
& Scientific Conference Manage-
ment Inc. (Chicago, Ill.), Market 
Hall Convention Center, Dallas, 
March 21-22. 

Corporate-Wide Packet-Switched 
Data Networks Seminar, Data Com-
munications Magazine/McGraw-
Hill Publishing Co. (New York), 
Capital Hilton Hotel, Washington, 
D. C., March 26-27. 

Trends in On-Line Computer Control 
Systems, Institute of Electrical Engi-
neers (London), University of Shef-
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MOSTEK 3870 
Because it takes 32 I/0 lines 
to keep her contented. 
lh 

"Dairy management is be-
coming more and more scientific. 
In our automated milking system, 
Mostek's 3870 controls three displays, 
numerous solenoids, a keyboard, a 
switchbank, valves and motors, and 
also provides a communications link 
to a larger computer." Mike Wingert, 
Vice-President Engineering, Dairy Systems, Inc. 

Hewlett-Packard: "We use two 3870s in our 
7225A Graphics Plotter because of their low cost, 2K 
ROM memory and interfacing ease. The result is an eco-
nomical and highly versatile graphics plotter." 
John Fenoglio, R&D Project Manager 

John Fluke: "The unique timer on Mostek's 3870 
provides the one microsecond resolution our 2180A/2190A 
Digital Thermometer needs. The 3870 also replaces 
all digital IC's while allowing more features." 
John Lund, Senior Design Engineer 

There are hundreds of applications 
using Mostek's 3870 single-chip micro-
computer. Get information for your 
design by contacting Mostek, 1215 West 
Crosby Road, Carrollton, Texas 75006; 
phone 214/242-0444. In Europe, contact 
Mostek Brussels; phone 
(32)02/660.25.68. 

MOSTEK 
C) 1979 Mostek Corp 
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HIM° HELPS 
PRESTO GO POP POP 
POPPIN' ALONG. 
"Airpopped nonstop corn 

popping...delicious, hot, 
crunchy and fast." That's the 
promise made by National 
Presto Industries, Inc., Eau 
Claire, WI, for their innovative 
Presto* PopCornNowm 
continuous corn popper. 
Molded of our Plenco 466 A.F 

Brown phenolic compound, 
the chute is designed to direct 
a continuous flow of popcorn 
right into bowl or bucket. In 
this nonstop popper it's hot air 
—not oil —that"explodes" the 
kernels. So the high heat 
resistance of Plenco 466 A.F 
was chosen by Presto for the 
molded chute as well as for an 
internal component. 
Ease in molding, strength, 

and good appearance, accord-

ing to the manufacturer, are 
additionally desirable charac-
teristics of this compound. 
More than likely Plenco can 

provide a thermoset compound 
suitable to your particular de-
sign or molding application. 
Just dial us at (414) 458-2121 
and we'll help you start things 
poppin: 

FeLENICO 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, WI 53081 

Through Plenco research .a wide range of 
ready-made or custom-formulated phenolic. 
melamine-phenolic and alkyd thermoset 
molding compounds, and industrial resins. 

Meetings 

field, Sheffield, UK, March 27-29. 

29th Vehicular fechnology Confer-
ence, IEEE, Arlington Park Hilton 
Hotel, Arlington Heights, Ill., 
March 27-29. 

International Standard X.25 Inter-
face Protocol for Packet Nets and 
Related Protocols Seminar, Data 
Communications Magazine/ 
McGraw-Hill Publishing Co. (New 
York), Capital Hilton Hotel, Wash-
ington, D. C., March 28-29. 

Southeastcon —1979 Southeastern 
Conference, IEEE, Hotel Roanoke, 
Roanoke, Va., April 1-4. 

Acoustics, Speech and Signal Pro-
cessing Conference, IEEE, Interna-
tional Inn, Washington, D. C. April 
2-4. 

Spring Conference, EIA, Shoreham 
Americana Hotel, Washington, 
D. C., April 2-5. 

Technical Symposium East '79, So-
ciety of Photo-Optical Instrumenta-
tion Engineers (Bellingham, Wash.), 
Hyatt Regency Hotel, Washington, 
D. C., April 2-5. 

22nd International Electronic Com-
ponents Exhibition, Société pour la 
Diffusion des Sciences et des Arts 
(Paris), Parc des Expositions, Paris, 
April 2-7. 

"The DOD FY '80 Research, Develop-
ment, Testing and Evaluation Budget 
in Perspective," EIA conference, 
Shoreham Americana Hotel, Wash-
ington, D. C., April 3-5. 

Specifications of Reliable Software, 
IEEE, Hyatt Regency Hotel, Cam-
bridge, Mass., April 3-5. 

Seminar on Microprocessor Applica-
tions, Continuing Education Pro-
gram, Pratt Institute (Brooklyn, 
N. Y.), Essex House Hotel, New 
York, April 6. 

International Symposium on Com-
puter Architecture, Marriott Hotel, 
Philadelphia, April 23-25. 
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Finally. 
Compatibility. 

With Mostek's 
new 8K 

static RAM. 

<>Compatible with ROMs 
and EPROMs. Compatible 
with microprocessors. 
Mostek's new 8K static RAM 
offers total flexibility for your 
system. Organized as 1Kx8, 
the 4118 is a next generation 
Micro Memory," available 
today. 

It's a Micro Memory! 

Designed for 8-bit and 
16-bit systems, the 4118 inter-
faces directly with all present 
and future generation micro-
processors. A Chip Select con-
trol is provided for easy mem-
ory expansion and decoding, 
and internal latches are 
available to latch the Address 
and Chip Select inputs. If the 
Latch function is not needed, 
it can be easily bypassed. An 
Output Enable control pro-
vides easy user control of the 

MOSTEK 
4118 
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bus in all bus configurations. 
System design is simplified 
with the MK4118. 

It's more than common! 
With a pinout common to 

standard 24-pin ROMs, 
PROMs, and EPROMs, the 
4118 still has more. Access 
time is a fast 120ns (max.) and 
power dissipation a low 200 
mW (typ.). The 4118 is the new-
est addition to our compatible 

Micro Memory family which 
includes Mostek's 2716 
EPROM. 

It's immediately available! 
For byte-wide, memory 

applications requiring density, 
flexibility, and immediate 
availability, Mostek's 4118 is 
the one to choose. For the loca-
tion of your nearest distribu-
tor, call 214/245-0266, Mostek 
Corporation, 1215 West Crosby 
Road, Carrollton, lbxas 75006. 
In Europe contact Mostek Brus-
sels; phone (32) 02/660.25.68. 

MOSTEIK, 
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Editorial  

Is that a cloud? 

We don't think so, but could it be happening 
again? Are conditions in the semiconductor 
industry what they were just before the big 
slump of 1974-75? 

For the answer, take a look at lead times. 
Then ask about double and triple ordering, 
inventory buildup, capacity, and the health 
of the venture capital industry. 

Indications are that some of the pre-slump 
symptoms so familiar five or six years ago 
are beginning to recur, even though the 
industry now is better prepared and forewarned. 
For instance, inventories seem to be under 
better control. As reported in the Feb. 15 
issue of Electronics (p. 48), distributors—caught 
between a crescendo of orders for 
semiconductors on one hand and the increasingly 
stretched-out delivery schedules on the 
other—are beginning to feel the strain. There 
is double ordering; one distributor estimates 
that for some key products perhaps 40% of 
the orders will vanish in double-order paper. 
The pinch is tightest in the higher-technology 

devices—such as low-power Schottky, 4-K 
random-access memories, and some of the 
erasable programmable read-only memories. 
There seem to be no comparable problems 
with linear integrated circuits or complementary 
mos devices, for example. This could indicate 
that manufacturers are underestimating the 
demand for the newer technologies. But some 
makers are letting go of established products 
to concentrate on new technologies. Result: 
trouble in both. However, lead times are also 

climbing on manufacturing parts such as lead 
frames and on capital equipment such as 
projection aligners and sputtering gear. 

In light of all this, it's interesting to note 
remarks made by semiconductor executives 
at a meeting this month in Seattle of the 
Washington Purchasing Management 
Association. Charles E. Thompson, vice 
president of Motorola Inc.'s Semiconductor 
Group, warned purchasers not to ignore the 
signs. Run your business on "real customer 
demand," he continued, and watch inventories 
closely. 

Speaking at the same meeting, George D. 
Wells, senior vice president of Fairchild 
Camera and Instrument Co., said that the 
semiconductor industry must "squeeze the 
amount of time it takes to get from sand to 
socket as hard as we possibly can." On the 
users' side, he recommended that more 
planning be done in order to give suppliers 
more advance information about needs. 

Such remedies make sense and everyone 
knows about them, yet double ordering still 
exists when supplies get short. However much 
users may complain about it, perhaps the 
more workable solution is allocations, which 
a few companies are trying: everyone gets 
something and no one gets everything, so 
there's no need for double orders. 
The situation has not reached the panic 

stage. Nevertheless, electronics firms would 
do well to stay alert and give themselves time 
to react. 
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The Microcomputers 
you should take seriously. 

The C3 Series is the microcomputer 
family with the hardware features, high 
level software and application programs 
that serious users in business and in-
dustry demand from a computer system, 
no matter what its size. 

Since its introduction in August, 1977, 
the C3 has become one of the most suc-
cessful mircocomputer systems in small 
business, educational and industrial 
development applications. Thousands of 
C3's have been delivered and today hun-
dreds of demonstrator units are set up at 
systems dealers around the country. 

Now the C3 systems offer features 
which make their performance com-
parable with today's most powerful mini-
based systems. Some of these features 
are: 
Three processors today, more 
tomorrow. 

The C3 Series is the only computer 
system with the three most popular pro-
cessors— the 6502A. 68E100 and Z-80. 
This allows you to take maximum advan-
tage of the Ohio Scientific software 
library and the tremendous number of 
programs offered by independent sup-
pliers and publishers. And all C3's have 
provisions for the next generation of 16 
bit micros via their 16 bit data BUS. 20 
address bits, and unused processor 
select codes. This means you'll be able 
to plug a CPU expander card with two or 
more 16 bit micros right in to your ex-
isting C3 computer 
Systems Software for three 
processors. 

Five DOS options including develop-
ment, end user, and virtual data file 
single user systems, real time, time 
share, and networkable multi-user 
systems. 

The three most popular computer 
languages including three types of BASIC 
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plus FORTRAN and COBOL with more 
languages on the way. And, of course. 
complete assembler, editor, debugger 
and run time packages for each of the 
system's microprocessors. 
Applications Software for Small 
Business Users. 

Ready made factory supported small 
business software including Accounts 
Receivable. Payables. Cash Receipts. 
Disbursements, General Ledger, Balance 
Sheet. P & L Statements. Payroll, Per-
sonnel files. Inventory and Order Entry as 
stand alone packages or integrated 
systems. A complete word processor 
system with full editing and output for-
matting including justification, propor-
tional spacing and hyphenation that can 
compete directly with dedicated word 
processor systems. 

There are specialized applications 
packages for specific businesses, plus 
the vast general library of standard 
BASIC. FORTRAN and COBOL software. 
0S-DMS, the new software star. 

Ohio Scientific has developed a 
remarkable new Information Manage-
ment system which provides end user 

The C3 Series 
from Ohio Scientific. 

intelligence far beyond what you would 
expect' from even the most powerful mini-
systems. Basically. it allows end users to 
store any collection of information under 
a Data Base Manager and then instantly 
obtain information, lists, reports, 
statistical analysis and even answers to 
conventional "English" questions perti-
nent to information in the Data Base. 
OS-DMS allows many applications to be 
computerized without any programming! 
The new "GT" option heralds the new 
era of sub-microsecond 
microcomputers. 

Ohio Scientific now offers the 6502C 
microprocessor with 150 nanosecond 
main memory as the GT option on all C3 
Series products. This system performs a 
memory to register ADD in 600 
nanoseconds and a JUMP (65K byte 
range) in 900 nanoseconds. The system 
performs an average of 1.5 million in-
structions per second executing typical 
end user applications software (and 
that's a mix of 8. 16 and 24 bit instruc-
tions!). 

Mini-system Expansion Ability. 
C3 systems offer the greatest expan-

sion capability in the microcomputer 
industry, including a full line of over 40 
expansion accessories. The maximum 
configuration is 768K bytes RAM. four 80 
million byte Winchester hard disks. 16 
communications ports. real time clock. 
line printer, word processing printer and 
numerous control interfaces 

Prices you have to take seriously. 
The C3 systems have phenomenal 

performance-to-cost ratios. The C3-S1 
with 32K static RAM. dual 8" floppies. 
RS-232 port. BASIC and DOS has a sug-
gested retail price of under $3600. 
80 megabyte disk based systems start at 
under $12,000. Our OS-CP/M software 
package with BASIC, FORTRAN and 
COBOL is only $600. The OS-DMS 
nucleus package has a suggested retail 
price of only $300. and other options are 
comparably priced. 

To get the full story on the C3 systems 
and what they can do for you. contact 
your local Ohio Scientific dealer or call 
the factory at (216) 562-3101 

GIB wins Award of Merit at 
WESCON 78 as the outstanding 
microcomputer application for 
Small Business 
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8086 System Success. 
Intel delivers EPROMs, RAMs and peripherals you need 

to start building on the Architecture of the Future. 

Intel's powerful microprocessor, 
the 16-bit 8086, gives designers the 
architectural foundation to create 
a new generation of microcom-
puter solutions. The success of 
these system designs, though, 
depends on the performance and 
availability of compatible 
support components. 

We understood this interdepen-
dence when, seven years ago, we 
invented the first microcomputer. 
At each step since then, our 
achievements in data memory, 
program memory and peripherals 
have anticipated the demands 
of higher performance micropro-
cessors. Today's 8086 designs can 
take advantage of our full comple-
ment of compatible components 
to start building the systems of 
the future without delay. 

Our EPROMs exist to 
support microprocessors 

Key to practical micro-
computer design is the EPROM. 
We invented these erasable and 
reprogrammable memories to 
make system prototyping faster and 
simpler. Now that the 8086 has ex-
tended the use of microprocessors 
to more complex data processing, 
the program flexibility of EPROMs 
is more important than ever. 

Two Intel EPROMs, the 2716 
16K and 2732 32K, are ideal de-
vices for 8086 systems. Both were 
designed with high speed, 5-volt 
microprocessors in mind. And 
they're the only EPROMs that give 
designers two independent control 

lines to eliminate the possibility 
of bus contention in multiplexed 
and multiprocessor systems. 

A RAM for every purpose 
Intel delivers a variety of com-

ponents to meet the data memory 
requirements of 8086 systems. 
Whether you're working in shared 
or multiple memory environments, 
Intel's family of 5-volt static RAMs 
gives you a full range of speed 
and power solutions. 

Intel's 2142 (1Kx 4), for 
example, is an ideal RAM for high 
performance systems. Because 
it has the same two-line control 
as our 2716 and 2732 EPROMs, 
the 2142 also simplifies design in 
high throughput, multiprocessor 
systems. With 
announced 
second sources, 
the 2142 is the 
new 20-pin 

lierieitiérà ;,8741A 8275 8288 8279> 8259A 8251' 8271 8253 
industry stan-
dard. In an 
18-pin format, 
Intel delivers 
the industry 
standard 2114, with access times to 
200 ns and the proven performance 
of the most popular 4K RAM ever. 
For even higher speed and lower 

8086 

power, use our 2141. It's the 4K x 1 
bit, high performance HMOS 
RAM that has speed versions to 
120 ns, operating current as low 
as 40 mA active and standby 
current of 5 mA. 
Building on 16-bit architecture 

To get started quickly with 
8086 designs, you can take advan-
tage of the family of 28 interface 
and control components we've de-
veloped for Intel industry standard 
microprocessors. They include 
intelligent peripheral interfaces for 
keyboard display, communications 
devices and general purpose I/O 
peripherals. Intel controllers give 
you programmable command 
over floppy disks, SDLC/HDLC 
protocol and CRTs. 
Start today 

The surest path to system 
success with the 8086 is to specify 
Intel EPROMs, RAMs and 

peripherals. They're 
all here now. For 
detailed information 
on any of the above 
products, contact 
your local distributor. 
Or write Intel Cor-
poration, Literature 

Dept., 3065 Bowers Avenue, 
Santa Clara, CA 95051. 

EP2R7Ç,6 
IL_AL_2732 

intel® delivers. 
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Our new 64k ROM packs 
an on-time guarantee: 

We'll deliver 64K,32K or 
16K ROMs in 8 weeks 
or you'll get 100 parts free. 
Everybody promises on-time delivery. Only 

Signetics guarantees it. In writing. 
That means you'll get the first 100 pieces of our 

new 64K high-density MOS ROMs within eight 
weeks. After your written code verification, of 
course. If we slip delivery, you'll get 100 addi-
tional devices free. No questions asked. 
Same offer goes for our industry standard 16K 

and 32K static ROMs. 
We'll deliver those as promised. Or we'll add 

100 free to your order for 1000 parts or more. 
Signetics has a strong commitment to 

high-density ROMs. And we've 
packed that into our new 

64K part. Higher 
circuit den-

sity 
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means fewer parts to meet storage requirements. 
That translates to cost savings in assembly 

time and board space. 
Our 64K ROM is also a snap to interface. And 

it's available in 16K X 4 as well as 8K X 8. Since 
it's static, no clocking is needed. Couple that with 
ROM codes that work the first time out, and 
you'll cut the time lag from design to working 
hardware. 
Compare the features of our 64K with other 

ROMs on the market. You'll see why it should be 
your first choice for design-ins. 
And then try to find another supplier who'll 

guarantee delivery. You won't. 
While we're meeting your ROM delivery 

schedule, Signetics will even program your mask 
codes free. That goes for every 16K, 32K, and 64K 
ROM on orders of 1000 up. 
Whatever your design objectives are, Signetics 

will help you meet them. On time. 
To get your on-time ROM guarantee certifi-

cate and technical literature, call us today on 
Signetics special ROMLINE: (408) 746-1756. 

Or if another supplier has tied up your 
phone making delivery promises 
he won't keep, send us the coupon 
below. 

SiglintiCS 
a subsidiary of U.S. Philips Corporation 

Signetics Corporation 
PO. Box 9052 

811 East Argues Avenue 
Sunnyvale, California 94086 

Telephone 408/739-7700 

Memories On Schedule E279 

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

Please send me complete details on miniMOS-4Tm 
static ROMs and guarantee certificate. 

Name Title  

Company Division  

Address  MS 

City State Zip  

El I'm tired of promises other suppliers won't back up. Please 
have an MOS Memory specialist phone me today at: 



Electronics newsletter  

Processor chip An input/output processor chip about to be released by Intel Corp., Santa 
Clara, Calif., is bringing the channel controller concept prevalent in large manages 8086 
mainframe computers into the high-performance microcomputer world. 

1/0 functions Called the 8089, the dedicated processor manages the input/output 
functions among peripherals and memory in real time, parallel with an 
8086, freeing the 16-bit microcomputer to perform calculations in large 
bus-oriented data-processing applications. Bus-compatible with the 8086 
and other advanced microprocessors, the HMOS part will come in two 
speeds: a 5-MHz version with a direct-memory-access transfer rate of 1.25 
megabytes per second and, later, an 8-MHz device with a 2-megabyte-
per-second rate. 

Beckman heats up Beckman Instruments Inc. hopes to charge into the handheld digital 
multimeter market with five 31/2 -digit models ranging in price from $100 DMM competition 
to $190. Trying to catch onto the growing demand for handheld digital 

with five entries replacements for analog instruments, the company has introduced two 
separate meter lines, one with two models aimed at hobbyists and the 
other with three models aimed at production or field service testing. 
The Fullerton, Calif., company's top-of-the-line meter, the RMS 3030, 

boasts the only true root-mean-square measurement capability available in 
these LCD-type, portable meters at present dominated by the John Fluke 
Manufacturing Co.'s 8020A. Four models feature instant continuity indi-
cators and a 10-ampere maximum current range. All models have a 
2,000-hour battery life. 

Japan's exports up, 

imports down, says 

semiconductor report 

Competing with Japanese semiconductor companies both domestically and 
internationally will become even tougher for U. S. and European compa-
nies, according to a survey of the Japanese semiconductor industry by BA 
Asia Ltd., a Hong Kong subsidiary of the Bank of America, San Francis-
co. The survey predicts that Japan will have one third of the estimated $20 
billion world semiconductor market in 1985 as its automated plants and 
the high technology from its very large-scale integration projects expand 
its domestic and international market shares. In the domestic market, 
semiconductor imports will fall as low as 10% by the mid-1980s, continu-
ing a decline from 19% in 1977 to 17% of $2.7 billion domestic consump-
tion in 1978, the report estimates. Between 1977 and 1978, integrated-
circuit imports dropped from 26% to 23% and discrete parts fell to 19%. 
U. S. companies accounted for 62% of Japan's 1978 imports, while the 
U. S. market took about 40% of the value of Japanese exports in 1978. 

National works on The NSC800 microprocessor family that National Semiconductor has 
been discussing with customers on a disclosure-agreement basis is appar-

own Z80 version 
ently built around a complementary-mos processor that is plug-compatible 

using C-MOS with the 8-bit Z80. National has whipped up an oxide-isolated two-level 
polysilicon process called Poly2 c-mos that it says performs with the 
speed of c-mos-on-sapphire to attain the 1-µs instruction time of the 
4-MHz Z80A. Also building a 2.5-m Hz version, National apparently feels 
there is life yet in the 8-bit design and that the price premium of a c-mos 
version would be more than offset by the savings in power supplies and 
packaging—especially in the military and portable instrument markets. 
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Electronics newsletter 

Bubble memory The third annual International Colloquium on Magnetic Bubbles, which 
will meet March 13 to 15 at Indian Wells, Calif., will be the biggest 

conference higMights yet —and the first to be sponsored by the Institute of Electrical and 
latest developments Electronics Engineers' Society of Magnetics. Highlights among the more 

than 14 invited papers and 36 contributed ones will include new contigu-
ous-disk devices from IBM (see p. 39); a bubble device that uses no coils 
from Bell Laboratories; and bubble-memory testing. Next year's ICMB, 
meeting in September in Tokyo, will be sponsored by the Magnetic Society 
of Japan. 

DOD may spend Despite futuristic make-believe in the movies, high-energy lasers and 
beam-particle generators are at least five years away from being weapons, 

$750 billion by 1984 according to a Defense Department official. But by 1984, $750 billion will 
on laser weapons be needed for laser development, predicts Ruth M. Davis, deputy under 

secretary of Defense Research and Advanced Technology. To date, about 
$1 billion has gone into laser weapon R&D, she told a session of the 1979 
Winter Convention on Aerospace and Electronics held late last month in 
Los Angeles. "But no failures have occurred in the technology yet, only in 
delays in timing," she says. Particle-beam work, by contrast, still has 
"many uncertainties as a weapon," Davis adds. 

.4.• 

Mostek forms Militarized versions of the popular 2710 EPROM and the MK4801 static 
RAM will be the first new products out of Mostek Corp.'s recently formed 

military group military/high-reliability products group. Manager Glenn Carter says the 
to market memories 2716 erasable programmable read-only memory is to be introduced late 

this year, the M K4801 random-access memory early next. The Carrollton, 
Texas, company has only dabbled in the field previously but hopes, with a 
coordinated effort, an increased processing capability, and a broadened 
product line under the new group, to boost its military and high-reliability 
billings to $4 million this year and $15 million by 1981, up from 1978 
billings of about $1 million. "We realize that military is not going to be an 
overwhelming part of Mostek's business, but it is significant and it is a 
market segment that we've chosen to attack," Carter explains. The 
MKB4116, which is among several Mostek products already offered to a 
limited number of customers in a militarized version, is expected to 
achieve qualification as a Joint Army Navy (JAN) device by mid-year, 
Carter says, the first Mostek part to do so. 

DEC combines 

LSI-11, PDP-11/34 

In microcomputer 

Digital Equipment Corp. of Maynard, Mass., has designed a microcom-
puter having the architecture and instruction set of its PDP-11/34 mini-
computer but using the LSI-11 bus and will begin shipping it this summer. 
The new LSI-11/23 16-bit microcomputer can execute programs twice to 
four times as fast as earlier LSI-11s and comes within 90% of a 
PDP-11/34 supplied without cache memory or hardware for floating-point 
math. Also, it is the first member of the LSI-11 family capable of handling 
DEC's own RSX-11M multiuser real-time operating system. Prices of the 
minimal system with 64-K RAM will start at $1,841 in quantities of 100. 
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ce cost, space 
and driving friction 
with Duncan 
Resolon e CP 
elements 

Resolon 
conductive plastic 

elements offer a multi-
tude of advantages. 

Infinite resolution and 
long life, for starters. After 

50 million revolutions, a 
Duncan Resolon element will still 
be operating at oolimum perform-
ance. Lab and field tests prove it. 

But, perhaps, the state-of-the-art 
manufacturing techniques Duncan has 

developed for Resolon are the biggest advan-
tages. These techniques enable the Resolon 
to be co-molded with, laminated to or direct 

screened onto a substrate of virtually any con-
figuration to produce a rectilinear or rotary ele-
ment. When used with an appropriate wiper, this 
eliminates the need for a complete pot assem-
bly. You save space, reduce cost and driving 
friction. Of course, complete Resolon precision 

potentiometers are also avail-
able in a variety of models. 

Write us for information on how 
Duncan Resolon conductive 
plastic elements can work for 
you. Or call direct for engineer-
ing assistance. 

SLIDELINE 
CONTROLS 

DUN 
SUBSIDIARY 

SYSTRON 

2865 Fairview Road • Costa Mesa. California 92626 
PHONE (714) 545-8261 o TWX 910-595-1128 
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Announcing 
to cope with! 
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a new way 
pressure: 

National's monolithic pressure transducers. 
For people who thought they couldn't afford the cost or 

the space of an electronic pressure transducer in their 
designs. From the people who can handle pressure better 
than anyone else in the semiconductor industry. 

The new monolithic line complements our existing 
hybrid line. But since they use only the basic single chip 
sensor rather than the entire workings of the hybrids, the 
monolithics are smaller, lighter and much cheaper. As low as 
$20 in lots of 1000. 

They can also interface much easier with a wider range 
of electronic designs. And of course, that includes other 
National components. Including linear, converters, data 
acquisition, discretes and microprocessors. 

What's more, the monolithics feature a high frequency 
response, low volumetric displacement and require a very 
modest 5V power supply. 

The LX0603D is a differential type transducer for use 
with non-ionic fluids to 30 psi. 

The LX0603GB is a gage type that also functions to 30 
psi. But it's for use with non-acidic fluids. 

And if a differential or gage version doesn't meet your 
needs, we have the LX0503A. An absolute transducer for 
comparing pressure against a vacuum to 30 psia. 

For more details, send in the coupon below We'll send 
you free data sheets on the new monolithics. And as a special 
introduction to IC pressure transduction, we've reduced the 
cost of our Pressure Transducer Handbook $2. So if you 

enclose a check for $1 with the coupon, we'll also 
send you the biggest, best —and only 
collection of data on the subject. 

L. 

National Semiconductor 
2900 Semiconductor Drive, M/S 520 
Santa Clara, CA 95051 

You bet I want to take advantage of the handbook special. I've endosed 
a check for $1. (Limited time offer with this coupon.) 

D Please send me the free data sheets. 

Name  

Company  

Address ' 

City  it,  Zip  

National Semiconductor 
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When you say "deliver: 
we won't hand you excuses. 
Garry IC packaging products: They're the best values in the industry, and they come 
with the best delivery dates, too. E Everything from microprocessor boards to ECL 
logic boards, from dip sockets to adaptor headers including wire wrapping. 

Pin us down for a date. At Garry, we make our own pins and our own p.c. boards 
and racks. And we stock the largest inventory in the business. So when you pin us 
down for a delivery date, we'll give you a firm promise instead of a shakey "maybe". 
D Carry's in-house capabilities are unsurpassed. We even have our own Gerber art-
work generator. And our four plants — two in the U.S. and two overseas — give us the 
flexibility of turning your order around in minimum time. 

Garry puts its promises in black and white. Promise #1: We'll ship standard 
headers in 72 hours or less. And we'll deliver up to 100,000 a week. E Promise #2: We'll 
deliver standard boards in 2 weeks or less. D Promise #3: We'll turn out any custom 
PC board you ask for in 6 to 8 weeks. That's start-to-finish, at your plant on the spec-
ified delivery date. D Not bad! Ill Tired of waiting. Call Garry. When you say "delivery", 
we won't hand you excuses. E CARRY Manufacturing Company, P.O. Box 94, New 
Brunswick, NJ 08902 (201) 545-2424. 

Gar rif Manufacturing Co 
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Electronics review  
Significant developments In technology and business 

New bubble approach 
shows the way to 
multimegabit chips 
IBM proves feasibility of 

contiguous-disk technique; 

lower per-bit cost is possible 

using conventional lithography 

With the fabrication of a 2,000-bit or 
so test chip, International Business 
Machines Corp. has shown that the 
best way to build multimegabit 
bubble chips might be with a new 
design approach—one employing so-
called contiguous-disk bubbles. 
Compared with conventional bubble 
designs, the new scheme uses much 
smaller bubbles packed much closer 
together. However, it attains its 
higher density without fancy photoli-
thography: the same photolith-
ographic resolution needed conven-
tionally is sufficient. 

"Contiguous disks will show an 
immediate density advantage of an 
order of magnitude," contends Y. S. 
Lin, of IBM's Thomas J. Watson 
Research Laboratories in Yorktown 
Heights, N. Y. Pioneers in the devel-
opment of magnetic-bubble memo-
ries, Lin and his colleagues will be 
discussing their technology in four 
papers to be presented at the Inter-
national Colloquium on Magnetic 
Bubbles to be held in Indian Wells, 
Calif., March 12-15. To prove the 
technique's feasibility, they built the 
test chip with generator and transfer 
circuits and a unique bubble-stretch-
ing detector. 
Thus far, the largest conventional 

chips made available commercially 
contain about a quarter of a mega-
bit. By Lin's accounting, chips with 
about 2.5 megabits could be possible 
very soon. However, he declines to 

comment about IBM's plans for the 
technology. 
The different approach receives its 

name from the shape of the patterns 
that guide the propagation of the 
bubbles. Rather than the individual 
chevron-shaped patterns common to 
all of today's bubble chips, contigu-
ous disks rely on squiggly patterns 
along the chip that are shaped 
roughly like lines of pennies slightly 
overlapping one another (see p. 40). 
Because of this continuous-filament 
characteristic, contiguous disks do 
not need the critical interpattern 
spacing resolution: in fact, the reso-
lution can be several times the 
bubble diameter. 

IBM has built a memory chip in a 
double-layer garnet structure using 

1-micrometer bubbles that requires 
2-eim lithographic resolution, which 
can be attained by optical lithogra-
phy techniques with little difficulty. 
By comparison, chevron propagating 
structures would require finer fea-
tures (actually the spacing between 
adjacent pattern islands) of one third 
to one half the bubble diameter. 

Density. According to IBM, the 
storage density of 1-eim bubbles in a 
contiguous-disk chip is 25 million 
bits per square inch. With 1/2-12m 
bubbles, the density quadruples; that 
means that a chip of the size used for 
Texas Instruments Inc.'s 92-kilobit 
device could store 25 megabits—and 
still be built with conventional 
optical lithography. 

Unlike conventional structures, 

Denser. Contiguous-disk design (right) offers 16 times the bit 

Permalloy C-bar (or similarly, an asymmetric-chevron) memory. Both propagating structures 

(tinted) have the same lithographic resolution, specified by the critical dimension, W. 

density of conventional 
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Shapes to come. IBM's contiguous-disk bubble-propagating structure resembles a string of 

overlapping circles (light area). Circle diameter of 5 mm supports 1-1.rm bubbles. 

which rely on the polarization of soft 
magnetic (usually Permalloy) pat-
terns to push and pull the bubbles 
along, the propagating structures of 
contiguous disks are fabricated of 
gold. The gold actually acts as a 
mask, however, absorbing helium 
ions implanted to change the mag-
netic characteristics of the double-
garnet substrate below. 

In the presence of a rotating 
magnetic field (produced as in 
conventional bubble devices by a 
pair of orthogonal coils surrounding 
the chip), magnetized domain walls 

extend radially outward from the 
disk curves and rotate with the 
magnetic field to push the bubbles 
along as though they were caught in 
the blades of an electric fan. 

Beyond their use for the next 
generation of bubble devices, contig-
uous disks have good long-term 
possibilities. The structure lends 
itself well to stacking layers—multi-
ple double-garnet composites can be 
piled up—and therefore could be the 
basis for a long-awaited three-
dimensional memory array with den-
sities of hundreds of megabits. El 

Intel to introduce n-channel RAM 
with power dissipation of C-MOS 
Pressure from C-MOs chip makers, 
whose inherently low-power random-
access memories are improving in 
speed and density, has driven Intel 
Corp. to make a choice. Instead of 
bolstering its modest line of comple-
mentary-metal-oxide-semiconductor 
parts, it has developed a competing 
lower power n-channel memory. The 
Santa Clara, Calif., manufacturer 
has a 4-K RAM design boasting a 
standby power dissipation of only 
about 40 microwatts. 

Intel disclosed the design of its 
new RAM, available in a few months, 
at the International Solid State 
Circuits Conference in Philadelphia 
last month. (This review and the 
three that follow are based on infor-
mation disclosed at the conference.) 

Intel's 4-K-by-1-bit model 2151 

gets its low power consumption 
through several new circuit twists. 
For one, the part is pseudostatic, 
using dynamic data storage with a 
self-refreshing scheme that gives the 
device the appearance of an easy-
to-use clocked static memory. 

Also, the chip-enable buffer cir-

cuit, which powers down the deice 
and translates TTL into mos signal 
levels, dissipates no power in stand-
by. Finally, an on-chip negative-bias 
voltage generator, which allows the 
part to operate off a single 5-volt 
supply, draws only about 5 microam-
peres—far less than that drawn by 
the usual charge-pump circuits. 

Separation. Unlike other pseudo-
static designs [Electronics, Feb. 15, 
1979, p. 40], which combine an 
array of one-transistor dynamic cells 
with peripheral refreshing circuitry, 
Intel's part is based on a unique five-
transistor cell that separates the 
refresh line from the read/write line. 
The internally generated refresh sig-
nal operates independently and asyn-
chronously of the read and write 
signals, with no contention problem. 
The cell is based on a design by 

H. J. Boll at Bell Laboratories, 
which has a cross-licensing arrange-
ment with Intel. As diagrammed in 
the figure, the tinted depletion-mode 
transistor is the cell's storage capaci-
tor, which must be refreshed. If the 
storage transistor is void of electrons 
(storing a 1), the rightmost transis-
tor will be turned on, since its gate 
will be capacitively coupled high. 
Pulsing the refresh line high allows 
electrons that have leaked into the 
storage transistor to discharge 
through the adjacent enhancement-
mode transistor, and thus the cell is 
refreshed. 

If the storage transistor is full of 
electrons (storing a 0), the enhance-
ment-mode transistor never turns on 
and no current is drawn from the 
refresh signal. No arbitration prob-
lem exists because refreshing can 
occur even while the cell's data is 
written over. 

BIT-SENSE 
LINE 

WRITE T 
LINE 

REFRESH 
CLOCK 

Now coll. Transistor (tinted) serves 

low-power RAM cell. Internal refreshing is oblivious to read or write operations. 

as dynamic storage element in this five-transistor 
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The static chip-enable buffer re-
quires an active-high signal, differ-
ent from the active-low standard of 
4-K RAMs. (Intel hopes to appease 
users by offering memory-decoding 
chips with active-high chip-enable 
outputs.) But with that and with 
several additional transistors to 
boost speed and provide logic-level 
translation, no current is drawn 
during standby. 
The secret of Intel's back-bias 

generator is an efficient circuit with 
a slowly switching 200-microsecond 
clock to reduce current spikes. 

Although the 2151 (and 2152, 
organized as 1-K by 4 bits) uses a 
five-transistor cell, Intel claims that 
it can build a chip significantly 
smaller than a static C-MOs one, 
which uses the standard six-element 
flip-flop. The Intel cell, at 1,400 
square micrometers ends up in a 
23,400-mil2 chip. By comparison, the 
current 4-K part from Harris Corp. 
is 31,700 mil', and Toshiba Corp.'s 
is a whopping 48,400 mil'. Hitachi 
Ltd. has built a 6147 that at 17,000 
mil' is markedly smaller than Intel's 
part, but it mixes n-channel and 
bipolar technologies. 

Phase shifter goes 

full 360°, 8 to 18 GHz 
A small, microwave-product devel-
opment company in Farmingdale, 
N. Y., has developed an analog 
phase shifter for a military micro-
wave application that has just about 
everything a designer could ask 
for —an extremely broad bandwidth 
of 8 to 18 gigahertz, linear electronic 
tunability, a full 360° of phase varia-
tion —all fitted into a single box. 

This is what Samuel Hopfer of 
General Microwave Corp. has done 
for the phase shifter going into a 
target simulator that the Boeing Co. 
is putting together for the Naval 
Research Laboratory. 
The device is also fast and accu-

rate. Its phase shift is provided in 
less than a microsecond and even 
this figure can probably be improved 
by redesigning the electronic-tuning 
drive circuitry. Its accuracy is equiv-

alent to that of an 8-bit device in the 
Boeing application—or 1.5° accura-
cy—and this figure, too, may be 
lowered-12 bits, or 0.1 °, not being 
inconceivable according to Hopfer. 

It is done with 24 high-quality-
factor (Q) unpackaged varactor 
diode chips from Microwave Asso-
ciates, Burlington, Mass. Hopfer is 
able to make the small, individual 
phase contributions from each varac-
tor add in such a way as to yield the 
360° of phase shift. First he calcu-
lated what the ideal varactor equa-
tion relating phase shift to varactor 
capacitance, which varies with volt-
age, should be. 

Then, although the equation re-
quired for flatness and the actual 
varactor equation of course did not 
agree, he was able to approximate 
the needed relation by operating 
each varactor over only a small 
portion of its range. Finally, he put 
24 of them in 18 hybrid circuits, 
which added their phases properly to 
provide the overall amount of phase 
shift. He wanted the overall device 
phase shift to be flat as a function of 
frequency, and he got what he 
wanted. 

Chains. Hopfer actually uses two 
balanced chains of microwave hybrid 
circuits. Each chain has six of the 
hybrids arranged in three successive 
sections of two hybrids per section. 
Six more hybrids are used for 
signal-splitting and -combining func-
tions. The circuitry is on microstrip 
transmission line—the technology of 
choice in the 8-to-18-gigahertz range 
so that microwave integrated-circuit 
procedures can be used. 
No new microwave process tech-

nology was required, although Hop-
fer declines to discuss the design of 
the individual hybrids. "The varac-
tor is the only device suitable for 
such an, analog phase shifter at the 
present time," he says. Industry 
comment at the International Solid 
State Conference supported his view. 
Not only could the specification be 
obtained in no other way, but the 24 
varactors required only a single 
tuning voltage. What's more, the full 
360° shift was obtained by varying 
the voltage from —5.79 to —34.53 
volts—a quite acceptable range. 0 

Photons switch 

phone switch 
Price is the name of the game when 
it comes to the switching circuits 
used to route calls from one phone to 
another. Lower-cost switching ma-
trixes, which developed from levers 
and bars into electromechanical and 
solid-state devices, are therefore 
always under study. 

In the latest of these efforts, 
Haruo Marui of the Oki Electric 
Industry Co. of Tokyo, Japan, has 
built a switching matrix around 
light-emitting diodes and phototran-
sistors. It not only promises low 
fabrication cost because of its inte-
grated-circuit technology, but also 
has no noise between signal and 
control lines. 

Marui and his co-workers Toshi-
masa Ishida and Kazuo Hagimura 
of Oki, along with Seiei Ohkoshi and 
Kotaro Kato of the Nippon Tele-
graph and Telephone Co. (also in 
Tokyo), revealed their work at last 
month's International Solid State 
Circuits Conference. With their 
switching array, a duplex voice line 
can be switched to any one of four 
channels, as shown on page 42. 
This is not a unique accomplish-
ment. But the technique has major 
technical advantages over inte-
grated-circuit approaches tried so 
far. 

Past IC approaches used either 
low- or high-voltage current trigger-
ing of transistors to provide the 
signal paths. The transistors' inti-
mately coupled switching and signal 
functions were poorly isolated, re-
sulting in unacceptable noise. More-
over, because of inconvenient imped-
ance levels it was difficult to connect 
the transistor and its circuitry direct-
ly to a telephone, or even to connect 
to it to perform simple maintenance 
tests. 

Marui's design overcomes these 
problems. The signal path is 
switched by pnpn phototransistors 
actuated by a light pulse from a 
separate diode. Thus, isolation is 
perfect. In operation, a voice signal 
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Switch. Separate chips containing LEDs and phototransistors are used by Oki engineers in 
fabricating telephone matrix switch that isolates signal and control lines. 
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on line A-B may be switched to eith-
er of lines Al-B 1 through A4-134 by 
pulsing any of control lines 1 to 4, 
turning on an LED. When the LED 
fires, its two associated pnpn arrays 
conduct, allowing duplex transmis-
sion from signal lines A-B to, say, 
A2 B2. 

There is no current leakage from 
the switching circuit into the voice 
channel to disturb conversation. In 
addition, the telephone can be con-
nected directly as the impedances 
are either very low or very high. 
The LED, made with liquid-phase 

epitaxy on a gallium-arsenide sub-
strate, is designed to emit light in 
wavelengths matching the photosen-
sitivity of the silicon-based photo-
transistor. The coupling efficiently 
allows for an LED triggering current 
of less than 20 milliamperes—a 
value easily compatible with low-
cost transistor-transistor-logic cir-
cuits. 
More work. "A one-by-four ma-

trix was chosen as a convenient 
starting point but further work will 
be done to design two-by-four and 
four-by-four versions," Marui says. 
And it seems to him that other sizes 

could be made just as well. 
At present, the LEDs and pnpn 

phototransistors are mounted on sep-
arate substrates because of difficulty 
in combining gallium-arsenide and 
silicon technology. "So the separate 
chips have to be carefully aligned for 
everything to work," Marui says. He 
expects production of the one-by-
four matrix within a year. 
"The near-term applications will 

be in line concentrators and private 
branch exchanges," Marui says. 
"Applications in switches with thou-
sands of switching points will have to 
await further work on crosstalk and 
electrical loss, as well as reduction in 
the switching matrix capacitance."D 

LCD watch doubles 

as a heart monitor 
Another digital wristwatch that 
measures heart rate is in the offing. 
Designed around a hybrid substrate 
that contains the timekeeping, dis-
play, and plethysmograph electron-
ics, the watch promises to be much 
less expensive than the $500 version 

that Pulsar introduced two years ago 
[Electronics, April 28, 1977, p. 32], 
just before it dropped out of the digi-
tal watch market. 
The key to the watch, which 

could sell for just $30 more than a 
regular liquid-crystal-display unit, 
is a custom micropower complemen-
tary-metal-oxide-semiconductor in-
tegrated circuit developed at Hughes 
Aircraft Co.'s Solid State Products 
division, Newport Beach, Calif. To 
measure heart rate, the user places 
an index finger on an optical sensor 
located on the face of the watch (see 
photo on p. 44). 
"The circuit is similar to the one 

implemented in the Pulsar watch," 
says Lanny Lewyn, member of the 
Hughes technical staff, "only ours 
will prove to be much more reliable." 
How it works. As in the earlier 

Pulsar design, measurement is done 
optically. A constant-current power 
transistor drives a light-emitting 
diode whose light reflects off the 
fingertip onto another photodiode. 
The heart-rate measurement relies 
on the slight increase in infrared 
light absorption by capillaries in the 
fingertip during the systolic pressure 
wave. 

After any photocurrent from am-
bient light is canceled out, the signal 
current is sampled by a sample-and-
hold capacitor and passed through a 
two-stage bandpass filter, while its 
steady-state component is removed 
by a second-order loop filter. The 
result is a simultaneously integrated 
and differentiated pressure wave-
form. 
The filtered signal is then con-

verted into a logic output by a 
discriminator feeding the LCD. Ap-
plying the fingertip at a soft and 
constant pressure will trigger a read-
out updated every 5 seconds. The 
average is thus one readout for every 
5V2 heartbeats. 
The circuit uses six operational 

amplifiers, each measuring 0.25 by 
0.41 millimeter and consuming 2.2 
microamperes. Total current con-
sumption of the 6.6-mm2 chip is 18 
µA, and the watch works off two 
standard 1.5-volt batteries. 
As with its other watch parts, 

Hughes will only produce the chip 
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Lastyear,this1000 device 
convinced over 300 companies 

they could cut 
the high cost 
of digital 
oubleshooting. 

Company after company is 
becoming convinced that it can 
significantly reduce the huge 
costs involved in microprocessor 
troubleshooting by using HP's 
signature analysis technique. The 
savings on board inventories 
alone can run into hundreds of 
thousands of dollars. In brief, 
it is now possible for a modestly 
trained technician to accu-
rately troubleshoot microproces-
sor boards right down to the 
component level in the field or 
on the production line. 

A simple concept. 
Subtle errors in the lengthy bit 
streams of microprocessor-based 
products are definitive clues to 
component failures which cause 
them. But lengthy bit streams 
are very tedious and costly 
to examine by traditional means. 

HP'S 5004A Signature Analyzer 
solves this problem by com-
pressing lengthy bit streams into 
short, four-digit, hexa-decimal 
signatures that quickly and accu-
rately lead right to the failed 
component. 

Just activate a digital exercise 
routine in the circuit under 
test and compare the bit stream 
signature at each data node 
with the known good signatures 
previously written into your 
service manual. Digital signal trac-
ing now becomes as simple as 
analog tracing used to be. But more 
accurate. So accurate that it 
catches almost every possible fault, 
including many that can be 
detected in no other way. It once 
again becomes realistic to 
think of field or production trouble-
shooting to the component level 
by technicians. 

HEWLETT ek PACKARD 

1507 Page M II Road, Palo Alto, Cal,fornia 94304 

Design it in or retrofit. 
The savings in service costs and 
spare circuit board inventory 
are well worth the effort of design-
ing with signature analysis in 
mind. It could possibly eliminate 
the need to partition your 
product for modular service. In 
some cases, it could even pay 
you to "retrofit" by developing 
exercise circuitry and a signature 
manual for your existing equip-
ment. It's a fascinating—and 
very workable—concept. Amaz-
ingly the price of the HP 5004A 
Signature Analyzer that makes all 
this possible is a low $990? 
To help you make the most of 

this breakthrough we've pre-
pared Application Note 222—"A 
Designer's Guide to Signature 
Analysis:* Contact your nearest HP 
field sales office or write for 
your copy today. •price. domesuc u s only 

02823 For assIstance call VVashInglon (3)11258-2000. Ch(cago i 312 255-9800. Atlant 3 14044955-1500 Los Angeles (213) 877-1282 
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Time beats on. Sensor to measure heart 

rate is on the face of digital watch:The user 

puts an index finger over the sensor to get a 

reading displayed every 5 seconds. 

for watch makers to package and 
market in a finished product. How-
ever, the company would not reveal 
what companies plan to sell the 
heart-rate models. 

Packaging & production 

Porcelain-on-steel 

makes progress 
The world of hybrid circuitry may 
see a lot of a new kind of packaging 
as porcelain-on-steel technology, its 
materials problems behind it, moves 
into a new phase. Says Dan Wicher, 
a member of the technical staff at 
Singer's corporate R&D laboratory, 
Fairfield, N. J., "1979 will be a year 
of thorough reliability-testing of cir-
cuit modules built with this packag-

Tester. Singer built this dual-channel d-a 

converter on a coated-steel substrate from 

Erie Ceramic Arts. It and other circuits are 

now being tested for reliability. 
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ing technique." He likes the combi-
nation of materials for its low cost as 
substrates, suitability for large-area 
hybrids, good thermal properties, 
and mechanical strength. 

Circuits on coated steel are no 
longer confined to the simple 
screened-on patterns of conductors 
and resistors described in recent 
technical papers and articles on the 
subject. The photo below illustrates 
the kind of complex circuits Singer 
has built. It is a dual-channel, digi-
tal-to-analog converter fabricated 
using thick-film design-layout rules 
on a coated-steel substrate from Erie 
Ceramic Arts Co., Erie, Pa. 

Singer also built the same circuit 
on a substrate from Alpha Metals 
Co., Newark, N. J. Each hybrid 
includes a multilayer conductor net-
work, 58 thick-film resistors, 20 chip 
capacitors, and three integrated cir-
cuits. Formerly, circuits of this 
complexity were confined to thick-
or thin-film hybrids on alumina. The 
demonstration circuits are only 1V2 
inches on a side, but substrates up to 
8 by 12 inches are possible. 

Singer is also assembling other, 
less complex modules with the same 
methods. They will be tested for 
long-term reliability. Wicher sees 
the new technology as particularly 
useful in consumer-interactive sys-
tems such as control panels, where 
display elements and circuit boards 
could be interconnected on larger 
boards of porcelainized steel. If its 
reliability testing is successful, the 
company plans to apply the package 
to consumer products. 

Components 

Better heat detector 

goes commercial 
A program at Martin Marietta 
Corp. initially aimed at developing 
pyroelectric infrared radiation detec-
tors for the military is about six 
weeks away from bearing commer-
cial fruit. That is when Optoelec-
tronics Inc., a Petaluma, Calif., 
manufacturer of infrared detectors 
and accessories, will begin offering 

lithium tantalate detectors more sen-
sitive than those so far commercially 
available. 
-They're good for just about any 

application requiring a long-wave-
length, uncooled infrared detector," 
says Victor Yen, marketing vice 
president at Optoelectronics, which 
has an exclusive license to make the 
devices. "We're looking at them for 
things like noncontact temperature 
measurement, gas analysis, and in-
trusion alarms." 

Pyroelectric detectors employ a 
crystalline material that produces a 
change in electric charge when its 
temperature changes. Martin Mar-
ietta applies the detectors in "smart" 
military projectiles to detect artillery 
emplacements and tanks, for exam-
ple, by sensing differences between 
the IR radiation of the target and its 
background. 
The devices are extremely sensi-

tive, producing a measurable current 
when exposed to incident radiant 
power levels as low as 5 X 10 -" watt, 
according to Norman E. Byer. He 
developed the detector with Anton 
van der Jagt at Martin Marietta 
Laboratories in Baltimore, which 
supplies the detectors to the Martin 
Marietta Orlando (Fla.) division 
that builds them into military sys-
tems. 

Already used. Uncooled lithium-
tantalate detectors are already being 
used commercially. With a relatively 
high Curie temperature of 610°C, 
they operate at higher temperatures 
than detectors made, for example, of 
tryglycine sulfate. The latter once 
had a major share of the market, 
only to be nudged aside by lithium-
tantalate ones, Byer points out. 
The new detectors are also less 

susceptible to microphonics than the 
earlier units. Also, they are less 
expensive and far less bulky than 
cryogenically cooled detectors, 
though not as sensitive. 

Sensitivity of the new detectors, 
expressed as a normalized detectivity 
measured by a standard set of elec-
tro-optical test conditions, is an 
order of magnitude better than that 
possible with lithium-tantalate units 
now on the market, Byer says. 
The detectors are made with 
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Kontron's family of multimeters 
ranges from our $195 DMM 
3020 to our unique Calculating 
Programmable Voltmeter 
(CPV 4). Our multimeters 
feature elegant craftsmanship 
and rugged metal cases that 
provide excellent EMI shielding 

Some standard features of our 
DMM 020 include: 

DMM 302031/2 digit multimeter with 
built-in function check and calibrator. 

• Up to 3000 
counts with full specs 

• Built-in charger for standard 
Ni-Cad batteries 
• Current measurement to 10 A 
Get our data sheets for all the 
technical details and the name 
of a Kontron sales and service 
organization near you. 

Write or call 
Kontron Electronic Inc., 
700 South Claremont Street, 
San Mateo, California 94402. 

FOR DATA ON KONTRON MULTIMETERS, COUNTERS, PROM PROGRAMMERS 
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photolithographic and ion-beam 
milling processes Martin Marietta 
developed for the military devices. 
Ion milling makes the detector head 
much thinner-2 to 5 micrometers 
thick vs 20 to 30 gm—than that of 
the earlier commercially detectors. 

Essentially, the thinner detector 
heads have much less impedance 
than thicker ones. That means less 
noise as well as heightened sensitivi-
ty, according to Byer. 
He also points out that the new 

detectors, which are rugged and can 
be polished and masked, can be 
fabricated with the photolithograph-
ic techniques used in the semicon-
ductor industry. Thus, entire arrays 
can fit on a single wafer. As many as 
25 individual detector elements have 
been made on one wafer, in an area 
1.5 centimeters on a side, Byer says. 
A 44-element array was formed on a 
wafer about 1 cm in diameter. 

Computers 

Race is on in 

32-bit machines 
A price/performance race is brewing 
in the world of 32-bit minicomput-
ers—those large machines especially 
favored for scientific and engineer-
ing applications. Perkin-Elmer 
Corp.'s Computer Systems division, 
which, when it was known as Inter-
data, was one of the early competi-
tors in the field, is introducing a new 
family of processors with improved 
performance for about half the price 
of its current line. And that means at 
about half the price of Digital 
Equipment Corp.'s VAX 11/780. 

Moreover, compared with its older 
model 8/32, the new 3220, intro-
duced last month, quadruples the 
amount of memory, increases the 
number of registers in the central 
processing unit, speeds up the CPU, 
and makes an optional cache memo-
ry available for the first time. A 
basic 3220 CPU with 256 kilobytes of 
memory lists for $33,500. With the 
optional cache memory, floating-
point processor and user-writable 
control store, the price is $46,100. 

The 8/32 is tagged at $82,600. 
A minimum working 3220 system 

with a half megabyte of memory, a 
10-megabyte disk drive, operating 
system, and language compilers is 
priced at $88,600. A similarly con-
figured VAX 11/780 comes in at 
around $167,000. Perkin-Elmer 
claims the 3220 outperformed the 
VAX in customer benchmarks, espe-
cially in Fortran programs. 

With the 3220, Perkin-Elmer also 
switches for the first time to metal-
oxide-semiconductor memory using 
16-K chips. The result is a memory 
price of $32,000 a megabyte, down 
considerably from the $152,000 the 
company charges for ferrite core 
memory. The access path to memory 
is 32 bits wide, and the access time is 
500 nanoseconds. 
Up to 4 megabytes are directly 

addressable. The machine uses a 
24-bit address, however, so it is 
expected that later members of the 
family will support up to 16 mega-
bytes of memory. 
An optional 1-kilobyte bipolar 

cache memory improves the effective 
access time to 340 ns, says David J. 
Preston, senior marketing specialist 
at the division in Oceanport, N. J. 
One problem users complained 

about in the earlier 8/32 was the 
slow context switching—that is, the 
time it takes the CPU in a multipro-
gramming system to switch from 
performing one user's program to 
another's. During the switch, the 
CPU must save the contents of its 
registers in main memory and load 
in the value needed for the new 
program. To limit the unloading and 
loading of the registers, the 3220 has 
as standard, eight sets of 16 32-bit 
registers—an amount optional on 
earlier models. This amount allows 
the CPU to switch register sets. 
To improve input/output, four of 

the eight sets are reserved for the 
four interrupt levels, once again 
saving a context switch before 
performing i/o. 
The machine has 2,000 32-bit 

words of control store for the micro-
code that interprets the standard 
instruction set. 
The 3220 is compatible with 

Perkin-Elmer's current software and 

uses the OS/32 real-time multitask-
ing operating system. Programming 
languages available include Cobol. 
Available software includes the re-
cently introduced global optimizing 
Fortran compiler [Electronics, Sept. 
28, 1978, p. 198], the ITC transac-
tion monitor, and ITAM data-
communications package. 

Commercial 

IBM introduces 

laser printer 
Though the Office of the Future 
may not yet exist, high-speed and 
high-quality printers that churn out 
documents for the office's combina-
tion of word- and data-processing 
systems continue to arrive. The 
latest is from International Business 
Machines Corp.'s Office Products 
division in Boulder, Colo.—a 
$75,000 unit called an Information 
Distributor that uses a laser-based 
printing mechanism to combine 
print, copy, and communications. 
The new unit, the model 6670, 

prints as many as 36 pages a minute, 
working from magnetic cards or 
computer inputs. It joins the Image 
Printer from Wang Laboratories 
Inc. [Electronics, Dec. 21, 1978, 
p. 42], which prints 18 pages per 
minute and uses an electrophoto-
graphic nonimpact printing process, 
in the marketplace. 
Wang just lowered the price of its 

machine from $35,000 to $31,000 
and also dropped its copier feature. 
Despite the difference in selling 
price, basic lease rates are compara-
ble, except for IBM's higher copy 
surcharge. Both machines will be 
shipped in the second quarter. 

Quality. Nonimpact printing tech-
niques are becoming increasingly 
popular because of their quietness 
and high print quality. Also, they are 
very flexible, forming characters 
from a matrix of overlapping dots. 
The programs for the type fonts can 
be stored in read-only memories and 
intermixed readily. 
Up until recently, there were only 

two choices. Very high-speed 
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Model 6001 Autorangmg Counter/Timer 
with a programming option. 

S
2
1
1
I
N
C
I
O
D
 

Kontron offers you a variety cf 
counter/timers from our $345 
Model 6003 universal countet/ 
timer to our high performance, 
autoranging Model 6001 that 
sells for only $695! All our 

counters are housed in elegantly-
crafted metal cases. Some of 
our high-performance features 
include: 

• Autoranging in all modes 
(Model 6001) 

• 10 mV sensitivity to 1.2 GHz 
(Model 6002) 

• Selectable frequency ranges to 
1.2 GHz (Model 6003) 

Get our data sheets for technical 
details and the name of the 
Kontron sales and service 
organization near you. Write 
or call Kontron Electronic, Inc, 
700 South Claremont Street, 
San Mateo, California 94402 

FOR DATA ON KONTRON• MULTIMETERS, COUNTERS, PROM PROGRAMMERS 
AND PRINTERS, CALL (800) 227-6854. IN CALIFORNIA CALL (415) 348-7291. 
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Setting new 

rotary switching standards 

it's 
small... 
it's 
enclosed... 
it's afforday.' 

ACTUAL SIZE 

it's Graghill 
Series 711 

• from logic switching 
up to 1/4 amp 

• 1/2" diameter 

• contamination-free 
construction 

Here's maximum versatility and 
quality in a compact switch that 
reflects state-of-the-art capabilities 
and state-of-the-economy pricing. 
Grayhill's Series 71 Switches are avail-
able with such options as up to 12 
positions, 30" or 36" angle of throw; up 
to 6 poles per deck, up to 12 decks; 
fixed or adjustable stops; solder lug or 
PC terminals; 1/8", 1/4", or 4mm shaft 
diameters, and concentric shafts. 
They have a gold plated contact 
system, diallyl phthalate insulation, 
molded-in terminals. For complete 
information, see EEM or contact 
Grayhill, Inc. 561 Hillgrove, 
La Grange, IL 60525. 

Ad/ 

Electronics review 

News briefs 

'We're still friends,' say AMD, Siemens 
An amicable parting of the ways is how Advanced Micro Devices Inc. and 
Munich-based Siemens AG describe their decision to carve up their joint 
venture, Advanced Micro Computer GmbH. AMD wanted to focus AMC on 
microcomputer boards, whereas Siemens was pushing to expand that 
mandate. Complicating matters was the fact that Siemens plans to second-
source Intel's 16-bit microcomputer, the 8086, while AMD plans to use the 
competing Zilog Z8000. It looks as though AMD will take over the joint 
operation at its home base in Santa Clara, Calif., and Siemens will take over 
the European operation. Siemens says the president of its Components 
division, Friedrich Baur, will stay on AMD's board. The parting in no way 
influences the interest Siemens has in AMD (it owns 20%), says Siemens 
officials. "If anything, cooperation with AMD could even intensify in the 
future," one says. 

AT&T to buy telecommunications printer from DEC 
That Teleprinter 1000 that some of AT&T's customers will be using is coming 
from Digital Equipment Corp.—one of the first major outside purchases by 
the communications giant. Based on the LA120 DECwriter Ill teleprinters 
[Electronics, Nov. 9, 1978, p. 189], the machine will have a second micro-
processor added for text editing and executive writing, as well as 33,000 
characters of internal bubble memory. The text-editing processor will 
become an option on the DEC machine later. Standard DECwriter features 
include smart bidirectional printing, variable font sizes, and multiple proto-. 
cols. No price tag was announced for the multiyear contract covering several 
thousand Teleprinter 1000s, but a single DECwriter Ill sells for $2,600. 

20,000-line-per-minute behemoths 
turn out 160-plus pages a minute but 
cost upwards of $250,000 (IBM's 
3800 lists for $325,000, for exam-
ple). The other choice is smaller and 
less costly ink-jet units that are 
much slower. 
The laser in the 6670 is a helium-

neon, continuous-wave type rated 
under 10 milliwatts. Through an 
optical system, it scans vertically a 
photoconductor wrapped around a 
drum. Turned on, it exposes what 
will be the white parts of the page, 
turning off where the characters 
form. As in a xerographic process, 
these unexposed areas pick up toner 
to print out on a sheet of paper. 

Output. The company's Office 
Products division makes a point of 
the 6670's name—Information Dis-
tributor—because it has a variety of 
output options. Prominent among 
them are its abilities to serve as a 
remote high-quality printer in a 
computer-based network and to dis-
tribute information, either as docu-
ments or magnetic cards, to other 
stations in a point-to-point net. 

It can communicate with any 

computer device that uses the Syn-
chronous Data-Link Control, logical 
.unit type 4, protocol of the firm's 
System Network Architecture. For a 
point-to-point net, it can link with 
any device using the 2770 Binary 
Synchronous Communications pro-
tocol, including IBM's Office System 
6 products. 
Of the two microprocessors in the 

unit, one controls the printing and 
copying processes and the other 
processes text and formats. The 
machine uses a 512-kilobyte dis-
kette, with one side for system oper-
ation microcode and diagnostic pro-
grams and the other for variable 
data, such as the text and processing 
instructions. LI 

Business 

Iranian crisis has 

mixed effects 
Electronics firms riding high on the 
flying carpet of Iranian oil money 
are making an emergency landing, 
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MPP 80S—Field service PROM 
Programmer for only $1995. 

We've got universal PROM 
programmers for your 
designers, field service 
technicians and production 
people. And they're extremely 
easy to use. Our MPP 80S, 
a completely self-contained 
service system, does it all. 
You've got to see it to 
appreciate it. A few salient 
features: 
• µP controlled (Z80) 
• Compact, easy-to-use 
personality modules 
• Extra storage 
space for modules, 
master PROMs 
and power cord 
• Built-in UV lamp 
Get our data sheets 
for technical details 
and the name of a 
Kontron sales and servic 
organization near you. Write 
or call Kontron Electronic Inc. 
700 South Claremont Street, 
San Mateo, California 94402. 

FOR DATA ON KONTRON° MULTIMETERS, COUNTERS, PROM PROGRAMMERS 
AND PRINTERS, CALL (800) 227-6854. IN CALIFORNIA CALL (415) 348-7291. 
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Nobody 
else has 

LSI-11 and 
LSI-11/2 
cards 

like these. 
Our digital cards are loaded with 
unique features such as the ability 
to use I/O lines as either inputs or 
outputs in increments of eight, up 
to 64 TTL inputs or outputs inter-
faced directly to the LSI-11 bus, the 
ability to detect contact closures 
on discrete input lines, and dis-
crete latched outputs with the capa-
bility to drive high current incan-
descent lamps. 
The Bus Repeater Card accommo-

dates more devices than the basic 
bus can handle. The Bus Translator 
Card allows LSI-11 peripherals 
to operate with a Unibus CPU. 
Both high level and low level analog 

cards are available with 
features like direct 
thermocouple digitiz-
ing, 250V CM isola-
tion, six gain codes, 
up to 64 channels, and 
program control interface 
...to mention just a few. 
ADAC Corporation, 

15 Cummings Park, 
Woburn, MA 01801 
(617) 935-6668. 

GSA Contract 
Group 66 

corporation 

Electronics review 

as the continuing political crisis in 
that country sinks ambitious devel-
opment plans dependent on the 
purchase of U. S. goods and services. 
However, the firms heavily involved 
report that until the past month or so 
they had received all the môney due. 
Many of the shah of Iran's U. S. 

purchases were of military equip-
ment, where electronic gear is part, 
but not all, of the purchase price. On 
the other hand, the former govern-
ment had an ambitious moderniza-
tion program for the country's tele-
communications system, and that 
was to incorporate the most ad-
vanced electronic techniques. 
An immediate loser, then, is 

American Telephone & Telegraph 
Co., which had a $194 million 
contract to supervise the $145 billion 
telecommunications overhaul. Its 
subsidiary, American Bell Interna-
tional Inc., had devoted its brief exis-
tence to the Iranian contract. The 
collapse of the government that 
made the deal has sent most of AB0's 
1,000-plus employees back to assign-
ments in other AT&T operations. 

Injunction. AT&T has moved in 
New York State Supreme Court for 
an injunction against any removal of 
funds by the new Iranian govern-
ment from an escrow account in a 
U. S. bank. A spokesman says the 
firm has already received about $7 
million from the $38.8 million, but is 
due another $25 million for work 
completed, plus $55 million in termi-
nation payments if the contract 
lapses. The shah's government re-
portedly deposited some $5 billion in 
such U. S. escrow accounts. 
Some suppliers have contracts for 

other telecommunications work. The 
Palo Alto, Calif., components mak-
er, Watkins-Johnson Co., is figuring 
a 39¢ cut in earnings per share 
because Iran owes it $1.2 million. 
General Telephone & Electronics 
Corp. reports that it has shipped— 
and been paid for —about half of the 
equipment in its $500 million con-
tract for central office switches. 

Electronics firms in the semicon-
ductor, instrument, and computer 
sectors report minimal involvement 
with Iran. But on the military front, 
there is mixed news. 

Litton Industries has an $800 
million contract (about 35% elec-
tronics) for four destroyers. Two are 
near completion, and progress pay-
ments are up to date, but the 
contract is up in the air. 

Cubic Corp. of San Diego has 
nearly completed an $18 million air 
combat training center for the Iran-
ian air force, with $12.6 million in 
the till. The company is confident it 
can sell the system elsewhere if Iran 
does not accept delivery. 

Another southern California firm 
with a big stake in Iran is Hughes 
Aircraft Co., which holds a contract 
for the AWG-9 weapons control 
system. Some 370 Phoenix missiles, 
part of that system, could alone 
bring in $83 million. As with many 
of the military programs, support 
and service contracts were potential-
ly big money makers. 

Aircraft makers, by and large, 
report minimal damage. Grumman 
Aerospace Corp. says it received 
over $2 billion for the 80 F-14s it 
delivered. Cancellations may come 
for the 160 General Dynamics F-16s 
and the 16 McDonnell Douglas RF-
4s on order, but both firms can 
divert the production to other cus-
tomers in line. As for the electronics-
laden E-3A airborne warning and 
control system, Iran had not con-
tracted to buy the seven that would 
have supplemented the U. S. and 
NATO buys. El 

Industrial 

Intel goes after 

industrial controls 
With an eye to the mushrooming 
market for microcomputer-based in-
dustrial controllers, Intel Corp. is 
launching industrial packaging and 
peripherals for its family of iSBC 
single-board computers. The upcom-
ing iCS 80 chassis offers special 
features that the Santa Clara, Calif., 
firm hopes will make it a bigger 
factor in a market now topping $150 
million a year. 

Available as complete systems or 
as a chassis kit, the iCS 80 attaches 
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Kontron has a complete line of 
non-impact OEM and end-user 
printers. Ranging from our 
Model NIP 18 print head to our 
Model 5020 print head with 
drive electronics and our 

Model DDP 5080 Intelligent Printer. 

DDP 5080 Z80-controlled 
printing system. Our Kontron 
DDP 5080 printer is loaded with 
features for your measurement 
needs: 
• Alphanumeric printer 
with day-time, stop watch and 
automatic print out in time 
intervals. 

• Wide variety of interface plug-in 
boards (For example, 8 channel 
temperature input) 
Call us for quantity prices on 
our OEM printers. Get our data 
sheets for technical details and 
the name of a Kontron sales and 
service organization near you. 
Kontron Electronic Inc., 
700 South Claremont Street, 
San Mateo, California 94402. 

FOR DATA ON KONTRONt MULTIMETERS, COUNTERS, PROM PROGRAMMERS 
AND PRINTERS, CALL (800) 227-6854. IN CALIFORNIA CALL (415) 348-7291. 
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MITEL 
CMOS/LSI 
UQUID-CRYSTAL 
DISPLAY 
DRIVER/LATCHES 
MD4330 • M04331 • M04332 
30 & 32-BIT REGISTER DRIVERS 

0 n 

DRIVES UP TO FOUR 7-SEGMENT OR TWO 
16-SEGMENT LCD READOUTS DIRECTLY 
THE LATCHED DATA CAN BE CHANGED BY 
SERIALLY SNIFFING NEW DATA INTO THE 
REGISTER AT SPEEDS OVER 3MHz 
Low-Power (1/1A) Consumption with High-
Power Performance 

FEATURING: 
*3 to 18 VOLT OPERATION 
*SYNCHRONOUS OR ASYNCHRONOUS RESET 
*INPUTS WAVE-SHAPED ON-CHIP 
*FULL PARALLEL TRUE/COMPLEMENT 
OUTPUTS 

*STD 40-PIN DUAL-IN-LINE PACKAGES 

For more information write of phone 

Aiimbh. 1745 JEFFERSON DAVIS HWY 
SUITE 611 0+3 ARLINGTON, VA 22202 TEL 703-243-1600 

MITEL 

Electronics review 

All together. Intel's new chassis will hold iSBC single-board computers and new signal-

conditioning boards and other modules, mating with standard industrial-control packages. 

to standard industrial control pack-
ages. At the same time, Intel is 
introducing a line of signal-condi-
tioning boards aimed at further 
enhancing the iSBC's applicability 
to industrial environments. 

Another semiconductor maker, 
Texas Instruments Inc., spotted this 
market five years ago and now has 
two separate controller families. Its 
Johnson City, Tenn., operation man-
ufactures the 5TI sequential control-
ler using transistor-transistor logic, 
as well as the more versatile 
Program Master 550 based on 16-bit 
9900 microprocessors. 

Prices. A stripped-down 5TI can 
be had for under $1,000 and prices 
for the new PM550 start at under 
$5,500. Fitting in between the two TI 
models are controllers using the 
8080-based iSBC 80/05 and costing 
from about $2,375 up. A system 
based on the iSBC 86/12 with its 
16-bit 8086 has more memory than 
the PM550 but no programmed 
functions and costs about $4,000. 

Controller makers also can use 
any of the variety of Multibus-
compatible analog and digital boards 

available from Intel and others. The 
iCS 80 chassis can accommodate 
from 4 to 12 Multibus-compatible 
boards, standing them vertically for 
more efficient cooling. 

Intel already had a host of analog 
and digital input-output boards, but 
needed boards both to terminate 
heavy-gauge input lines and to filter 
out transients and noise before the 
signals are routed to the system, says 
Mike Maerz, marketing manager of 
Intel's OEM microcomputer systems 
operation in Aloha, Ore. They 
designed three such boards — iCS 
910, 920, and 930—which provide 
analog, digital, and large-signal ac 
and de terminations, respectively. A 
user can also tailor them to a signal's 
filter needs. 
The chassis kit sells for $1,990 

with the iSBC 635 power supply, 
which provides four voltages and a 
maximum 14 amperes from its + 5-
volt line. For $2,180, it comes with 
the 30-A, +5-v iSBC 640 power 
supply, aimed at more memory-
intensive applications. Prices for the 
signal-conditioning boards range 
from $310 to $460. CI 
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*****5 DAY* 
** ** 

/ DELIVERY 
Microcomputer Analog I/O Systems 

For: 
DEC LSI-11 & LSI-11/2 
DEC PDP-11 UNIBUS 
INTEL SBC-80 Series & NATIONAL BLC-80 Series 
ZILOG MCB Series (Z-80) 
MOSTEK/PROLOG STD BUS 
COMPUTER AUTOMATION LSI 2, 3, 8i 4 Series 

Precise analog I/O for any micro. 
Data Translation manufactures the largest 

array of analog I/O modules and systems in the 
industry. 
Standard interfaces for every major micro-
computer. From isolated inputs to extremely 
high-speed inputs. Designed to meet your most 
stringent data acquisition needs in a wide range 
of measurement and control applications. 

Highly reliable systems in only 5 days. 
Our goal is to ship the most reliable analog I/O 

systems available anywhere. That's why we go 
to such great lengths to ensure the highest 
reliability. 
Delivery? We doubt that you'll find any 
company faster than DATA TRANSLATION. 
We assure five-day delivery. When you order on 
Monday, we deliver by the next Monday. 
No excuses. No delays. 
SEND for Full Technical Data or Call us. 
GSA Contract No. GS-00S-64219 

'DATA TRANSLATION 
INC 

4 Strathmore Rd, Natick MA 01760 
\ (617) 655-5300 Telex 948474  

U.S. SALES OFFICES: AL (404) 455-7222; AZ (602) 944-5400; CA (408) 244-5508. (213) 681-5631, CO (303) 371-2422; CT (203) 622-9191; DC (301) 636-1151; FL (305) 
274-4899, (813) 725-2201; GA (404) 455-7222; ID (801) 466-6522; IL (312) 297-2616; LA (713) 780-2511; MD (301) 636-1151; MN (612) 488-1129; NC (919) 723-8102; NJ 
(516) 488-2100, (609) 428-6060; NM (505) 292-1212, (505) 523-6061; NY (516) 488-2100; OK (405) 528-6071; PA (609) 428-6060, (412) 327-8979; SC (803) 233-1469; TN 
(404) 455-7222; TX (512) 451-5174, (214) 661-0300, (505) 532-0601, (713) 780-2511, (512) 828-2251; UT (801) 466-6522; WI (414) 567-0444; CANADA (416) 625-1907, 
Authorized Distributor - First Computer, Chicago (312) 920-1050. Circle 53 on reader service card 



Product Power 
Rockwell Micropower means a broad choice 
of microelectronic solutions that assures you 
the right fit at the right price. 

For example, 11 one-chip 
microcomputers with I/O 
and other options will (/ 
match most controller needs. 
For high-performance appli-
cations, the third generation 
NMOS R6500 family has 10 CPU 
options and a full list of support chips. 
Micropower is also telecom devices, high 

speed data micromodems, SAWD and mechan-
ical bandpass filters, custom MOS, military 
MOS and custom subsystems. And now 
bubble memories. 



Support Power 
Rockwell Micropower is the power to sup-

port the products we sell. 
The inexpensive AIM 65 board computer 

gives hard copy listings 
and allows program 
development with 
assembly language. 
SYSTEM 65 the 

versatile development 
tool for the R6500 family, 4i-làt 
is now more powerful with a PL/65 high level 
language compiler. It's still the lowest cost 
system with dual floppy disks. 
And backing-up all Rockwell equipment 

and software support is a worldwide network 
of product-oriented applications engineers. 

Technology Power 
Rockwell Micropower is a commitment to 

technology leadership. 
Our first bubble memory products have just 

been announced. We are phasing in NMOS-
VLSI and CMOS-SOS-VLSI production. And 
many new devices are in development, includ-
ing the 16-bit SUPER 65. 
For the full story on Rockwell Micropower 

and how you can use it, write: D/727- Fl ,Micro-
electronic Devices, Rockwell International, 
P.O. Box 3669, Anaheim, CA 92803 
or phone (714) 632-3729. 

e Rockwell International 
..where science gets down to business 
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TEAC MT-2: 
THE VALUE-PACKED 
CASSETTE DATA PACK. 

MORE PERFORMANCE FOR LOWER PRICE. 

The case for 
digital cassette 

An all-round winner, digital cassette 
is easier to handle, lower in cost 
and smaller than floppy disk. 

Data transfer rate is approximately 
40 times faster than Kansas City 

Standard audio cassettes. 
And operating cost is considerably 

lower than conventional 
data cartridges. 

Easier 
maintenance 

The uncomplicated structure of 
the MT-2 is another big plus. 

Two reel motors and a disc encoder 
are the only moving parts—fewer 

servicing problems, less 
spare-parts storage and lower 

maintenance cost. 

Wide-range 
compatibility 

The MT-2 is totally compatible 
with ISO, ANSI, JIS and ECMA phase 

encoding standards. You can 
read tapes recorded on other 

machines complying to these standards, 
and vice versa. 

U.S.A. Triple I, 4605 N. Stiles, P.O. Box 18209, Oklahoma City, Oklahoma 
73118 Tel (405) 521-9000 Canada R.H. NICHOLS CO., LTD., 214 

Dolomite Dr., Downsview, Ont. M3J2P8 Tel (416) 661-3190 Hongkong 
Dah Chong Hong Ltd., Hang Seng Bank Bldg., 77 Des Voeux Road, Central 

Tel: 5-261111, 5-226258 Australia & New Zealand JACOBY MITCHELL 
LTD., P.O. Box 70, Kingsgrove N.S.W. 2208, Australia Tel: 6307400 South 

Africa Mayfair Sales (Pty) Ltd., Marshalltown 2107, Transvaal 
Tel: 011-834-2131 Belgium & Luxemburg Simac Electronics S.P.R.L.. 

Triomfiaan 148 1160 Brussel Denmark Danbit, Ptantagevej 23 DK-2680 
Solrod, Strand Tel: (03) 141515 firallCO TEKELEC AIRTRONIC SA, 

TEAC CORPORATION: 3-7-3 Naka-cho, MusashIno, Tokyo 
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TEAC 

Maximum 
reliability 

Small size is no detriment to this 
unit's reliability and precision. 
Soft error rate is better than 
1 X 10-9 bits. MTBF is 

10,000 hours—real durability, 
and tape-life spans an outstanding 
1000 passes or more thanks to 

superior transport design. 

Easy 
microprocessor 

interface 
e MT-2 is available in four 

sions, two of which incorporate 
a unique interface controller 

developed by TEAC especially for 
this unit. It features a simplified 
design, and lets you connect 

the MT-2 to the bus lines of 8080, 
6800 and Z-80 or equivalent series 

microprocessors for greater 
flexibility and convenience than 

conventional, high-priced 
outboard devices. 

Cite des Bruyeres, Rue Carle-Vernet 92 Sevres Tel: (027) 7536 Holland 
Sumac Electronics B.V., Veenstraat 20, Veldhoven Tel: 040-533725 Italy 
A.E.S.S.E. S.R.L., Corso Lodi, 47 20139 Milano Tel: 54.64.741-2-3 Norway 
R and Data, Gladengveien 3A Oslo 6 Tel: (472) 674950 Spain Ataio 
Ingenieros SA, Madrid-16, Enrique Larreta 12 Tel: (215) 3543 Sweden 
Scantel AB, Tengdahlsgatan 24, 116, 41 Stockholm Tel: 08-24 58 25 
United Kingdom International Instruments Ltd., 92 High Street, Berkhosted, 
Herts, HP4, 2BL Tel: 044275959 West Germany & Austria nbn 
ELECTRONIK STARNBERG, 813 Starnberg, Max-Emanuel-Str, 8. West 
Germany Tel: (08151) 13036 

Japan Tel: (0422) 53-1111 



Washington newsletter 
FCC considering The Federal Communications Commission is considering a new allocation 

in the 952-to-960-MHz fixed-service band for various automation systems 
900 MHz use used by utilities. The systems to be explored in the new Docket 79-18 

for utilities would be used for remote automatic reading of electric meters, load 
management, environmental monitoring, and other operational functions. 
The FCC says it wants initial comments by April 30, with replies one 
month later. The new proposal supersedes the dormant Docket 20-05 
advanced nearly five years ago by Readex Electronics Inc. and Sangamo 
Electric Co. for remote meter reading. The concept was revitalized with 
the 1977 proposal of the Utilities Telecommunications Council, an indus-
try group, to broaden the idea to include distribution automation. The FCC 
says it needs comments on standards to insure the compatibility of 
different systems operating in the same or adjacent areas. The commission 
is also interested in possible development of a common distribution 
automation communications net for utilities. 

Commerce expected Insiders predict that the National Bureau of Standards' approval last 
t month of the nation's first three input/output channel interface standards o approve NBS  

for all Federal computers—except weapons—will probably be upheld by 
input/output standards Commerce Secretary Juanita Kreps, despite complaints from some main-

frame makers. The tio standards, derived from International Business 
Machines Corp.'s 360/370 series technology [Electronics, Aug. 31, 1978, 
p. 94] have upset such IBM competitors as Control Data Corp., Digital 
Equipment Corp., and Honeywell Information Systems. They are trying 
to persuade Secretary Kreps to reject the NBS proposal on the grounds 
that it is obsolete, a hindrance to innovation, and likely to open U. S. 
markets to Japan, where the IBM I/O standards are already in effect. The 
secretary seems unlikely to be swayed by these arguments, however, in 
view of congressional pressures favoring standards to enhance computer 
competition and reduce Government systems costs. 

Wage Insurance Electronics workers whose employers abide by the 7% annual wage hike 
s guidelines of the Carter Administration may never get to see the proposed 
upport weakens  

Federal tax credit meant to take effect should inflation exceed that 
in Congress percentage. That's the word from Capitol Hill, where the soft support for 

the so-called Real Wage Insurance plan is getting softer —particularly in 
the crucial House Ways and Means Committee. Committee Chairman Al 
Ullman (D., Ore.) is considering tabling the plan, sources say. Opposition 
to the proposal, which would grant a 1% tax credit on the first $20,000 in 
wages for each percentage point of inflation past 7%, stems from its 
potentially higher cost. If prices rise 7.5%, for example, the U. S. Treasury 
would lose $2.5 billion in taxes, plus an equal amount for every percentage 
point above that level. 

AT&T confesses Major software problems would significantly delay introduction of Ameri-
can Telephone & Telegraph Co.'s controversial Advanced Communica-

software hurdle tions Service (Acs), yet the company says it still wants Federal Communi-
delays ACS cations Commission approval of its plan. AT&T's mid-February disclosure 

that it is unable to meet the FCC deadline for filing ACS tariffs has created 
an uproar within the telecommunications industry, with some ACS oppo-
nents hinting they will ask the Justice Department to investigate whether 

Electronics/March 1, 1979 57 



Washington newsletter  

AT&T committed a Federal crime by announcing the service prematurely 
last year [Electronics, July 20, 1978, p. 41] in order to stifle competition. 
The initial ACS plan is to use existing digital Bell System facilities to 
interconnect computers or intelligent terminals, regardless of make or 
function. The software challenge now "will require a significant further 
development effort previously unforeseen," AT&T admits, adding that it 
does not yet know how long that may take. 

Survivable low-frequency The Air Force has awarded $14.6 million to Westinghouse Electric Corp. 
to produce the initial classified modifications to air and ground radios of 

system to be the 487L Survivable Low Frequency Communications System. The fund-
upgraded by Air Force ing of the company's Defense and Electronic Systems Center, Baltimore, 

follows four months of successful operational tests of preproduction hard-
ware. The new support equipment increases the accuracy and reportedly 
doubles the range of the 487L, developed in the mid-1960s by Westing-
house to provide national command authorities with survivable communi-
cations for use in nuclear warfare. 

To ease exports, Attention is focused increasingly on the development of better measure-
ments and standards for electromagnetic interference at the National 

NBS will push Bureau of Standards, says director Ernest Ambler. The reason: stiffening 
study of emi of some emi regulations in overseas markets that will affect more than 

$10 billion in U. S. exports in 1980, ranging from medical electronics to 
data-processing and telecommunications equipment. Ambler says in his 
NBS budget presentation to Congress that the $1 million increase for emi 
studies in fiscal 1980 accounts for more than 10% of the bureau's proposed 
spending gain in its $96.5 million program. 

Soviet ICs better Russian integrated-circuit technology is not far behind that of the United 
States and far better than the Government has believed, according to 

than believed, Control Data Corp. The Minneapolis company, an advocate of relaxing 
Control Data claims export controls of technology sales to the Warsaw pact powers, bases its 

assessment of Soviet ICs on the company's laboratory analysis of samples 
obtained by CDC officials. CDC executives were scheduled to show circuit 
samples and detail their findings in Washington at the end of February. 

Industry lobbying Government electronics contractors are pushing hard to kill H. R. 2002, a 
bill now before the House Banking Committee introduced by Rep. Joseph 

to stop extension of Minish (D., N. J.) to extend the Renegotiation Board's life for two more 

Renegotiation Board years. Set up during the Korean conflict to recover "excessive profits," the 
board is scheduled to go out of existence at the end of this month following 
congressional action last fall. However, the White House has asked for 
$8.5 million to extend its life. The American Electronics Association leads 
the drive to bury the Minish bill, calling the board both obsolete and 
unnecessary in view of the "literally dozens of other important procure-
ment safeguards that have been established" since the board's 1951 
creation. 
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Only from Sprague: Type 135D/Mil Style CLR79 
Tantalum-Case Tantalum Capacitors with 

51 
CATHODE SINTERED 
TO TANTALUM CASE 
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VIBRATION 
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For complete technical data, write for Engineering Bulletin 
3760A to Technical Literature Service, Sprague Electric Company, 
35 Marshall Street, North Adams, Mass. 01247. 

UNIQUE 
CATHODE 
CONSTRUCTION 
New! Tantalum powder cathode 
sintered to inner walls of case 
forms integral one-piece unit 

NO FAILURES! 
per MIL-STD-202, Method 214, Condition I1K 

• ALL ratings, in ALL four case sizes (Ti 
thru T4) have R' level approval (.01% failure 
rate) per MIL-C-39006/22. 

• Withstand 3-volt d-c reverse bias without 
degradation of capacitor function or appearance. 

• Ripple current capability as high as 2.3A 
@ 40 kHz and 85°C. 

• Development of these capacitors partially 
sponsored by NASA Marshall Space Flight 
Center. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

4S. 

SPRAGUE 
THE MARK OF RELIABILITY 

So ,,,,, 4.0 Z lee trademarks el the Sprague Electric Co 

General 
table 
subsdiary 
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The latest in computer books that people waited in line to buy! 
Now available by mail for the first time. 

Computer Dictionary and Handbook 
(2nd Ed.) 

By C.J. & C.P Slop' 
Comprehensive, 778-page reference on 
computers & their applications. Over 22,000 
definitions, acronyms & abbreviations re: data 
processing. 13 appendices on computer-
related topics Hardbound. #20850. . . $21.50 

Computers & Programming Guide for 
Engineers 
By D. Spencer 

Discusses various types of digital computers, 
input/output devices, storage devices, etc. 
Details FORTRAN & BASIC programming. 
288 pgs., 81/2 x 11. #20950 . . . $12.95 

Using the 6800 Microprocessor 
By E. Poe 

A basic guide to nardware & software of the 
6800 *fun" machine, & how to run a variety of 
practical programs. 176 pgs. 
#21512... $6.95 

Interfacing and Scientific Data 
Communications Experiments 

By D. Larsen & P Rony 
How to use UAR/T & USAR/T "chips" for serial 
data communications between instruments & 
computers. 160 pgs. #21546... $5.95 

IC Converter Cookbook 
By W. Jung 

How to understand & use IC AID & D/A con-
verters. Details circuits, with part numbers & 
component values. Appendix of catalog 
sheets & part number cross references. 576 
pgs. #21527... $13.95 

Active-Filter Cookbook 
By D. Lancaster 

Covers theory, use, design, analysis, synth-
esis & applications—in brainwave research, 
electronic music, quad rature art, psychedelic 
lighting, etc. 240 pgs. #21168 ... $14.95 

Logic and Memory Experiments 
Using TTL integrated Circuits 

By D. Larsen & P Rony 
A hands-on intro to using 7400-series devices, 
memories, display & arithmetic elements. 
352-pgs. Book 1: #21542 ... $9.95. 384 pgs. 
Book 2: #21543 ... $9.95. Both books: 
#21544. $17.95 

Microcomputer—Analog Converter 
Software and Hardware Interfacing 

By C. Titus, P Rony & D. Larsen 
Covers microcomputer hardware & software 
needed to interface A/D & DIA converters to 
8080-based microcomputers. With experi-
ments. 228 pgs. #21540 ... $9.50 

CMOS Cookbook 
By D. Lancaster 

What CMOS is, how it works, & how to power, 
use, test & interface it, etc. With minicatalog of 
100 devices. 416 pgs #21398 ... $10.50 

IC Timer Cookbook 
By W. Jung 

Gives basic information, over 100 circuits for a 
variety of uses, & repros of manufacturers' 
data sheets—plus more. 288 pgs. 
#21416 ... $9.95 

IC Op-Amp Cookbook 
By W. Jung 

Details basic theory of the IC op-amp, & offers 
over 250 circuit applications, well illustrated. 
Appendices of manufacturers' reference ma-
terial. 592 pgs. #20969... $12.95 

TTL Cookbook 
By D. Lancaster 

Explains what transistor-transistor logic is, 
how it works & flow to use it—for a digital 
counter & display system, electronic stop-
watch, digital tachometer, etc. 336 pgs. 
#21035... $9.50 

SAVE 10% when you order 3 or more! 

Examine any book(s) at NO RISK for 
15 Days! 

'Ms MM 

1 Clip Out—Mail Today! 
YES—Please send me the book(s) indi-
cated below. If I'm not completely satisfied, I 
may return any or all within 15 days of receipt 
for full credit or refund. Add sales tax where 

applicable. El 21527 D 21540 
El 20850 ID 21168 D 21398 
0 20950 D 21542 D 21416 
Ill 21512 D 21543 D 20969 
CI 21546 D 21544 D 21035 

D I have checked 3 or more titles and de-
ducted my 10% savings. 

Name (Please Prnt) 

Address 

City 

State Zip Code 
Total $  

Check D Money Order U Master Charge 
Visa/BankAmericard 

Exp Date  
Account No •  
Interbank No • 

(Master Charge only) 

Signature:  
Mnimurn credit cad purchase $10 00 M115 1 

MAIL TO 

("IÇI1 

Howard W. Sams & Co., Inc. 
4300 W. 62nd St 
Inderapolts, IN 46206. 

L es subject to change 6 months alter ssue date 
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96 pages of PCB connectors. 
Free from Cannon. 

It makes your spec job easier. hour service, call toll free (800) 854-3573; In 
California (800) 432-7063. 

14 4ciiiITT 

The new, Cannon 96 page PCB connector 
catalog includes virtually every kind of standard 
PCB connector in use today. Direct and indirect. 
Discrete and backpanel types. With a number of 
configurations. Straight. Right angle. And any 
number in-between. 

Spacing? You name it. Anything from .098" to 
.200! Even modular PCB connectors from two to 
200 contacts in gold, silver or tin for solder, eyelet 
or mini-wrap posts. Mil-Spec, DIN and commer-
cial types available in a variety of mounting styles. 

Just mail this coupon and we'll send you 96 
pages of densely packed, PCB connector data. If 
you have an immediate need, give us a call or de-
scribe your application on the coupon. We'll get 
back to you fast. Write Sales Manager, Interna-
tional Division, ITT CANNON ELECTRIC, 666 
East Dyer Road, Santa Ana, CA 92702. For 24-

.. . 

.;, 
' leteelogi 

E You've got the answers to my spec problems 
—send me your new 96 page PCB catalog. 
My PCB connector need is hot—call me. 
Here's what I need. 

Name 

Telephone Ext. 

Company 

Address 

City State Zip 

CANNON ITT 
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.91/dtehfile protects you 
in the hot temperature zone. 

gifflowe 
Maximum effectiveness in the 
switching mode 

SwitchMax. A new series of RCA transistors 
designed and built for high performance in 
off-line power supplies, converters, and pulse-
width-modulated regulators. SwitchMax 
transistors are hot-temperature tested. To give 
you new predictability under operating 
conditions. New efficiency in heat sink design. 

Verified by worst-case testing 
Every SwitchMax transistor is tested at 100°C 

or 125°C against precise limits for all switching 
parameters. Including inductive turn-off time 
and saturation voltage. To give you switching 
characterization that lives up to RCA's reputation 
in second breakdown, safe operating area, and 
thermal cycling ratings. 

Performance that starts with design 
These RCA n-p-n transistors have a multiple-

epitaxial, double-diffused structure, fine emitter 
geometry and a trimetal system. Which make 
SwitchMax transistors rugged. And give them 
excellent high-current and fast switching char-
acteristics, with improved second breakdown. 

For protection in the high temperature 
zone, ask for more information 

With the SwitchMax power transistor booklet 
and RCA Application Notes, you'll be armed 
with facts to insure your protection in the hot-
temperature zone. 

, 

vCEX 
RATING 

Types 
VCEV 
Rating 

ICEV (n' ) 
at V-- i-e rVCEV 

mA 

VCE (se) man 
at Ic (sat) 

V 

least) 

tc(max) 

at Ic (sat) 

sa 

2N6671 450 V 0.1 (25°C) 1 (25°C) 0.4 (25C) 
2N6672 550 V 1 (125°C) 2 (125°C) 5A 0.8 (125C) 
2N6673 650 V 

2N6674 450 V 0.1 (25°C) 1 (25°C) 0.5 (25C) 
2N6675 650 V 1 (100°C) 2 (100°C) 10A 0.8 (100C) 

2N6676 450 V 0.1 (25°C) 1 (25°C) 0.5 (25C) 
2N6677 550 V 1 (100°C) 2 (100°C) 15A 0.8 (100C) 
2N6678 650 V 

Switch Max Booklet 2M1217 gives you full details on how these new transistors are designed, made, tested 
and characterized. There's also a designer's guide chart suggesting optimum transistor types for typical switching power 
supply circuits. 

Application Note AN-6741 describes the use of the RCA 2N667615-ampere SwitchMax power transistor as a driven 
pulse-width-modulated flyback converter stage, in a 20-kHz off-line power converter providing 340 watts output. 

Application Note AN-6743 is a description and analysis of a 900-watt off-the-line half-bridge converter using 
two 15-ampere SwitchMax high-voltage power transistors. This Note, too, demonstrates the outstanding capabilities of 
SwitchMax in a typical switching application. 

For all this information, contact your local RCA Solid State sales office or distributor. Or write RCA Solid State, Box 3200, 
Somerville, NJ 08876. 

RCA Power experience is working for you. 
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International newsletter  
Japan is deciding The Japanese cabinet agreed on Feb. 20 to reach a decision before the end 

of the month on the portion of Nippon Telegraph and Telephone Public 
how much to open up Corp.'s telecommunications equipment purchases to be opened to interna-

NTT's purchases tional bidding. The United States has been pushing for inclusion of NTT 
procurements in the category of government purchases open to foreign 
vendors. During the 1977 fiscal year, NTT purchases totaled $3.13 billion, 
with more than 96% supplied by designated vendors and less than 0.5% by 
overseas vendors. 

Siemens will Extending its existing technology agreement with Intel Corp. to the 16-bit 
microcomputer area, Siemens AG will second-source the California compa-

second-source ny's 8086 family of microcomputer products. The West German firm will 
Intel's 8086 also offer all hardware and software development aids necessary to 

support the family. The deal calls for Siemens to receive technology 
packages, including mask sets, from Intel. The U. S. firm, in turn, will get 
equivalent packages on certain 8086 products that Siemens will develop. 

UK regulator stabilizes Many modern electronic appliances like television sets cannot tolerate the 
wide voltage fluctuations that can occur in developing nations. To hold a 

varying line voltages 220/240-v power supply to within 6% of nominal for voltage swings from 
despite big drops 145 to 255 v, Gould Advance Ltd.'s Electronic Components division in 

Bishop's Stortford, Herts., has come up with a 500-w custom microcir-
cuit-controlled line regulator based on a Ferranti Semiconductors uncom-
mitted logic array. In operation, the regulator selects one of six triacs, each 
switching a transformer tap, to adjust the output voltage within one cycle. 
Efficiency is better than 96%. In addition to selling the complete unit, 
Gould plans to market the lc controller, which it says can be used in 
line-regulator systems of up to 5 kvA. 

Mitsubishi enters fray Mitsubishi Electric Corp. is the second Japanese company to start selling 
computers that compete with IBM Corp.'s 4300 series (see p. 68). Its 

against IBM's Melcom Cosmo series model 700S and model 700111 are said to offer 
new mainframes somewhat higher performance than IBM's 4341. The firm claims that these 

are the first medium-sized computers to offer a dual-central-processing-
unit option, which it says has 1.7 times the processing power of a 
single-processor CPU. The computers are designed for interactive process-
ing and will support up to 128 (the 700111) or 64 (the 700S) work 
stations. They can also support remote terminals in a time-sharing system 
and are configured for distributed-processing systems using Mitsubishi's 
Multishare Network Architecture or IBM's Systems Network Architec-
ture. Deliveries will start in June, with rental prices between $12,500 and 
$35,000 a month for the 700S and between $20,000 and $75,000 a month 
for the 700111; software costs extra. 

Typewriter-transmitter J. Bobst et Fils SA, Lausanne, Switzerland, has recently introduced a novel 
typewriter-transmitter. Called Scrib, the self-contained tele-editing device 

from Switzerland for writing, storing, and transmitting texts weighs some 8.5 kg and looks 
has video screen like a simple portable typewriter. Basically a microcomputer with magnet-

ic cassettes, video screen, and miniprinter, it can be line- or battery-
operated. The user can make any number of alterations, compare different 
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International newsletter 
versions of text, and keep a check on the number of characters typed. The 
video screen can be split into two parts to allow drafting of a second 
version with the original text still on the screen. The final version is stored 
on a minicassette and can be transmitted over the normal telephone system 
at 30 characters per second. 

West Germany gets West Germany's post office, the Bundespost, has put into service what it 
says is Europe's first fiber-optic link for regular telephone communica-

fiber-optic link for tions. The 34-megabit-per-second system, developed by Siemens AG, 

regular phone service covers the 15.4-km distance between exchange offices in Frankfurt and 
Oberursel. It can simultaneously transmit up to 480 telephone channels 
over a pair of glass fibers each 0.1 mm thick. Pulse-code-modulation 
equipment at the system's two terminals combines the 480 individual 
telephone signals into one time-multiplexed digital signal. 

BPO's digital exchange First production orders for the British Post Office's Advanced Digital 100 
Extension CDSS 1 exchange are going to Plessey Communications and 

moves Into Data Systems Ltd. in Nottingham and GEC Telecommunications Ltd. in 
production phase Coventry. The local market for the CDSS 1, which features single-

channel codecs, is expected to be $60 million per year in early 1980s. 
Moreover, both companies have high export hopes for the product. 

Meanwhile, Ferranti Semiconductors in Gem Mill, Lancs., now has first 
samples of the BPo-originated codec used in the CDSS 1. Its part is a 
alternative version of General Instrument Microelectronics Ltd.'s n-
channel mos codec chip, which has been in production for a year. 

Addenda cil—Honeywell Bull and Siemens AG have received a $120,000 contract 
from the European Commission, the executive body of the nine-nation 
European Economic Community, to develop a systems language for 
European computers. Over the next nine months, the two firms will 
elaborate software to interface operating systems and applications 
programs among different makes of computers. . . . The Japanese 
National Railways has started test runs of a prototype 10-car electric train 
featuring self-powered coaches with thyristor-chopper speed control and 
regenerative braking [Electronics, Sept. 1, 1977, p. 55 or 8E]. The 30% to 
40% energy savings expected with such trains is especially important now 
that oil from Iran is unavailable. . . . Implementing the Orderly Market-
ing Agreement for , color TVs recently reached with the U. S., Taiwan's 
Board of Foreign Trade has allocated quotas among the leading manufac-
turers. . . . West Germany's postal service, the Bundespost, has decided 
to turn directly from automatic electromechanical switches to digital 
switching for long-distance telephone calls. For short-haul traffic, though, 
it will continue to equip local exchanges with the analog EWS 

system. . . . Saudi Arabia is negotiating with NV Philips Gloeilampenfa-
brieken of the Netherlands and Sweden's L. M. Ericsson to install an 
additional 250,000 telephone lines there, a project originally planned for 
1980-85. The new order could run from about $0.5 billion to $1 
billion. . . . The Swedish National Investment Bank has acquired near-
bankrupt Luxor Industrie AB [Electronics, Feb. 15, 1979, p. 92] for a 
symbolic 1 krona, or 23 cents. It is guaranteeing money for current 
operations. 
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More 
for Less 

More triggering facilities. More accuracy. 
More touches of human engineering. But 
the 'more' in every Philips scope actually 
costs you less. Take the PM3214 for example. 
The PM3214 25MHz/2mV dual trace alter-

nate time base oscilloscope has all the 
triggering facilities found on the latest, 
most expensive scopes, but the price is only 
$1,4451` And it's portable. That's more for 
less!  
Complete triggering facilities include 

AC, DC, TV and an Auto position that de-
rives its trigger from the peak to peak value 
of the incoming signal. Trigger selection is 
available from either channel, line or exter-
nal source as well as composite triggering 
for asynchronous signals. 

PHILIPS Test & Measuring 
Instruments 

Our alternate time base display shows 
main and delayed sweep simultaneously, 
eliminating back and forth switching. You 
can even use DC triggering on both time 
bases. 

If you're willing to settle for less than an 
alternate time base 25MHz scope, get our 
PM3212. It still gives you more-all the 
triggering and overall performance of our 
PM3214, but the price is only $1,195!e 

If you want more in a scope, come to 
Philips. More is better. 

For More Facts or a 
Convincing Hands-On Demonstration, use 
our toll-free number, (800) 631-7172 in the 
continental U.S. In New Jersey, please call 
collect, (201) 529-3800. Or contact Philips 
Test & Measuring Instruments, Inc., 
85 McKee Drive, Mawah, New Jersey 07430. 

*U.S. Domestic Price Only. 

PHILIPS 
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Ready to rent, lease 
or buy test instruments? 

Let I h help. 
When you need test equipment you usually need it fast. That 
means that you can't waste a lot of time looking for the 
right equipment or sending back equipment that doesn't 

work the first time. USIR can help. 

We can help you select the right 
way to acquire 

the instru-
ment you 
need. 
Our exclu-
sive Instru-

• ment Acqui-
sition Analyzer 
pinpoints the 
relative costs of 
renting, leasing or 
buying an 
instrument. 

We can tell you in sixty seconds what equipment 
is available and how soon you can have it. 
Using IDIOM, our computer system, we can find the 
instrument you need in one minute at any of our locations 

throughout the U.S. 
and Canada, tell you 
how much it costs 
'and how soon you 
can have it on your 
bench. We can also 
suggest direct 
replacements if the 
instrument you 
need isn't 
immediately 
available. 

k INSTRUMENT 
j, RENTALS 

A U.S. Leasing Company 
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We find the 
fastest way to put 
a working instrument 
on your bench. 
Whether it's air freight or one of our own delivery trucks, 
USIR finds the fastest possible way to put the gear you want 
on yourfbench. And you can be sure that it will work when it 
arrivesbecause we check each piece of gear twice, once when it 
comes back from the field and then again just before we pack 
it for shipment to you. 

Let US tell you more—Ask for this free Instrument 
Acquisition Analysis Kit. 
USIR has prepared a kit that will help you find the fastest, 
most efficient, least expensive way to acquire the instruments 
you need. The kit includes our Instrument Acquisition 
Analyzer, a current USIR 
catalog and our 
brochure, "Test 
Equipment—Think 
Of It As Money' 
This piece discusses 
the different ways 
of acquiring instru-
ments from a 
manager's point of 
view considering all 
the costs of acquisition. 
Send for it today. 

2121 S. El Camino Real 
San Mateo, CA 94403 
(415) 574-6006 



Electronics international  

Small firm has big ideas 
for multiple 
microprocessors 
Proposed chip, with RAM, 

PROM, and I/O controllers, 

would be the basis for 

microcomputer arrays 

The idea of assembling a number of 
conventional off-the-shelf micropro-
cessors in parallel to create powerful 
computer systems has been arousing 
increasing interest in the semicon-
ductor industry for some time. It has 
just been given a new twist with a 
proposal for a very large-scale inte-
grated microprocessor designed for 
use in multiprocessor arrays. 
The proposal comes from Systems 

Designers Ltd., a small software and 
systems company in Camberley, 
Surrey, that is looking for backing or 
for a link with a semiconductor 
company to turn its two-year paper 
study into hard silicon. 

Novel. The originality of its 
AMP —for adaptive microproces-
sor —lies less in the amount of 
circuitry on chip than in the way it is 
connected. Basically, all on-chip 
communication is through the mem-
ory block in what is termed a shared-
store multiprocessor configuration. 
This is organized as 4,096 16-bit 
words and arranged in 256-word 
segments. Each memory segment 
may be programmable read-only or 
random-access memory. Numerous 
versions of the chip, with different 
PROM/RAM partitioning, are possi-
ble, according to Allen Croxon, a 
principal consultant at the company. 
Any number of AMPS could be 

used to assemble computer systems 
ranging from small floppy-
disk—based microprocessors to large 

on-line disk-based information re-
trieval systems. "The AMP could be 
used for random logic replacement 
or as a powerful systems building 
block," says Croxon, who adds that 
one big computer company "likes 
what we are doing." 

Increasing capability. Fundamen-
tal to SDL's aspirations is the grow-
ing power of VLSI technology. It 
believes new computer architectures 
overcoming the communications lim-
itations of present-day bus-oriented 
systems will be created by the ability 
to pack close to a quarter of a 
million devices on a chip. 
On its 18-pin AMP chip, for exam-

ple, SDL will pack 64 kilobits of vari-
able memory, 12 simple communica-
tions processors—one associated 
with each data line—and a 16-bit 
instruction processor. That's beyond 
a microcircuit technology only now 
coming to grips with the 64-K RAM. 
But, says Croxon, the development 
time for a new microprocessor is 
such that the technology will be 
right when the firm is ready to 
commit to silicon. "For the 64-K 

RAM there are about 70,000 transis-
tors per chip. By 1982 the industry 
will be able to achieve around 
200,000 devices per chip, and we are 
targeting our part for 1982." 

CLOCK 
POWER ANO GROUND 

COMMUNICATIONS 
PROCESSORS 

16-BIT 
INSTRUCTION 
PROCESSOR 

,1_04 

 scr e 

4-K-BY-16-BIT 
SHARED 
MEMORY 

1-,  

COMMUNICATIONS 
PROCESSORS 

o 

MODE CONTROL 

Adaptive. Twelve I/O processors buffer a 64-K memory from the outside world. A 16-bit 

instruction processor also has access to the combined RAM/PROM store. 
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The instruction and communica-
tions processors can only communi-
cate with each other via the memory 
block using direct memory access. 
This could cause arbitration prob-
lems between simultaneous memory 
access requests. But, says Vic Sten-
ning, who heads up software devel-
opment on the project and has 
several years' experience on UK 
multiprocessor projects, including 
Demos [Electronics, Sept. 14, 1978, 
p. 92], "we have ideas on how to 
solve this." 

Assigning lines. The communica-
tions processors can be programmed 
to allow all 12 data lines to work in 
concert or separately. Thus, the AMP 
can provide 12 independent serial 
data paths; or eight lines could 
provide byte-parallel interface, two 
lines a full-duplex serial interface, 
and the two remaining data lines 
could be used to establish handshak-
ing protocols. 

Says Croxon, "The AMP is a 
chameleon with an entirely general-
purpose communications capabili-
ty." Each processor can exchange 
data with its neighbor to complete a 
computation or can act as a commu-
nications channel transferring data 
between contiguous processors ac-
cording to defined protocols. "This 
way," Croxon says, "you overcome 
the theoretical bandwidth limitations 
of bus-oriented computers." 

Adding power. This communica-
tions flexibility could be exploited to 
put together a system of any 
required power by adding processing 
elements in regular arrays or dedi-
cated networks. A problem would be 
split up, with one processor per 
computational process. 
The AMP processor in fact comes 

into its own at the system level, says 
Croxon. He draws a distinction 
between his firm's homogeneous sys-
tems and conventional heterogen-
eous systems comprising a central 
processing unit and a family of 
special-purpose support chips. 

Splitting program segments be-
tween processors instead of calling a 
sequence of subroutines into a time-
shared central processor calls for a 
disciplined approach to software. 
One problem is the danger of a 

"deadly embrace" in which two 
processors simultaneously access 
each other. But, says Stenning, 
"New languages like Concurrent 
Pascal impose a hierarchic structure 
which makes it relatively easy to 
avoid this danger." 

For the AMP operating system, 
SDL aims to use ADA, the U. S. 
Department of Defense—backed real-
time language that features explicit 
concurrency, modular programma-
bility, and strong typing. DOD back-
ing should make the language well 

supported, Croxon argues. In fact, 
SDL is currently participating in an 
evaluation of the language for the 
UK Ministry of Defence. 

But before it can get around to 
ADA operating systems for the AMP, 
the company must get the necessary 
support. Croxon believes they have 
taken their study far enough to show 
that problems of parallelism such as 
memory arbitration, data flow, and 
program segmentation can be over-
come. Now he wants to turn his 
paper tiger into one that bites. 0 

Japan 

NEC takes on IBM's 

new mainframe generation 
It is only a few months since IBM 
Corp. introduced the System/38 and 
just a few weeks since it announced 
its 4300 series, both major steps in a 
new round of mainframe competi-
tion. But Nippon Electric Co. and its 
joint venture company with Toshiba 
Corp., NEC Toshiba Information 
Systems, have already answered 
with the ACOS system 250. 

Claiming a 30% to 40% price/per-
formance advantage for its units, 
NEC says that the System 250 model 
40 is directly competitive with IBM's 
System/38 model 3, and the model 
60 with the System/38 model 5 and 
the 4331 [Electronics, Nov. 9, 1978, 
p. 81, and Feb. 15, 1979, p. 63]. 

Selling. Improved hardware, im-
proved software support, and, above 
all, improved architecture, with 
functionally distributed processing 
and implementation of the operating 
system in firmware and hardware, as 
well as in software—not to mention 
double the sales force deployed for 
the previous model—all are part of 
the strategy for selling the new, low-
end ACOS 250. 
The computers' main memory 

comes in 256-kilobyte increments up 
to I megabyte on the smaller model 
40 and up to 2 megabytes on the 
larger model 60. All of it is available 
to the customer for his programs, 
whereas on some IBM machines, says 
NEC, system programs preempt 

about half the memory. In July, 
when deliveries first start, the 250 
machines will use the same 16-K 
random-access memories that NEC is 
selling at a furious pace in the U. S. 
The processors. The functionally 

distributed central processing unit 
includes four separate processors— 
five when a communications control 
processor is added. The four are an 
interior processor for performing 
user instructions; a supervisory pro-
cessor whose functions include ini-
tialization, microdiagnosis, and con-
sole service; a file processor for disk 
and high-speed tape control; and a 
unit-record processor for all other 
peripherals, including floppy disks, 
line printers, and slower devices. 
Machine performance and conven-
ience is also said to be enhanced by 
the ability to support up to 64 work 
stations. 
The CPU'S logic is made up of 

emitter-coupled-logic chips with 550 
gates and a transistor-transistor-
logic level at the device's pins. The 
controllers for each of the up to 12 
input/output data channels are built 
with a 3,300-gate n-channel metal-
oxide-semiconductor device that 
controls the handshaking protocol 
and data transfer. 
The operating system is mainly 

firmware stored in 500 to 600 kilo-
bits of high-speed bipolar program-
mable read-only memories. A few 
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SCIENCE/SCOPE 

Hughes is one of two AMRAAM finalists selected by the Joint System Program 
Office at Eglin Air Force Base to participate in the validation phase of the 
Advanced Medium-Range Air-to-Air Missile program. The Hughes design provides 
track-while-scan, multi-shot, and launch-and-leave capabilities, even against 
severe electronic countermeasures. AMRAAM will replace the AIM-7 Sparrow, now 
in use with the U.S. Air Force and U.S. Navy. It will outperform Sparrow. yet 
be half the size and weight, and cost less. AMRAAM will be used with the F-14, 
F-15, F-16, and F/A718 aircraft. The validation phase is expected to last 33 
months, at which time the winning design will be carried into full-scale engi-
neering development. 

Hughes Missile Systems Group has many openings for engineers in every phase of 
missile production -- from design through manufacturing -- for its facilities in 
Canoga Park, California, and Tucson, Arizona. For immediate consideration, send 
resume to: August Chiary, Engineering Employment, Hughes Aircraft Company, 
Canoga Park, CA 91304. Or call (213) 883-2400, Ext. 2424. 

Vast amounts of data gathered by the Pioneer Venus mission in just 90 minutes 
last December, though still being analyzed, have given scientists a dramatic 
glimpse of Earth's nearest planetary neighbor. Teams of investigators already 
are using their discoveries to refine their theories on the evolution of the 
solar system and on the forces that drive Earth's weather. 

The mission consisted of two spacecraft designed and built by Hughes for 
NASA's Ames Research Center. One, the Multiprobe, sent four probes to the sur-
face, one of which survived for more than 67 minutes before succumbing to the 
searing environment. The other, the Orbiter, continues to provide pictures and 
other data as it circles Vénus every 24 hours. 

Many of the Pioneer Venus findings confirmed scientists' predictions. The 
planet's intense surface temperature (850°F) and atmospheric pressure (91 times 
that of Earth's) seem certainly to be due to a formidable greenhouse effect 
caused by thick cloud layers trapping solar energy. Various instruments re-
vealed that Venus has global weather patterns. Cloud temperatures are warmer at 
the equator and colder at the poles. There is even a whirlpool-like vortex 
in the polar clouds that provides down-motion of the atmosphere. 

There were, however, surprises. Probe instruments detected several hundred 
times more primordial argon and neon gases than Earth has. They also found the 
smog-like atmosphere is free of particles from an altitude of 19 miles to the 
surface. TWo night probes saw an unexpected glow, perhaps due to "chemical 
fires" caused by reactions of sulfur compounds in extreme heat near the surface. 

Creating a new world with electronics 

HUGHES 
HUGHES AIRCRAFT COMPANY 
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functions such as priority scanning 
and floating-point arithmetic are 
implemented in hardware. 
The System 250 is optimized for 

Cobol. NEC says it performs on aver-
age 1.8 machine-language instruc-
tions per Cobol function, whereas 
IBM computers must perform about 
3.5. Other languages, like Fortran 
and RPG, run at normal efficiency. 
An assembler is not supported. 

Talking money. ACOS 250 prices 
are hard to compare with those of 
IBM's 4300 series because IBM has 
not yet started selling it in Japan. 
Low-end ACOS systems start at 
$3,500 a month for a three-year 
rental, with the top of the line 
extending to about $15,000 a month. 
But NEC has not yet released 
purchase prices. 
The low-end system includes an 

ACOS 250 model 40 with 256 kilo-
bytes of main memory, two fixed 
magnetic-disk units with a capacity 
of 80 megabytes each, one magnetic-
tape unit with a data transfer rate of 
30 kilobytes per second, one line 
printer with a speed of 370 lines per 
minute, a system terminal, and 
system software. In general, though, 
system software is not included in 
the hardware price. 

In comparison, a typical IBM 
4331 configuration with 1 megabyte 
of memory, two display stations, a 
printer, a 130-megabyte model 3310 
disk drive, and a tape drive is priced 
in the U. S. at $3,572 a month on a 
24-month lease. A 4341 configura-
tion, containing 2 megabytes of 
memory, a 280-megabyte model 
3340 disk drive and two 517-mega-
byte 3370 disk drives, four tape 
drives, a printer, card ho units, and 
a communications controller, leases 
in the U. S. for $16,707. 

Staying in place. Plans call for 
installing more than 2,000 systems 
during the next four years. At the 
same time, NEC and NTIS do not 
want to take back their more than 
900 ACOS System 200 installations, 
which they are therefore willing to 
enhance with such modifications as 
the addition of up to 16 work 
stations. 

Although in throughput the Sys-
tem 250 rivals or exceeds the larger 

64-K RAMs are on the increase in Japan 
Although the ACOS 250 computers will use 16-K random-access memories 
initially, those shipped starting Jan. 1 will contain 64-K RAMs. Nippon 
Electric Co.'s Computer division hopes that the firm's Integrated Circuits 
division will be ready to supply single-5-volt 64-K chips similar to the one 
announced by Texas Instruments [Electronics, Sept. 14, 1978, p. 39]. Other-
wise, the machines will be shipped with the two-power-supply 64-K RAMs it 
developed for Nippon Telegraph and Telephone Corp. (NEC is scheduled to 
deliver a communications controller using this part to NTT by the end of the 
year, and it is the custom in Japan to make first deliveries of a product 
developed jointly with NTT to NTT.) Still, the IC division plans to make a 
single-power-supply 64-K RAM its main product. 

Meanwhile, Fujitsu Ltd. says it will use two-power-supply 64-K parts in its 
new computer, still in the works. This chip will be available after scheduled 
delivery in October also of a communications controller to NTT. However, 
Fujitsu is working all out to design a single-5-V RAM, even though it has been 
sending samples of the two-supply part to potential customers in the U. S. 
since early last year. 

ACOS System 300 and even ap-
proaches the System 400, it is not 
truly in the same class. These larger 
models feature virtual memory and 
can act as a host in time-sharing 
systems. Neither capability is built 
into the System 250, which is 
designed to act only as terminal in 

distributed processing systems. 
But the enhanced throughput of 

the System 250 shows that the time 
is coming for the systematic revision 
of the ACOS line. Of course that revi-
sion would be needed anyway as IBM 
wheels out its 4300 and H series 
machines and others follow suit. III 

West Germany 

Simple method uses peristaltic CODs 

to display color slides on TV set 
Valvo, the West German compo-
nents-producing affiliate of the 
Dutch electronics giant NV Philips 
Gloeilampenfabrieken, has develop-
ed a simple method for showing 
color slides on a home TV screen. 

Systems that show slides on TVs 
already exist, the most notable ones 
involving flying-spot scanning princi-
ples. But they require a high-voltage 
supply and are very bulky and 
expensive to maintain. Valvo's tech-
nique, in contrast, can be imple-
mented with a few integrated cir-
cuits and simple electromechanical 
components, resulting in a low power 
requirement and a compact unit. 

Sensitive. Basic to the technique 
are the sensors that detect one line of 
the image at a time. These sensors 
are CCD shift registers, each inte-
grating 500 photosensitive elements. 
At their output, the sensors deliver a 

signal in serial form corresponding 
to the light distribution of the photo 
elements. After suitable processing, 
the signal is fed to the Tv set to 
display the slide. 
The line sensors use Philips' "pro-

filed peristaltic," or "p2," ccps, 
developed a few years ago by the 
Philips Research Laboratories in 
Eindhoven, the Netherlands, and 
originally called simply "peristaltic" 
ccrés [Electronics, Sept. 4, 1975, 
p. 53 or 5E]. This P2CCD, which is 
finding its first application in Valvo's 
slide-scanning technique, combines 
the advantages of both the highly 
doped surface CCD and the slightly 
doped bulk CCD —that is, the for-
mer's high charge-handling capacity 
and the latter's low transfer loss—in 
a single device that is claimed to be 
the fastest charge-transfer circuit. 

In developing the slide-display 
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the "Dumb Keyboard" 
for smart designs 
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"Dumb" can be smarter than 
"intelligent" In 1975 Cortron developed and re-
leased a new keyboard principle of design that has 
given many design engineers a very real competitive 
edge. It is so simple we call it the "ABC" principle 
(Address Binary Code). If you haven't heard of it we 
suggest you read on to find out what many of your 
competitors are already doing. There is an alternative 
to the expensive "intelligent" keyboard design. We 
manufacture both, but we feel dumb is generally 
smarter. 

"ABC" principle An address encoded 
keyboard simply outputs a unique 8 bit binary code 
for each key station. This code directly enters the 
main system which, through various software 
routines, determines what each specific key switch is 
and does. This provides a keyboard that is both sim-
ple and versatile. Cortron has various subsets of this 
principle to give the designer "trade-offs" between 
system and keyboard such as PROM conversion, etc. 
Call us before you design, so these "trade-offs" can be 
discussed and your information bank complete before 
costly designs are finalized. 

Upstroke /downstroke We also supply a 
unique "ABC" for both key depression and release. 
Thus, not only can you determine what character, 
function, etc. you want, you can also control which 
keys auto repeat — any or all—and also which keys 
are mode control. 

Advantages Lower keyboard cost: Eliminates 
electronics on board with little or no added cost to 
system. 

Versatile: One basic keyboard can be customized for 
virtually any customer configuration with only 
software or PROM conversion and key top change. 

Inventory savings: Now you can satisfy all those spe-
cial foreign language and function requirements with 
one keyboard and a stock of key tops. 

Fast turnaround: No more 20 week wait for a new LSI 
mask for the special requirements. Virtually "off-the-
shelf" availability. 

Reliability: Less electronics on keyboard means im-
proved reliability and long term cost savings to your 
system. 

Call us today to find out why most new designs utilize 
the "ABC" principle. We will explain the various 
"trade-offs" and costs of keyboard design and even 
help with your software routines, if required. 

Of course, if you feel intelligent is smarter for your 
system, we can also aid you in those design decisions. 
Cortron has developed and manufactured micro-
processor based keyboards using the most popular 
single chip microprocessors. We have the modern 
system development aids and staff capability which 
has allowed us to write the highly flexible keyboard 
handling routines for the cases when "intelligent" is 
intelligent. For full details and literature, call or write: 
CORTRON, A Division of Illinois Tool Works Inc., 
6601 West Irving Park Road, Chicago, Illinois 60634. 
Phone (312) 282-4040. TWX 910-221-0275. free 
line: 800-621-2605. 

An CORTRON 
A DIVISION OF ILLINOIS TOOL WORKS INC 
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Slides on TV. Valvo uses a rotating four-surface prism to scan a slide's image. After color separation, a sensor for each color—a shift register 

containing 500 "profiled peristaltic" CCDs—picks up a line at a time. The signals are read out, then processed and fed to a TV for display. 

system, Valvo's aim was to show 
customers a typical application of 
the scanning technique. iiirg Wöl-
ber, the principal engineer behind 
the effort, says a number of slide 
projector manufacturers have al-
ready shown interest. 

In the experimental setup (see 
diagram), a 50-watt lamp illumi-
nates the slide and projects its 
picture through a system of lenses 
onto a four-surface prism. The prism 
in turn projects each picture line 
through a three-way beam splitter 
onto the linear array of the photo-
sensitive elements of three line 
sensors. Color filters between the 
beam splitter and the sensors effect 
the necessary color separation into 
blue, green, and red. 

Scanning. The prism continuously 
rotates about a horizontal axis, thus 
scanning the picture vertically line 
by line. With the prism turning at 
750 revolutions per minute, its four 
surfaces produce a total of 50 

pictures per second. Driving the 
prism is a small motor whose speed 
is kept constant by a phase-locked 
loop. Five-megahertz clock pulses 
applied to the three line sensors 
ensure that the line content is 
correctly read in one horizontal 
scanning period of the TV set. 
The blue, green, and red 4-MHz 

video signal output of each line 
sensor is filtered in an inductance-
capacitance network to rid the 
output of any remaining clock pulses 
and harmonics. Each signal is then 
amplified and applied to a gamma 
correction network to adapt it to the 
curvature of the picture tube. After 
a sync generator has added blanking 
and synchronization pulses, the three 
video signals are again amplified and 
fed to the picture tube via the set's 
video channels. 
The resulting experimental slide-

scanning system produces high-qual-
ity pictures on an ordinary TV 

screen. At a recent demonstration in 

Hamburg, Valvo's home base, the 
pictures shown were of the same 
sharpness and brightness as those in 
formal TV reception. 

Wiilber concedes that the present 
setup has one major drawback: the 
three line sensors must be mounted 
with micrometer accuracy relative to 
each other to achieve precise line-
by-line scanning. To eliminate this 
problem, the Valvo engineers are 
currently developing a single P2 CCD 
chip, dubbed the Tricoli sensor, that 
has the three necessary linear arrays. 
They are also developing a corre-
sponding color-separating device. 

Valvo's method has other poten-
tial applications, Wililber points out. 
One would be in scanning movies 
and presenting them on a TV screen. 
Another would be in scanning bank-
notes and displaying them on a 
monitor for counterfeits. Still others 
are in machine tool systems, where 
the technique could be used for posi-
tioning workpieces. EJ 
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Our tiny new 
68c* quartz crystals 
just made 
your dream product 
possible ... 

... because now you can abandon 
the old price and design limitations 
on precision oscillators. 
  , 

  ili 

Magnified x 6 Actual Size 

With our new OX series low-frequency quartz 
crystals, you can now design ultra-accurate 
timing circuits that are even cheaper — over-
all — than LC and RC oscillators. They will fit 
in the smallest spaces in the roughest, tough-
est environments. And will give your product 
the prestige and glamour that accompanies 
the phrase "Controlled by Quartz Crystal." 

OX crystals are an order of magnitude cheaper, 
smaller and stronger than any low-frequency 
crystal currently available. They come in fre-
quencies from 350 kHz all the way down to 
10 kHz — in the same miniature package! 

Statek crystals are totally different from con-
ventional crystals. The design is patented and 
they are made in California by advanced 
semiconductor-type processing techniques. 
And they incorporate everything we've learned 
from producing 17 million quartz crystals 
since 1973. 

To discuss your application, write or call Jeff 
Upton at Statek Corporation, 512 N. Main, 
Orange, California 92668. (714)639-7810. 

*Prices range from 68¢ to $1.17 in 100,000 quantity. 
See EEM and Gold Book for details. 
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The friendly desktop computer system... 

They're solving big problems. 
They've learned what computer power is all about. HP's System 45 desktop computer 

provides the simplest, most direct way to a solution—from the problem in your mind to a final report 
or plot, quickly and easily. That's why more and more problems thought to need 

a big computer are now being solved by System 45. 
This powerful graphic, computational tool operates with a wide range of input, mass 

storage and output peripherals. As for software, we don't think you should 
have to write all the programs you need to solve your problems. That's why we have a 

wide array of practical, user-tested software to help you handle statistical analysis, 
engineering design, management science, business administration and 

much, much more. 
In the graphics system shown, the input device is the HP digitizer (9874A), 

the mass storage is the internal dual tape drives, and the 
output is the HP 4-color plotter (9872A). You can interface System 45 

with virtually any instrument found in the scientific 



But not on a big computer. 
or engineering environment. All interface cards, cables and I/O slots 

are designed for quick "plug in and run" operation. 
In addition, the System 45 Enhanced BASIC language allows you to upgrade 

any peripheral—internal printer to line printer, CRT graphics to 4-color plotter, 
tape drive to floppy disk—by simply changing one statement with 

no other software modification. 
If you'd like to solve big problems on your own terms, at your own 

pace, and in your own work environment, you need the power 
and flexibility of the friendly HP System 45. Power in terms of fast, simple 

solutions, and the flexibility to solve more big problems than you probably 
thought possible. 

For brochures describing System 45 and the HP programs of interest to you, 
call the HP Literature Center toll-free day or night. 

The number is 1-800-821-7700, Extension 400. (In Missouri, 
call 1-800-892-7655, Extension 400.) Or, call your 

nearest HP sales office for a demonstration. 

/ 

c.R.DRINE EPRIR , ION ',ARVIN Lan CREEL CENSUS 

liard copy record from CRT display 4 color plot of three-vdriable data 
of non-linear regression curve. In .1 ...rattyrgrain 

CRT graphic display of input Printer/Plotter output of 
to Fast Fourier Transform. project schedule (CiANTT chart). 

HEWLETT ihk PACKARD 

3404 E Harmony Road. Fort Colins, Colorado 80525 

For assistance call Washington (301) 948-8370. Chicago (312) 
255-9800. Atlanta (404) 955-1500 Los Angeles (213) 877.1282 

Ask tor an HP Desktop Computer representative 
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Technological leadership 

Announcing the most 
It slashes software 

Motorola's MC6809 is an exciting new concept in micro-
processors that fills the gap between 8-bit and 16-bit 
machines, and lops off the high cost of software generation. 

The MC6809 has more addressing modes than any other 
8-bit MPU, an 8-bit instruction set with powerful 16-bit 
instructions, and a highly efficient internal architecture with 
16-bit data paths. It's easily the most powerful, most software-
efficient, and the fastest 8-bit general purpose micro-
processor ever. Because it's a member of the M6800 family 
the MC6809 has the familiarity compatibility and esse-of-
use of its predecessors. 

Superb for hardware design 
Unique MC6809 features and M6800 family compatibility 

offer the designer a superb opportunity to create ultra-
complex systems, in the shortest time, with the least difficulty 

Designers now can take advantage of on-chip System Clock 
Generator, Past Interrupt, Interrupt Acknowledge, Memory 
Ready, DMA Request, and signals for multiprocessor synchro-
nization. No general purpose 8-bit microprocessor available 
beats the MC6809 for speed. with Ibis execution time for an 
add instruction. 

When we say esse of use, remember the single-supply 
+ 5V operation, and the system-wide direct compatibility of 
M6800 family I/O, peripheral, and memory components. 
You add only a Static RAM and a ROM-Timer Combo for a 
basic MC6809 system.11-uly, systems on silicon. 

Designed with software in mind 
Greatest impact of the MC6809 undoubtedly is and will 

be software related. It was carefully designed with new 
addressing modes and a consistent instruction set for the 
efficient handling of high-level languages, including PASCAL 
The architecture also is very efficient in real-time 
applications. 

6809 PROGRAMMING MODEL 

A 

D 

X— INDEX REGISTER 

Y — INDEX REGISTER 

U — USER STACK POINTER 

S — HARDWARE STACK POINTER 

PC 

DP 

CC 

ACCUMULATORS 

IPOINTER REGISTERS 
PROGRAM COUNTER 

DIRECT PAGE REGISTER 

CONDMON CODE REGISTER 
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powerful 8-bit MPU. 
generation costs. 
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Ten powerful addressing modes with 24 indexing sub-
modes. 16-bit instructions, and the consistent instruction 
set stimulate the use of modern programming techniques. 
Techniques such as system independent programs. 
position independent code, re-entrancy, and recursion. 

Now you can develop a library of modular routines. 
even in ROM, for a variety of systems. and at any 
convenient memory location. Easy data manipulation on 
stacks allows the efficient execution of block-structured 
high-level code generated by a compiler like PASCAL. 

MC6809. The microprocessor both hardware designers 
and programmers have been looking for. 

Full support and training 
Compatibility is a great hallmark of the M6800 family. 

assuring easy utilization of Motorola's standard 
EXORciser* and EXORterm* system-development hard-
ware. Additional hardware plans include a monoboard 
microcomputer. 

An MC6809 Macro Assembler is available for simple 
conversion of existing MC6800 programs to MC6809 
object, and for assembling MC6809 source programs. 
Software plans include resident PASCAL and MPL 
Compilers. Editor. and Motorola Disk Operating System, 
followed by resident FORTRAN and COBOL Compilers 
and a BASIC Interpreter. 

Motorola's technical training program now includes 
the MC6809. Write Motorola Technical Training. P.O. 
Box 2953, Phoenbc, AZ 85062, Mail Drop H0300 for 
course information. 

For additional MC6809 and MC6809 support infor-
mation. contact your Motorola sales office or authorized 
Motorola distributor, circle the appropriate reader 
service number, or write to Motorola Semiconductor 
Products Inc.. P.O. Box 20912, Phoenix. AZ 85036. 

But don't stop there. The MC6809, good as it is. is 
just one of our full line of microprocessors. single-chip 
microcomputers. memories, peripherals, and the 
necessary support software and hardware to speed you 
to market with 

Innovative systems 
through silicon. 

MOTOROLA INC. 
•T1.111.111.11"koi M.1.101.111111. 
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Here's the sensible 
way to select your 

next logic analyzer. 

ADDRESS 

MEMORY 

CONTROL 

HP—When you depend on logic 

1610A 

GLITCH 
TRIGGER 

GLITCH 
DETECT 

TRACE 
COMPARE 

STATE 
COUNT 

TIME 
INTERVAL 

1611A 

HP has made it easier to choose the right logic 
analyzer for your application. 
We've developed a logical procedure to help 

you select the correct combination of features 
to solve your problems. Now, you can quickly 
make the transition from system to potential 
problems to features to a specific model. Here's 
how it works. 
Suppose your system resembles the one shown 

in the above block diagram. A problem you're 
likely to encounter is glitches on a control line— 
leading to disruptive signals being generated 
within your system. That's where a logic ana-
lyzer comes in. But which one? 

In this case, the two features you need which 
are central to glitch analysis are GLITCH 
DETECT and GLITCH TRIGGER. One look 



Appropriate 
Model 

at the Logic Analyzer Selection Chart and you'll 
find that both features are available in HP's 
1615A Logic Analyzer. With a few simple key-
board entries you'll be able to trigger on the 
glitch and perform cross-bus analysis for rapid 
troubleshooting. 
HP can show you a logical selection process 

for your design and troubleshooting problems. 
From system . . . to potential problems . . . to 
features . . . to a specific model. 

Simply send for the HP Logic Analyzer 
Selection Guide. It will take you through the 
step-by-step sequence and help you discover 
which HP Logic Analyzer is best for your appli-
cation. Or, for immediate assistance, give your 
local HP field engineer a call today. 

Please send me a free copy of 
the HP Logic Analyzer Selection Guide. 

Name/Title 

Company 

Address  

City/State/Zip  

Mail to: Hewlett-Packard, 1507 Page Mill Road, Palo Alto, 
California 94304 
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HEWLETT PACKARD 

1507 Page Mal Road, Palo Alto, Calitorma 94304 

For asestance cat Washtnglon (301) 948.6370. Chicago (312) 
255.9800, Atlanta (404)955-1500. Los Angeles (213) 877.1282 
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TM 500 Pulse Generators give 
you the capabilities you need 
and the flexibility you want... 

from Tektronix. 
Look around, you'll find our TM 500 
Pulse Generators used in just about 
every application—including radar, 
biomedical research and digital 
design. 

And because they're part of the 
TM 500 family of configurable instruments, 
you can mix and match these generators with over 
40 other compatible instruments including scopes, 
DMMs, counters, and even a digital delay. They slip 
into the TM 500 mainframe of your choice: rackmount, 
benchtop or travel lab. 

And there's something else of value that comes with 
these TM 500 packages: a sophisticated array of 
control functions that let you handle complex pulse 
requirements with ease. For instance, the 50 MHz PG 
508 features double and delayed pulse control. 
Independently variable rise and fall times. 
Independent pulse top and bottom level controls. Plus, 
a true 509 output impedance for clean waveforms into 
high impedances, ideal for CMOS applications. 

From the PG 505, you can get up to an 80 V 
output from a 4kil source. And when you add the 
capabilities of our 250 MHz PG 502 and our 50 MHz 
PG 501, you can choose a TM 500 Pulse Generator to 
tackle almost every electronic measurement 
application. And, to generate complex waveforms, two 
or more TM 500 Generators can be combined in a 
single mainframe. 

For Technical Data circle 080 on Reader Service Card 
For Demonstration circle d262 on Reader Service Card 
For Inmediate action, dial our toll free automatic , 
answering service 1,800-147-1512 
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How can we help you? Call the 
Tektronix Field Office nearest you. 
To request a copy of the TM 500 
Catalog, call our automatic 
answering service (toll-free) 
number 1-800-547-1512.1n Oregon, 
call collect: 644-9051. In Europe: 
Tektronix Limited, P.O. Box 36. St. 
Peter Port, Guernsey, Channel 
Islands. 
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Probing the news  
Analysts of technology and bustness developments 

IBM squeezes its imitators 
New 4300 line, less expensive and more powerful, has makers 

of plug-compatible computers wondering where they fit 

by Anthony Dumiak, Computers Editor 

International Business Machines 
Corp. is using a technological key to 
lock the door to the IBM-compatible 
market. 

Already, the so-called plug-com-
patible manufacturers are taking 
countermeasures. But will their ef-
forts be in vain? 

Traditionally, these vendors use 
more modern technology than IBM to 
offer add-on memories, disk drives, 
terminals—and lately, entire com-
puters—that can be interchanged 
with the IBM units, but offer better 
performance and lower prices. But in 
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its new 4300 mainframes introduced 
a month ago [Electronics, Feb. 15, 
p. 85], IBM upgraded its semicon-
ductors, resulting in more powerful 
units with dramatically lower price 
tags. Coupled with a startling 
$15,000-per-megabyte memory price 
and new disk drives, the 4300 will 
affect the entire spectrum of plug-
compatible products. As one compet-
itor says, "Instead of moving down 
the technology price curve a little at 
a time the way we did, IBM moved in 
one giant step." 
Comparing the various units in 

9 

terms of a relative performance scale 
drawn up by Datapro Research 
Corp., Delran, N. J., and their basic 
purchase price, the chart shows the 
large number of machines that offer 
more performance than IBM's Sys-
tem/370 models for the same or less 
money. The new 4300 computers are 
estimated to perform somewhere 
between the IBM 370/138 and 
370/158 processors, the range most 
crowded with look-alikes. But as the 
chart indicates, their dramatic pric-
ing reduces the advantage of the 
plug-compatible machines. 

RELATIVE PERFORMANCE 
O 
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12 

13 

14 

NM IBM 

I- 1 IBM 4300 

MI PLUG COMPATIBLE 
COMPETITORS 

LEGEND 

1 IBM 370/115 11 CAMBRIDGE MODEL 1 
2 IBM 370/138 12 CAMBRIDGE MODEL 2 
3 IBM 370/148 13 CAMBRIDGE MODEL 3 
4 IBM 370/158.3 14 MAGNUSON M80/3 
5 IBM 370/168-3 15 NATIONAL 400 
6 IBM 3031 16 TWO-PI V32 
7 IBM 3032 17 ITEL AS/3-3 
8 IBM 3033 18 CDC OMEGA 4801 
9 IBM 4331 19 CDC OMEGA 480-11 
10 IBM 4341 20 MAGNUSON M80-4 

21 TEL AS/5-1 
22 TEL AS/5-3 
23 ITEL AS/6-1 
24 AMDAHL 470V/5-II 
25 AMDAHL 470V/7 
26 AMDAH L 470V/8 

23 

24 

25 

26 SOURCE 
ELECTRONICS 

IBM spreads out the market. Relative performance vs price of System/370 and 4300 and the plug-compatible competitors shows how IBM 

has leapfrogged its rivals. Figures are based on composite estimates by Datapro Research Corp. and company claims. 
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Probing the news 

Whether those machines can 
regain that advantage is in doubt. 
IBM put the technical screws on the 
competitors through its heavy use of 
microprogramming in the new com-
puters. 

Most competitors are confident 
that since their machines are for the 
most part microprogrammed, they 
can match IBM. But it is not yet clear 
what IBM uses the microcode for. 
Industry analysts expect much of the 
operating system, including the new 
single-level virtual memory manage-
ment scheme, to be firmware. Since 
the 4300 processors have two modes 
of operation, it is suspected that the 
so-called native mode instruction set 
is different from the System/370's — 
requiring the competitors to write 
microcode to emulate the new 
instructions. And with the reduced 
price margin, it is not clear if they 
can finance the reverse engineering 
and programming effort. 

Ready. Many competitors claim 
that they anticipated the timing and 
severity of IBM's actions and pre-
pared for them. In Santa Clara, 
Calif., Magnuson Systems Inc. has 
already responded. "We'll take the 
same strategy as IBM—lower the 
price on the existing model and 
announce three new ones," says 
company president Joseph L. Hitt. 
The Magnuson M80/4 has been 
slashed by 25% to $295,000. 

Hitt will not reveal where he plans 
to price the new units but notes that 

"There'll be a computer shortage for 
the next two years, so the usual pric-
ing strategies don't apply." 

Separate price. Kent Crombie, 
director of computer systems mar-
keting at Cambridge Memories Inc., 
Waltham, Mass., the newest com-
petitor in the game [Electronics, 
Sept. 14, p. 88], points to the large 
amounts of separately priced soft-
ware IBM offers for the 4300. "The 
hardware is only going to be half the 
cost of the system. The total package 
pricing won't be as dramatic as it 
first seems." 

Kenneth Fischer, chairman of 
Prime Computer Inc., the Framing-
ham, Mass., company that markets 
minicomputers to IBM users, notes 
that even with reduced prices the 
established companies should be able 
to maintain an edge. "But for new 
companies, a smaller edge of say two 
to three times less is not big enough 
to cover startup costs and to fight 
the credibility problem with custom-
ers," he predicts. 

Agreeing is Burt Hochfeld, direc-
tor of plans and strategies for Telex 
Computer Products, Tulsa, Okla. 
Telex acquired an option to market 
Cambridge's computers, but Hoch-
feld says, "At this juncture I don't 
think we'll exercise that option. 
There's no question that IBM closed 
off the opportunity in the CPU-

compatible area." 
Perhaps more serious than their 

immediate threat, however, is what 
the 4300s portend. Industry observ-
ers view them as evidence that Ines 
hardware pricing will be much more 

For the first-time user. IBM's new 4331 processor features a maximum main storage of 1 

million characters of information. The system is made to be installed in an office. 

aggressive and that much of the new 
features will be optional extras in the 
form of separately priced software 
and firmware. 
New rules? This could change the 

rules of the plug-compatible game. 
Instead of pure hardware competi-
tion, the vendors will have to step up 
their software efforts, both to imitate 
the new IBM functions and to offer 
alternatives. Already Amdahl Corp., 
which competes with the top of IBM's 
line, has established a software-
development group to meet this chal-
lenge (see p. 14). 

Another area fraught with techni-
cal question marks is the add-on 
memory business. Using its new 64-
K random-access-memory chip, IBM 
has brought the price of memory 
down to $15,000 a megabyte. 
What's more, IBM put other func-
tions on this custom chip that the 
add-on memory makers will have to 
match and most likely implement 
with extra circuitry. 

Looking good. The only plug-
compatible area that still appears 
promising is disk drives. As Robert 
C. Wilson, chairman of Memorex 
Corp., Santa Clara, Calif., says, 
"The new products reaffirm that 
rotating-disk technology will be the 
memory used in the next generation 
of computers." 

Although the new 3370 drives use 
thin-film recording heads to double 
the recording capacity to 517 mega-
bytes, increase the data transfer 
rate by 55%, and change the record-
ing format, the vendors are confident 
they can imitate then. The change in 
the recording format may in fact 
increase their markets for two 
reasons. Since the new disk drives do 
not attach to the older System/370 
mainframes, competitors have an 
opportunity to sell improved drives 
to that large installed base. Also, if 
they can find a way to use the old 
format yet work with the new 4300 
operating system, they can eliminate 
the need for the user to reformat his 
data when upgrading his disk 
drives—a time-consuming and costly 
process. 

Despite the specific technical con-
cerns, makers of plug-compatible 
machines generally are confident 
that the 4300 will only help the 
market by expanding the overall 
demand for computers. El 
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229 Series available in 
cable plug and recep-
tacle as well as wall-
mount plug and recep-
tacle (photo 1/4 size) 
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Amphenor 229 Series connectors. 
Qualified to MIL-C-22992, Class L. 
Preferred under MIL-STD-1353A. 
Positively rugged—these high-power grounded connectors are 
constructed with high-impact aluminum and high-strength plasic. So 
they'll withstand rough use. Expect far fewer replacements and less 
downtime than with other connectors. 

Positively waterproof, too. Mated or unmated. Capped or 
uncapped. Our environmental sealing system eliminates a major 
cause of connector failure. 

Recessed socket contacts provide arc-quenching and 
personnel protection. Five-key shell polarization means these 
connectors can only be mated with connectors having the 
same voltage, current, frequency. phase, and grounding 
characteristics. And they are field repairable. Available in 

four connector shell sizes: 28(40-amp), 32(60-amp), 44(100-
amp), and 52(200-amp). 

Applications include mobile or fixed communications, radar, 
lighting, portable generators, power generation and distribution equip-
ment, battery chargers, and more. 

For complete information, technical data, dimensions, and prices, 
contact your nearest Amphenol North America sales office. 

AMPHENOL NORTH AMERICA 
A Division of Bunker Ramo Corporation 

Amphenoi Nodh America Division Headquarters: Oak Brook. Illinois 60521 

Sales Offices: Atlanta 404.394 6298 • Boston (617)475-7055 • Chicago (312) 449-1880 • Dallas (214) 235-8318 • Dayton (513) 294-0461 
Denver (303) 758-8033 • Detroit (313) 722-1431 • Greensboro (919) 275-8644 • Houston 7131444-4096 • Indianapolis (317) 842-3245 
Kansas City (913i 764-1541 • Knoxville (615) 690-6765 • Los Angeles (213)649-5015 • Minneapolis (6121835-4595 • New York (516) 364-2270 
Orlando (305) 647-5504 • Philadelphia (215) 657-5170 • Phoenix (602) 265-3227 • St Louis (314) 569-2277 • San Diego (714) 272-5451 
San Francisco (408) 732-8990 • Seattle (206) 455-2525 • Syracuse (315) 455-5786 • Washington. DC ,1 703) 524-8700 

Canada: Montreal (514) 482-5520 • Toronto (416) 291-4401 • Vancouver (604) 278-7636 • International: Oak Brook. Illinois TELEX 206-054 
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Probing the news 

Communications 

Voice recognition moves along 
Researchers at Bell Labs have built a programmable system 

that can be used for plane reservations and directory assistance 

by John G. 

If telephony could benefit from any 
science, it would be the science of 
human speech processing. So it is no 
wonder that Bell Laboratories re-
searchers have been acquainting 
themselves with this field for years. 
But despite attempts to mimic 
human speech production with elec-
tronic hardware, few such systems 
have reached the commercial do-
main. 

This is especially true of speech 
recognition systems, often said to be 
an order of magnitude more difficult 
to design than their counterparts, 
speech synthesizers. 

For telephone use, demands ap-
pear to be the most stringent. The 
ideal recognizer would be capable of 
handling continuous speech, be 

Posa, Microsystems and Software Editor 

speaker-independent, and be both 
accurate and fast (see "Recognizing 
recognizers"). Larry Rabiner and 
Aaron Rosenberg, technical staff 
members of the acoustics research 
department at Bell's Murray Hill, 
N. J., facility, have met these 
requirements with a single program-
mable word-recognition system. 
Two versions. They have coded it 

(in Fortran) to pick out words in a 
spoken sentence, but the result is 
speaker-dependent. They have also 
modified it to be speaker-indepen-
dent, but the system relies on 
isolated words. It seems all that is 
left to do is to combine the algo-
rithms into one inexpensive system. 
That, of course, is easier said than 
done. 

Recognizing recognizers 

Speech-recognition systems can be characterized in a number of ways. They 
can be either word-oriented or phonetically based, for example. Systems 
geared around whole spoken words have stored in memory reference models 
or templates of the words in their vocabulary. These templates are assimi-
lated during the machine's training period, whereby one or more speakers 
repeat the words. Their utterances are digitized, stored, and later used as the 
basis for judgment of the incoming speech. Phonetic systems are similar, 
except that in place of words they usually use phonemes, generally agreed to 
be the basic noises in human speech. 

Recognition machines can also be either speaker-independent or -depen-
dent, although some systems can be both. Speaker-independent systems, 
the more elegant, do not care who is doing the talking. Speaker-dependent 
machines can only be used by the individuals who trained them. 
Word recognizers, too, can be speaker-independent. This is managed by 

training the system with a larger cross section of talkers to arrive at a flexible 
set of reference templates for each word. Incoming words are then 
compared with all the reference patterns for each word with the probability 
of success being related to the number of templates and the method by 
which they were obtained. 

Finally, such systems may or may not accept continuous speech. For true 
continuous operation, the talker need not pause between words or give the 
machine any indication of beginnings or endings. It is left up to the system to 

discover what is valuable speech information and what is not. 

The most recent work at Bell 
actually dates back about five years, 
when Fumitada Itakura took a leave 
from Nippon Telegraph and Tele-
phone Public Corp. to do two years' 
research at the U. S. lab. Itakura is 
one of the most prominent names in 
speech research, for he formulated 
some of the basic principles of linear 
predictive coding, now heralded as 
the key to recognition and synthesis 
at low data rates. Texas Instruments 
Inc., for example, uses the coding in 
its Speak & Spell chip [Electronics, 
Aug. 31, 1978, p. 190]. 
To demonstrate continuous speech 

recognition, Rabiner, Rosenberg, 
and Itakura set up an airline flight-
reservation system, still being im-
proved. It is speaker-dependent and 
word-oriented and has a vocabulary 
of over 125 words associated with 
airline information. Names of cities, 
times of day, and other words like 
"fare," "nonstop," and "seat" are 
included in the machine's word list. 
To operate the machine, a user 

picks up the phone and asks ques-
tions about flights. Responses come 
from a synthesized voice. 

Cerebral approach. If in the course 
of a conversation the machine is 
asked, "How much is the fare?" it 
will first examine the very beginning 
of the question and develop a small 
table of words, time frames, and 
probabilities. The time frames are 
listed using two values, a beginning 
and an end, and the probability indi-
cates the likelihood the associated 
word is in that time frame. 

After the first table is constructed, 
the system bites off more of the 
sentence and builds a second table, 
using as its time-frame beginnings 
the end values developed in the first 
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table. However, for each entry in a 
table, there will be several possibili-
ties for the next word, so that each 
successive table grows almost expon-
entially in size, even when the ridicu-
lous possibilities are ignored. When 
the machine is finished making all 
the tables, which takes under two 
minutes for this particular question, 
it adds up all the probabilities to find 
the most likely sentence. It is accu-
rate more than 90% of the time for 
the words themselves, and over 70% 
correct for the entire sentence. 

Rabiner and Rosenberg's latest 
version of the machine, created 
primarily by using a novel approach 
to the template-making process, is 
adapted to telephone directory as-
sistance, and its big feature is that it 
works independently of the speaker. 
The system, which can understand 
most American dialects and some 
foreign accents, currently recognizes 
39 spoken words. Twenty-six of the 
words are the enunciated letters of 
the alphabet, 10 are the numbers 0 
through 9, and the remaining 3 are 
"stop," "error," and "repeat." To 
obtain a telephone number through 
the experimental system, the caller 
simply spells out the first five letters 
of the last name and the initials, 
pausing for at least a tenth of a 
second between the letters. 

In training. The system uses three 
modes of operation. When it is being 
trained (mode 1), 100 test speakers, 
half male, half female, say each of 
the 39 words. The words are passed 
through an autocorrelation analyzer, 
which averages the input with a 
time-shifted version of the speech 
itself. The result of this averaging is 
a number of coefficients (9 for each 
45 milliseconds of speech) used later 
to calculate a model of the speech 
patterns. 

During the clustering process, the 
second mode, the coefficients for the 
same word from each speaker are 
compared to pinpoint any similari-
ties. With the help of Steve Levin-
son, another Bell researcher, Labiner 
and Rosenberg discovered an inter-
esting bonus during the clustering of 
the words: only a dozen coefficients 
(instead of a full 100) were required 
to recognize the speech of a broad 
population. 
When the system is used, the call-

er's words are pitted against all 12 
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reference templates to find a match. 
This takes approximately 5 seconds 
per spoken letter, for a total of less 
than a minute for the entire name. 

If the computer makes a mistake 
in judging a letter, it will look for a 
name that is not in the directory. 
Failing to find a match as it builds 
up a name form left to right, it 
substitues the next most likely letter 

and looks again. The combined 
efforts of the recognizer and this 
self-correcting strategy yield a sys-
tem that is correct 97% of the time. 

Labiner points out that an advan-
tage of the Bell designs is that they 
are algorithmic in nature. "No 
heuristic logic is involved," he says, 
"the system can be used for one 
application one day and another the 
next, without changing anything 
except the program." 

Although other groups at Bell 

When you equip your computer with a TCU-100, you'll 
automatically have the date and time available when 
you power up. 

It's an easy way to keep track of downtime, too. 
Furthermore, you can use the unit like an alarm clock. 
Set it to interrupt at preset times—or at intervals as 
short as 1/2048 second. 

TCUs are shipped preset to your local time, but 
can be set to any time you want by a simple software 
routine. The built-in battery back-up is good for months 
with out computer power. 

For the LSI-11 user, we offer the TCU-50 — the 
same reliable timekeeper without the interrupt capa-
bility. With either unit, time is cheap. The TCU-100 is 
just $495. And the TCU-50 is only $325. 

Time is only one way we can help you upgrade 
your PDP-11 or LSI-11 system. We'd also like to tell you 
about the others. 

So contact Digital 
Pathways if you're 

4151 Middlefield Road • Palo Alto, 
into -11's. We are too. California 94306 • Telephone (415) 493-5544 
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Labs are studying linguistics in 
general, and phonemes in particular, 
for possible incorporation into the 
machines, the experimental Bell rec-
ognizers are all word-oriented. Also 
common to the systems is the hard-
ware. For one thing, "They all make 
use of the telephone," boasts Rosen-
berg. The phones are not just 
connected directly to the system; it 
has its own extension, which 
the researchers dial up. The ma-
chines also rely on a Data General 
Eclipse S/230 computer and, for the 
fast multiplications, a MAP-200 
floating-point array processor from 
CSP Inc., Burlington, Mass. 
The researchers agree such equip-

ment is overkill. For the speaker-
independent system, for example, 
"you'd need a fast dedicated multi-
plier on the input, a microprocessor 
for the analysis process, and a bank 
of microprocessors for the compari-
sons with the reference templates," 
says Rabiner. 

"It would require about one 
microprocessor for every 10 words in 
the vocabulary and one multiplier 
for every 40 words. It could probably 
be done with today's components for 
about $2,000, but nobody has really 
done a detailed hardware analysis." 

Better. As for the future, Rosen-
berg states that efforts will continue 
to make recognition systems more 
capable: to have larger vocabularies, 
to be more speaker-independent, to 
be more natural to use, and to 
correct poor grammar. 
Competent recognizers could be 

applied to several tasks, especially in 
the telephone system. Besides direc-
tory assistance, which would be 
beneficial in itself, people could dial 
a phone simply by saying the 
number they wished to reach. This 
would further reduce the number of 
mechanical components, possibly 
eliminating them altogether. 
And when synthesis and recogni-

tion are used together, the possibili-
ties are startling. Consider a system 
that would allow a conversation 
between people who do not speak 
each other's language— for example, 
a machine that could recognize Eng-
lish, translate it to French, then do 
the opposite in the other direction. 
Though he admits it is possible, 
Rosenberg adds, "You won't see that 
tomorrow." 
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Data I/O's System 19 PROM programmer talks 
back to save you time and money. 

It's a state of the drt programmer that teils 
you when things are right, or if they're wrong, it 
tells you why. 

Switch it on and the System 19 checks all 
its components: I/O port, microprocessor, RAM, 
bus, front panel and even its own software. 

During the programming sequence, the 
System 19 conducts an illegal bit check, blank 
check, sum check on the newly programmed 
device and data verification at high, low and 
mid point voltages as required to make sure 
the device meets manufacturer's operating 
specifications. 

The System 19 gently warns the operator 
when a simple procedural error is made and 
locks up before the operator can make a 
serious error and waste a device. 

If something goes wrong during opera-
tions, the System 19 flashes one of 27 error 
codes on the readout to lead you to the specific 
problem quickly. 

With a System 19, you can program every 
type of programmable logic device including 
FPLA. And with its unique gang module, you 
can program up to eight MOS devices at once. 

Best of all, Data I/O's System 19 is priced 
within just about everyone's budget. 

You haven't shopped around until you've 
looked at Data I/O. Let us show you the dif-
ference. Circle the reader service number or 
contact Data I/O, PO Pox 308, Issaquah, WA 
98027. For answers fast, call toll free: 
800-426-9016. 

anoct meal DATA I/O 
Programming systems for tomorrow...today 
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Manufacturing 

Lasers attract chip makers 
Their precision in annealing the damage 

of ion implantation spurs research around the world 

by Ben Mason, New York bureau manager, and Robert Brownstein, San Francisco regional bureau 

Don't look now, but high-energy 
lasers may be about to invade semi-
conductor manufacture. If experi-
ments in laboratories around the 
world bear fruit, laser heat may be 
used to anneal wafers after ion 
implantation (or to replace ion 
implantation itself), to enlarge the 
grain size of polycrystalline silicon, 
to trim devices such as zener diodes, 
and to form metal contacts. There 
are many other possible uses. 
What makes all this possible is the 

precision of the laser beam, which 
heats only the small spot it hits and 
to a depth that can be fine-tuned. 
"The laser gives you another control 
knob," says Walter L. Brown, head 
of the radiation physics research 
department at Bell Laboratories' 
Murray Hill, N. J., installation. 

Control. It is not just a matter of 
controlling the time and area of the 
heating more precisely, he explains. 
"You also control the wavelength of 
light interacting with the wafer. So 

you're managing extra variables and 
getting extra flexibility." 
The notion of using laser heat in 

semiconductor manufacture burst 
upon the research community in 
mid-1977. Among the labs investi-
gating it are Bell in Murray Hill; the 
electrical engineering department at 
Stanford University; various semi-
conductor makers, including over-
seas manufacturers such as Siemens 
AG, NV Philips Gloeilampenfabriek-
en, Hitachi Ltd., and Plessey Ltd.; 
the Oak Ridge National Laborato-
ries, run by Union Carbide Corp. for 
the U. S. Government; and Lock-
heed Missiles and Space Co. 
No ovens. What sparked this inter-

est were reports from the Soviet 
Union of preliminary work with 
lasers as an alternative to the oven-
heating necessary to restore the 
single-crystal structure of silicon 
after its disturbance by high-energy 
ion implantation. This thermal an-
nealing takes about 30 minutes at 
1,000°C, and, while reforming the 
silicon, can curl the wafers. 

Scanning a laser beam across the 
implanted areas of the wafers, or 
hitting an oxide-masked wafer with 
a beam that can cover from a third 
to all of the surface, appears much 
faster, perhaps less costly because of 
its speed. Whether or not this proves 
the case, "if the more expensive laser 
method gives a higher yield, the 
price of that method is secondary," 
says Eberhard Krimmel, head of the 
Munich research team investigating 
laser annealing for Siemens. 

Investigators of laser annealing 

Hot flashes. Neodymium YAG laser, in 

green portion of spectrum, pulses its spot 

onto silicon wafer at Western Electric lab. 



Why you should buy a digital 
multimeter from the 

leader in digital multi meters. 
If you're shopping for your first multi-

meter, or moving up to digital from 
analog, there are a few things you 
should know. 

First, look at more than price. You'll 
find, for instance, that the new Fluke 
8020A DMM offers features you won't 
find on other DMMs at any price. And 
it's only $169. 

Second, quality pays. Fluke is recog-
nized as the leading maker of multi-
meters (among other things) with a 
30-year heritage of quality, excellence 
and value that pays off for you in the 
8020A. 

Third, don't under-buy. You may think 
that a precision 31/2 -digit digital multi-
meter is too much instrument for you 
right now. But considering our rapidly 
changing technology, you're going to 
need digital yesterday. 

If you're just beginning, 
go digital. 

Why not analog? Because the 8020A 
has 0.25% dc accuracy, and that's ten 

2525-8020 

times better than most analog meters. 
Also, the 8020A's digital performance 

means things like 26 ranges and seven 
functions. And the tougher your home 
projects get, the more you need the 
8020A's full-range versatility and ac-
curacy. The 8020A has it; analog meters 
don't. 

If you're a pro. 
You already know Fluke. And you 

probably own a benchtop-model multi-
meter. 
Now consider the 8020A: smaller in 

size, but just as big in capability. Like 
2000-count resolution and high-low 
power ohms. Autozero and autopolarity. 
And the 8020A has 3-way protection 
against overvoltage, overcurrent and 
transients to 6000V! 

Beginner or pro, you'll find the meter 
you now have can't measure nanosie-
mens. So what? With the 8020A con-
ductance function, you can measure 
the equivalent of 10,000 megohms in 
nanosiemens. Like capacitor, circuit 
board and insulation leakage. And, you 
can check transistor gain with a simple, 
homemade adapter. Only with the 8020A, 
a 13-oz. heavyweight that goes where 
you go, with confidence. 

What price to pay. 

$169. 
Of course, you can pay more. Or less. 

In fact, you could pay almost as much 
for equally compact but more simplistic 
meters, and get far less versatility. And, 
the 8020A gives you the ̀plus' of custom 
CMOS LSI chip design, and a minimum 
number of parts (47 in all). All parts 
and service available at more than 100 
Fluke service centers, worldwide. Guar-
anteed, for a full year. 
Rugged. Reliable. Inexpensive to 

own and to operate; a simple 9V battery 
assures continuous use for up to 200 
hours. 

Where to buy. 
Call (800) 426-0361*, toll free, and 

we'll tell you the location of the closest 
Fluke office or distributor. Get a per-
sonal hands-on feel for the best DMM 
value going. 

Price U.S. only. 
*Alaska, Hawaii, Washington resi-

dents — please call (206) 774-2481. 

Command Performance: 
Demand the Fluke 8020A. 

FLUKE 
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Probing the news 

seem generally to agree with Krim-
mel, although research is hardly far 
enough along for cost-accounting. 
However, diverse approaches are 
emerging from the labs. 
A major question is whether to use 

the liquid or solid mode of laser 
annealing, and a related one whether 
to use pulsed- or continuous-wave 
lasers. The liquid mode actually 
melts the wafer surface to a careful-
ly controlled depth, causing rehomo-
genization of the silicon and, as a 
bonus, activating the ion impurities 
better than oven annealing. The solid 
mode is more like the oven method, 
heating the wafer for over a millise-
cond to somewhat less than the melt-
ing point. It does not leave rough 
surfaces—sometimes a problem with 
the melting mode—but, unlike the 
liquid mode, depends on such factors 
as crystal orientation and the con-
centration and type of ion impurities, 
Brown says. The solid mode also 
requires more energy over a longer 
time, so it is more expensive. 

Pulsed lasers. Most experimenters 
appear to be working with the liquid 
mode, the majority using Q-switched 
ruby or neodymium yttrium-alumi-
num-garnet-pulsed lasers to get the 
microsecond flash of energy neces-
sary to melt the silicon. Scientists 
working on the solid mode, notably 
James F. Gibbons at Stanford Uni-
versity in Stanford, Calif., generally 
use a continuous-wave gas laser. 
A big advantage of the laser is its 

selectivity: only wafer areas dam-
aged by ion implantation need be 
treated. On the other hand, the beam 
in both pulsed and continuous-wave 
lasers is small in relation to the 
wafer, so it takes longer to anneal 
large areas. Plessey's Alan Clark 
Research Center in Caswell, Eng-
land, is working with masking tech-
niques that could cut the time. 

Plessey puts down a silicon-oxide 
mask over the entire wafer, leaving 
windows where ion implanting takes 
place. Then it is possible for the laser 
beam to sweep across the wafer, 
annealing through the windows. 
With a big enough beam, an entire 
wafer could be annealed in two or 
three pulses—eventually, perhaps, 
with a single pulse. 

Nor is silicon the only material 
under study. Thomson-csF's central 
research lab in Corbeville, France, 
for one, is working with gallium 
arsenide. 

If the big-beam method pans out, 
competitive throughputs may be 
obtained, says Siemen's Krimmel. 
"We are shooting for a throughput 
of one 3-inch wafer every 30 
seconds, which matches that of typi-
cal ion-implantation equipment and 
is also the goal of other companies." 
That amounts to 60 every half hour; 
the wafer boat in an annealing oven 
typically handles 50 wafers. 
One use of the single-beam that 

could answer researchers' prayers is 
in annealing photovoltaic silicon 
cells. A team led by Michael Lopez 
at Lockheed Missiles and Space Co., 
Sunnyvale, Calif., has succeeded in 
turning out 15% efficient solar cells 
using a conventional YAG laser with 
a 2-mil spot size. Oven-annealed 
cells reportedly are averaging 8%. 

However, the DOE also wants to 
slash the cost of solar electricity 
from the present $11 per peak watt 
to 50e, and the secret here is mass 
production of the cells. Since the 
entire wafer is implanted with ions 
to make the solar cells, a wafer-sized 
beam is the key, Lopez thinks. Lock-
heed will buy a laser with a 1-in. spot 
and a repetition rate of four pulses 
per minute—but lasers with beams 
even as big as the present 3-in, wafer 
diameter are still a dream. 

Electron beams. Well beyond the 
dream state is a strong competitor of 
the laser for semiconductor applica-
tions. Pulsed electron-beam techni-
ques are also under consideration for 
such tasks as annealing solar cells, 
and at least one company is readying 
equipment. 

With laboratory work still the 
order of the day in laser annealing, 
some side effects remain to be fully 
investigated, says Bell Labs' Brown. 
For one, the rapid buildup of heat in 
the silicon may be creating point 
defects—atoms missing or out of 
place. The electrical effects of these 
defects are unknown at present, he 
says, and "modest heating following 
the annealing can dramatically re-
duce the defects." 
A second side effect may be strain 

defects in the crystal created by the 
very small, very intense heat spot, 

Brown says. While it looks as if this 
effect will be no problem, investiga-
tion is far from complete, he reports. 

It is not only single-crystal silicon 
that responds to the laser's heat. At 
Stanford, Jim Gibbons is using 
continuous-wave lasers to lower the 
resistance of polycrystalline silicon. 
Polysilicon is used for interconnec-
tion and ohmic contacts, where low 
resistance is crucial. 
Gibbons increases the size of the 

material's grains, apparently by 
melting the surface with the cw 
beam. Most of the impedance is in 
the boundaries between the grains; 
the larger the grains, the fewer the 
boundaries. He reports typical re-
sults of a drop in sheet resistance of 
boron-implanted samples from 12.5 
megohms per square centimeter to 
269 ohms/cm'. 

Bell Labs has worked with polysil-
icon's grain size using the pulsed 
lasers at Western Electric Engineer-
ing Research Laboratory in Prince-
ton. Walter Brown reports that slid-
ing the pulsed spot across the surface 
caused the molten grains to orient 
themselves in the direction of the 
motion, further cutting resistivity. 
He says that Bell, as well as 
Gibbons, is investigating the possi-
bility of growing the conducting path 
as one grain. Philips' research unit in 
Amsterdam and the Siemens team 
are also studying grain growth. 
No more implantation. Most labs, 

in fact, are investigating several 
potential laser applications on semi-
conductor production lines. Among 
the uses under study at the Oak 
Ridge labs in Oak Ridge, Tenn., is 
bypassing the fussy and troublesome 
ion-implantation process. 

"Ion implantation is very costly," 
says Rosa Young, a research staff 
member at the labs. "You can avoid 
it with electron-beam evaporation of 
a film of the doping material and a 
laser driving it in." 
The Oak Ridge researchers are 

using pulsed lasers to melt the silicon 
surface with a power of 1.2 to 1.5 
joules per square centimeter. Young 
expects that "any kind of painting or 
spraying technique" could replace 
the electron-beam evaporation, cut-
ting costs even more. El 

Additional reporting came from Arthur Erikson. Paris; John 
Bosch. Frankfurt: Kevin Smith. London; and Pamela Hamil-
ton. Boston. 
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Probing the news 

Solid state 

Shortages have an air of déjà vu 
Double ordering of semiconductors rakes up five-year-old 

coals, with worst pinches in high-technology devices 

by Howard Wolff, Assistant Managing Editor 

It hasn't reached the panic stage yet, 
but unprecedented demand for semi-
conductors has forced manufacturers 
to stretch delivery lead times and, in 
some cases, resort to allocation. 
The result has been an outbreak of 

double ordering, the first since the 
bad old days of the 1974 slump, in 

which users place orders with several 
sources—distributors or manufac-
turers—to ensure eventual delivery. 
Most of the demand and shortage is 
in the high-technology products, 
with low-power Schottky integrated 
circuits singled out repeatedly. One 
Texas observer says that lead time is 

40 to 52 weeks, and some manufac-
turers are refusing to take orders. He 
attributes the problem to Texas 
Instruments Inc. "because TI occu-
pies about 42% of the market. And 
once they get into trouble, it shifts 
onto the balance of the market and it 
ain't long until nobody's got no-
thin'." Acknowledging the stretch, 
TI has put its customers and distribu-
tors on allocations for most transis-
tor-transistor-logic parts as well as 
random-access and erasable pro-
grammable read-only memories. 
This program is very well received 
by customers, according to TI. 
Wherever the shortage starts, the 

consensus is that not only is low-
power Schottky being quoted at up 
to a year [Electronics, Feb. 15, p. 50], 
but the squeeze also is being put on 
standard Schottky parts. There, the 
lead time in some cases is nine weeks 
as opposed to five weeks only a 
month ago. 
The ripple effect of such a situa-

tion is not being felt yet, but can't be 
too far behind. In Southern Califor-
nia, for example, where minicomput-
er manufacturers are big users of 
Schottky circuits, the delay in 
getting parts—now only up to 26 
weeks—has not yet hurt. However, 
the feeling is that machine deliveries 
will be hard hit by the year's end. 

Also vulnerable. Memory devices 
are not immune to the pinch. At 
Mostek Corp. in Carrollton, Texas, 
national sales manager Dick Konrad 
says, "Unquestionably, we will have 
to allocate some products" beginning 
this month. The primary products in 

Trying to keep up. With demand for their 

products at a peak, semiconductor makers 

are working three-shift days to keep pace. 
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PERMANENT 
EXHIBITION 

Scandinavian Electronics Mart 

Europe's first 
permanent exhibition 

of Scandinavian 
electronics. 

Here a number of leading Nordic producers 
show the latest achievements of the Scandi-
navian electronics industry within the fields of 
research, know-how and production 

Scandinavia's high technical standard is 
demonstrated through quality and functional 
electronic products 

Visit the new centre for rational purchasings 
and concentrated information on electronic 
components, instrumentation and manufac-
tured equipment when you pass Copenhagen 

Open Monday - Friday from 10 a.m. - 4 p.m. 

Jorgen Andersen ingeniorlirma A/S. DK Arcodan Antenne Systemer ArS. OK • Argento 
ApS DK Bang 8 Olutsen A/S. DK • Chemitalic A/S DK - CKI-Data ApS. DK Danavox A/S 
DK - Dancom A/S. DK - Danica Elektronik A/S. DK - Daruca Supply ApS. DK - Dansk Digital 
Teknik ApS. DK - Diplohmatic A/S. OK DISA Elektronik A/S. DK A/S Elektnsk Bureau. N - 
Elektrondecentralen DK - ELMI A/S. DK - EMRI ApS. DK - Fossnit A/S. DK - ONT Automatic 
A/S, DK - Hellesens. DK - Helweg-Mikkelsen Instrument A/S. DK - Ito Electric LagSpanning 
AB, S - A/S Tobias Jensen. DK - JPS Elteknok A/S DK Kamstrup-Metro A/S OK - LENES 
A/S, DK - A/S Logik Ingeniorlirma OK Lohse Electronics. DK - Luxor Indust,, AB S • H & 
K Lubtke Aktieselskab. DK - A/S Logslrup-Steel. DK Micro Matic A/S DK Modulohm I/S 
DK Jorgen R Muller A/S. DK - Neselco A/S. OK . OV Nokia AB. SF - Peerless Fabrikerne 
A/S. DK Philips Fabriker A/S - ICS. N - Piezodan ApS, DK - Polyamp AB. S - Poxyprint 
ApS DK - Radiometer Electronics A/S. DK - Christian Rovsing A/S. DK Salcomp OV. 
SF - Sa/ora OV SF - Seas Fabriker A S N - Skandinavisk Elektroakustik A/S OK Del 
Store Nordiske Telegraf-Selskab A/S DK - Storno A/S. DK - K Sum A/S. DK • 
Transduktor A/S. DK - Aktieselskabet Videbœk Hoittalertabrik. DK - Vitrohru 
Elektroleknisk Fabrik A/S. DK Wicon Kondensatortabrik A/S. DK - Zodiac 
Communications ApS OK 

Please send me further information on 
the Scandinavian Electronics Mart 

Send to 

ES Bella Center 
Marketing dept 
Center Boulevard 
DK-2300 Copenhagen S 
Denmark 
Tel +45-1-51 88 11 

Probing the news 

high demand from Mostek are 
4,096- and 16,384-bit dynamic 
RAMS, 4-K static RAMs, and model 
2716 E-PROMS. For the dynamic 
parts the lead time has stretched to 
22 weeks; for the 4-K static devices it 
is at 16 to 18 weeks. As for the 
2716s, since Mostek is just beginning 
to build them, the company has not 
made any long-term commitments, 
though "we could extend the lead 
time to six to nine months," says 
Ken rad. 
The reason for the shortages is not 

only production problems. In fact, 
manufacturers are turning them out 
at higher-than-ever rates. For exam-
ple, Mostek says it is building 4-K 
dynamic RAms at a pace exceeding 
its annual plan, while its 16-K parts 
production is right on schedule. It 
also has been running triple shifts for 
some time, and is bringing up a new 
fabrication line in Carrollton with a 
second one scheduled to be running 
by the end of the year. 

National Semiconductor Corp. in 
.Santa .Clara, Calif., points to anoth-
er aspect. Frank J. Barone, director 
of bipolar memory components, says 
that in short supply are wafers 
coming in one end and program-
mable ROms going out the other. 
The wafer shortages began to appear 
three to four months ago, says 
Barone, and supplies are now 10% to 
15% short. 
Progammable ROms began to 

stretch out before Christmas, when 
delivery was 4 to 6 weeks, until last 
month when the time stretched to 20 
weeks. Barone attributes the short-
age partly to 8- and 16-K program-
mables "getting into production and 
eating the capacity for 1- and 4-Ks. 
But when a 4-K comes out, it doesn't 
replace a 1-K." 
What's next. Whether the situa-

tion gets as bad as it did five years 
ago "depends on whether the semi-
conductor manufacturers allow it to 
happen," says Mostek's Konrad. If 
the situation gets too bad, he intends 
to ask customers and distributors to 
cancel or reschedule their standing 
orders. That would have the effect of 
forcing users to scrutinize their 
orders to determine what they really 
need. 
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WHO'S WAY 
OUT IN FRONT 
IN HIGH SPEED 

DATA 
CONVERSION? 

ANALOG DEVICES 
COMPUTER LABS 
BOTH. 
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COMPUTER LABS TEAMS UP 
AN ADDED 
DIMENSION IN 
MULTI-MHZ A/D AND 
D/A CONVERTERS. 
Computer Labs is the world 
leader in high speed A/D 
and D/A data con-
verters. So it makes 
a lot of sense for 
Computer Labs to 
team up with the over-
all data converter leader, 
Analog Devices. And this means that all your 
data converter needs can now be served 
from a single source— everything from dc 
to multi-MHz in instruments, modules, 
hybrids, and monolithics. 

Computer Labs puts Analog Devices on 
a fast track with its design and manufac-
turing expertise in high speed radar and 
video data converters and very fast hybrids, 
150 products in all. Analog Devices brings its 
technological and customer support to 
Computer Labs in terms of sales and service, 
technical literature and documentation and 
application engineering. Which adds a new 
dimension to Computer Labs' wide range of 
high speed A/D and D/A converters, track 
and holds, deglitchers, and operational 
amplifiers in applications 
like computer interfacing, 
radar digitizing, digital 
communications, 
sonar systems and 
graphic display. 

er 

PRODUCTS LIKE THESE. 

MOD-1005 HIGH SPEED VIDEO A/D CONVERTER 
310 bits @ 5-MHz word rate • Single PCB construction, 
only 27 sq. in. U Built-in track-and-hold with 25 psec. aper-
ture • 20-MHz analog input bandwidth al Only 10-Watt 
power dissipation II Signal-to-noise ratio greater than 
58 dB U Noise power ratio greater than 49 dB U Complete 
and self-contained with integral track-and-hold, encoder, 
timing circuitry, and output latches MI Needs only power 
and encode command 1112-bit version available soon. 

1F7 
MATV-SERIES VIDEO A/D CONVERTERS 

•8 bit accuracy, guaranteed monotonic • Ultra-high 
speed, dc to 20 MHz word rate III A family of the most eco-
nomical video A/D's available featuring 11, 16 and 20 MHz 
word rates II All in 5.5" by 4.38" by 0.85" modules II Self-
contained modules include input buffer, encoder, internal 
reference, timing circuits and buffered parallel output II 
Needs only power and encode command II Ideally suited 
for digitizing color television at three to four times NTSC 
or PAL subscriber frequencies as well as video time base 
corrector and frame synchronizer applications. 



WITH ANALOG DEVICES. 
11% COMPUTIR LAOS 
No MAU» OIRRCES 
MAC« AMO MOLD 
MVS-002111 

Mir 

HTS-0025 ULTRA-HIGH SPEED TRACK AND HOLD 
Ultra-fast aperture of 20 psec. Exceptional 20 nsec. 

acquisition time Excellent 0.01% linearity Highly reli-
able hybrid construction Active laser trimming to null dc 
offset, hold pedestal, and switching transients Hi-Z FET 
input of 101° ohms High output current can drive 
50-ohm load. 

AC.,CL.M.PUDT, L B S 

A /12 CONVERTER 

HAS-1202 
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HAS-1202 FAST HYBRID A/D CONVERTER 
II 12-bit resolution II Exceptional accuracy of 0.012% of 
F.S. U Low power, 1.8 Watts 3 2.2 µsec. typical conversion 
time U Available in a glass or metal 32-pin DIP R Complete 
and self-contained for adjustment-free operation, no 
external pots required. 

DCOMPUTER LABS 
ANAL OC. DEVICES 

DIA   

HDS-1250 HIGH SPEED 
CURRENT OUTPUT D/A CONVERTER 

3 Fast 12-bit hybrid microcircuit U Ultra-fast settling time, 
50 nsec. to 0.025% of FS. U Guaranteed monotonic U 0.85 
Watt power dissipation 3 Adjustment-free operation, no 
external pots required U Ful110mA output current. 

YOU'RE 
THE WINNER. 

With this combined strength, Analog 
Devices and Computer Labs will continue to 
lead the industry in data conversion prod-
ucts through the use of innovative circuit 
designs and advanced processing technolo-
gies. Which will lead to industry break-
throughs like monolithic high-speed video 
A/D converters and a lot more. 

Because Computer Labs and Analog 
Devices have teamed up, you get the 
broadest line of converters available from a 
single source. A complete family of dc to 
multi-MHz A/D and D/A converters encom-
passing bipolar, CMOS and PL technologies, 
from 8 to 18 bits available as instruments, 
modules, hybrids and monolithics. 

For complete information on the 
products described here, call Ed Graves at 
(919) 292-6427. Or write Analog Devices, 
P.O. Box 280, Norwood, MA 02060. 

ANALOG 
DEVICES 

WAYOUT IN FRONT 
Analog Devices. inc , Bc x 280, Norwood, MA 02062 East Coast (617) 329-4700. Midwest (312)894-3300. West Coast (213) 595-1783, Texas (214)231-5094. Belgium 031 37 4803, Denmark 

(02)845800. England 01 94 10 46 6. France 686-7760. Germany 089 5303 19. Japan 03 2E 36 82 6. Netherlands 076 879 251. Switzerland 022 319704, and representatives around the world 
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Probing the news 

Commentary 

Equipment makers worry over VLSI 
Anxious about technical and financial problems, semiconductor 

production firms feel the V in VLSI stands for Valium 

by Larry Waller, Los Angeles bureau manager 

Some disturbing thoughts about the 
arrival of very large-scale integra-
tion are now causing semiconductor 
equipment manufacturers to lose 
sleep. They are suffering from a bad 
case of future shock, because the 
future is now. 

Certainly the equipment suppliers 
have it made this year. It looks as if 
these companies will breeze through 
1979 as domestic and overseas 
customers continue to demand more 
and more lithography equipment, 
sputterers, and the like. 

But the reason for sleepless nights 
is the glamour technology of the 
1980s—very large-scale integration, 
perhaps the stiffest challenge these 
firms have had to meet. Their inge-
nuity and financial resources will be 
tested to the fullest to develop what 
amounts to a quantum jump, a 
brand-new generation of production 
equipment and materials. The nub of 
the problem is that the production 
machines of the 1980s must be able 
to turn out devices with line dimen-
sions much smaller than today's 3 or 
4 micrometers, at a price users can 
pay. Moreover, this equipment must 
be reliable in a production environ-
ment. 
Hard realities. While the compa-

nies that supply the semiconductor 
industry with capital equipment 
have been worrying about the VLSI 
Challenge, they apparently had not 
anticipated coming to grips with the 
problems quite so soon. This situa-
tion surfaced at the recent Semicon-
ductor Equipment and Materials 
Institute (SEMI) annual conference 
in San Diego, Calif., where top 
consulting firms involved in the 
semiconductor industry warned at-
tendees to get cracking. 

Taking on the Japanese 

In contrast with most U. S. business, head-butting on prices with the 
Japanese does not scare semiconductor production equipment makers. 
Executives of these and U. S. materials suppliers attending the SEMI meeting 
in San Diego agree they have about a 30% lower price advantage. 

Surprisingly, the main reason, in the opinion of one Silicon Valley manufac-
turer, is that U. S. facilities use less labor; in addition, the appreciation of the 
yen helps. "We already beat them outside," this observer says, "and could 
do the same on their home ground if we could sell freely there." But 
prospects for lifting the trade restrictions that keep U. S. firms at a disadvan-
tage are dim, he concedes. 

"Forget this year, because you're 
already locked into it," one speaker 
advised. "Instead, focus your plan-
ning on 1981." 

In fact, 1981 was labeled "your 
biggest transition ever" by veteran 
consultant Glen R. Madland, presi-
dent of Integrated Circuits Engi-
neering of Phoenix, Ariz. "A time 
cycle that takes longer to react to 
makes it imperative that planning 
start right now," he added. This 
admonition surprised many who had 
figured that there was time. 
As if the technological problems 

are not enough, soaring costs are 
also a headache. One example is the 
new direct-step lithography system, 
which involves incremental scanning 
of the wafer rather than scanning 
the entire wafer at once. The direct-
step method, while an improvement, 
costs up to four times more than the 
present lithographic method. It 
means that equipment firms will 
have to tout improved productivity 
to justify higher prices. 

Broke. In the VLSI era, financing 
the equipment goes beyond the usual 
paying for R&D and capital expan-
sion and must actually consider 
whether the customer can afford to 

buy. For example, Frederick L. 
Zieber, director of industry service 
for Dataquest, points out that in the 
early 1970s a $2 million fabricating 
module could turn out some $20 
million worth of products. Today, 
however, it takes $10 million to 
acquire an equivalent module that at 
best can do $30 million in products 
largely because of the steep price 
declines in the semiconductor indus-
try. Clearly the industry is reaching 
what seems to be the point of no 
return. In addition, the semiconduc-
tor firms are already strapped for 
capital from financing the explosive 
growth of the past three years. 
The implications of all this advice 

to SEMI members of course go 
beyond this segment of the electron-
ics industries. Essentially, the time-
table for preparing for VLSI has 
moved up sharply in a period of tight 
capital. As a result, the entire indus-
try has to reexamine its plans. Users 
expecting to design with VLSI may 
actually have to wait until capital 
expansion funding catches up with 
the technology. Therefore, the mes-
sage to SEMI at San Diego was 
actually a message to the entire elec-
tronics community. El 
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PC Connectors 
give our family the edge. 

We can give you the edge with fast 
delivery and wide variety in off-the-shelf 
PC connectors. 

In .100, .125, .156 and .200 inch 
spacing you can take your choice for 
motherboard or automatic wiring appli-
cations. 
You can also pick the contact you want 

—gold-dot or gold-plated.These include 
bifurcated bellows, cantilever beam and 
bifurcated cantilever beam designs. 
Connector housings are available in 

glass-reinforced phenolic, diallyl phtha-
late and glass-reinforced polyester 
thermoplastic. A variety of mounting 
configurations are also readily available. 

All have been designed to meet the 
applicable performance requirements 
of MIL-C-21097, and they're all avail-
able now. 
So be sure to have a shipping date in 

mind when you contact GTE Sylvania, 
CPO, Box 29, Titusville, Pa. 16354 
Phone 814-589-7071. 
Remember, good connections run in 

our family. 
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HP has just re-invented 
the universal counter. 

TI RATIO FREO TOT 4. 
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G 

By ET TINE ST.. , T 

Here's a counter built like no other 
low cost counter has ever been built! 
It's the new HP5315A. For versatility 
and speed, it features an architecture 
that closely resembles that used in 
our highest performance, highest priced 
models. For economy, the design is 
implemented by a highly complex, 
multi-family, analog/digital LSI chip 

ATTN FILTER ATT 
SI NORIO SEP X1 

that HP designed and builds for the 
5315A. For the resolution benefits of 
reciprocal counting, there's a 
microprocessor. 
The result is what we call the 

re-invention of the universal counter— 
an innovative, full capability instru-
ment with features not often found in 
instruments costing twice as much. 

02825A 



Now look what you 
get for just $800: 

A Full Complement 
of Measurements 
• Frequency/period to 100 MHz 
• Time interval with 100 ns. 
single shot resolution 
• Time interval average to 10 ps. 
• Period average 
• Frequency burst 
• Frequency ratio 
• Electronic and manual totalize 

Count Any Signal 
With full signal conditioning, 

just about any signal can be 
reliably counted. In addition to 
all the expected controls for input 
slope, attenuation and ac/dc 
coupling, there are, for the first 
time, both a sensitivity control 
(best for frequency measure-
ments) and a trigger level control 
(best for time interval). Plus 
you get two aids for noisy signal 
measurements: a 100 kHz filter 
and a variable, measured time 
interval delay to handle input 
signal ringing or contact bounce. 

You're Never In The Dark 
About Triggering 

Trigger lights are off if the 
trigger level is set too high to count, 
they'll blink when counting 
takes place, and they are fully 
illuminated when the input amp-
litude is above the trigger level. 

Faster, More Accurate 
Measurements 
Now you can have frequency 

measurements significantly more 
accurate than with conventional 
counters. This is possible be-
cause the 5315A measures period 
and computes and displays its 
reciprocal—frequency. 
The 5315A gives at least 7-digit 

resolution, (0.0001%) in 1 second, 
for inputs from 1 Hz to 100 MHz. 
By contrast, in the same time, 

conventional counters can resolve 
1 kHz to only 0.1% and 10 Hz 
to only 10%. At last, the 5315M 
advanced technology finally 
brings reciprocal counting out of 
the $2000 range. 

And, for higher time base 
stability, HP offers a temperature 
compensated crystal oscillator 
(TCX0) option. 

Continuously Variable 
Gate Times 
Being limited to decade values 

of gate times are a thing of the 
past. The 5315A gives you 
continuous adjustability from 
50 ms. to 10s, and the instrument 
will measure it precisely if you 
wish. This means: 
• You get the resolution you want 
in the most convenient measure-
ment time. 
• You get automatic selection of 
sample size in period and time 
interval averaging for easy, 
confident trade-offs between 
accuracy and measurement 
time. 
• You get a more stable readout 
for many measurements. 

A Faster, 
More Certain Readout 

Just glance at the big, bright, 
amber LEM and see how easy 
it is to read and interpret. The 
display is in engineering units— 
a 6 exponent for MHz, — 6 
for µs. It thinks the way you do. 

New Confidence in Time 
Interval Measurements 
A new dimension has been 

added to HP-pioneered time 
interval averaging: The 5315A 
internal CPU truncates the dis-
play to a resolution that is in 
keeping with the accuracy. No 
longer are there the extra. 

meaningless digits you've seen in 
the past. 

Perhaps the Quietest 
Counter Ever 
The 5315A will pass Germany 

VDE 0871/0875 level A limits 
for electromagnetic compatibility, 
and the metal-cased 5315B will 
pass U.S.A. MIL STD 461 
on RFI. Both are excellent for 
RFI sensitive measurements such 
as receiver testing. 

Take It With You 
The rugged polycarbonate case 

and optional, sealed lead-acid 
battery make it a dependable unit 
for use in both plant and field. 
And LEM give you full details 
on battery status. 

A Low Price for a 
Lot of Performance 
The 5315A brings you per-

formance unequalled by any 
counter in its price range, and 
many features not often found in 
counters costing twice as much. 

Price is only $800*; B version 
with metal case is $950.; battery 
option is $2258; TCXO option 
is $100? •Domestic U.S.A. prices only. 

Call your nearby HP field sales 
office or use this publicatioM 
reply card for complete data on 
the most advanced counter for 
the money: the re-invented 
universal counter. 

HEWLETT'1 PACKARD 

1507 Page WI Road. Palo Alto. Calltorma 94304 

For assestance car Washngtc4,,301 256.2000 Decaeo (312) 
255.91300 Atlanta 404 955-1500 Lce Angelis (213)87742132 

HP: MAKING EXPERIENCE COUNT 
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Quickie: the total IDC System 
for design fleicibility, 

fast assembly, reliable 
connections. 

Meets a variety 
of interconnect needs. 

• A wide choice of connectors: "Quickie" 
and "Quickie" low-profile females, 
female IC, edge card, male DIP, PCB, 
and quick-eject vertical and right-
angle headers ... all in a broad range 
of sizes. 
• Round conductor, flat cable on 
0.050" centers. 
• A selection of hand and air operated 
presses, cable shears, accessories and 
strain reliefs. 

Efficient assembly saves time, 
material and money. 

All connectors in the Quickie' system 
deliver reliable terminations in just a 
few seconds because: 

• Cable slot designed 
to precisely position 
conductor for reliable 
termination, higher 
yields. 
• Sight holes in cov-
er permit visual in-
spection before and 
after assembly assur-
ing proper cable 
alignment. 

• The semi-auto-
matic applicator 
completes termina-
tions with a slide 
motion reducing 
assembly time. Or 
choose the manual 
applicator designed 
to minimize opera-
tor fatigue. 

Over seven years proven perform-
ance. You can rely on "Quickie". 
"Quickie" connectors are now specified by 
many of America's most quality conscious 

companies. Three high performance 
features demonstrate why: 

1. Askewed tines firmly hold the wire for 
reliable termination. 

2. Dual-beam contact 
assures redundant pos-
itive pin connection, 
even when sub-
jected to 
vibration. 

3. High-
strength plastics 
withstand severe 
environments. 

Circle 100 on reader service card 

• Du Pont's trademark for its mass termination connectors. cable. presses and accessories 

For a brochure giving details 
and complete specifications, 
write or call: 

The Du Pont Company, Berg Electronics Division 
New Cumberland, Pennsylvania 17070. 
Telephone: (717) 938-6711. 

(111 POO 
BERG 
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Now suppo F 3870, 3872. 

Our system 
emulates the 8080 and 
the 8085. The Z80. 
The 6800. The TMS 9900. 

And that's just 
for openers. 



Because 
who has time to learn 
a new system 
when a better chip 
comes along? 

F8 .Y 
that 
repurchasing or relearning 
equipment. 

• 

JOB AFTER JOB, 
OUR SYSTEM 
STAYS WITH YOU. 

We know time spent 
learning equipment is 
best spent on equipment 
that's going to stay around. 

That's why we 
engineered the first devel-
opment lab for designers 
like us who work with 
major microprocessors. 

Now you needn't 
depend upon one chip 
vendor. Or buy and learn an entirely new 
system when you change chips. 

THE BEST IDEAS 
Our features are the kind of ideas 

you'd probably engineer for yourself... 
the kind of system you get from a chip 
user, not a chip vendor. 

DISC BASED SYSTEM 
Includes text editor, macro relocata-

ble assembler, debugging software and 
file management utilities, to help simplify 
software preparation and debugging. 

REAL TIME PROTOTYPE 
ANALYZER 

This invaluable option lets you 
easily track down timing or program 

Tektronix 
microprocessor 
development labs. 

Designed by 
people on wur side 
of the ben es. 

logic problems by 
dynamically monitoring 
the microprocessor bus. 

ENHANCED BASIC 
This specially en-

hanced, compiler version 
of BASIC is compatible 
with the 8080 and 8085, and 
includes a subset of Z80 
instructions. Extensions 
include comprehensive inter-
rupt handling and optimi-
zation features to produce 
compact code. 

PARALLEL DEVELOPMENT 
INTEGRATED TESTING 

Hardware and software engineers 
can test, trace, and debug independently 
up to the point of integration. Then they 
can work together, productively. 

If you're concerned about how you 
spend your time, take a close look at a 
design lab you can use time and again... 
even when a better chip comes along. 

Contact your local Tektronix Sales 
Office, or write or call Tektronix, Inc., 
PO. Box 500, Beaverton, OR, (503) 644-0161. 
In Europe, Tektronix, Ltd., P. O. Box 36, St. 
Peter Port, Guernsey, Channel Islands. 

lèlertropbc» 

For 3870 information circle »103, for literature circle »260 
For Demonstration, circle .261. For Fast Reply Call TOLL FREE 
(800) 547-1512. (In Oregon, call collect 6)4-9051) 



/1P µ13 and away 

Going /AP? Our 8-lane universal expressway 
to µP development is wide open. 

Get pi' to speed 
with our multistation 
development network. 

Circle 104 on reader service card 

Eliminate the 
traffic jam in your 
microprocessor development lab. Get 
off that one-way road to j413-based 
product design (with just one 
chipmaker's microprocessor support) 
and reduce your per-station cost at the 
same time. How? With our Universal 
Multistation Development Network — 
a distributed processing system that 
shares disk and printer with up to eight 
users simultaneously. Give each user 
his own AMDS station with integral 
CPU, CRT and keyboard; any one of 
six supported processors (8086, 8085, 

8080, 6800, 6802, Z-80 and more soon); 
optional in-circuit emulator, logic 
analyzer and every software aid, 
including BASIC compilers, relocating 
macro-assemblers and disassembling 
symbolic debuggers. It's the first 
sensible alternative to the high cost of 
multi-user development support and 
confining single-chip systems. 
Futuredata, 11205 S. La Cienega Blvd., 
Los Angeles, CA 90045. (213) 641-7700 
TWX: 910-328-7202. 

future cIfee) 



Technical articles   

Single-chip n-MOS microcomputer 
processes signals in real time 

Analog inputs and outputs surround high-speed pipelining processor; 

user builds filters, oscillators, other analog systems with E-PROM software 

by M. E. Hoff and Matt Townsend, Intel Corp., Santa Clara, Calif. 

Digital processing of real-time analog signals, attrac-
tive because the waveforms can be manipulated like 
numbers under program control, has been confined to 
especially configured high-speed processors that can 
handle the calculations necessary. Now, just as the 
microprocessor put low-cost computing power into the 
hands of the logic designers, a device from Intel Corp. is 
offering analog system designers a new tool: programma-
bility, in the form of its single-chip real-time signal 
processor, the 2920. 
The chip was conceived out of a pressing need for a 

programmable circuit to serve the various protocols and 
modulating techniques used in telecommunications 
circuits. It combines analog-to-digital and digital-to-
analog converters with a specially configured microcom-
puter to build a device with a unique instruction set, one 
capable of programming entire analog subsystems. 
The kind of functions the 2920 can perform — 

filtering, modulating, detecting, limiting, mixing, and 
more—usually require lots of passive components, opera-
tional amplifiers, and other such discrete and linear 
devices. With few outboard components, the 2920 can 
build such complex devices as modems, equalizers, tone 
sources, and tone receivers; the 2920 can also be used for 
such nontelephonic applications as process controllers 
and motor or servomotor drivers. 

Programmability is what gives the chip its great 
advantage: the contents of its on-board erasable 
programmable read-only memory (E-Pgom) customizes 
it for each application. 

Significant differences 

The processor in the 2920 differs significantly from a 
conventional general-purpose microprocessor. There is 
some resemblance: it processes digital data from a 
conventional a-d converter at the chip's input and feeds 
the result to an output d-a converter. However, the kinds 
of calculations needed for signal processing differ greatly 
from those of data processing. 

Moreover, since the operation is based on a real-time 
sampling system, the 2920 must run through its entire 
program each time it receives a data sample from the 
input a-d converter. The program execution time deter-
mines the sampling rate, and that in turn restricts the 

operation of the microprocessor in certain ways. 
In general, a fixed rate is necessary because the char-

acteristics of any simulated analog system are affected 
greatly by it —in fact, even small perturbations in sample 
rate can add intolerable noise to a system. Therefore, the 
time in which the 2920 runs through its program has 
perforce to be fixed. 

Cut to fit 

To achieve that, the 2920 executes each instruction in 
the same amount of time, regardless of the operation. 
Also, to ensure that the total program execution time 
will never vary, no conditional-jump instructions are in 
the instruction repertoire (save for the jump from the 
end of the program back to the beginning). Conditional 

1. Analog microcomputer. Entire analog subsystems can be 

programmed with Intel's 2920 real-time digital signal processor. The 

47,000-mil2 device surrounds a special central processing unit with 

a-d and d-a converters, all under E-PROM program control. 
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(40 25-BIT 
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VOLTAGE 
INPUT 

RUN/  
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OVERFLOW 

28 BIT 
ARITHMETIC 

ANO-
LOGIC UNIT 

ANALOG 
INPUTS 

CONTROL LOGIC 

INPUT 
MULTIPLEXER 

AND 
SAMPLE-AND-HOLD 

I  
COMPARATOR 

8-BIT d-a 
CONVERTER 

OUTPUT 
DEMULTI 
PLEXER, 

SAMPLE-AND 
HOLD, AND 
BUFFER 

AMPLIFIERS 

EXTERNAL CAPACITOR 
REFERENCE 
VOLTAGE 
INPUT 

DEMULTIPLEXER 
CONTROL 

ANALOG 
OUTPUTS 

2. Architecture. The 2920 is programmed with 24-bit instructions, up to 192 of which are stored in E-PROM. The digital section pipelines 
instructions to boost throughput and interfaces with the analog section through the data register, which appears as memory location. 

operators, however, do allow logical operations to be 
carried out without any variation occurring in the 
program execution time. 

Although these techniques do somewhat restrict 
programming, they establish a fixed sample rate, based 
on the time needed to execute one pass through the 
program. The rate can thus be computed simply as the 
instruction execution rate divided by the number of 
instructions in the program. 

For digital processing of analog signals on a sampled 
basis, the microprocessor must be extremely fast if any 
decent bandwidth is to be attained. Nyquist's theory 
dictates that a continuous system can be accurately 
simulated on a sampled basis only if the sampling rate 
exceeds twice the highest frequency present in the 
signals being processed—and most practical situations 
call for an even higher sampling rate. 
On top of that, since all the calculations associated 

106 Electronics/March 1, 1979 



Simulating with sampling systems 

The operation of the 2920 finds its basis in sampling 
theory, which states that a continuous function (or wave-
form) can be accurately represented by a train of periodic 
samples, as long as the sampling is done with high enough 
frequency. It is the high sampling rate required—and more 
difficult still, the immense computational grind between 
samples—that has restricted the digital processing of 
analog signals to full-blown machines. The 2920 solves the 
number-crunching problem with a pipelined architecture 
and a clever multiplication algorithm that requires many 
fewer circuits and steps than the shift-add algorithms with 
which most computers multiply numbers. 
The RLC active filter shown below in A has a frequency 

response that produces a complex-conjugate pair of 
poles. The characteristics of the filter —its transfer func-
tion, gain, and pole locations—are given by the equations. 
The continuous filter can be simulated by the sampling 

system in B. The circled Xs represent multipliers, the 
circled E is an adder, and the blocks with z- ' represent 
timing delays of one sample period. Coefficients 13, and 02 
control the filter's frequency parameters, while coefficient 
G adjusts its gain. 
The equations to the right of the figure give the simu-

lated filter's response. Although a sampling system, the 
filter would simulate exactly the continuous function in A, 
were the sampling done at infinite frequency: coefficient i3, 
= 2e-97 approaches the value 2 as the sample period 
tends to zero; similarly, coefficient 132 = — e-2aT 
approaches — 1. However, at finite sampling frequencies, 
small errors in those coefficients can cause significant 
changes in the characteristics of the filter, and all arithme-
tic must therefore be performed with high precision. 
A general-purpose digital computer is able to simulate 

dc GAIN = A 

MAXIMUM GAIN = 4A/R N/TT/C' 

AT f = 1/27r../1/LC - R 2/412 

s PLANE POLES AT -R/2L 

iN/1/LC  - 1121412 

the sampling stage in B with three equations: 

Y2 = Yi 
Yi = yo 
Yo = +02y2+Gx 

where the variables to the left of each equals sign are 
assigned the values to its right. Note that each multiplica-
tion involves one variable and one value that is fixed by 
the design of the filter. Instructions in the 2920 are set up 
to add or subtract a variable from another where the first 
variable is scaled by a power of two. Thus a single instruc-
tion could take any of the following forms: 

x = fflk) 
x = x+ y(2k) 
x = x— y(2k) 

The usefulness of scaling by powers of two soon becomes 
clear. The coefficients can be expressed in sums and 
differences of powers of two, as in the examples: 

= 1.7656 = 21_2-2 + 2-8 

132 = —0.99414 = — 29+2 -7— 2-9 
G = 0.00293 = 2-8- 2-10 

which the 2920 can perform quickly and with a minimum 
of circuits. The filter stage of B is carried out directly with 
2920 instruction in table D. A left-shift of 1 is equivalent to 
multiplying by 2', a right-shift of 6 multiplies by 2-8, and 
so on. The mnemonics LDA, ADD, and SUB represent 
load, add, and subtract operating codes. 

This method permits much faster multiplications by 
constants than a conventional shift-add multiplier could 
achieve. It is especially effective here because such multi-
plications dominate digital-filter calculations. 

0, = 2,-aT coi  bi- 132 
WHERE T = SAMPLE PERIOD 

a = R/2L 

b =‘,/1/1-C - 112/412 

dc GAIN = G/11 - j31 -02) 

MAXIMUM GAIN = G/(I1 +02) 
X ‘./1 (f312 / 402 ) 

AT f = 1/27rT x 

cos -1 (13111 -132)/402/ 

D INSTRUCTION SEQUENCE FOR TVVO POLE FILTER 

Instruction 

Operation Source Destination Shift 
Comments 

(3 bits) (6 bits) (6 bits) 14 bits) 

LDA Yi Y2 none equivalent to Y2 = YI 

LDA yo Yi none equivalent to Vi = Yo 
LDA Y2 Yo left 1 

SUB Yi Yo right 2 

ADD Yi Yo right 6 now have yo = 01 Yi 

SUB Y2 Yo none. 

ADD Y2 Yo right 7 

SUB Y2 Yo right 9 now have yo =13i Yi + 

132 Y2 
ADD x Yo right 8 

SUB x Yo right 10 now have yo = al Yi + 
132 Y2 + 
G x 
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INPUT SELECT 

-L 
INPUT Ei—J 

(1 OF 41 

NEGATIVE 

POSITIVE 

TO SUCCESSIVE-
APPROXIMATION 
LOGIC 

VOLTAGE 
COMPARATOR 

OIGITALTO. 
ANALOG 
CONVERTER 
VOLTAGE = 0 V 

3. Sign bit. Adding a sign bit to basic 8-bit conversions yields 9-bit 

precision. The 2920 uses a flip switch to supply a correct-polarity 

signal from the sample-and-hold capacitor (left) to the comparator 

used for successive-approximation analog-to-digital conversion. 

with the production of an output sample must be 
performed with each sample taken, the microprocessor 
must have an extremely high-speed number-crunching 
capability. Even a 10-kilohertz bandwidth, for example 
would require sampling at least at a 20-kHz rate, or once 
every 50 microseconds. A program of, say, 100 instruc-
tions, which was executed at a rate of 50 microseconds 
per sample, would require an average instruction-cycle 
time of 500 ns —a speed that few minicomputers can 
boast. 

But the 2920 can do it all on a 47,000-square-mil chip 
(Fig. 1), which, moreover, is built with a standard n-
channel metal-oxide-semiconductor process. 

Divided in three parts 

The 2920, as diagrammed in Fig. 2, divides into three 
major subsections: program memory, the arithmetic (or 
digital-processing) portion, and the analog input and 
output conversion sectiop. The E-PROM program memory 
controls both the analog conversion and digital sections 
of the chip. 

Four analog inputs enter and eight analog outputs 
leave the 2920. A multiplexer allows the four analog 
inputs to share the input sample-and-hold circuit. 
Analog-to-digital conversion is performed by successive 
approximation with the output d-a converter, which is 
the resistor-ladder type. A demultiplexer provides eight 
buffered outputs, each of which has its own sample-
and-hold circuit. The data register links the analog 
sections to the digital portion of the chip. 

Unusual arithmetic 

The microprocessor in the 2920 comprises a two-port 
scratchpad random-access memory, a binary scaler, and 
an arithmetic-and-logic unit. (The data register used by 
the analog portion of the chip is actually part of the 
RAM, so that the processor sees the inputs and outputs as 
an address location in memory.) 

Although the precision of the a-d and d-a converters is 
9 bits, internal arithmetic is with 25-bit precision, since 
accommodating the buildup of small round-off error 
over time requires much higher precision in the interme-
diate calculations than for the final value. Should an 
arithmetic overflow occur, the processor saturates: in 
other words, it automatically and instantaneously 

4. Folded ladder. The 2920's analog-to-digital converter uses a 

resistive ladder, folded into a square array. That configuration mini-

mizes the effects of process inconsistencies and temperature across 

the surface of the chip, thus improving overall accuracy. 

replaces the result with the largest storable value. 
To handle the arithmetic, each of the 40 locations in 

scratchpad RAM is 25 bits wide. Addressing, however, is 
with a 6-bit word; the additional 24 addresses select 
predetermined constants and the analog section's data 
register. To boost throughput, the RAM was designed 
with dual-port cells that can be addressed through either 
of their ports. 
The E-PROM can store up to 192 instructions of 24 bits 

each. The instruction format has five contiguous fields: 
the digital operator, the source address, the destination 
address, the extent of shifting, and the analog operator. 
Such a wide word may be likened to a microprogram 
word in a computer with a control store, for it performs 
several operations at once. In this case, they are 
complete memory-to-memory operations. 

The lower limit 

At the 2920's fastest operating speed, each instruction 
executes in 400 nanoseconds. The largest program the 
2920 can handle-192 instructions—executes in 76.8 µs, 
and thus yields a minimum sampling rate of approxi-
mately 13 kHz. The worst-case bandwidth of the chip, 
according to Nyquist then, is about 6.5 kHz. 

Shorter programs will, of course, provide higher 
sampling rates. Also, techniques like stacking multiple 
copies of a routine can boost the sampling frequency and 
hence the possible bandwidth. 
To maximize speed of calculation, the 2920 signal 

processor uses pipelining techniques. Four instructions 
are fetched from E-PROM at once, and the fetch opera-
tion for the next four overlaps execution of the previous 
four instructions. Moreover, the arithmetic operations 
are equipped with carry-lookahead across the full width 
of the accumulator. 
The arithmetic-and-logic unit (m.u) carries out such 

basic operations as data movement, addition, subtrac-
tion, absolute magnitude, and several logical operations. 
Each elementary machine instruction fetches two oper-
ands from the scratchpad RAM, passes the first through 
the binary scaler, performs the selected arithmetic func-
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5. One-chip spectrum analyzer. The 2920's resources are sufficient for building an audio spectrum analyzer. The input signal is 

gain-controlled, then heterodyned with a swept oscillator; the detected sum signal drives the vertical input of an oscilloscope. 

tion, and replaces the second operand with the results of 
the operation. 
The key to the 2920's high-speed, high-precision arith-

metic is the binary scaler. Unlike the usual shift-add 
multipliers, which require a cycle per bit, the 2920 uses 
sequences of scaled additions and subtractions (see "Re-
alizing a complex-conjugate pole pair," p. 107) in 
multiplying variables by constants to reduce the number 
of cycles to about a third. (Since most filters used in 
analog applications are fixed, multiplications are usually 
by constants.) 
The binary scaler modifies a value passing through it 

by in effect multiplying it by a power of two, or 2k, where 
k ranges from + 2 to — 13. If, as a result, the product is 
greater than 25 bits (and hence too large for the RAM), 
the ALU saturates and provides a signal on its overflow 
output pin. The overflow output is useful during system 
debugging for determining when scaled variables are out 
of range. 

Conditional options 

Some of the ALu's basic operations can operate condi-
tionally, using selected bits of the data register normally 
associated with a-d and d-a conversions. The multiplica-
tion or division of one variable by another is made 
possible by conditional addition and subtraction, respec-
tively. Finally, conditional operations can perform logic 
and can generate discontinuous transfer functions. 
The a-d and d-a conversions are given 9-bit 

precision with the addition of a sign bit. A flip-switch 
circuit, which is shown in Fig. 3, provides the double 
economy of appending the sign bit while at the same 
time allowing the 2920 signal processor to use only a 
single positive-voltage reference. 
The d-a converter is built around the folded resistor 

string and switch array shown in Fig. 4. Folding the 
resistor string lessens the converter's sensitivity to 
temperature and process variations across the surface of 
the chip. That, coupled with the facts that processor 
timing is crystal-controlled, that the converter's accura-
cy is established by an external reference voltage, and 
that all internal calculations are digital, adds up to an 
analog subsystem that is far stabler than fully analog 
counterparts. 
The resources of the 2920 are sufficient to provide the 

equivalent of up to 40 poles of filtering, or 20 complex-
conjugate pole pairs. That amount is enough to put many 
complex analog systems, including a dual-tone multifre-
quency (DTmF), or Touch-tone, receiver on just a single 
chip. 
The power of the 2920 is dramatized by an audio 

spectrum analyzer, which can display the frequency 
response of a circuit under test on an oscilloscope. One 
such analyzer is diagrammed in Fig. 5. It generates 
vertical and horizontal outputs for direct connection to 
the oscilloscope and uses heterodyning to mix the input 
signal with the signal from a swept oscillator. 

Sequence of events 

The input signal to be analyzed is first filtered with a 
simple external network to remove high-frequency 
components that could cause aliasing, or the generation 
of spurious signals. Once in the 2920, the signal passes 
through the equivalent of a two-pole low-pass filter for 
further band-limiting. Next it is modulated, prior to 
mixing, by an automatic gain control—simply a division 
algorithm whose divisor is derived by passing the abso-
lute magnitude of the signal through a lowpass filter (to 
get the weighted average). 
A second portion of the program simulates a pair of 
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6. Two poles. Spectral analysis of a simple second-order filter 

section centered at 400 Hz displays sharp bandpass characteristics. 

The two-pole filter uses 10 instructions of the 2920's E-PROM 

program memory, leaving 182 instructions for other filter functions. 

oscillators, the first of which determines the spectrum 
scan rate— hence, the horizontal sweep frequency of the 
oscilloscope—and the second of which simulates a volt-
age-controlled oscillator (vco) driver. by the first. It is 
the second oscillator, swept through the range of inter-
est, that beats against the input signal in the mixer. 

Dealing with aliasîng 

Both oscillators produce linear sawtooth waveforms; 
but because the program computes sampled waveforms 
for these simulated oscillators, aliasing distortion could 
be a problem if harmonics in the sawtooth were to 
interact with the sampled frequency and produce 
spurious frequency components. 

For that reason, the output of the second oscillator 
undergoes a nonlinear transformation in order to approx-
imate a sinusoidal waveform The 2920 performs the 
nonlinear transformation with a piecewise-linear approx-
imation that combines absolute-magnitude functions and 
the effects of overflow saturation in the AL.U. The first 
oscillator, it may be noted, needs no such transformation 
because it operates at such a low frequency that any 
harmonics high enough to react with the sample rate are 
insignificant. 

Good mixer 

The mixer uses a multiplication routine to combine 
the output of the second oscillator with the filtered, 
amplitude-controlled signal under analysis. The output 
of the multiplier contains sum and difference frequen-
cies. Only the sum frequency is of interest for the 
analysis, and a narrow-band filter extracts it from the 
mixer's composite signal. The amplitude of the sum 
frequency corresponds exactly to the input signal level at 
a frequency determined by the difference between the 
center frequency of the narrow-band filter and the 
frequency of the vco. 
The 2920's absolute-magnitude algorithm performs in 

effect a full-wave rectification of the narrow-band filter's 

MEMORY UTILIZATION FOR SPECTRUM ANALYZER 

Module 
Read-only 
memory 
words 

Random-access 
memory 
words 

Input filter 

Automatic gain control 

Sweep oscillator 

Voltage-controlled oscillator 

Waveform modifier 

Mixer 

Narrow-band filter 

Rectifier 

Lowpass filter 

20 

18 

5 

7 

10 

12 

30 

1 

10 

5 

1 

1 

1 

1 

o 

6 

o 

2 

Total 113 1/ 

output. Finally, the signal is lowpass-filtered to drive the 
vertical display. Since both horizontal and vertical 
display outputs of the 2920 are delivered as sampled-
and-held signals, some simple external filters may be 
used to smooth the display. 
The filters used in the spectrum analyzer are single-

pole or complex-conjugate-pole recursive sections. Mul-
tiple pole filters are simply cascades of basic sections. 
The 2920 can also simulate finite impulse-response 
filters, and can implement zeros either independently or 
between pole sections. 
The analyzer has a frequency range of 300 Hz to 3 

kilohertz, swept 10 times per second, with a resolution of 
about 100 Hz. The narrowband filter is centered at 
4.5 kHz. The sampling rate is about 13 kHz. 

Room to spare 

The table shows the amount of program and scratch-
pad memory allocated to each block for the given param-
eters. (Different parameters for the functional blocks in 
the analyzer might change the amount of 2920 memory 
used in each, however.) 

Since the program does not occupy all the RAM and 
E-PROM available, more functions could be added or, 
alternatively, the sampling rate could be raised to as 
high as 20 kHz. As another option, multiple copies of 
input sampling and filtering algorithms could be inserted 
to increase the effective sampling rate, thereby allowing 
use of a simpler anti-aliasing filter external to the 2920 
signal processor's front end. 
The 2920 is scheduled for production in the latter part 

of this year. Since the chip is a microprocessor and then 
some, it must be supported at least as adequately as 
current digital microprocessors. Support plans call for an 
assembler and simulator that will be resident on the 
Intellec microcomputer development system. 

Because the arithmetic associated with the design and 
optimization of digital filters is extremely complex, a 
design-aid software package capable of interactive filter 
design and automatic compilation into 2920 assembly 
language is also planned. Those packages will equip 
analog system designers with all the conveniences users 
of conventional microprocessors are by now accustomed 
to enjoy. 
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Oxide isolation builds 
a better Schottky rn_ 
Three-stage low-capacitance circuit blends 
low power consumption with fast operation 

by Bob Bechdolt, Dave Ferris, and Paul Griffith, Fairchild Camera and Instrument Corp., Mountain View, Calif. 

III In the bipolar logic derby, two Schottky transistor-
transistor-logic families are the current favorites. The 
low-power version outruns conventional TTL with a lower 
power-delay product, but is not fast enough for some 
circuits. Standard Schottky components reign in these 
faster applications, but circuit density is handicapped by 
power consumption. Intended to supplant both, Fair-
child's Advanced Schottky TTL (FAST) process technolo-
gy yields parts that operate faster than standard Schott-
ky and use just one fourth the power, making more 
complex designs possible. 
The first 9 FAST parts are pin and functional equiva-

lents of standard Schottky AND, NAND, OR, and NOR 
gates. The next 10 parts will be the data selector/multi-
plexers 74S151, -152, -157, and -158 and their three-
state versions, 74S251, -252, -257, and -258. The 
remaining two chips will be the dual four-input multi-
plexer 74S352 and its three-state version, 74S353. 

Designing a high-speed, low-power TTL family of this 
kind begins with a thorough analysis of the limiting 

1. Parasitics. Shown in (a) is how a two-input NAND gate would be built with conventional low-power Schottky-TTL. The delay through such 

a circuit is due to the parasitic capacitance in the diode and transistor junctions. Shown in (b) is how the parasitic effects look schematically. 

factors of conventional circuits. This can be done by 
examining the impact of each transistor in a design. 
Figure la shows how a typical two-input NAND gate is 
currently realized with low-power Schottky-TTL techno-
logy. Total delay in such a circuit can be expressed in 
terms of charge-control effects, which describe the 
behavior of a transistor in terms of charge distribution, 
and space-charge capacitance. 

Types of capacitance 

Fixed charge and mobile charge each produce a 
specific type of capacitance. Ionized donor and acceptor 
impurities near the pn junctions create a stationary 
charge that results in space-charge-layer or junction 
capacitance. Figure 1 b shows the equivalent circuit of a 
transistor when these parasitic effects are taken into 
consideration. The space-charge-layer capacitances of 
the base-collector and base-emitter junctions, C,c and 
C,c, are directly proportional to the junction areas. The 
collector-substrate junction has a space-charge-layer 
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2. Going, going. . lsoplanar technology (c) replaces the p-type isolation diffusion in conventional planar processes (a and b) with an oxide 

sidewall. In the isoplanar Il process (d), the emitter terminates at the oxide wall of the isolation, greatly reducing size and parasitic effects. 

capacitance, C., proportional to the transistor's collector 
area. Because these junction capacitances are propor-
tional to area, they are diminished when physical geome-
tries are scaled down. 
The diffusion capacitance, Cae, arises from the mobile 

minority carriers associated with forward current in the 
neutral base and emitter regions and the space-charge 
layers. It is proportional to both the forward transistor 
current and the forward transit time, TF, which is 
inversely related to the current gain-bandwidth product, 
fr, of the transistor. The higher the fr, the lower the 
forward transit time. Thus, Ca is low at low currents and 
is less significant on transistors having a high fr. 

Another parasitic effect 

The mobile minority carriers associated with reverse 
current in the neutral base and collector regions and the 
space-charge layers generate the diffusion capacitance 
C. It is proportional to the reverse (not forward) 
current and reverse transit time of the transistor. By 
Schottky-clamping the transistor properly, this reverse 
current can be substantially reduced and Cae will be 
negligible. The Schottky diode, however, adds another 
capacitance, Cid (not shown in Fig. lb). The model for a 
Schottky-clamped transistor is therefore different from 
that shown in Fig. lb in that Cdc is eliminated and C,e is 
replaced by Cie + 
To turn on a Schottky-clamped transistor, the base-

emitter junction must be forward-biased, requiring that 
the base current charge the capacitances Cie and Cdd. As 
the transistor turns on, collector current flows and the 
collector voltage falls to its lowest or saturation value. 
The capacitances Cie, Cid, and C. are discharged 
through the transistor while this is happening. 

Conversely, to turn off the transistor, the base voltage 
is reduced, creating a negative base current that flows 

out of the transistor and discharges Cje and Cae. As the 
transistor turns off, collector current stops flowing. 
Instead, the current supplied to the collector charges up 
the capacitances Cje, Cs!, and C.. 
The time required to charge a capacitor is proportion-

al to the value of the capacitance and inversely propor-
tional to the current charging it. One way to speed 
charging time is to increase the charging current. But 
the diffusion capacitance is directly proportional to the 
forward transistor current (which is all of the current in 
a Schottky-clamped transistor), so that the time required 
to charge the diffusion capacitance will be independent 
of the charging current and proportional only to the TF of 
the transistor. Consequently, adding more power to the 
circuit will help only until the time to charge the junc-
tion capacitance becomes small compared to the time 
required to charge the diffusion capacitance. Above this 
point, circuit delay is independent of power. 
To decrease the delay at a given power level in the 

low-power region where the delay is inversely propor-
tional to the charging current and proportional to the 
junction capacitance, the junction capacitance must be 
decreased. This implies a reduction of the area of the 
junctions, that is, devices with small geometries. In the 
high-power region the delay is proportional to rF and 
since rF is inversely proportional to fr, transistors with 
very high fr are desirable. 
With the requirements for making high-speed TTL 

circuits established, namely small-geometry transistors 
with high current-gain—bandwidth products, the next 
step is determining how to best fabricate such devices. 
The planar process is a good starting point, since it is 
relatively simple and well-known. But it has one impor-
tant disadvantage: planar devices are fairly large and 
cumbersome. The major problems in reducing the area 
of a planar transistor concern the lateral diffusion of the 
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3. Which input? Three basic circuit designs were examined to find the best. Circuits in (a) and (b) each use two stages of gain, while the 

circuit in (c) has a third stage, 01. Each design has tradeoffs, but the three-stage type's high thresholds and noise immunity win out. 

junctions and photolithographic misalignment. 
Figure 2a shows the lateral geometry and cross section 

of a planar transistor. The minimum geometry is deter-
mined by several factors, including: 
• The smallest emitter-contact cut that can be defined 
with both mask- and wafer-production control. 
• The size of the emitter diffusion, which is determined 
by the amount of misalignment that can exist between 
the emitter contact and the emitter mask. 
• The size of the base, which must be large enough to 
contain the emitter and base contacts under worst-case 
misalignment. 
• The distance between the base contact and the emit-
ter, which must be large enough to prevent contact 
should both be misaligned. 
• The minimum size of the n-type silicon "tub," which is 
determined by the side diffusion of both the p-type base 
and p-type isolation diffusions, as well as the possible 
misalignment of these two masks. 
Only the area under the emitter in a planar transistor 

is active. All of the junction capacitances associated with 
the area outside the emitter are parasitic and they 
degrade the device's performance. 
The conventional planar process is improved with the 

washed-emitter process (Fig. 2b). This exploits the emit-
ter's side diffusion into the base and also uses the base 
oxide for junction passivation. As there is no need to 
leave any emitter oxide on the transistor after diffusion; 
the emitter is said to be washed free of oxide. 

Misalignment between the emitter-contact cut and the 
edge of the emitter diffusion is eliminated, so the emitter 
can be as small as the smallest oxide cut that can be 
defined, and the parasitic area of the emitter outside of 
that cut is eliminated. Furthermore, the base region and 
the silicon tub can be reduced by the same amount as the 
emitter. Nevertheless, a significant amount of parasitic 

capacitance remains due to the areas of the base and the 
n-type silicon tub outside of the emitter contact. 
Although other improvements in photoprocessing can 
reduce the overall size of a planar transistor, a funda-
mental limit is reached: most of a planar transistor's 
capacitance is inherently due to parasitic effects. 

Isoplanar speed 

Isoplanar technology is a major departure from 
conventional planar processes in that it eliminates the 
p-type isolation diffusion and replaces it with an oxide 
sidewall. The lateral geometry and cross section of an 
Isoplanar transistor are shown in Fig. 2c. Since the oxide 
isolation is nonconductive, the base can overlap it with-
out shorting to the p-type substrate, eliminating concerns 
about misalignment and side-diffusion between the isola-
tion and. the base. In effect, the base is self-aligning 
because, while the base mask may be made larger than 
the silicon tub, the base region itself is determined by the 
coinciding areas of the base mask and the silicon tub 
within the oxide isolation. A large reduction in the area 
outside of the base results, significantly reducing the 
collector capacitance of the device. 
The greatest reduction in parasitic capacitance is 

achieved with the Isoplanar II process, whose structure is 
illustrated in Fig. 2d. The emitter terminates at the oxide 
wall of the isolation, reducing the parasitic base area 
outside of the emitter. Furthermore, since it is easier to 
print a long, narrow line on the masks and wafers than 
shorter lines of the same width, the emitter can be made 
smaller than on unwalled structures. The Isoplanar Il 
process reduces collector area more than 70% when 
compared to the conventional and washed-emitter planar 
devices and more than 40% when compared to an Isopla-
nar transistor. Even more important for the high-speed 
performance of these transistors, the base-collector 
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TABLE 1 

Capacitive 
load 

AC PERFORMANCE OF EXTERNAL NAND GATES 

Parameter 2-mW-per-gate 
test circuit 

20-mVV-per-gate 
test circuit 

15 pF 

Rise time (ns) 3.5 23 

Fall time (ns) 3.5 

— 

7.4 

50 pF 

Rise time (ns) 5.1 3.2 

Fall time (nt) 4.9 3.4 

capacitance of an Isoplanar II device is reduced by 60% 
compared to its planar and Isoplanar counterparts. 
By combining these dramatic area reductions with the 

use of shallower junctions and enhanced processing, 
transistors having an fT as high as 5 gigahertz have been 
fabricated. Such high rr values and small geometries 
assure gates with faster operation at all power levels. 
Finally, experience gained in manufacturing the FlOOK 
emitter-coupled-logic family and recent innovations in 
electron-beam mask making and projection printing 
make the Isoplanar H technology especially suitable for 
high-volume manufacturing. 

Two or three stages? 

Next, attention was turned to selecting a circuit 
configuration that would both take full advantage of the 
improved characteristics of Isoplanar II technology and 
be fully compatible with other rrt circuits. Such a 
circuit should possess the lowest possible propagation 
delays at a reasonable power level. Voltage thresholds 
should be well within the specified limits for low- and 
high-level inputs (0.8 V and 2.0 y). An ideal design 
would also be able to drive highly capacitive loads. 
Two basic circuit designs with two and three stages of 

gain were examined. The two-stage configuration has 
been commonly used for standard and low-
power—Schottky TTL circuits. Two such types are shown 
in Fig. 3a and b; one uses a transistor on the input, the 
other uses a Schottky diode. 
The transistor exhibits a higher dc-input characteristic 

(about 1.3 y) than the diode input (about 1.0 V), since 
the collector-to-emitter voltage of a saturated transistor 
is typically only 0.2 V while the forward voltage drop 
across a Schottky diode is about 0.5 Y. Thus a transistor 
input has fewer low-level threshold and noise problems. 

But other considerations favor the diode input. For 
one thing, a diode usually responds faster when the input 
changes because the junction capacitance of a diode 
helps transfer charge into or out of the base of the 
first-stage transistor, thus minimizing delay through the 
circuit. No such coupling occurs with the transistor 
input. Also, the capacitance of an input transistor's 
collector-substrate junction appears at the base of the 
first-stage transistor, slowing its response. 

Another drawback of the transistor input is That it 
normally exhibits greater leakage current for high input 
voltages. Although Schottky-clamping the transistor 
helps, it also adds capacitance at the base of the first-
stage transistor. Finally, a transistor input generally 
suffers from having a lower input breakdown voltage. 
A typical three-stage circuit, shown in Fig. 3c, has one 

TABLE 2: BUFFERED INTERNAL -GATE RING-COUNTER DATA 

Ring counter 
Average power 

(mVV) 

Average 
propagation 
delay (us) 

Delay-power 
product (pJ) 

1.6 3.05 4.88 

B 2.4 2.19 5.26 

4.2 1.70 7.14 

D 7.7 1.59 12 24 

more gain stage (Q1) than a two-stage circuit and a pn 
input diode rather than a Schottky diode. The additional 
stage of gain raises the dc-input threshold to about 
1.5 V, considerably higher than that of the two-stage 
circuits. This increases the threshold margin above the 
required value (0.8 I/ for Schottky, 0.7 V for low-power 
Schottky), especially at high temperatures, and improves 
the low-level noise immunity. The two-stage circuit with 
a diode input requires a physically large diode to meet 
this specified minimum threshold. But the large junction 
capacitance associated with this diode further degrades 
the dynamic noise immunity, and the propagation delay 
of a multiple-input circuit. With a three-stage circuit, 
the threshold is high enough for a small diode to be used, 
improving noise immunity. 

Both the two- and three-stage circuits have a diode, 
DI, connected from the output to the collector of the 
phase-splitter transistor, Q2. This minimizes delay when 
large capacitive loads are used. When the output goes 
from high to low, charge is coupled from the load 
capacitance through Q2 into the base of the output 
transistor Q4, thus helping to saturate Q. 

Another tradeoff 

The additional stage of gain in the three-stage circuit 
generally results in quicker high-to-low transitions. A 
lower amount of Q1 base current saturates this transis-
tor, causing Q2 to turn on faster than in a two-stage 
circuit. This is particularly important for multiple-input 
NAND circuits, where the input is more capacitively 
loaded with the additional inputs. 
On the other hand, the three-stage circuit generally 

has a slower low-to-high transition. The base-discharge 
resistance, R, has a much higher impedance than input 
diode D2 in the two-stage circuit, causing a slower 
discharge of Q2. In AND, NAND, and inverting circuits, 
connecting a Schottky diode, D3, from the base of Q2 to 
the input, will provide a low impedance path to ground. 
Unfortunately, this solution cannot be used for OR and 
NOR gates. This disadvantage is partly offset by 
performing the OR function with Q1, rather than at the 
phase splitter Q2. The collector-substrate capacitances of 
the additional paralleled transistors needed to form an 
OR circuit will thus be added at a noncritical node 
(rather than at the collector of the phase splitter), and no 
degradation of the output rise time will occur. 

Analysis has shown that two- and three-stage circuits 
have similar average gate delays. The three-stage circuit 
uses slightly more power because power is dissipated in 
resistor R, raising the speed-power product slightly. But 
its high noise immunity and high thresholds far outweigh 
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this small disadvantage, so this configuration was chosen 
for high-speed TTL. 
To measure the performance of the family, several 

evaluation circuits were designed using two-input NAND 
gates with three stages of gain having standard- and 
low-power-Schottky power levels. The de characteristics 
were compatible with current standard and low-power-
Schottky devices except that the low-power-Schottky 
evaluation circuits exhibited a 1.5-v typical threshold 
and the output short-circuit current, los, was increased 
over standard and low-power Schottky levels to achieve 
better high-capacitive-drive capabilities. The ac per-
formance is shown in Table 1. 

Medium-scale integrated-type structures were also 
evaluated. Standard and low-power T-type flip-flops and 
ring counters were made having low-power Schottky 
thresholds and buffered outputs. The T flip-flops were 
tested with an 8-picofarad load capacitance using unbuf-
fered clocks. Maximum toggle frequency, f., was 
measured for both circuit types. The results indicated a 
speed of 172 MHz for the low-power devices and 270 
MHz for the standard ones. 
The gates used to construct the ring counters were 

very similar to the one shown in Fig. 1 except that the 
Darlington transistor's collector was connected directly 
to Vcc and no clamping diodes were used. This is a 
conservative design and represents a configuration that 
might be used as a clock buffer to drive several flip-flops, 
an output-control gate for a three-state device, or as an 

4. Best power. These curves illustrate that below 4 mW, the delay 

through a FAST gate shrinks rapidly as the power level rises. Above 

this power level, however, the delay-power product increases rapidly. 

A 4-mW gate dissipation therefore offers the best tradeoff. 

TABLE 3: DC CHARACTERISTICS 

Parameter 

OF SCHOTTKY FAMILIES 

Schottky Low-power Schottky FAST 

Input high voltage, V,H (minimum) 

- 

2.0 V 2.0 V 2.0 V 

Input low voltage, VI, (maximum) 

Input clamp-diode voltage, Vcip (maximum) 

Output high voltage, VoH (minimum) 

0.8 V 0.7 to 0.8 V 0.8 V 

-1.2 V -1.5 V -1.2 V 

commercial 2.7 V 2.7 V 2.7 V 

military 2.5 V 2.5 V 2.5 V 

10H —1 mA —0.4 mA —1 mA 

Output low voltage, VOL (maximum) 

commercial 

0.5 V 
(Iot. = 20 mA) 

0.5 V 
00L = 8 mA) 

0.5 V 
(lot. = 20 mA) —  

military 0.4 V 
(loi. = 4 mA) 

Input high current, 11H (maximum) 

— ---

at 2.7 V 

—  - 

50 pA/input 20 µA/input 20 µA/input 

— 

at maximum input 
voltage 

1 mA at 5.5 V 100 µA at 10 V 100 µA at 7 V 

Input low current, 'IL (maximum) -2 mA -0.4 mA -0.6 mA 

Output short-circuit current, lo s 

(maximum) —100 mA —100 mA -150 mA 

(minimum) —40 mA —20 mA —40 mA 
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TABLE 4 

Family 

PROPAGATION DELAYS OF FAIRCHILD'S 

Standard Schottky 

SCHOTTKY FAMILIES 

Low-power Schottky FAST 

Capacitive 
load 

Delay (ns) 

Device 
Rise time Fall time Average Rise time Fall time Average Rise time Fall time Average 

15 pF 

Two-input NAND gate 3.3 3.8 3.55 5.3 5.7 5.5 3.1 2.4 2.75 

Two-input AND gate 4.5 5.0 4.75 8.0 7.8 7.0 3.9 3.5 3.7 

50 pF 

Two-input NAND gate 4.7 6.0 5.35 8.0 9.0 8.5 4.4 3.6 4.0 

Two-input AND gate 6.0 7.0 6.5 10.0 11.0 10.5 5.5 4.7 5.1 

5. Beyond FAST. Measurements have indicated that gates like this 

one, which are simpler in design and internally unbuffered, exhibit 

delays which are less than a nanosecond. With such gates, circuits 

can be constructed to operate faster than 200 megahertz. 

internal gate with a large fanout. Four power levels were 
evaluated, as shown in Table 2, and the results were used 
to construct the delay versus power and the delay-power 
product versus power curves shown in Fig. 4. 

These curves indicate that below 4 mw, the delay 
decreases substantially as the power is increased. Above 
4 mw, the delay decreases very little, causing the delay-
power product to increase rapidly. Thus a 4-mw gate is 
the best tradeoff between delay and power. 

A new family 

Fairchild Advanced Schottky "rn (FAST) was devel-
oped on the basis of the analyses of an optimum techno-
logy and circuit configuration for a high-speed, low-
power TTL family. FAST operates up to 75% faster than 
low-power Schottky while limiting power consumption to 
one quarter that of standard Schottky. 

While dc characteristics of the FAST family standard 
Schottky are very alike, there are some important differ-
ences (Table 3). The maximum specified input-high 

current IIH is 20 µA compared to 50 µA for Schottky, and 
the input-low current 'IL is 0.6 mA compared to 2 mA for 
Schottky. Coupled with the fact that the output-high and 
-low currents, [OH and 10L, are the same as Schottky, this 
results in a tripling of fanout capability. 
The maximum input current of a FAST device is lower, 

100 µA at 7 v compared to 1 mA at 5.5 v for Schottky, 
because diode rather than transistor inputs are used. 
Consequently, unused inputs may be tied to the supply 
voltage to simulate a logic 1. The maximum short-circuit 
current is 150 mA for FAST, a value in between standard 
Schottky (100 mA) and the evaluation circuits 
(200 mA). Improved capacitive-load driving results, 
while the problem of fast-edge rates that might cause 
ringing is minimized. Because the three-stage circuit 
configuration was chosen, the guaranteed low-level input 
voltage, VIL at a value of 0.8 v is easily met over the 
military operating range. 

Typical ac characteristics of the FAST family are 
shown in Table 4, along with those of standard and 
low-power Schottky, for output loads of 15 and 50 pF. 

Shorter delays 

FAST devices have shorter gate delays than both low. 
power and standard Schottky. With 15-pF loads, the new 
family has average single inversion delays that are 
800 Ps (23%) faster than Schottky, and double inversion 
delays that are 1.1 ns (23%) faster. The 50-pF load 
results are even more impressive. Single inversion delays 
are .1.4 ns (26%) faster than Schottky, and double inver-
sion delays are 1.4 ns (22%) faster. This illustrates 
FAST% improved line-driving capabilities. 
The speed advantage of the FAST family is ideal for 

msi and LSI circuits. Average delay for a buffered 4-mw 
internal gate, such as that used for the ring counters 
described earlier, is 1.7 ns. Measurements have shown 
that simpler, unbuffered internal gates, such as that 
shown in Fig. 5, have subnanosecond delays. Based on 
the results of T flip-flops for low and standard Schottky 
power levels, typical operating frequencies for flip-flops 
are well in excess of 200 MHz. EJ 
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Says Oliver Germanium, 
otherwise known as Oliver 0.Ward, 
massive President of Germanium 
Power Devices Corporation. 

"And although our share of 
the world market for Germanium 
devices continues to get bigger 
and bigger, we are also making 
Germanium in smaller sizes, 
down toTO-1' 

"For example, we now manu-
facture T0-1 (and TO-5) 
Germanium transistors, in these 
types: AC151-153,162,163; 
ACY17-22, 27-31, 39-41; ASY26, 
27; 0071-78; plus a whole host of 
NKT numbers. 

"That's on top of our existing, 
well-known ability to meet 
Milspecs, Nato specs, JAN, EIA, 
and PRO-ELECTRON requirements. 

Germanium 
Pomer De% ices 
Corporal ion 

world 

"And it's all part of whole-
hearted commitment to replace 
those Germanium devices you 
used to buy from Motorola, 
Texas Instruments, GE, Delco, 
Siemens, Mullàrd, SGS-ATES, 
Newmarket and Thomson. 

"From 150mW small signal to 
100A power, in packages of all 
shapes and sizes, our range of 
Germanium products continues 
to astonish the world!' 

Send for the latest GP!) 
Catalogue or tell us your specific 
problem. 

Germanium Power Devices Corp 
Box 65 Shawsheen Village Station 
Andover Mass 01810 USA 
Telephone 617475 5982 
Telex 94-7150 GDP Andr. 
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Designer's casebook  

C-MOS oscillator 
has 50% duty cycle 
by Bin Olschewski 
Burr-Brown Research Corp. Tucson, Ariz. 

Astable multivibrators built with complementary-metal-
oxide-semiconductor gates suffer one major drawback— 
their duty cycle may vary from 25% to 75% because of 
the variations of each gate's switching-threshold voltage 
(VTH ). Variations in the VTH can be canceled and the 
desired square-wave output therefore attained by adding 
a c-mos inverter and three resistors to the basic circuit. 
The gate-resistor combination uses negative feedback to 
perform the compensation. 
The standard astable multivibrator is shown in (a) of 

the figure. Running at a frequency (f = 1/2 RTCT) that is 
almost independent of the individual gate used, the 
circuit nevertheless has an unpredictable duty cycle 
because of a VTH that can vary by up to 40% on either 
side of VDD/2, where V DD is the supply voltage. If a 50% 
duty cycle is required, either this circuit must be 
followed by an edge-triggered flip-flop, or each circuit 
must be individually adjusted using two trimpots and a 

Right on. Standard astable multivibrator using C-MOS gates (a) has unpredictable duty cycle because of variable switching-threshold 

voltages. Adding inverter and three resistors (b) creates second negative feedback path around A,, forcing A, and Az's switching point to half 

the supply voltage, so that 50% duty cycle is attained and square waves are produced. 

diode (see RCA application note ICAN-6267). 
The circuit in (b) eliminates these drawbacks. Inverter 

A3 creates a second negative-feedback path around AI 
(the signal flow through R/ constitutes the prime path). 
A3 is operated at a low closed-loop gain, much like an 
operational amplifier working in the linear portion of its 
characteristic. As a result, A3's inverted threshold volt-
age can be combined with the negative feedback voltage 
and injected into AI. If the ratio RF/RI equals the ratio 
Rc/RT, complete cancellation of threshold errors 
between AI and A3 can be obtained. It is assumed that* 
AI and A3 are contained in the same package along with 
A2 and that their VTHs are essentially equal. 

Since A3's gain must be set so that its output will not 
saturate with a ± 40% variation of VTH, resistor values 
must be selected so that RI/RF = 2.33. At the same 
time, the correct gain for A3 is set when RcRi = RFRT. 
In these circumstances, and ignoring stray and input 
capacitances, the multivibrator's operating frequency 
will be f = 1/RTCT and the duty cycle will be 50%. 
Note that the operating frequency, in this case 20 kHz, 

is twice that of the standard astable circuit using the 
same values of CT, RT, and Rs because of the second 
feedback path. D 

Designers casebook is a regular feature in Electronics We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 
the circuit's operating principle and purpose. We'll pay $50 for each item published. 
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Epitaxial phototransistor 
with feedback has fast response 
by Vernon P. O'Neil 
Motorola Inc., Discrete Semiconductor Division, Phoenix, Ariz. 

A high-gain negative-feedback loop will reduce the 
response time of an epitaxial phototransistor to 100 
nanoseconds—a significant improvement over several 
schemes previously suggested. 1.23 Because of its 
construction, the epitaxial device all but eliminates the 
diffusion of carriers into its depletion region from the 
bulk collector region, which slows a conventional non-
epitaxial phototransistor's operating speed. And added 
feedback reduces the input-signal swing across the 
collector-base junction to 1% of what it is normally, 
further reducing the input-capacitance charge and 
discharge times. 

The MRD 300 phototransistor shown in the circuit 
has a typical rise time of 2.5 microseconds and a fall 

time of 4 gs if operated in the conventional emitter-
follower configuration. In this modified circuit Q2 serves 
as the feedback amplifier that keeps the base of the 
phototransistor at an almost constant voltage for 
changes in input-signal level. Thus the effective input 
capacitance that must be charged and discharged is 
reduced. Q3 serves as a buffer. Note that using feedback 
that is negative enables the switching times to be maxi-
mally reduced without fear of creating instability (that 
is, oscillations can be generated with circuits using posi-
tive feedback). 

With this circuit, both the rise time and the fall time 
of the phototransistor are reduced to 100 ns. The output 
voltage is equal to the product of feedback resistance (10 
kilohms) and the collector-base photocurrent. The 
photograph shows a typical output waveform. 
As for the phototransistor itself, it can be hard to 

determine from data sheets if one is epitaxial or not. The 
best way to find out is to consult the manufacturer. El 
References 
1. "Why not a cascode optocoupler?". Electronics. March 2. 1978, p. 132. 
2. "Why not a cascode optocoupier? Here's why not", Electronics, April 27. 1978, p. 154. 
3. "Bootstrapping a phototransistor improves Its pulse response". Electronics. Aug. 17, 
1978, p. 105. 

Speedy. Collector-to-base capacitance of 

phototransistor (I is reduced by employing 

epitaxial device (MRD 300) and high-gain 

negative feedback (02), so that operating 

speed can be increased. Emitter-follower Q3 

provides low-impedance output. Photograph 

shows typical output response. 
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Centronics. 
The Band 
Leader for 
Value. 

You can't beat the band for value. Centronics' 
6000 Series Band Printers cost up to 40% less 
than comparable line printers. That's a sav-
ings of thousands of dollars. Plus you get per-
formance that's hard to beat. 

Centronics' band printers offer unmatched 
operational flexibility, print quality, upward 
compatibility, and most importantly, low cost 
of ownership. 

Centronics' 6000 Series Band Printers pro-
vide unmatched operational parts commonality 
across the entire product line. And, over 90% 
spare parts commonality between the 300 and 

600 line per minute models. Your spares in-
ventory is minimized. Service expense is fur-
ther reduced. 
The 6000 series has a truly operator change-

able font. In less than a minute, the operator 
can change the print band. No electronic modi-
fications. No alterations. 

Price. Performance. Reliability. And eco-
nomical operation. That's value. From the 
Band Leader. For information, write or call: 
Centronics Data Computer Corporation, 
Hudson, New Hampshire 03051, 
(603) 883-0111. 

cEnumnics' 
The Band Leader 
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Hybrid servo system 
minimizes hunting 
by C. V. Rajaraman 
ISRO, Trivandrum, India 

Although the shunt comparator circuit of Vojnovic' is 
simple and tends to reduce the overshoot and hunting 
problems inherent in a high-speed digital servo system, 
difficulties may arise when the servomechanism is 
continually called upon to follow small changes in posi-
tion. Digital subtraction circuits, on the other hand, will 
increase system stability but are more expensive and 
very complex. But the two most popular techniques for 
synthesizing the control circuit—the no-shunt compara-
tor method and the aforementioned subtractor method— 
can be combined to form a hybrid system that is more 
accurate than the first and less complex and costly than 
the second. 
As shown in the figure, AI and A2 compare lines 5-12 

(the coarse bits) of a 12-bit command input with their 
feedback-data counterparts, which are derived from the 
motor position by a shaft encoder. Comparing the coarse 

bits in this manner enables the system to converge quick-
ly on the desired position. 
At the same time, the low-order (fine) bits of the 

command word are compared by A3, and A4 is 
programmed to find a—b, the difference between the two 
4-bit binary words. The a—b result is then transformed 
into an equivalent analog signal by the digital-to-analog 
converter, A5. Using the d-a converter allows a precise 
voltage to be applied to the motor, instead of the 
constant-magnitude (logic 1) signal that a comparator-
type circuit would generate whenever there was an a—b 
offset of any value. Thus the motor has little tendency to 
overshoot its intended mark. 
As for transferring the voltage from the converter to 

the motor, V moves high either when the coarse-bit 
comparison yields A = B and the state between the fine 
bits are such that A = B or A ›- B, or when just the 
coarse-bit comparison yields A B. 
Under these conditions, SI and S4 turn on, and opera-

tional amplifier B1 moves high to drive the motor. Under 
any other bit-comparison condition, W moves high and 
turns on S2, S3, and B2, to drive the motor in the other 
direction. 

Referencee 
1. B. Vojnovic, "Shunt comparator stabilizes high-speed digital servo," Electronics. March 
16, 1978, p. 149. 
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End of search. Comparators and subtractor in servo position motor without oscillations. Comparison of high-order bits enables motor to 

converge on desired location. Fine-bit comparison with a d-a converter resolves precise feedback voltages to minimize overshooting. 
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Designing a serviceman's needs 
into microprocessor-based systems 

Mapping tells him where to start; signature analysis 
locates circuit nodes in trouble; diagnostics check operation 

by Martin Neil and Randy Goodner, Hewlett-Packard Co., Santa Clara Division, Santa Clara, Calif. 

El Mention the word "microprocessor" to a serviceman, 
and watch his face cloud over. He knows that the many 
advantages the chips offer to both manufacturer and 
user are coupled with new problems and challenges from 
his point of view. 
There is a way to ease his job, and it is the familiar 

tack of designing serviceability into the product. Howev-
er, many designers are unfamiliar with the special servic-
ing requirements of microprocessor-based products. 

Troubleshooting woes 

Several characteristics associated with such designs 
present troubleshooting problems for traditional test 
equipment. One of these is that characterization of the 
circuitry is difficult because processor firmware often 
replaces hardware and its operation may be hidden in 
the software algorithm. A related problem is the 
dynamic operation of these products, where signals often 
are active for a few microseconds and then disappear. In 
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1. Signature analyzed. This 4-place hexadecimal signature is a 

compression of the 20-bit data stream entering the linear-feedback 

shift register. The unique character set, consisting of 0 . . 

9, 4, C, F, P. and U, allows use of a seven-segment display. 

a microprocessor-controlled keyboard, for example, 
checking for signal faults requires knowing when to look 
as well as where to look. 
A third problem is that the bidirectional nature of the 

processor bus makes interpretations of address and data 
information very difficult. Compounding this is the 
buses's parallel structure, which has many devices oRed 
together, making for tedious fault detection. Further-
more, the test gear must contend with many operations, 
since newer instruments may have the processor going 
through a few thousand steps in a measurement cycle 
where earlier products usually required fewer than 100 
operations. 
A partial solution to these problems is logic-state 

analyzers, which help trace the microprocessor's operat-
ing algorithm by following the sequence of machine 
states. Once the state in which the fault first appears is 
located, traditional test equipment comes into play in 
order to trace through the nested circuits seeking the 
component or components giving rise to the fault. 
However, this procedure can take much time and invari-
ably requires a highly skilled serviceman. 

Failures involving the microprocessor assembly and 
those assemblies that interface to the processor are 
extremely difficult to troubleshoot. In fact, it may be 
impossible to isolate these failures with traditional trou-
bleshooting equipment and techniques. Hours of investi-
gation may not determine whether the fault is a control 
failure originating in the microprocessor assembly, an 
interface failure, or a failure in some other assembly 
causing the measurement algorithms to hang up or 
branch to an incorrect program segment. 
To chase the clouds away from the serviceman's face, 

the designers of microprocessor-based products must 
take a new look at designing in serviceability. They 
should look closely at three techniques that can over-
come these troubleshooting problems: signature analysis, 
built-in diagnostics, and mapping. What follows is a 
discussion of these three, coupled with examples of how 
specific designs help the serviceman. 

Signature analysis 

Perhaps the greatest serviceability boon a designer can 
offer to the product's user is the capability to work with 
such troubleshooting tools as the HP 5004A signature 
analyzer. A relatively new technique, signature analysis 
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2. Open the loop. To implement free-running signature analysis, it is necessary to open the microprocessor assembly's feedback loop to 

prevent alterations to the free-run instruction. This can be done on the board itself by simply adding a few components. 

uses data compression to reduce complex, serial data-
stream patterns of any length at a circuit node to a 
unique four-digit hexadecimal signature [Electronics, 
March 3, 1977, p. 89]. 
Comparing the signature of a suspect circuit node 

with the empirically determined correct signature in the 
service manual will quickly verify circuit operation. The 
cause of an incorrect signature may be quickly discov-
ered by probing designated nodes, observing good and 
bad signatures, and tracing the signal flow. 

Besides the data from the circuit node, the 5004A 
needs three signals. A start signal initiates the measure-
ment window during which data is clocked into a 16-bit 
linear-feedback shift register in the analyzer. A clock 
signal generated by the unit under test synchronizes the 
data with the signal analyzer. A stop signal terminates 
the measurement window, and the 16-bit residue in the 
shift register appears on the display as a 4-place hexade-
cimal signature (Fig. 1). 
The free-running and software-driven modes are the 

two basic implementations of signature analysis in a 
microprocessor-based product. Free-running analysis 
forces the processor to cycle continuously through its 
entire address field with start/stop signals derived from 
the lines of its address bus. Software-drive analysis uses 
a stimulus program stored in read-only memory to 
generate the start/stop signals and to write repeatable 
data streams onto the data bus in order to test assemblies 
connected to the processor. 

The free-running mode occupies no ROM space, while 
the software-driven mode typically requires something 
under 5% of this space. However, the software mode can 
exercise more of the product's circuitry. For thorough 
testing, both techniques may be implemented in the 
same product. 
The HP 5342A microwave frequency counter is an 

example of efficient implementation of free-run signa-
ture analysis: only a few switches and pullup resistors 
need be added to the processor assembly. The outlined 
area in Fig. 2 shows the few components added. 

Essentially, what free-run analysis checks is the opera-
tion of the kernel: the minimum configuration of micro-
processor, ROM, and random-access memory needed to 
cycle through the entire address field. Grounding the 
free-run switch, SI in Fig. 2, and opening the data-bus 
switch, S2, forces the processor into the free-run mode. 
Grounding SI generates an instruction to clear accu-

mulator B, incrementing the program counter by 1 and 
thus cycling the processor through its address field one 
step at a time. A NO OP instruction will perform the 
same function, but the CLR B instruction needs the 
minimum of added hardware: two diodes. Opening S2 
prevents incrementation of the program counter, while 
opening S2 prevents the ROM output data from altering 
the free-run instruction. Consequently, the processor's 
address lines cycle repeatedly over the entire address 
field from 0000 to FFFF. Using the most significant 
address line (A 15) as start/stop signals and one phase of 
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3. Program-driven analysis. This program stored within a ROM 

generates the output patterns used to test the system in the 

program-driven signature-analysis mode. The most significant 

address bit A,, is set high to generate its start/stop signals. 

the processor's clock as the clock signal will give repeata-
ble, stable signatures for the address lines, ROM outputs 
and device-select outputs. 

Switch S3 enables the write buffer so that free-run 
signatures may be observed there. The read portion of 
the buffer cannot be checked with free-run analysis; it 
requires a logic pulser and logic probe. 

Software-driven analysis 

Exercising a special pattern stored in ROM will provide 
a more thorough signature analysis than will the free-run 
mode. This software-driven mode provides a pattern for 
the boards that are outside the kernel and therefore have 

no way of generating patterns. It allows troubleshooting 
of the input registers of devices accepting data from the 
microprocessor, and will often provide signatures for the 
circuitry responding to data in those registers. 
A typical 8-bit output test pattern would start off with 

all Os, go to all Is, then continue with a walking 1 
pattern (10000000, 01000000, . . . 00000001). The 
processor places the first byte of the pattern on the data 
bus and instructs a board to accept the byte in a specific 
location or register. For example, if the board has 12 
locations, the processor will write the byte at all 12. 
Once done, the processor sends the same byte to 

locations on the next board. After all locations on all 
boards have been loaded, the processor places the next 
byte on the data bus, and the process repeats. 
One way to generate start/stop signals is setting the 

most significant address bit high at the beginning of the 
test program. With the test program in the lower half of 
the memory, the most significant address line, A15, can 
be artificially toggeled at the beginning of the cycle 
simply by addressing a dummy location in the upper half 
of the memory. Figure 3 is a flow chart of the program 
for output pattern generation for this situation. 

Program-driven signature analysis can also test inputs 
from boards that are not part of the kernel. An internal 
service switch can set the microprocessor to generate an 
input exercise. Such a test allows these boards to put 
latched data from every storage location onto the data 
bus for checking by signature analysis. 
There are two primary points of concern in performing 

such a check of the read operation: determining by 
sequential elimination which board among many is 
malfunctioning and insuring that the circuits are prop-
erly initialized. Indeed, these concerns apply to both 
types of program-driven analysis and to free-run analysis 
as well. Moreover, they are part of a design checklist for 
designing in signature-analysis capability. 

Design points to remember 

Experience in designing microprocessor-based prod-
ucts that will work with signature analyzers suggests a 
list of six considerations that must be part of the design 
process. These six are: 
• Distinguish the kernel. 
• Provide a way to open local feedback paths. 
• Insure initialization of the boards under test. 
• Use address decoding to isolate ROM failures. 
• Stabilize the signatures of three-state devices. 
• Carefully document signatures. 
The kernel should be on its own board, for one of the 

first steps in troubleshooting a malfunctioning system is 
to find out if the kernel free-runs. This test cannot be 
accomplished unless the kernel can be completely 
isolated (Fig. 4). If a separate board is not possible, then 
switches must be provided to isolate the kernel's compo-
nents from the rest of the system. 
A good case in point is a malfunction in which some 

device on the microprocessor's addresses and data buses 
continuously pulls a line high or low. It is not clear which 
device is malfunctioning. The solution is to attach to the 
kernel an extender board modified with isolating 
switches for the address and data lines (Fig. 5). 
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To find the origin of stuck nodes on a product with an 
extender attached, the serviceman takes the signatures 
with all bus line switches closed. Then, on the lines 
giving incorrect signatures, he opens the extender-board 
switches and takes the signatures on their kernel side. A 
good signature on this side means that the bad signature 
on the other side is caused by a bad external device 
pulling that line high or low. 
The next step is to determine which device is the bad 

one, and this can be a much simpler process if the 
designer puts each subsystem interfaced with the proces-
sor on its own board. Then the serviceman can simply 
add boards to the free-running kernel until the bad 
signature is seen again. He continues to use the extender 
board's switches to isolate stuck nodes. 
A similar problem can occur with program-driven 

signature analysis that generates input tests. A read 
cycle involves all boards putting data on the bus, so it is 
necessary to test them in sequence by adding them one at 
a time to the kernel. 

In this case, determining whether a particular board 
sends out data properly requires its isolation from other 
boards performing the same function. One tack is to pull 
all other boards putting out data, excluding the processor 
and ROM boards. Another tack is to isolate the board 
under test by an extender card with switches on the data 
lines. However, opening these switches does more than 

4. Shooting the kernel. An initial troubleshooting step is to isolate 

the kernel and check for signatures using the free-running mode, as 

shown. For a stuck node the rest of the system's boards may be 

added, one at a time, until a board causes a bad signature to appear. 

5. Isolation.The modified extender board isolates the questionable 

boards' address lines and data lines from those of the bus. It also 

provides the serviceman with a manual reset capability and circuitry 

for address decoding (located near the board's center). 
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6. Power-on test. The diagnostic program charted describes a test 

routine for checking a system's RAMs, ROMs, and LEDs. The 

program is self-initiating at power-on and displays failure error codes. 

Internal switches or keyboard inputs can also start tests. 

isolate the board's data lines from the bus; it also 
removes the load supplied by the processor, and many 
switching power supplies will operate only with a full 
load. To compensate for this, the board needs another set 
of switches and some pullup resistors. With the switches, 
it is possible to select software designed to exercise only 
one board at a time. 

Another way to isolate nodes is to operate the kernel 
in the free-run mode outside the instrument. To do this 
without an extender board, the serviceman may use 
jumpers to connect the supply, ground, and clock signal 
to the kernel. The designer can facilitate this procedure 
by providing easy access for the jumpers, such as test 
terminals. 
The designer must provide the facility to open the 

feedback paths. If feedback is not broken when the 
signature-analysis program is sending a stimulus pattern 
to a device, then an error will propagate around the loop 
and all subsequent signatures will be wrong. It is a good 
idea to select an obvious feedback path to open, like the 
data bus of the kernel, where the added switches will 
interrupt the path. 

Initialization of the boards under test is extremely 
important in signature analysis. Without initialization, 
consistent signatures cannot be guaranteed from one 
example of the product to another, or even in the same 
instrument from power-up to power-up. Some circuits 

7. Mapping circuitry. Two 8-bit digital-to-analog converters provide 

oscilloscope mapping for a 16-bit address bus. This service aid can 

be built in or put on a separate board. The service manual must of 

course include maps of correctly operating systems. 

initialize themselves with their own reset pulses after 
passing through one complete cycle. Otherwise, the 
designer must insure that the service manual documents 
an initialization procedure for the serviceman to follow. 

Similarly, there must be provision for disabling asyn-
chronous devices like monostables and interrupts. Also, 
multilayer boards should be avoided where there are bus 
lines going to several devices. It is difficult to use a 
current tracer with a multilayer board to discover which 
device is holding a bus line low or high. 

Spotting defective ROM. 

The designer can facilitate isolation of a ROM failure 
by insuring that the address decoding circuitry is used to 
generate the measurement window for each chip. The 
chips shown added to the extender board in Fig. 5 
perform this task. Then the start/stop signal for each 
ROM aligns with its first/last address, and the signatures 
appearing on the data bus come from only one device at 
a time (assuming that the output enables are working). 

It also is important to provide for disconnection of the 
data bus when taking signatures on Roms. In free-run 
analysis, other devices are being addressed and are 
putting out random data that results in erroneous signa-
tures appearing on the bus lines. 

Three-state devices can present a particular problem 
in obtaining stable, repeatable signatures. Nonrepeating 
signatures can occur if the start/stop window brackets 
the device's transition from high-impedance output to 
enable output when pullup resistors are absent. 
To avoid this problem, pullup resistors should be on 

the board with the three-state device, not on some other 
board. Otherwise the extender board will need pullups to 
function when the board is isolated from the rest of the 
product. An alternative is to use address decoding that 
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8. Go/no-go pattern. The first map (a) indicates a properly operating system after the power-up diagnostic test. The second map (b) shows 

the same test on a similar system with the kernel malfunctioning. The serviceman checks the pattern, not individual points. 

ensures the start/stop window only brackets the cycle 
time in which the three-state outputs are enabled. 

Finally, it is up to the designer to provide the careful 
documentation of the signatures that will go into the 
service manual. Fortunately, there are several ways to 
insure that the signatures being read will be consistent 
from product to product. 
The first step is to check that the signatures are stable 

and repeatable on several product samples. The second is 
to ensure that the signatures repeat when tested with 
different signature analyzers. 
The most stringent test features reducing the clock 

frequency by 50%. This procedure should leave the 
signatures unchanged—otherwise there is a potential 
timing problem, probably due to excessive bus settling 
time and usually caused by the lack of pullup resistors on 
the bus lines. To reduce the clock frequency, all that is 
necessary is to pull the kernel out of the unit and to use 
an external pulse generator as a clock instead of jumper-
ing the clock from the unit under test. 

Moreover, it is important always to document the 
characteristic I s signature for each new setup so that the 
serviceman can determine if the start/stop signals 
supplied to the signature analyzer are correct. This char-
acteristic signature is obtained by placing the data probe 
on a transistor-transistor-logic high level that remains 
high during the start/stop window. 

Designing a microprocessor-based product to work 
with signature analyzers is a giant step towards servicea-
bility. However, the designer can do more to help out 
field service, and one important consideration to take 
into account is the inclusion of diagnostic subroutines. 

Built-in diagnostics 

Product-initiated self tests and user-callable tests are 
the two basic kinds of built-in diagnostics. Self-initiated 
routines are automatically exercised by the product 
every time some preset condition is met. A user-callable 
routine is exercised only when the serviceman selects it. 

Figure 6 is an example of the flow chart of a self-
initiated test. A convenient implementation point for 

such diagnostics is power-on. When the processor fetches 
its power-on address in ROM, a pointer causes program 
execution to begin with a check of RAM memory. In this 
routine, a checkerboard 1 and 0 pattern is written into 
each RAM and then read back. If this pattern is not 
identical to the one sent, the processor initiates display of 
an error code. In the HP 5370A universal time-interval 
counter, for example, a display readout of Err 6.1 means 
that RAM 1 failed the check, while Err 6.2 means that 
RAM 2 failed, and so on. 

If all the RAMS pass the test, a ROM checksum test is 
next. The contents at each ROM location are added up 
until the final checksum is compared with the correct 
one—in this case, the sum in the first location of each 
ROM. An incorrect checksum will cause an error 
message on the display. In the 5370, Err 7.1 means ROM 
1 failed the checksum test, and so on. (Of course, this 
routine works only if that portion of ROM containing the 
diagnostic program is good.) 

If all Roms pass their checksum tests, the self-diagnos-
tic program advances to a display check. All segments of 
the light-emitting-diode display and all front-panel 
lamps are lit briefly. These are, of course, just a few 
examples of the many kinds of checks that can be 
performed at power-on. 

User-callable diagnostics 

There are two basic ways for a designer to implement 
user-callable diagnostics. Some routines can be initiated 
by pressing the appropriate front-panel keys. Others can 
be selected by setting internal servicing switches to the 
appropriate codes. There are many choices as to which 
diagnostic routines to include, with the choice depending 
on the type of product. 
One generally useful diagnostic routine is the algo-

rithm-tracing program. The product goes through its 
usual operating algorithm but also displays mnemonic 
codes at key points. 

For example, in the HP 5342A microwave frequency 
counter, striking SET, SET, 0 on the keyboard initiates a 
diagnostic program display in four points in the algo-
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Design for serviceability check list 

Taking into account the following field-service considera-
tions at the initial design stage will realize several advan-
tages. Service calls are shortened, redesigns are elimi-
nated, extra equipment is not needed, and the manufac-
turer and customer see their costs reduced. 
1. Are inputs and outputs protected from normal abuse? 
2. Are light-emitting diodes used to advantage inside the 
instrument to indicate proper operation? For instance, a 
lighted LED could indicate a locked phase-locked loop, 
clock is present, power-supply voltage OK, etc. 
3. Are components located far enough from integrated 
circuits to allow test clips to be placed on the ICs? 
4. Can feedback be easily disabled for troubleshooting 
purposes? A good example would be a jumper wire that 
can be removed to break feedback between several ICs 
on a board. Sometimes feedback can be broken by pull-
ing a board in the feedback loop. 
5. Are display LEDs easy to replace? 
6. Are there power terminals for logic-probe/ pulser / cur-
rent-tracer operation? 
7. Are interconnecting cables long enough to allow opera-
tion of boards when placed on extenders? 
8. Are boards independent? Avoid, if possible, a device 
on one board and its pullup resistor on another. If this is 
necessary for proper line termination, provide on the 
board a switchable pullup resistor for stand-alone testing. 

9. Is it possible to manually force a node to a particular 
state for troubleshooting purposes? 
10. Can the instrument be operated with any of its circuit 
boards removed, i.e. does the power supply require a 
certain load? 
11. Are boards keyed so that they cannot be inserted 
incorrectly? 
12. Have all three types of troubleshooting documenta-
tion techniques been considered? These are: 
• Symptom cause: list symptoms and possible causes. 
This technique can be helpful when used with micropro-
cessors that can display error codes when a specific 
failure occurs. 
• Troubleshooting tree: test and branch based on results 
of test. A good tree requires more development time than 
any other approach since its developer must convince 
himself that the person following a fault through the tree 
will not get lost in a wrong branch. 
• Growing the kernel: the instrument is exercised in a 
series of operating modes arranged in increasing levels of 
complexity so that each successive operating mode exer-
cises a larger percentage of the instrument. By observing 
the first operating mode in the sequence that fails, it is 
possible to quickly limit the problem to those assemblies 
that are used in the failed operating mode but are not 
used in the previous modes that all passed. 

rithm's operation. At the beginning of the sweep portion, 
SP is displayed, indicating that the instrument is sweep-
ing its internal synthesizer for the desired intermediate 
frequency signal. When the signal is detected, sweeping 
stops and a 2 is displayed. Then the intermediate 
frequency is centered in the passband, the display shows 
3. To indicate determination of the harmonic number 
(the harmonic of the synthesizer that is mixing with the 
unknown to produce the intermediate frequency), the 
display shows Hd. 

Yet another useful user-callable diagnostic that 
applies to many products is a keyboard/display check. 
Such a test gives the serviceman confidence in using the 
keyboard and display in other diagnostic checks. 
To initiate this test, the serviceman hits SET. SET, 8 on 

the keyboard of the 5342A. The next key pressed fills the 
display with a unique character associated with that key. 
For example, pressing the 1 key results in a display 
reading of all Is, and so on. 

A go/no-go test 

A third testing technique that can simplify servicing of 
microprocessor-based products is mapping, which helps 
the serviceman decide where to begin troubleshooting. In 
the 5370A time-interval counter, for example, the first 
check is of the kernel and associated buses, for they must 
be working in order to troubleshoot any of the counting 
circuits, the display, and the analog sections. 

Mapping can quickly check the operation of the 
microprocessor and its communication with other boards 
in the unit without spending time to take signatures. 
However, it is a go/no-go evaluation, so when it indi-
cates a bad kernel, signature analysis or some other 

technique must be used to isolate the failed component. 
Essentially, mapping is a picture of the address bus, 

and the processor generates the picture as it performs its 
routines. In the 5370A, rather than connect a logic-state 
analyzer to all 16 lines of the address bus, two digital-
to-analog converters on a special service board plug into 
the bus to supply analog levels to the X and Y inputs of 
an oscilloscope (Fig. 7). Each dot of the address matrix 
displayed by the scope represents an individual address. 
As the processor performs its programmed routines, 
these dots are connected together to form a map. 
The 5370A is designed so that power-on with no input 

signal results in the map of Fig. 8a. The map appears 
after the microprocessor executes its power-up diagnos-
tics of RAM, ROM, etc. It indicates that the kernel is 
working properly, that the data and address buses are 
clear and functional, and that the counter is waiting for 
an input signal to start the instrument. 

It is important to realize that the serviceman is not 
looking for each dot of the map; he is interested just in 
the pattern. There are only 12 maps for the 5370A that 
he needs to be able to recognize. Documented in the 
service manual, they include such routines as: measure-
ment in progress, start signal but not stop, free-run, 
read/write test patterns, trigger-level routine, reset, and 
display-rate hold. 

If the scope shows any other pattern (Fig. 8b), then 
the processor has entered an undefined routine or is 
stuck in a portion of the algorithm. If the cause is 
suspected to be a board holding a line on the address bus 
low or high, boards can be removed one at a time until 
the proper map appears on the scope. Otherwise, it's on 
to signature analysis. EJ 
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Opening new frontiers with electro optics 
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RCA data links help you move quickly 
into fiber-optic communications. In fact, we can do the 
whole job, point-to-point. 

With fiber-optic data transmission be-
coming more attractive every day, 
RCA just made it even more so. We're 
introducing prepackaged digital 
data links with a built-in shortcut: en-
gineering and assembly work have al-
ready been done. 
Behind these ready-made systems 

is a unique package of experience. 
RCA made LEDs, injection lasers, 
photodiodes and avalanche photo-
diodes practical for optical com-
munications. Now, using our coupling 
know-how, we've integrated compo-
nents into compact, efficient transmit-
ters and receivers. A choice of three 
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systems lets you select the right one for 
the particular task, whether it be se-
cure data transmission, high-voltage 
optically isolated systems, computer 
interface, or process control systems. 

Complete, compact modules. 
Inside the 3.5 cubic inch transmitter 
module is an RCA high speed GaAlAs 
LED and assorted electronics for the 
drive circuit. We've coupled the chip's 
emitting region to a DuPont PFXS120 
fiber optic cable. With modification, 
the transmitter module will accept 
other fibers. 
The equally compact receiver con-

tains a silicon p-i-n photodiode with 
amplifier and threshold drive circuits 
to reproduce standard UL signals. 

From components to systems. 
RCA can modify these data links to 
meet almost any special requirement. 
Or we can go even further and en-
gineer your system. We have the 
components— proven-reliable LEDs, 
injection lasers, p-i-n detectors, and 
silicon avalanche photodiodes. Add 
to that our systems expertise, and we 
can provide everything you need for 

an efficient, compact, cost-effective 
data transmission system 

Typical performance characteristics. 
C86003E MOUE CISOOOSE 

TransmIner Module 
Input digital signals - 

NRZ coding 20 
RZ coding 10 

Min peak opticol output 100 

Receiver Module 
Input optical sensitivity 0 50 
Output digital signals - 

NRZ coding 20 
RC coding 10 

*COICulated bit error rate 10 9 

5 2 Mbis 
25 I Mbis 
100 100 µW 

025 010 paNi 

5 2 Mbis 
25 1 Mbis 

If electro optics can solve your prob-
lem, remember: EO and RCA are 
practically synonymous. No one offers 
a broader product spectrum. Or more 
success in meeting special needs. 
Call on us for design help or product 
information. RCA Electro Optics, Lan-
caster, Pennsylvania 17604. Telephone 
717-397-7661. 1130 Brussels, Belgium; 
Sunbury-On-Thames, Middlesex TW16 
7HW, England; Ste.-Anne-de-Bellevue, 
Quebec, Canada; Belo Horizonte, 
Brazil; Hong Kong. 

RCA 
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New from Heinicke 

the tunnel 
washer of the 
80's is here! 
This is the most 
important 
advancement in 
high volume 
industrial washing 
in a generation. 

The new Heinicke tunnel 
washer has feature after 
feature to eliminate the 
problems that afflict 
traditional tunnel washers. 
Say goodbye to washers 
that cost a fortune to ship, 

and can't be installed or 
moved without breaking 
down walls. So long to 
washers that are a constant 
source of burnouts and 
repairs. Nevermore to noisy 
washers that waste 
heat and water 
and run up 
utility bills. 

Heat 
exchanger. 
No more electric or steam 
heated coils that can't be 

cleaned, or burn out from 
detergent residue. 

Completely 
modular. 
Can be shippeu on 
a van in sections. 
Will fit a standard 
doorway. Easily 
moved when necessary. No 
more breaking down walls. 
No more expensive flat car 
shipping costs. 

Engineered for 
economy and 
efficiency 
Uses less water, energy and 
detergent than any volume 
washer on the market due 



to new techniques in washing 
and water handling. 

Reduces 
noise and 
heat loss. 
Heavily insulated 
with high 
density urethane. 
Best of all, the 
Heinicke name and expertise 
in washers means you have 
the famous Heinicke jet 
spray nozzle and the 
engineering that made 
Heinicke the premier name 
in the industrial and 
laboratory washer field. 
Truly a new generation of 
washers engineered for the 
volume user. Yet the cost 
is very competitive. 

Send for the 
Buyers Guide 
to tunnel washers, and 
read all the details. 

Heinicke Instruments Company 
3000 Taft Street, Hollywood, Florida 33021 
Phone 800-327-9783 or (305) 987-6101 

Please send the Buyers Guide to tunnel washers. 

Name  

Title Phone  

Institution  

Address  

City  State Zip   

ushe Id e equipm breakdown 

a eintcke Minute 
will be on hi ay o y u in 
48 hours! 

the Minute Man service, because 
Heinicke and Napco instruments are built to work. 
But if you do, just dial toll-free 800-327-9783. 
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NOW THERE ARE SIMPSON DMM'S 
...choose the one that's best for you! 

THE LATEST! Model 463, CORD-
LESS with LCD readout, 200-hour 
battery operation, 26 ranges, 0.2% 
DC V accuracy . . . all in a com-
pact package. 

$170 

DIGITAL MULTIMETER 

All Simpson Digital 
Multimeters Have 

reliable overload-protected LSI cir-
cuitry, easy-to-read 3-1/2-digit dis-
plays, automatic polarity. 200-hour 
burn-in backed by a 1-year guarantee. 
A full line of optional accessories. 

For $16-
Popular Compact Model 461 
with 26 pushbutton ranges, 
0.25% DC V accuracy. 

For $19 
Autoranging Compact Model 
462 with batteries, charger/ 
adapter. 0.25% DC V accuracy. 

For $310 
360-2 Digital VOM 
with 0.25% DC V 
accuracy, 28 
ranges, low-power 
ohms, AC/battery 
operation. 

For $323 
Deluxe 460-3A with 
0.1% DC V accur-
acy, 32 ranges, low-
power ohms, ana-
log trend display. 

For $345* F A* $245 
Autoranging Model Popular Bench 
465A with 0.1% DC Model 464A with 
V accuracy and 0.1% DC V accur-
low-power ohms acy and 28 ranges. 
ranges. 

•Price for AC line version. AC/battery charging version available for $42 additional cost. 

CHOOSE THE ONE THAT S BEST FOR YOU 

SEE THEM AT YOUR LOCAL SIMPSON DISTRIBUTOR. 

SIMPSON ELECTRIC COMPANY 

853 Dundee Avenue, Elgin, Illinois 60120 
(312) 697-2260 • Cable SIMELCO • Telex 72-2416 
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Top-of-the-line sewing machines 
embroider from memory 

High-density switch array, light-emitting diode display 

put user in touch with microcontroller 

by Walter B. Hatfield, Donald R. Simon, and William H. Dunn, The Singer Co., Fairfield, N. 

EJ Kitchen appliances were the first to benefit from 
replacement of mechanical components with electronics 
because the timing and speed functions being controlled 
were simple. But the more sophisticated operations of a 
sewing machine stalled the introduction of electronic 
control, requiring a design effort that stretched out 
development time and costs. The results, two top-of-
the-line machines recently introduced by The Singer 
Company, combine innovations in touch-control techno-
logy with electronic intelligence to simplify manufacture 
and operation while adding functions that were never 
before available. 

Electronic sewing machines are more reliable than 
all-mechanical models because they have fewer moving 
parts that can fail or wear out. Total parts counts go 
down, too. For example, the Touchtronic 2001* consum-
er sewing machine (Fig. 1) eliminated 350 parts—many 
of which were precision-made—of 1,100 in its immediate 
nonelectronic predecessor. Furthermore, electronic con-
trols in both this machine and its industrial counterpart, 
the Centurion,* permit the use of automatic test equip-
ment to speed and simplify assembly and test of the 
finished product and reduce the number of mechanical 
adjustments required. 

Why sew electronic? 

Elaborate mechanical machines have over 1,000 possi-
ble control setting combinations, set by panel switches, 
dials, and precision-made cams that control stitch 
pattern. Only a small percentage of these settings is 
useful, and in general this sophistication is lost to the 
user because controlling it is too complex. In the 
consumer machine, all settings except presser-foot pres-
sure, thread tension, and power are made on a glass 
touch panel by a simple sequence of panel touches. 
An important feature of electronic machines is that 

the internal logic can be preprogrammed to ignore inap-
propriate pattern modifications and prevent operator 
errors. For example, a straight-stitch pattern should 
always be set to zero width. Similarly, the balance 
control has no meaning for patterns without reverse 
stitches. 

In these cases, and others, the panel override 
controls for stitch width (top left of the control panel in 
Fig. 1) are disabled, preventing changes in the stored 
• A Trademark of The Singer Company 

stitch-width positions. Furthermore, the length override 
control in mechanical machines and in an earlier elec-
tronic machine provides only a single range of length 
modifications. But for any given pattern only a small 
portion of this range may be useful, requiring precise 
setting by the user. On the Touchtronic machine, the 
range of control is keyed to the selected pattern and 
implemented at moderate cost by six 5-by-20-bit lookup 
tables in read-only memory (Rom). 
The override control is one example of how electronics 

enhances function while simplifying control. In the new 
machines electronics also permits: 
• Greater pattern flexibility. Electronics removes 
mechanical restrictions on the number of stitches in a 
pattern. On mechanical machines, where stitch patterns 
are cut into the circumference of a replaceable cam, the 
practical limit to the number of stitches in a pattern is 
24. Patterns can start or stop at only one point on the 
circumference, so the number of stitches in a pattern 
must divide integrally into 24. In an electronic machine, 
on the other hand, patterns always start and stop at their 
beginning. This makes pattern cycling possible wherein a 

1. Smart machine. To choose a stitch pattern on this consumer 

sewing machine, the operator touches its symbol on the glass front 

panel. The three seven-segment LED digits indicate operator-select-

ed modifications of basic stitch-pattern characteristics. 
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2. A stitch in time. The industrial model uses a microprocessor to speed repetitious work. In the learning mode, the machine records the 

stitch sequence and the speed of the operator. When switched to auto-sew, it repeats the sequence as the operator moves the material. 

single command repeats an entire pattern. 
• Longer patterns. The longest pattern in the Touch-
tronic machine has 59 stitches. The number of stitches in 
a pattern in an electronic machine is limited only by the 
amount of ROM allocated, at present requiring approxi-
mately 15 square mils of silicon per stitch. In Singer 
machines, each stitch is represented by an 11-bit word — 
5 bits for length, 5 bits for width, and 1 bit for control. 
The consumer machine contains 29 patterns with a total 
of 512 stitches. 
• Learning capability. The industrial machine, which is 
often used to perform the same task repeatedly, can be 
programmed to learn and repeat complete stitch 
sequences. Such data as speed of operation, the number 
of stitches between corners, and the time it takes the 
operator to reposition the material at each corner are 
recorded as the operator sews the pattern on a few 
samples. As an operator becomes proficient, the data 
base can be updated to reflect increased speed. When the 
machine is then switched from the learn to the auto-sew 
mode, it will repeat the stitch sequence stored in memory 
and the operator need only turn the work at corners. As 
with pattern lengths, the number of stitch sequences that 
can be stored is limited by the amount of memory, in this 
case random-access memory, allocated during design. To 
change any characteristic of a sequence, the operator 
enters the desired data through the unit's touch-control 
and display panel (Fig. 2). 

Glass-front control panels are especially applicable to 
appliances since they have a modern look, are easy to 
clean and can contain operator instructions and decora-

tive graphics. They are also inexpensive to manufacture, 
since an entire array of switches and low-cost thick-film 
decorative layers can be fabricated on a single substrate. 
The glass panels used on the two electronic Singer 

sewing machines contain an array of touch-sensitive 
control switches. Each switch consists of two electrodes, 
which appear as a fixed capacitance across one of two 
matched transistors. A reference capacitance is connect-
ed across the other. Every 50 microseconds, both transis-
tors are turned on and off while their discharge rates 
through the capacitances are measured. 
When the operator touches a switch, the capacitance 

of his finger adds to the capacitance of the switch and 

3. Which switch?To reduce the number of wires between the touch-

switch array and the keyboard-interface chip, the two electrodes of 

each switch are connected to a unique pair of address pins on the 

chip. This coding scheme, shown schematically for six switches, 

allows N lines to address (N2— N) /2 switches. 
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Capacitance by statistics 

Since touch-sensitive switches are activated by human 
capacitance, they should be sensitive enough to 
respond to the touch of any operator, regardless of his 
particular capacitance characteristics. The switches 
should also activate reliably upon finger contact at 
various angles and pressures. Little information on the 
subject of human capacitance is available in technical 
literature, so Singer conducted its own study, using a 
test sample of 126 people. 
The study found no correlation between capacitance 

and age, sex, physiology, apparel, cosmetics or medi-
cation. However, the range of capacitances fits a Pois-
son distribution with a variance of 7, as shown in the 
lower curve. 
The upper curve is an integration of the lower distri-

bution, and indicates the probability that an operator 
would fail to activate a touch switch with sensitivities 
between 0 and 180 picofarads. On the basis of the 
upper curve, the Touchtronic 2001 was designed to 
detect a minimum capacitive increment of 20 picofar-
ads, which should occur for 98.5% of all touches. 
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lengthens the time constant across one of the transistors. 
This causes what is called a race condition, where the 
two transistors discharge at different rates, indicating 
selection of that switch. 

In traditional touch-activation schemes, two thick-film 
electrodes on the rear of a glass panel are linked through 
a transparent thin-film counter electrode on the front. 

When the operator touches the counter electrode, he 
attenuates the voltage at the rear electrodes. The sensi-
tivity of this kind of touch switch is a function of glass 
thickness as well as switch area. A typical touch-switch-
activated microwave oven, for example, has a density of 
0.7 switch per square inch. 

Since a sewing machine is a relatively sophisticated 
appliance requiring a large number of operational 
controls, the touch control panel posed a density prob-
lem. For the Touchtronic machine, 41 switches had to be 
squeezed into a 20-square-inch panel. In the case of the 
Centurion machine, the required density is somewhat 
lower —1.25 switches per square inch. Two new 
approaches to touch activation succeed in achieving 
these high densities. 
To remove the dependence on glass thickness, both 

electrodes of each switch are on the front of the glass 
substrate. The electrode patterns are etched in a trans-
parent thin-film conductor, and then overlaid with a 
1-mil-thick coating of glass for protection and aesthetics. 
(For an analysis of human capacitance characteristics, 
see "Capacitance by statistics"). 
A second innovation in touch-activation technique is 

the coding scheme used to address the switches (Fig. 3). 
Here the two electrodes of each switch connect to a 
unique pair of address lines on the custom keyboard-
interface chip. This 2-of-N coding scheme allows N lines 
to address (N2— N)/2 switches. Once every 720 micro-
seconds each address line is scanned. If the same pair of 
lines shows human capacitance increments on three 
successive scans, the operator is touching that switch. 
The glass touch-panels are fabricated by laying down 

the transparent thin-film array of tin-oxide electrodes, 
two per switch, on one side of a soda-lime glass 
substrate. On the Touchtronic machine, nine thick-film 
layers then are applied to the front and rear of the 
substrate (Fig. 4). 
The first layer applied to the rear of the panel, the 

graphics layer, contains all the stitch-pattern symbols 
and machine status information. The position and color 
of this layer, that of the light-diffusing glaze layer and 
the color filters, and the optical density of the glass itself 
give the panels their blacked-out appearance. 
The remaining thick-film layers serve more conven-

tional purposes. On the front of the panel are a decora-
tive layer (an orange stripe on the Touchtronic machine) 
and conductor pads for the tin-oxide electrodes. The rear 
of the substrate is overlaid with white reflective and 
diffuser layers that make the panel visually attractive 
when back-illuminated. Back-illumination of the area 
around a touch switch is possible only because there are 
no opaque thick-film electrodes on the rear of the panel. 

Lighting and displays 

When the Touchtronic machine is first turned on, an 
array of incandescent lamps back-lights the various 
stitch options. If the operator selects a pattern for which 
the digital override controls are operational, a second 
array of incandescent lamps illuminates that portion of 
the panel. 
The functional display elements of the Touchtronic 

machine are 55 light-emitting diodes. Of these LEDs, 21 
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4. Thick and thin. First step in the fabrication of the glass touch panels is deposition of the thin-film electrode array on the front of the 

substrate. Three thick-film layers then follow on the front and six on the rear. Absence of opaque layers on the rear allows back-lighting. 

5. Spread out. The optical design and construction of the display 

converts the LEDs' bright spot outputs into softer, uniformly lit areas. 

Each die is epoxied to the printed-circuit board, then cured, wire-

bonded, and coated for mechanical strength. 

make up three seven-segment digital override func-
tions—length, width, and balance. Of the remaining 34 
LEDs, 28 indicate stitch patterns and 6 show machine 
functions. 

Rather than incur the costs of purchasing and install-
ing individual LED packages, Singer chose to package the 
LEDs as a hybrid array. Individual 10-by-10-mil LED 
dice are epoxied onto a printed-circuit board processed 
with gold/nickel/copper metalization, then cured and 
ultrasonically wire-bonded with aluminum-silicon wire 1 
mil in diameter. Finally, the entire array is coated to give 
it mechanical integrity. 

Figure 5 shows the optical design used to exploit the 
bright "spot" output of the LED. Each die is located at 
the bottom of a funnel formed by light guides. A diffuser 
at the top of the funnel on the rear of the glass substrate 
uniformly illuminates the display area. 
The LEDS are driven directly from a custom large-

scale integrated display chip. To minimize the number of 
pinouts and local heating, several different driving 
formats are used. The three seven-segment displays are 
time-multiplexed at 30% duty cycles; the 28 stitch-

pattern LEDs are space-multiplexed in a five-by-six-dot 
matrix format; and the six machine-function LEDs are 
driven directly. The display chip also controls the incan-
descent lamps behind the digital override panel. 

In the industrial machine, four five-by-seven-dot LED 
arrays display operational data, while switchable incan-
descent lamps illuminate fixed-format message areas. 
Here, the dead-front appearance of the panel and the 
illumination of only those options actually available help 
minimize operator distraction. 
The electronic touch-panel assemblies for the Touch-

tronic and Centurion machines are fabricated at Singer's 
Controls division, headquartered in Schiller Park, Ill. 
Assembly involves the soldering of pins, using a standard 
infrared reflow process, between the glass panel and the 
printed-circuit board, which contains LEDs and incandes-
cent lamps on its top surface and electronics at its rear. 
Each module is completed by inserting a light-pipe array 
between the glass panel and the printed-circuit board. 
This array enhances the forward radiation from the 
display devices and minimizes the leakage of light 
between elements. 

Looking ahead 

Prices of electronic controls and displays have now 
fallen to the point where they can be designed into 
top-of-the-line appliance models. But if electronics is to 
penetrate the large-volume models below the top of the 
line, further cost reductions will be needed. These reduc-
tions will result from optimized custom vs general-
purpose LSI strategy, and from advances in packaging 
and fabrication technique. Areas currently being evalu-
ated include the use of porcelain-clad steel-based hybrid 
circuits as a low-cost, high-reliability alternative to 
printed-circuit boards. 
The cost of displays, too, must be reduced. Although 

individual LEDs cost only about 8 cents each in quantity, 
the large number of LEDs required for sophisticated 
appliances and the costs of light pipes and incandescent 
lamps make the display a major part of the cost of 
control. Lowest-cost displays will probably take the form 
of Lsi-driven devices that can be batch-fabricated with 
the touch-switch and thick-film layers directly on the 
glass substrate. Integrated controllers with liquid-crystal 
displays that have been developed are still expensive, but 
this technology is a promising one for the future. CI 
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Three OEM drives from Control Data 
with proven technology and reliability. 

All three drives share a compatible interface. All 
have 35 ms. average access time, the same 2.5 MHz 
transfer rate and are daisy chainable from the same 
controller. They are among the most popular 
products in our line of OEM rotating memory. 

Choose our Fixed Media Disk Drive for its 
6000 MTBF reliability 
The Model 9414 uses a non-removable 5440-type 
media disk,to store up to 12 Mbytes. Configured 
as stand-alone memory or with one of our low-cost 
flexible disk drives for backup, you get superior 
reliability. 

Or our Cartridge Disk Drive that uses 
fixed! removable media 
The Model 942741 uses a removable disk cartridge 
and a single fixed disk to provide 12 Mbytes of 
storage capacity. One of the reasons for its wide 
acceptance (over 25,000 installed) is our flexible 
switch-controlled interface and four different 
connector options. This interface flexibility means 
our customers—and yours—can "plug and play" 
without costly hardware or software conversion. 

Or a Voice Coil Drive for large-capacity storage 
The Model 9747 gives you up to 60 Mbytes of 
storage using a CDC @ 9873 or IBM 2316 disk pack. 
It's one of our most popular drives because of its 
proven reliability and exceptionally low cost... 
more than 30,000 delivered. 

And all drives are ready for shipment 
Control Data manufactures heads, media and 

actuators for these dries, so you don't have to 
worry about delivery delays. 

Put quality behind your nameplate. Call us at 
612/ 853-3399 or if in Europe, contact one of our 
European representatives. Or return coupon to: 

D. C. Steiner. General Manager. OEM Product Sales 
Control Data Corporation 
.P.O. Box 0 
Minneapolis, MN 55440 
Please send information on your 
O 9414 Fixed Media Disk Drive CI 9747 Voice Coil Drive 

9427-H Cartridge Disk Drive 

Satre 

Con- pans 

Atkin", 

City   

Title 

E-31 

Entire OEM Product Line 

Phone   

@D 

State.   Zip  

CONTROL DATA 
CORPORATION 

More than a computer company 
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THE BEST WAY 
TO KEEPAHEAD OF THE TIMES. 
ECLIPSE 5/250 COMPUTER. 

With faster processing times, our new ECLIPSE S/250 is the 
most powerful scientific minicomputer you can buy. For example, 
its floating point processor can perform double precision ADDs 
in 600 nanoseconds and double precision SINEs in 25.3 micro-
seconds. And its integral array processor does 1024 point com-
plex floating point FFTs in less than 10 milliseconds. Data is 
transferred at rates up to 10 megabytes/second through a high 
speed burst multiplexer channel. Plus, programmable data con-
trol units handle I/O interrupt service to offload activities from 
a main processor. And you can execute time-critical, compute-
bound routines in 1/2 to 1/10 the time required for software execu-
tion because of the S/250's Writeable Control Store. 

When you buy an ECLIPSE S/250 computer from Data 
General, you don't have to go to another vendor to complete 
your system. We make the broadest, most cost effective family 
of peripherals in the industry. That not only makes putting a sys-
tem together easier, it assures you that you will end up with the 
greatest system efficiency. 

The new Data General ECLIPSE S/250. It's an idea whose 
time has come. Send the coupon for our brochure or call 
617-366-8911. 

Data General 
We make computers that make sense. 

Name Title Company "lit. N... 

Address City State Zip 

Data General Corporation. Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd.. Ontario. Data General Europe, 61 nie de Courcelles. Paris, France. 766.51.78. 
E-3179 Data General Australia. (03)89-0633. Data General Ltda.. Sao Paulo, Brazil 543-0138. Ibta General Middle East, Athens, Greece, 952-0557. © Data General Corporation. 1978. 
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Getting the most 
out of the 9900 

for real-time 
control 

Coupled with software techniques, 

the 9900's speed, instruction set, 
and architecture can handle 
many real-time assignments 

by Henry Davis, American Microsystems Inc., Santa Clara, Calif. 

Label Instruction Comments 

CORDIC SLA R1, 8 Ao = 0 x 28 

CLR R2 X -- 0 

LI R3, 19898 Y = 0.6072526 x (2's ) 

CLR R4 X0 = 0 

MOV R3, R5 Yo = Y 

CLR RO shift = 0 bits li = 01 

CLR R6 zero counter 

NEG RI 

L10 MOV 

JLT 

RI, R1 

L20 

test sign of A, 

jump if negative to L20 

S R5, R2 X,= X,--1 — Y,. 1/2' 1 

A R4, R3 Y.= Y,-, + X, 1/2' .1 

S @ARCTAN (R6), R1 A, = A, —arctan l'/,' -' I 

JMP L30 jump to L30 

L20 A R5, R2 X, = X,..i + Y..1/2' I 

S R3, R3 Y, = Y,-.1 — X, 1/2' -1 

A @ARCTAN (R6), R1 A, = A„, 4 arctan W.' 1) 

L30 INC RO increment shift by 1 

INCT R6 point to next arctan 

MOV R2, R4 R4 = X1/2' 

SRA R4, RO 

MOV R3, R5 R5 = Y,/2' 

SRA R4, RO 

CI RO, 12 repeat until i = 12 

JNE L10 

8 • R11 

ARCTAN DATA 11520 arctan (1) x 256 

DATA 6800 arctan l'M x 256 

DATA 3593 arctan (%) x 256 

DATA 1824 arctan (1/8) x 256 

DATA 916 arctan (1/16) x 256 

DATA 458 arctan (1/32) x 256 

DATA 229 arctan (1/64) x 256 

DATA 115 arctan (1/128) x 256 

DATA 57 arctan (1/256) x 256 

DATA 29 arctan (1/512) x 256 
DATA 14 arctan (1/1,024) x 256 

DATA 7 arctan (1/2,048) x 256 

Real-time applications demand a speed and accuracy 
that microprocessors have been able to supply in only the 
simplest of such assignments. The 9900 microprocessor, 
though, does have both the necessary speed and an 
architecture and instruction set that allow sufficient 
accuracy for more difficult real-time applications. 
One of the most important is signal processing. 

Virtually all signal-processing schemes require the calcu-
lation of sine and cosine values. After studying the 
9900's instruction set, the initial decision might be to use 
a Taylor series expansion for these functions. In some 
cases, this approach will work well. But even if the 
multiplication can be performed quickly, a Taylor series 
is not efficient, since about 4'/2 other instructions can be 
executed in the amount of time it takes to perform one 
multiplication. Appropriate programming techniques, 
therefore, would yield faster results. 
A better solution employs the coordinate rotation digi-

tal computer (Cordic) algorithm and scaled arithmetic. 
Widely used to generate sine and cosine functions in 
hand-held calculators, the two are handled easily by the 
9900. 

Scaled arithmetic is a form of floating-point arithme-
tic. But in this form a number is broken up into integer 
and fractional portions separated by a binary point, 
instead of being represented as a sign, mantissa, and 
exponent. The microprocessor's registers are similarly 
divided into two pieces, one for each portion of the 
number. In floating-point arithmetic, a general subrou-
tine in the machine keeps track of the location of the 
decimal point; scaled arithmetic, however, requires the 
programmer to keep track of the binary point by scaling, 
or shifting the numbers to the proper place in the regis-
ter. Although scaled arithmetic does not offer the preci-
sion or dynamic range of floating-point, it is faster and 
therefore useful in those real-time applications where the 
extra accuracy is not needed, but speed is critical. 

Shifting and scaling 

It is easier to perform scaled arithmetic operations on 
the 9900 because of its shift instructions. The shift 
operation is also valuable because shifting the contents 
of a register to the right has the same effect as dividing 
by a power of 2 and shifting left multiplies them by a 
power of 2. The shift-right and -left arithmetic instruc-
tions on the 9900 let any register be shifted by the 
amount contained in register 0 or a constant. This is very 
convenient, because now the exponent of 2 can be 
contained in register 0, so that the resulting shift is the 
same as multiplying or dividing by 2 raised to that 
exponent. 

Based on the fact that any angle between 0° and 90° 
may be approximated by the sum or difference of a set of 
base angles, the Cordic algorithm uses scaled arithmetic 
to produce an accurate answer without multiplying. The 
set of base angles is defined by angle, = arctangent 
(1/2'-'); d, is defined as the sign of the previous angle 

1. Shifty. The Cordic algorithm calculates the sine and cosine of 

angle O using only addition, subtraction, and shifting operations. 

Register 1 contains the scaled value of O. After the 12 iterations, 

register 2 contains sine O and register 3 contains cosine O. 
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The 9900: a profile 
Although not the first 16-bit microprocessor, the 9900 is 
one of the most powerful currently available. Produced by 
Texas Instruments Inc. as the TMS 9900 [Electronics, May 
27, 1976, p. 99] and designed to be software- and hard-
ware-compatible with Ti's 990 minicomputer family, it is 
second-sourced by American Microsystems Inc. as the 
S9900. It is the only microprocessor to have a true memo-
ry-to-memory architecture. As a result of this architecture, 
computations may occur between registers, between 
registers and memory, or using the six possible addressing 
modes, between two memory locations. 
The 9900 has more registers available to the user than 

most other microprocessors: 16 general-purpose and 15 
index registers. Moreover, if 16 registers are not sufficient 
for an application, the 9900 has an instruction that will 
define a new set. Only 3 registers are contained in the 
processor itself: the program counter and the status and 
work-space registers (see figure). The 16 general-purpose 
registers are kept in memory. 

With 69 basic instructions and six addressing modes, 
the 9900's instruction set is considerably more compli-
cated than the average microprocessor's. Yet rather than 
making the 9900 more difficult to use, the complexity of 
the instruction set makes programming easier. In fact the 
power and completeness of the instruction set produce 
such compact source code that programming time can be 
cut in half compared with that needed for other 8- and 

INPUT/ 
OUTPUT 

INTERFACES 

ADDRESS 

9900 

16-bit microprocessors. What's more, programs written 
for the 9900 tend to be more readable, thus easing the 
burden of software documentation and maintenance. 

Input and output on microprocessors generally rely on 
memory mapping or direct memory access. To these 
techniques the 9900 adds the easy-to-use communica-
tions register unit, which not only permits easier digital 
I/O, but also facilitates analog-to-digital conversion. 

In addition, the family of components built around the 
9900 increases the hardware designer's flexibility. Among 
the software-compatible special-purpose processors 
available are the 9980/81 8-bit data-bus processor and 
the 9940 microcomputer. The latter handles four interrupt 
levels and has 32 general-purpose I/O lines, 2 kilobytes of 
read-only memory, and 128 bytes of random-access 
memory on a single chip. The 9901 general-purpose I/O 
chip can support between 7 and 16 input/output lines 
with a software-programmable interval-event timer and 
decoding for 6 to 15 interrupt levels. 
Two communications chips are available: the 9902 

universal asynchronous receiver-transmitter, which comes 
in an 18-pin package and has programmable transmission 
rates; and the 9903 programmable synchronous commu-
nications controller, which supports all synchronous proto-
cols with minor amounts of software. 
The only additional circuitry needed to make the 9900 

function is the 9904 four-phase clock-driver circuit. 

15 INTERRUPT LEVELS 

CONTROL AND DATA 

ARITHMETIC ANO 
LOGIC UNIT 

WORK-SPACE POINTER 

PROGRAM COUNTER 

STATUS 

COMMUNICATIONS 
REGISTER UNIT 

CONTROL 

DATA 

UP TO 
64 KILOBYTES 
OF MEMORY 

Ro 

R1 

R15 

PROGRAM MEMORY 

PROGRAM MEMORY 

A,_ 1; and Rn = 1/cos cl iA, . . . cos clnAn. Generally, 12 
iterations give enough accuracy, and at n = 12, Rn is a 

constant and equals 1.647. Letting the starting terms Ao 
= —(the given angle 0), Xo = 0, and Yo = 1/ Rn = 
0.60725 and letting i go from 1 to 12, the algorithm may 
be stated as: 

X1 = X,_, —d, X Y,_ 1/2i -' 
Y, = Y,_, +di x 

A, = A,_,— d, X arctan 1/2' -' 

If the arctangents are stored in a table, only shift, add, 
and subtract instructions are required to implement the 

algorithm. The 9900 does this readily, since its instruc-
tion set already includes 16-bit arithmetic and it can 

perform a variable shift. After the 12 iterations, X12 = 

sine O and Y12 = cosine O. Figure 1 shows the complete 
Cordic algorithm and the table of base angles. 

By using the computational power of the 9900 with 
appropriate algorithms like Cordic, other real-time func-
tions such as digital filtering can be performed at rates 
not possible with other microprocessors. Optimal digital 
Wiener filters and Kalman and other theoretically 
optimal filter methods are practical with the 9900. 
As an example of a simple digital filter algorithm, 
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2. Low-pass. Digital filtering is one of the real-time applications the 

9900 is well suited for, especially theoretically optimal filter methods. 

This simple low-pass filter (a) can be represented by the digital filter 

(b), where a is the filter characteristic and r is the sampling interval. 

A = Next Sample 

=Axa 

= B x e at 

B = + [31 

OUTPUT B 

Instruction Comments 

LI 

LDCR 

MPY 

MPY 
A 

LI 
STCR 
IDLE 

R12, AD 
R1, 11 

@A, R1 

@EAT, R3 
R1, R3 

R12, DA 
R3, 11 

point to a-d converter 

get 11 bits 

Al =Axa 

131 = B x ear 
B = Al + Bi 
point to d-a converter 

output data 
wait for next sample 

3. Digitized. This flow chart and the corresponding 9900 code 

implement a digital low-pass filter. Once again, scaled arithmetic is 

used for the filter characteristic a and e-°'. This program allows a 

sampling rate of up to 19,200 samples per second. 

consider the low-pass filter of Fig. 2. The Laplacian 
notation for the transfer function of this filter in terms of 
the complex frequency s is given by: 

G( = Vo(s) 1/sC 1  a s)  VI(s) R + 1/sC — 1 + sCR — a + s 

where the filter characteristic a = 1/CR. This charac-
teristic is approximately equal to 2s when s is the upper 
3-decibel frequency of the filter. 

Because VI(t) is an impulse function at time t = 0, 
Vi(s) = 1 and G(s) = Vo(s). The problem of finding 
G(s) is thus reduced to obtaining the output of the filter 
when the input is an impulse. Solving for G(s) yields 
G(t) = ae-a where r is the sampling interval. Because 
VI(t) is a sampled function, only Vo(t) at 0, r, 
2r . . . nr is of interest. Using the transformation: 

L{b (t—r)) = 

Vo(t) becomes Vo(s) and: 

G(s) = ae-a*e -" = ae -2" . . . 

The sum of this geometric progression is: 

a  
G(s) — 1 _ e, e_„ 

Because this form is not very suitable for computers, 
G(s) is rewritten as: 

Vo(s) = aVi(s) + e-- °' Vo(s)e -" 

Figure 3 shows the computer implementation of a 
general low-pass digital filter. Note that both the filter 
characteristic a and e-a' are constants and could be 
changed by the program during execution, thereby 
allowing the output signal-to-noise ratio to be optimized. 

In order to minimize the program, the input, a, and 
e-a' are assumed to be scaled and less than I. The 
throughput of the program allows a maximum sample 
rate of 19,200 samples per second and may be increased 
by utilizing memory-mapped input/output techniques 
for transmitting and receiving data. 
Changing the addition to a subtraction and negation 

combination yields a high-pass digital filter. Appropriate 
combinations of these filter functions yield bandpass and 
notch filters with lower sampling rates. 

In computer and microcomputer systems, the control 
of 1/0 devices often requires real-time processing. The 
9900 lends itself to these applications, too, because of its 
communications register unit, or CRU. Data is transmit-
ted and received by the unit in serial form using three 
dedicated processor lines. Special CRU instructions 
permit the transfer of data fields ranging from 1 to 16 
bits in length. Because variable-length ho fields are 
easily manipulated, 1/0 interfaces having simplified 
circuit layouts, increased density, and lower component 
costs can be easily designed. 

Controlling I/O 

For example, controlling the push buttons and other 
switches used in the majority of input devices can 
account for up to half of the code in an applications 
program. Typically, the state of a switch is sensed and 
the appropriate action initiated under software control. 
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These switches may be sensed as groups or individually 
and may be context- or sequence-sensitive. 
Many microprocessors allow sensing only in groups, 

thus requiring software to determine the switch responsi-
ble for the signal. For example, one instruction may get 
the switch data, another may mask off the undesired 
bits, and a third may test for equivalence with a specific 
bit pattern. 
A single 9900 CRU instruction—test bit (TB) —howev-

er, can test the status of any single CRU I/O line and set 
or reset the status register's equal bit based on the state 
of the switch. Conditional jumps—jump if equal (iEo) 
and jump not equal (JNE)—are then used to transfer 
control to the appropriate section of the program. 

Particularly important is the fact that this method 
requires no program registers or memory locations in 
order to test individual bits. The companion instructions 
for single-bit CRU output are: set the bit to 1 (sBo) and 
set the bit to 0 (sBz). Like the TB instruction, they 
require no work-space memory. 
To determine the bit affected by any of these instruc-

tions, add twice the displacement in the operand field to 
register 12. The result is an address that is twice the 
logical address, because the least significant bit of the 
address bus is internal to the processor. 
Though the single-bit CRU instructions help optimize 

software and hardware for sampling individual switches, 
it is often desirable to obtain the state of multiple 
switches. By using a single instruction, store CRU 
(STCR), any number of bits from 1 to 16 may be 
transferred to a register or memory, with the location of 
the starting bit defined by register 12. 

For example: 
LI RI 2,BEG 

STCR R1,3 

will transfer 3 bits from the CRU starting at BEG to 
register I. Using these two instructions, only minimal 
hardware and software are needed to meet virtually all 
input requirements. 

Driving printers 

Probably the most popular output device in many 
applications is the dot-matrix printer. It, too, is easily 
supported using CRU techniques and appropriate soft-
ware. Microprocessor systems often have surplus time 
when results are to be printed. By using this time, 
component count and peripheral complexity may be 
significantly reduced. 
The main responsibility of software for a printer driver 

is to turn specific lines on and off for predetermined 
intervals. To accomplish this, software timing loops can 
be used. Software timing is based on the fact that each 
instruction requires a specific amount of time to be 
executed based upon a fixed clock cycle. The accuracy of 
the timing is proportional to the accuracy of the proces-
sor clock. The latter is usually accurate enough for 
software timing, but some applications may require crys-
tal-controlled clocks for repeatability from unit to unit. 

Switch debouncing provides a simple example of soft-
ware timing. Because a switch may bounce for up to 40 
milliseconds after first contact, the program must ensure 
that the switch is not resampled during this time. 

Label Instruction Comments 

PRINT SBZ DRIVE start head moving 

P10 TB POS 1 wait until position 1 

JNE P10 

LI R7, DEDB margin delay and debounce 

P20 DEC R7 

JNE P20 wait 

P30 LI R2, 5 5 columns 

MOVB ' R1+, R3 get characters into R 3 

SRL R3, 8 put into lower byte 

ANDF R3, 73F limit to ASCII uppercase 

MPY R2, R3 get displacement 

Al R4, TAB R4 = table index 

P40 MOVB 'R4+, R3 R3 + next column of dots 

SRL R3, 8 

LDCR R3, 9 

LI R7, 45 300-ps timer tor on time 

P50 DEC R7 

JNE P50 R7 = 0 at exit 

LDCR R7, 9 clear drivers 

LI R7, IDG inter-dot wait (typically 1.2 ms) 

P60 DEC R7 

JNE P60 

DEC R2 next dot column 

JNE P40 continue until 5 columns 

LI R7, ICG inter-character wait (typically 1.2 ms) 

P70 DEC R7 

JNE P70 

DEC R8 all characters out? 

JNE P30 continue until done 

P80 TB POS 1 wait until home position 

JEQ P80 

SBO 

RT 

DR IVE stop head 

return 

4. Print out. To drive a five-by-seven-dot matrix printer, this program 
takes advantage of software timing. The loops at lines P20, P50, 

P60, P70, and P80 provide the necessary pauses between dots and 

characters and allow head movement across the carriage. 

For example: 
L 1 0 TB SWITCH 

JEQ L 10 

makes the processor wait for the switch transition. 
Following that code with: 

instructions: execution period: 
LI Rx,2000 ;12 cycles 

L20 DEC Rx ;10 cycles 
JNE L20 ;10 cycles repeated 2,000 times 

makes the processor wait for 20 x 2,000 + 12 cycles, or 
13.33 ms assuming a 3-megahertz clock rate. This loop 
could of course be fine-tuned and shortened by the 
amount of time consumed by the minimum path back to 
the sampling routine, thus increasing throughput. 
The second requirement for the printer driver is to 

translate from ASCII to an appropriate dot code. 
Assumed in this program is standard coding for a five-
by-seven-dot matrix in the program data segment. 
Figure 4 illustrates a basic printer driver; options for 
error detection may be easily added in the appropriate 
sections. 

Electronics/March 1, 1979 143 



THANKS TO GATES 
THESE BUZZ,WHIP,SHINE,WHIR, 
SCAN AND ENTERTAIN LONGER. 

There's a new power source for 
portable electronics. Gates Energy. 
And the list of companies utiliz-

ing our unique energy cells for 
power is growing fast. 

Hewlett-Packard, TORO, Data 
Terminal Systems, Data General, 
Dual-Lite, Keithley Instruments, and 
Tideland Signal are just a few. 

Here's why. Nothing beats our 
energy cells and batteries for 
dependable, rechargeable power. 
They deliver hundreds of deep dis-
charge and thousands of shallow 
discharge cycles. Safe, simple and 
reliable float charging for 8 years or 
more. Predictable performance from 
- 65°C. to +65°C. Exceptionally long 

shelf life. Plus sealed construc-
tion for packaging flexibility 
and operating safety in any 
position. Our cells are sealed 

to about 50 lbs. with a re-
sealable safety vent. 
There's a lot more we'd 

like you to know about 
Gates Energy. So we've 

prepared a comprehensive 
information packet full of 

design data, spec sheets and 
application notes. Send for it 

today. Circle our Reader Service 
number, or write us directly. 
Gates Energy Products, Inc., 

1050 South Broadway, Denver, CO 
80217. Phone (303) 744-4806. 

GATES ENERGY 
EM3 



Engineer's notebook  

Measuring an op amp's 
common-mode impedance 
by James P. Ary and R. W. Stow, California Institute of Technology. 
Pasadena, and Ohio State University, Columbus 

To measure a differential amplifier's common-mode 
input impedance using the conventional partial-deflec-
tion method,' a resistor on the order of 108-10'4 ohms 
must be placed in series with the input port to be 
checked. But the insertion of such a large resistance, 
which is used to create small signal-voltage differences 
across the differential inputs, causes errors in measure-
ment. For one thing, dc offset currents are generated, 
and, for another, there is pickup from unwanted signal 
sources. 

But, by taking advantage of the normally high 
common-mode rejection ratio (cm(m) of the op amp, a 
resistor whose value is several orders of magnitude lower 
can be used, and the common-mode impedance can be 
measured more easily and accurately. 
As shown in the figure, the common-mode input 

impedance, 1., is the impedance of the parallel combi-
nation of effective resistance, R,, and capacitance, C„ 
between either input of a differential amplifier and 
common ground. To measure the Z,C„, of the inverting 
side of the amplifier with this method, a resistor, R„ is 
placed between the two input leads, instead of (as in the 

partial-deflection technique) in series with the input to 
be measured. A forcing function, e„ is then applied to 
the noninverting input terminal. 
The voltage at the inverting input, e,', is thus e, minus 

the voltage drop (IR drop) across R,. The difference 
voltage is amplified, and so the voltage at the output is 
e.' = A(e, —e,'), where A is the amp's differential 
voltage gain. 

If the CMRR of the op amp is known and is high 
enough to make the output voltage with S, closed (e.) 
much smaller than that with S, open (normally both 
conditions will hold), then R, can be determined accu-
rately. It will also be necessary for the frequency of the 
sine-wave input signal to be low enough to make the 
input reactance, X,, much larger than R,. If all these 
conditions are met, then: 

Co' = A(e, — e,') 
e,' = e,R,/(R, + R,) 
e.' = Ae,R,/(R, + R,) 

If R, is selected so that R,>. R,/(cmBB — 20 dB), 
then from the equation for e.', R, = Ae,R,/e.'. Assum-
ing e.' can be accurately measured, R, can be measured 
for values of up to 10'° ohms with 10% accuracy for 
CMRR = 100 dB and R, = 1 megohm. 
To determine C„ the frequency of e,' must be 

increased to a value where e.' rises at a rate of 20 dB per 
decade but below the point where the op amp's recog-
nized bandwidth and output level are exceeded. Then 
X„ = Ae,R,/e.', or C, = e.'(2x-fAe,R,). To determine 
R, and C, at the noninverting port, it is only necessary to 

Accurate. Common-mode impedance can be measured more accurately than with conventional partial-deflection method by using a 

relatively low-value source resistor, R,, in shunt with op amp's input, to create the required differential voltage. High common-mode rejection 

ratio of op amp makes this technique possible. Table shows representative data for determining R,, C, values for 741 op amp. 
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place the signal source at the inverting input and repeat 
the measurements. 
The accompanying table lists representative output-

voltage value versus co and input frequency for a differ-
ential circuit using 741 amps. Included are the corre-
sponding values of It; and C. The uncertainty in the 
values is equal to the ratio of e0 to e01, provided 

at the test frequencies. Note that R, and C, 

Calculator note« 

HP-67/97 tracks 
communications satellites 
by D. C. Mitchell 
Milan, Mich. 

Tracking the movements of beacon and communications 
satellites is extremely easy with this HP-67/97 program. 
Given the various orbital parameters, which include the 
satellite's equatorial crossing longitude and time, its 
inclination, its height above earth, and the period of 
revolution, the program will compute where the object is 
at any time with respect to an observer on earth. 
Working on a set of six equations that are expressed in 

spherical coordinates, the calculator quickly solves a 
problem too cumbersome to do by hand. Although the 
equations are based on the satellite's orbit being circular, 
the results generated are adequate for all but extremely 
elliptical orbits. 

Knowing the satellite's inclination, 4/, or the angle of 
the orbit with respect to the earth's equator, the program 
finds the subsatellite latitude (the latitude on earth 
corresponding to the satellite position directly overhead) 
from: 

L, = sin -' [sin(360r/P) sin In (1) 

where r is measured from the time the satellite crosses 
the equator and P is the satellite's revolution period. The 
longitude of the subsatellite point is then found: 

X, = cos -' [cos(360r/P) +cos L,] +r/4+ L. (2) 

where L. is the equatorial-crossing longitude. For satel-
lite inclinations of less than 90% the term r/4 must be 
preceded by a minus sign, instead of the plus sign that is 
shown in Eq. 2.. 145 

take into account leakage resistance and lead capaci-
tance of the mounted amplifier. For FET-input ampli-
fiers, R, is raised to 100 megohms and the driving 
frequency is lowered to 0.01 Hz or less. For measuring R, 
up to 10'4 ohms, simple shielding of the amplifier will 
suffice. 
References 
1. G. E. Tobey. J. G. Graeme. and L. P. Huelsman. "Operational Amplifiers," McGraw-Hill, 
New York. N. Y.. 1971. Appendix B. 

Once X, has been calculated, the angle between the 
line joining the center of the earth and the observer and 
the line joining the center of the earth and the subsatel-
lite point is determined: 

O = cos-' [sin L. sin L, + cos L. cos L, cos(X, — X.)] (3) 

where L. and X. are the observer's latitude and longi-
tude, respectively. Equations 1 through 3 enable finding 
the azimuth and elevation of the satellite: 

A = cos-'[sin L,—sin L. cos 0] (4) sin 0 cos L. 

and 

E = tan-1[os 0— (R/R + h)  
sin 0 (5) 

where R is the radius of the earth, equal to approxi-
mately 6,369 km at latitudes of 45° or so, h is the mean 
height of the satellite, and 0° azimuth is understood to be 
north, increasing in the clockwise direction. 
To check the program, consider the Oscar 7 satellite, 

used for radio-amateur communication, that had 
= 101°, P = 115 minutes, and H = 1,460 km when it 

crossed the equator at longitude 67.2 W on Jan. 19, 
1979, at 00:24:16 Greenwich Meridian Time. Keying in 
the known data and the local longitude and latitude 
information for Milan, Mich. (42 and 83 respectively), 
generates the azimuth-elevation data shown for 1-minute 
intervals. Note the satellite is below the horizon during 
times when the elevation angle is negative. The distance, 
d, given by: 

d = [(R +h)2+ 12.2-2(R +h)R cos Op (6) 

is the direct-line path from the observer to the satellite, 
not the Great-Circle distance. 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 

r 

OSCAR 7 TRACKING DATA 

A (° ) E ("1 cl (km) Ls (°) XS (° ) 

0.2416 157.0436 —8.0126 5529.8384 0.0000 67.1200 

0.2516 156.5726 —5.1635 5177.8256 3.0422 68.0252 

0.2616 156.4909 —2.2138 4824.2432 6.0843 68.5357 

0.2716 156.3917 0.4553 4469.9527 9.1302 69.4527 
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HP-67/97 SATELLITE-TRACKING PROGRAM 

Line Key Line Key Line Key Line Key 

001 f LBL A 044 f cos 087 130 RCL 8 

002 STO A 045 RCL 0 088 2 131 f sin 

003 h RTN 046 f cos 089 132 1 x • 0 

004 f LBL B 047 • 090 RCL 4 133 GTO 01 

005 STO B 048 g cos ' 091 g x• 134 h R : 

006 h RTN 049 h RCI 092 RCL 5 135 3 

007 f LBL C 050 4 093 RCL 4 136 6 

008 STO C 051 094 137 0 

009 3 05? i 095 g x.1 138 fi x - - y 

010 6 053 RCL A 096 139 

011 0 054 097 h X .' y 140 STO 9 

012 h x - - y 055 STO 2 098 141 GTO 0? 

013 • 056 3 099 f ‘ x 142 f LBL 1 

014 STO C 057 6 100 STO 6 143 h R l 

015 h RTN 058 0 101 RCL 3 144 STO 9 

016 f LBL D 059 102 f cos 145 f LBL 2 

017 STO D 060 x - 0 103 RCL 4 146 h RCI 

018 h RTN 061 STO 2 104 RCL 4 147 

019 f LBL E 062 RCL D 105 RCL 5 148 0 

020 STO E 063 f sin 106 4 149 1 

021 h RTN 064 RCL 0 107 150 • 

022 g LBL a 065 f sin 108 151 RCL II 

023 STO 4 066 • 109 RCL 3 152 h H.MS . 

024 h RTN 067 RCL D 110 f sin 153 DSP 4 

025 g LBL b 068 f cos 111 154 f - x 

026 STO 5 069 RCL 0 112 g tan 1 155 RCL 9 

027 h RTN 070 f cos 113 STO 7 156 g • H.MS 

028 g LBL c 071 • 114 RCL 0 157 f x 

029 STO 1 072 RCL 2 115 f sin 158 RCL i 

030 h RTN 073 RCL E 116 RCL D 159 g • H.MS 

031 f LBL 0 074 117 f sin 160 f x - 

032 RCL C 075 STO 8 118 RCL 3 161 RCL 6 

033 h RCI 076 f cos 119 f cos 162 f x - 

034 077 • 120 . 163 RCL 0 

035 f sin 078 + 121 164 g • H.MS 

036 RCL 1 079 g cos 1 122 RCL 3 165 f - x 

037 f sin 080 STO 3 123 f sin 166 RCL 2 

038 X 081 f cos 124 RCL D 167 g • H.MS 

039 g sin ' 082 RCL 4 125 f cos 168 f x - 

040 STO 0 083 y 126 , 169 f isz 

041 RCL C 084 RCL 4 127 ' . 170 GTO (J 

042 h RCI 085 RCL 5 128 g cos ' 171 R S 

043 086 + 129 STO 9 

Registers 

R,, L, 

13 1 LI 

R, 

R4 

Il 

R„ 

E 

A 

Labels 

A L,. 

360r/P 

D L„ 

>„ 

I w,11tictu)ns 

• Key in program 

• Enter satellite's equatorial longitude and time, period of revolution 

(Le), A, (t.), 13, (P), C 

Equatorial-crossing longitude is to be expressed in degrees; time in hours minutes seconds; period in minutes 

• Specify latitude and longitude of observer, radius of earth 

(X0). D, (Let E, (R), t a 
Latitude and longitude is to be expressed in degrees, radius in kilometers 

• Enter satellite's height and inclination 

(h), th, (V), Le 

Height is to be expressed in kilometers, inclination in degrees 

• Press RS to run 
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195.190 

All Electronic Cleaning 
Problems Are Not Alike... 
That's why we offer 7 different product answers. 

Safely, quickly cleans electronic 
components 

MS-180 Freon TF Solvent 

Safely, quickly cleans electronic compo-
nents and circuits, precision instruments, 
switches, motors, film equipment and 
tools. Low surface tension — penetrates 
minute openings. Non-conductive — safe 
to use on working electrical equipment. 
Evaporates quickly — leaves no film. 

148.160 

Freon' TF Freon'TMC Freon'T-P 35 Freon'TMS Freon'TE Freon'TES Freon' TA 
Solvent Solvent Solvent Solvent Solvent Solvent Solvent .. . . . .... 

Flux Remover _.. 
ee.v...t.-:-.....:-..-

Fast cleaning action removes 
all types of organic flux 

MS-190 Freon TMC Solvent 

Fast cleaning action removes all types 
of organic flux. Excellent for spot flux 
removal. Avoids down-time, ideal for field 
service. Convenient for production and 
prototype work. 

Flux removal and critical cleaning 
of printed circuit boards 

MS-160 Freon T-P 35 Solvent 

Flux removal and critical cleaning of 
printed circuit boards, and their compo-
nents, relays, switches, servo-mechanisms 
and instruments. Absorption and removal 
of water films. 

MS 160 MS 16, MS-115 198.176 MS.195 

0 0 0 
wilureweenie e•esemeging. waer.eauseenglo ,Rier ceix,ense ste,e, en5ce egiler-amphenso welefflephsare 
eiwingoor eate %woo. co-lte %micas co-Pe chemical co-1̂` ee'enlicoa %Inlay co.ke %ink« co.le 

cernoNeezu...:Ve r, tzunoéte_reeze VIZegt.u:,,:ver.re 

"Freon" is Du Poets registered trademark for its fluorocarbon compounds. 



o 
Outstanding particulate 
matter removal 

EXCLUSIVE CLEANING SYSTEM 

MS-226 Cobra Solvent Spray Brush 

Miller-Stephenson's exclusive Cobra Ex-
tension Brush will convert any M-S aero-
sol cleaner into an efficient metered spray 
with scrubbing action. Insures maximum 
cleaning accuracy with minimum solvent 
vvaste. 8Regestered Irademark of MierStephenson 

MS-165 Freon TMS Solvent 

Outstanding particulate matter removal. 
It is well suited for cleaning ionic soils 
from complex assemblies containing plas-
tics and elastomers. Specifically formu-
lated for activated rosin flux removal. 

MS-175 Freon TE Solvent 

Removes flux residue from solvent-sensi-
tive components such as printed circuit 
board assemblies, hybrid micro-circuits, 
capacitors, telephone assemblies and also 
cleans precision timing devices. 

.orInduetnsgeenert Neetts 

Purity 

=„er= 

Offers improved, long term 
compatibility With metals 

MS-176 Freon TES Solvent 

Offers improved, long term compatibility 
with reactive metals, such as aluminum, 
magnesium and zinc. Used with plastics, 
elastomers, films, foil and most other sol-
vent-sensitive materials. Ideal for cleaning 
electronic components. Will not harm 
printed circuit boards, containing reactive 
metals. 

Spray 
Cleaners 

Critical cleaning of printed 
circuit boards 

MS-185 Freon TA Solvent 

Critical cJeaning of printed circuit boards, 
electrical relays, missile guidance systems, 
potentiometers, precision capacitors, hear-
ing aids, micro-modules, electrical meters, 
timers and semiconductors. 

Write for our FREE Catalog. Discover the 
answers to all your cleaning problems. 

miller-stephenson 
chemical co.,inc. 

miller-stephenson chemical co.,Incr3 
George Washington Highway, Danbury, CT 06810 / (203) 743-4447 

Please send FREE catalog and prices on the complete line of 
MS Cleaners for Electronics. 

El Enclosed is $2.00 (each), please send trial unit of MS  

MS , MS , MS , MS  

Elli Enclosed is $5.00, please send trial units of MS and Cobra 
Solvent Spray Brush (MS-226). 

Intended Use  

Name  Dept./Title   

Company  

Address   
LOS ANGELES • CHICAGO • DANBURY CT • TORONTO 

Purity... its something we never forget For Industrial Use only. Trial Unit must be sent to company address. 
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Engineer's newsletter 

Noninteger powers For 10 years it has been a lot of tedious, grinding work to calculate the 
output signal amplitudes and phases to be expected whenever multiple 

yield gracefully inputs are applied to a nonlinear noninteger power-law device, whether a 
to theory varactor diode or any other solid-state device with a depletion-layer 

capacitance. 
Now two researchers at the University of Queensland in St. Lucia, 

Queensland, Australia, have succeeded in reducing the problem to a 
calculation from known mathematical functions. Gary B. Price and Peter 
J. Khan of the Department of Electrical Engineering developed a mathe-
matical theory from a varactor multiplier problem they ran into and have 
come up with a procedure that has "general applications in the analysis of 
nonlinear phenomena," to quote them. For detailed information, write 
Price and Khan at the university. Alternatively, a short summary of their 
ideas is given in the January Proceedings of the Institute of Electrical and 
Electronics Engineers. 

Make and keep "Come on down to the microcomputer workshop," say the people at Intel 
Corp. of Santa Clara, Calif. Given during the day or evening for the next 

your own 
six months at locations throughout the country and with work at the 

microcomputer introductory, intermediate, and advanced levels, the hands-on sessions are 
based on the 8080 central processing unit and the enhanced 8085. Further 
information on the details of the schedule is available from Judy Corson at 
(408) 987-8003. 

Torque-tuning These days, few practicing electrical engineers are well trained in the ins 
made as eas and outs of fractional horsepower motors, gear motors, and motor y  controls. But "use of these components is constantly on the upswing," says 

as 1-2-3 Royal J. Bodine of the Bodine Electric Co. So, to help designers make 
knowledgeable decisions early in the design cycle, his company has printed 
a fourth edition of its 210-page handbook on such matters. With 19 
chapters, 14 appendixes, a glossary, diagrams, and an index, it's probably 
all you will ever need to know about the subject if you are not actually 
working in the field. It's available for $3.50 in the U. S. or $4.50 
elsewhere, from the company at 2500 W. Bradley Pl., Chicago, Ill. 60618. 

The who, what, when, Would-be buyers and would-be sellers of transmitters, receivers, and all 
whe other radio and television broadcasting equipment are brought together 

re, and why  
from around the world in the listings of the Directory of World Broadcast-

of broadcasting ing. The names and addresses of companies, their chief products, govern-
mental authorities, and broadcasting stations for every country from 
Afghanistan to Zambia are included. The cross-indexed 210-page volume 
is available from B. S. O. Publications, P. 0. Box 1, 41 High St., Wiven-
hoe, Colchester 0079EA, UK. Harvey J. Hindin 
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EIME! 
"INDUSTRIAL" WIRE -WRAPPING 

• BATTERY OPERATED 
(2) Standard "C" Ni Cad Batteries (not included) 

• INTERCHANGEABLE BITS & SLEEVES 
(not included) 

• REVERSIBLE ROTATION 
For unwrapping, reverse batteries 

MODEL BW928 TOOL 

$499' 
BATTERIES NOT INCLUDED 

BIT 84 SLEEVE NOT INCLUDED 

• BACKFORCE OPTIONAL 
Model BW928-B F $52.95 

• POSITIVE INDEXING 
• LEIGHT WEIGHT 

*LEXAN I" Housing 

•LEXAN GENERAL ELECTRIC 

(1»DIIC OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, N.Y. 10475 • (212) 994-6600 • TELEX 125091 
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Your search for a versatile 
data logger under $3,000 

ends at Fluke. 
Tops in accuracy, standard fea-
tures, stability and speed — and 
available now! 

The new Fluke 2200B is the com-
plete logger for only $2,995 ready 
and capable of handling most lab or 
R & D assignments with ease. 

Designed with the capabilities 
you need, not a stripped mainframe 
that takes a lot of expensive options 
to make it useful. It's the most reliable 
"turn it on and run" logger around. 

Standard features include temper-
ature (your choice of any four thermo-
couples), AID converter, scanning ca-
pability, a 10-channel isothermal con-
nector, a 24-hour clock (hours and min-
utes), and channel programming. Easy 
programming, too, with convenient 
thumbwheel settings. 

And Fluke's 2200B has a single, 
easily-understood statement of total 
instrument accuracy that's twice as 
good as anyone's! 

Stability is unequalled in the in-
dustry; the 2200B has a solid three 
years of field-proven performance be-

hind it. With the lowest downtime 
history as well. Environmentally tough, 
in the tradition of all Fluke loggers. 

All this and 10 input channels 
standard, expandable to 60 in the main-
frame in increments of 10 — or 100 
total with an extender. Plus, a 4-limits 
per channel option and most of the hard 
working options for our larger data log-
ger systems as well. 

Contact one of the more than 100 
Fluke offices and representatives, world-
wide, or CALL (800) 426-0361' TOLL 
FREE. In the U.S. and all countries out-
side Europe, write: John Fluke Mfg. 
Co., Inc., P.O. Box 43210, Mountlake 
Terrace, WA 98043, U.S.A. 

In Europe, contact Fluke (Neder-
land) B.V., P.O. Box 5053, Tilburg, The 
Netherlands. Telephone: (013) 673973. 
Telex: 52237. 

*Alaska, Hawaii, Washington resi-
dents — please call (206) 774-2481. 

Price U.S. only. 

Command Performance: 
Demand Fluke Data Loggers. 

FLUKE 

Circle #153 for literature 
Circle #152 for demonstration 



ew products_ 

Modem modules fill custom needs 
2,400-b/s unit is built from one transmitter and two receiver modules 

to which terminal designers add circuitry for dc control signals 

by Larry Waller, Los Angeles bureau manager 

Since data modems tie so closely into 
the booming telecommunications 
equipment business, among others, it 
might be expected that a standard 
product line to fill numerous needs 
would be already on the scene. To 
the contrary, most terminal and 
other equipment manufacturers still 
go the custom-built route, primarily 
producing multichip hybrid affairs, 
packaged on boards. 

Designers now have another 
choice, however, with the emergence 
of a synchronous 2,400-bit-per-
second three-module modem from 
Rockwell International Corp. "Our 
R24 modem essentially integrates all 
the custom options into one standard 
product," says Donald R. Gibson, 
product marketing manager for tele-
communications at Rockwell Micro-
electronics Devices, Anaheim, Calif. 

Ripe. "The performance standards 
of modems have been mature for 
some time," he adds. But shrinking 
board modems down to three pack-
ages to increase the density and 
decrease the required power entails 
designing with a higher content of 
large-scale integrated devices. 

Rockwell itself has been building 
custom modems for some time with 
logic chips fabricated with its 
p-channel metal-oxide-semiconduc-
tor process. This experience in 
custom modems gave it an under-
standing of what a standard line 
should do. "Before," explains Gib-
son, "we made them fit into a specif-
ic space," after a designer of termi-
nals, for example, had completed 
everything else. "It seems the last 
thing people would worry about was 
the power supply and the modem." 

Rockwell's new modem is a single 
standard product, but it comes in 

three modules—one for the trans-
mitter and two for the receiver— 
which can be easily integrated into 
almost any design, even to the extent 
of being put on different boards. It 
can meet a wide variety of functional 
requirements with a small amount of 
external circuitry, needed mainly to 
apply dc control signals to the 
modules. 

In each of the two receiver 
modules, all receiving and decision-
making functions are implemented 
in two LSI devices, while in the trans-
mitter module all transmitting tasks 
are done by one chip. Discrete inte-

grated circuits perform filtering, 
conversion detection, and other func-
tions. One receiver module measures 
2.75 by 2.75 inches with 15 pins; the 
second is 2.75 in. by 3.50 in. with 31 
pins; and the transmitter is 2.75 by 
2.75 in. with 39 pins. All three stand 
0.5 in. high and together take up less 
than 25 in.' In contrast, a 2,400-b/s 
custom board made by Rockwell 
covers about 50 in.' 

With a minimum of interface 
circuitry, the R24 modem can be 
configured to operate either on dedi-
cated unconditioned telephone lines 
or over a nationwide switched tele-
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We have a little advanced warning for you ... our Series A1-100 
audio indicator. This compact, solid-state, steel-encased unit has 
proven itself in hundreds of thousands of applications. Features 
include: no arcing or RF noises, low power drain, 76 dbA tone at 
400 Hz, 3, 5 and 12 vdc models. All this, and more—all yours 
with the AI-100. Get all the details now. Write for your free Audio 
Indicator catalog to Projects Unlimited, 3680 Wyse Road, 
Dayton, Ohio 45414. 
Tel. (513) 890-1918, 
TWX 810-450-2523. 

•ft 
00.6 

projects 
unlimited 

HERE'S A LITTLE 
ADVANCED WARNING. 

(IN STOCK NOW!) 

Circle 154 on reader service card 

The Intecolor 8080 Development System Gives 
You Total In-House Control. You probably already 
realize that an in-house development system 
would give you a lot more control, flexibility and 
efficiency. 

You may not realize that now you can afford 
one. Our new low-cost 8080 development system 
features a 19-inch, 8-color data entry terminal 
with an Intel 8080 micro computer. A110 CPS bi-
directional desk top printer. A dual mini disk drive 
and our 2708/2716 PROM programmer. It also 
includes a sophisticated ROM-based Text Editor 
and Assembler. And as an option, a FORTRAN 
compiler with double precision by Microsoft 

Call 800/241-9699 toll-free for a demonstration. 
(In Georgia, call 404/449-5961.) 
Color Communicates Bettor 

Intelligent Systems Corp.® 

New products 

phone network. Possible operating 
modes, says Gibson, are half-duplex 
with the switched network or a two-
wire private line and full-duplex 
using a four-wire line. The 2,400-b/s 
modem is compatible with specifica-
tions of either the Bell 201 data sets 
for U. S. transmission standards or 
can conform to those of the CCITT 
recommendation V.26 for the rest of 
the world. 
The modem uses differential 

phase-shift-keyed modulation. When 
it operates at 2,400 b/s, it employs 
four phases; for 1,200-b/s operation, 
it switches to two. In both cases, the 
modem works at a carrier frequency 
of 1,800 Hz ± 1 Hz with a signaling 
rate of 1,200 bauds ±0.01%. The 
transmitted spectrum is spread over 
the band from 600 Hz to 3 kHz. The 
transmitting power level can be set 
between 0 and —43 dem. 
Maximum power dissipation of 

the R24 is 3 w. The power comes 
from three supplies: 100 mA at 
+5 v, 75 mA at +12 v, and 125 mA 
at —12 V. All three supplies must be 
regulated to within ±5%. The mo-
dem will work from 0° to 60°C and 
can be stored from —40° to +80°C. 
It can withstand exposure to a rela-
tive humidity of 90% at 50°C for 250 
hours. Its altitude range is from 0 to 
10,000 feet. 
Each module is encased in a plas-

tic package for plugging into stan-
dard connectors or wave-soldering 
onto a printed-circuit board. Pin 
spacing is on 100-mil centers. For 
the convenience of designers who 
wish to try out different test configu-
rations, the R24 modules also come 
on an optional prefabricated evalua-
tion board for an extra $50. 

Rockwell is supplying prototypes, 
gradually building to full production 
by June. The present $550 price will 
come down then, but final pricing 
has not been set, says Gibson. Also, 
the simplicity and low price are 
expected to open up new applica-
tions, with energy management and 
process control having the most 
potential. 
Rockwell International Corp., Microelectronic 
Devices, Telecom Subsystem Marketing, 
P. O. Box 3669, Anaheim, Calif. 92803. 
Phone (714) 632-5535 [338] 

5965 Peachtree Corners East/Norcross, Georgia 30071 
Telephone 404/449-5961 T1NX: 810-766-1581 
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If you can't decide between an LSI & VLSI tester, 
get them both. 

You probably don't 
jet think you need 

a true 120-pin 
test system 

right now. Few 
companies do. 
But you will. 

Maybe sooner than you think. And, in the 
meantime, why spend all that money for a mere 
dedicated tester that won't meet your long 
term testing needs. 

The Sentry VIII with its 120 fully programmable 
I/O pins will meet today's LSI requirements, 
and be ready to take on your VLSI testing later. 
But, let's take a look at some of the things 
the Sentry VIII can do for you right now. 

Testing complex devices? The Sentry VIII 

will routinely perform precise characterization 
of microprocessors, peripheral chips, bit slices, 
RAMs, ROMs, shift registers, UARTs and digital 
hybrids in technologies such as NMOS, 
PMOS, CMOS, SOS, ECL, TTL, and I2L. 

Multiple pass testing? Chances are, you're 
occasionally forced to do some multiple pass 
testing of complex multi-pin devices. Well, the 
Sentry VIII can eliminate that extra pass. It has 
the ability to change any pin or timing assign-
ment (input, output or format) on the fly. That 
can represent a tremendous improvement in 
throughput and can save as much as 50% 
of your testing time. 

Still testing devices one at a time? By 
multiplexing the 120 fully programmable I/O 
pins on the Sentry VIII you can test two, even 
three, LSI devices simLltaneously. Another 
50% to 60% savings in test time. 

And you can save even more. To provide 
lower operating costs, the Sentry VIII features 
multi-task (foregroundibackground) software 
for simultaneous compiling, editing and 
testing; a CPU that provides 50 to 200% 
faster throughput; a sequence processor to 
handle high complexity devices; and a pattern 
processor to tackle the largest memories. 

Still don't think you're ready for a true 120-pin 
tester? Maybe you'd better think again. 

Fairchild Test Systems Group, Fairchild 
Camera and Instrument Corp., 1725 
Technology Dr., San Jose, CA 95110 
(408) 998-0123 
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New products 

Intel rams bipolar memory makers 
Company's latest static H-MOS read/write memories—a 1-K RAM 

and a 4-K unit—beat bipolar devices in speed as well as power 

by Raymond P. Capece, Solid State Editor 

Ever since it introduced the 2102 1-K 
random-access memory in 1972, 
Intel Corp. has been chasing the 
speed of bipolar RAMS with its 
metal-oxide-semiconductor designs. 
Now, the Santa Clara, Calif., com-
pany, whose H-MOS process already 
leads the mos makers' pack with the 
fastest 1-K and 4-K statics—the-
45-ns 2115A and the 55-ns 2147—is 
offering the 2115H and 2147H that, 
with guaranteed access times of 20 
and 35 ns, respectively outperform 
their bipolar counterparts. 
The 1-K-by- 1 -bit 2115H, like ear-

lier 2115 designs, is pin-compatible 
with Fairchild Camera and Instru-
ment Corp.'s 93415A, the industry-
standard 1-K bipolar RAM. But as 
the table shows, the 2115-3 mos 
counterpart of the 30-ns Fairchild 
part offers the same speed while 
dissipating less power. The big news 
is the 2115H-1, which at about the 
same power as the 9341 5A offers a 
maximum access time of 20 ns— 
marking the first time that an mos 
memory has had a rated access time 
lower than that of the bipolar device 
it aims at replacing. 

The H-MOS II process scales chan-
nel lengths to 2 gm and gate oxide 
thicknesses to 400 À, thus reducing 
parasitic capacitances and boosting 
drive currents with no increase in 
power consumption. Gate delays 
approach 400 ps, and power-delay 
products 0.5 p.J. Depletion-mode 
transistor loads are used in Intel's 
six-transistor static cells, each of 
which occupies an area of 3 mil'. 
The 2115H, available in four 

versions-20, 25, and 35 ns at power 
dissipations of 656 mw, and 30 ns at 
525 mw —is surely a blow to bipolar 
RAM makers, who have concentrated 
most of their effort on reducing the 
power dissipation of their parts. 
"Now they not only have to cut 
power," says Barry Cox, marketing 
manager for Intel's Aloha, Ore. 
memory-components division, 
"they'll have to work on the speed as 
well." 

Fairchild's most recent enhance-
ment of its 1-K and 4-K bipolar 
RAms has indeed been a power 
reduction. The 93L415 (also offered 
by Signetics Corp. as the 82L5I0) 
and 93L47I cut power by about a 

COMPARISON OF 1,024-BY-1-BIT RAMs 

Parameter 

Maximum address-access time ins) 

Maximum power dissipation (mW) 

Output sink current Im 

Package 

Bipolar 

(93415A) 

30 

814 

MOS 

(2115H-1) 

20 

656 

(2115H-3) 

30 

525 

16 

Standard 16-pin 

Sources Inlet and Fairchild 

third, but at a sacrifice in speed: the 
parts are only available with 45-ns 
access times. 

Already, one semiconductor man-
ufacturer has clearly acknowledged 
the mos encroachment on bipolar 
territory: National Semiconductor 
Corp. has scrapped plans to supply 
the 93415 and will instead concen-
trate on emitter-coupled-logic RAMS, 
which will have access times of 10 ns 
or better. But Frank Barone, direc-
tor of National's bipolar memories 
division, which makes RAMS and 
programmable read-only memories, 
concedes that not even ECL is secure: 
"Actually, the only bipolar memory 
area that's safe right now is fusible-
link PROMS." 

Intel's 2147H is a faster version of 
the 55-ns part the company intro-
duced in mid-1977. The 4,096-by-
1-bit device will be available in two 
versions: the 2147H-2 with a maxi-
mum access time of 35 ns, and the 
2147H-3 at 45 ns. Both versions 
dissipate a maximum of 945 mw but 
power down to a standby level of 
158 mw within one cycle after the 
chip is deselected. That reduction is 
not available in Fairchild's 93471, 
which dissipates 893 mw, and is 
especially advantageous in large 
memory systems where most RAM 
chips are idle; the savings in power 
consumption, according to Intel, can 
be as large as 85%. 
Samples of both the 2115H and 

the 2147H are available now. Avail-
ability of the 1 -K devices through 
distributors will begin in April, while 
the 4-K parts can be had in May. 
Pricing of both parts is available 
upon request. 
Intel Corp. 3065 Bowers Ave., Santa Clara, 

Calif. 94301 [339] 
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Why is the Digírec 
Datalogger 3000 already the 

most popular logger in the world? 

The Datalogger 3000 puts more power in your hands than 
any other datalogger. 

MORE DATA ACQUISITION. The 3000 handles the widest 
variety of inputs: ac and dc voltages, ac and dc currents, re-
sistances, all thermocouples. RTD's. thermistors, digital and 
contad closures—all standard. 

MORE COMPUTATION. 
The 3000 opens up the 
power of mathematical 
computation. It can de-
termine an Average, 
Difference. Deviation 
from a Mean, extract 
Square-Roots and more. 
You can easily convert to 
engineering units with 30 
programmable offset and 
scale factors. That's 900 different m x + b equations. Tux 
unique tables feature the Exclusive "U-PLOT' function (User-
Programmable linearization Tables). This powerful feature 
provides linearization kir any transducer or transmitter. 

MORE DECISIONS. The 3000 offers 100 programmable set-
points for alarm detection. You can assign up to 4 different 
limits, with priority levels, to each channel for "High," "Low," 
or "Equal to" decisions. You can Alarm on rate of change or 
alarm transition. Ten standard Alarm Relays provide outputs 
for annunciation and control. And, only DigiTec Dataloggers 
visually spell out alarm messages on a built-in CRT. 
Behind all these standard features is 32K of memory. That's 
enough power to support a system of up to 1000 points. 

The Datalogger 3000... more powerful than any other datalogger. 

MMIMMIllr..01747:11M 

muzzrillimazza 
mmariummumul 
MIMIl111111M1B1111111U1 

For a free brochure or "hands-on" demonstration, 
just call Daryl Bamaby collect, 

(513) 254-6251 

Information only circle .268 

The Datalogger 3000 is as easy to use as it is powerful. 
All communication is in everyday English. We spent man-
years developing programming innovations so you can 
program your system in minutes. 

PROGRAM PROMPTING. A 
built-in CRT display provides 
prompting to guide you 
through each step of your 
program. The Datalogger 
asks you simple questions in 
plain English and supplies 
multiple-choice answers. This interactive prompting 
assures quick and accurate program entry Pious am ming 
is further simplified by utilization of conventional data 
acquisition terms, no need for complex, computer languages. 

CASSETTE LIBRARY. Once your program requirements 
have been defined, they can be saved on the built-in cassette. 
This lets you create a library of application tapes. Simply drop 
in a cassette and the Datalogger will completely program 
itself. Changing programs. therefore, is as easy as changing 
cassettes. The same cassette deck can be used to record 
measured data for future reference. 

COMPLETE COMMUNICATION. The built-in CRT provides 
more information than possible with conventional datalogger 
displays. You can see 10 channels of system information at a 
single glance. For hard copy, a standard, built-in alphanumeric 
printer quietly data. To communicate with peripheral 
devices, the offers the widest variety of interfaces. ASCII 
outputs, both serial and parallel, relay outputs, external condi-
tion input, and composite video output are all standard 

The Data logger 3000... easier to use than any at her dataloggeL 

UllITED 
SYSTErT1S 
CORPORAT11011 
9,8 ,Voc,c1,ey fimo 4e40: 
:513' 253.62S TX 81Ce. 45g.. ,7?8 
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MOTOROLA HELPS GET ENERGY FROM 
In northern California, the natu-
ral heat of the earth is being 
harnessed to serve the energy 
needs of man. Natural steam, 
heated 
by the 
molten 
rock 
below 
the earth's 
crust, is 
being 
tapped, 
extracted 
and piped 
to power some 
of the electrical 
generators that help 
light up San Francisco, 90 miles 
to the south. 

The place is called 
The Geysers, and it's part of a 

pioneering 

AREAS OF GEOTHERMAL POTENTIAL 

• GEOTHERMAL DEVELOPMENTS 

effort by Union Oil Company of 
California to make geothermal 
energy a practical alternative to 
expensive imported oil. 

The Geysers may be an 
unortho-
dox power 
source, 
but it has 
one thing 
in common 

with 
every 
other 
branch 

of the 
energy 

industries: the 
need to maintain good, reliable 
communications, no matter 
how remote or primitive the site. 

At The Geysers, as in 
many places around the world, 
the solution to that problem is 

4 "lire ••••• 

o.IPP4 

Motorola communications. 

ELECTRONIC 
PROBLEM-SOLVING. 

One problem at The Geysers, 
for instance, was the rolling ter-
rain and steep, narrow canyons, 
among which conventional 
high-frequency radio signals 
could get diffused and lost. 
Motorola solved that one with 
ingenious simplicity: a low-band 
two-way radio system that, as 
one engineer put it, "gets into 
the nooks and crannies." 

ELECTRONICS 
EVERYWHERE. 

But this is merely the tip of 
the iceberg of Motorola's 
experience in energy-industry 
communications. 

One of America's largest 
oil refineries has 35 Motorola 



THE EARTH,THE SEA AND THE SUN. 
systems and subsystems, 
among which are pagers that 
tell a man he's wanted on the 
phone; closed-circuit video 
monitoring systems; and alarm 
and control systems that not 
only tell when something is 
going wrong, but also when 
everything is working right. 

In the North Sea, a 
Motorola microwave system will 
provide a data and voice-com-
munication link that will help 
one person control six un-
manned oil-production plat-
forms. He'll be able to check 
pressures and flow rates, regu-
late meters, pumps and motors, 
all by touching a few buttons. 

Some of the Motorola 
equipment on the Alaska Pipe-
line is so sophisticated that a 
hard-hat worker in the field can 
talk directly to an executive in 
an office a thousand miles away. 

In Canada, specially 
designed 

Motorola equipment is in use at 
an oil mine, an extraordinary 
strip-mining process for extract-
ing petroleum from tar sands. 

Motorola has made the 
apparently impossible happen 
by taking radio communication 
underground into deep-shaft 
coal mines. 

And in solar energy, 
Motorola has gone beyond com-
munications to actual energy 
development. Our engineers 
are producing photovoltaic 
systems that convert sunlight 
into electricity. 

ELECTRONICS 
AND PEOPLE. 

Motorola's preeminence in 
energy-industry communica-
tions is as much a matter of 
people as of technology. We 
made an early and total 
commitment to solving en-
ergy-industry communica-
tions problems, not merely 

as suppliers but as participants. 
Microelectronics is at 

the heart of the 
matter, as it is 
in many of the 
things we do 
today. But if 
there are simi-
larities among 
communica-
tions devices, there are none at 
all among the communications 
systems that the energy indus-
tries need in all their activities. 

In designing these sys-
tems, Motorola brings to bear a 
combination of expertise and 
enthusiasm that helps us keep 
expanding the limits of what's 
possible in electronics. 

A microcomputer, 
drawn larger 
than life. 

MOTOROLA 

Making electronics history 
since 1928. 

Circle 159 on reader service card 
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For further information, e c rç Office, 
Corporate Offices, Motorol Inc., 1303 E. • 
Algonquin Road, Schaumburg, Illinois 60196 

Motorola and 8 ¿re registered trademarks of 
Motorola, Inc. 



New products 

Data acquisition 

LSI-11 users reap 
bounty of boards 

Latest series of I/O cards 

featuring popular compatibility 

are priced from $250 to $495 

The harvest continues in input/out-
put boards compatible with the LS1-
11 and LSI-11/2 microcomputers. 
As a follow-up to the introduction of 
two boards last month [Electronics, 
Feb. 15, p. 170], Adac Corp. now 
has five more readied for market. 
Included in this array are: a general-
purpose timer card (1601/GPT), a 
16-input multiple-interrupt card 
(1616/MIC), optical pulse input 
(1604/0P1) and pulse output con-
troller (1604/POC) cards, and a 
transistor-transistor-logic digital 
card (1620TTL). Each board is a 
dual-width size-8.5 by 5 in.—and 
is fully compatible with Digital 
Equipment Corp.'s microcomputer 
series: the LSI-11, LS1-11/2 and 
PDP- 1/03. 
The general-purpose timer card is 

software-programmable to operate 
at one of seven clock frequencies: 

1 MHz, 100 kHz, 10 kHz, 1 kHz, and 
100 Hz (these are crystal-con-
trolled), a user's external clock 
input, or an event line of 50/60 Hz. 
The 1601/GPT has five modes of 
operation: single-count, recurring-
count, system monitor, watchdog 
timer, or timer. Each can be selected 
by software or by wire jumpers. 
"The watchdog feature is especially 
useful if the software hiccups'," says 
Richard B. Plummer, chief engineer. 
"If there's a sudden power surge or 
high noise gets into the system, the 
system can be rebooted and reinitial-
ized automatically." The 1601/GPT 
will sell for $495 in quantities of one 
to four. 
The 1616/MIC extends the inter-

rupt capability of the DEC micro-
computer series within the LSI-11 
bus ("Q" bus) architecture. The 
multiple interrupt card accepts in-
puts from up to 16 external devices, 
passing them through a priority 
encoder before requesting an inter-
rupt on the LSI bus. Priority is given 
on the basis of a predetermined 
order. Provision on the card for 
optical coupling, if used, gives a 
throughput time of 50 As. In small 
quantities, the card sells for $450. 
The 1604/0P1 can count input 

pulses from up to four different 
sources and has four 16-bit counter 
circuits that operate independently. 

Double buffering allows present-
state or last-full-count readings to be 
taken. If the optical coupling option 
is selected, the board will operate at 
10 kHz; if not, operation is at 
20 MHz. Particularly well suited for 
rotation/pulse applications, the 
1604/0P1 sells for $250 (two chan-
nels) or $395 (four channels) in 
small quantities. 
A companion card for the pulse 

input card, the 1604/POC pulse 
output controller card has up to four 
pulse output channels, which can be 
customer-configured. (Pulse and 
up/down control configuration is 
also possible.) Two input lines with 
noise filters can function as limit 
switches or in other sensing capaci-
ties. Pulse width and spacing ranges 
are from 10,2s to 10 ms, with the 
range selectable by wire-wrapped 
jumpers and the adjustment made by 
potentiometers. The price for the 
two-channel model is $250; the four-
channel one is $395 (in small quanti-
ties). 
The 1620 TTL digital card is 

designed to work with Adac's 
direct-memory-access card (the 
1620 DMA) and has a 16-bit 
latched input data register, as well as 
control circuitry. Price is $350 in 
quantities of 1 to 4. 

Delivery of all boards is 30 days 
after receipt of order. 
Adac Corp., 70 Tower Office Park, Woburn, 

Mass. 01801. Phone (617) 935-6668 [381] 

Precision v-f converters 

eschew enigmas 

The correct answer to the riddle, 
"When is a guaranteed spec not a 
guaranteed spec?" is quite frequent-
ly, "When it is not 25°C." Since an 
engineer who has based his design on 
parameters that turn out to be gross-
ly temperature-dependent seldom 
finds this answer amusing, two high-
precision voltage-to-frequency con-
verters are being introduced that 
take specsmanship very seriously— 
the 10-kHz model 4731 and the 100-
kHz model 4733. 

Both hybrid units are character-
ized by guaranteed specifications 

160 Electronics/March 1, 1979 
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Step up to excellence with an HP Programmable. 
And get up to $85*of software free. 
Thinking programmable? Then think 
Hewlett-Packard. Buy any HP program-
mable between March land April 30, 
1979, and receive a coupon redeem-
able for up to $85* of software free. 

$10* SOFTWARE FREE. Buy an 
HP-33E Scientific or HP-38E Advanced 
Financial Programmable and take your 
pick of any two Application Books. 

$30* SOFTWARE FREE. Get an 
HP-29C Advanced Programmable or 
HP-19C Advanced Printing Program-
mable—both with Continuous Memory 
—and take your pick of any four 
Solutions Books. 

$85* SOFTWARE FREE. Purchase an 
HP-67 Fully Programmable or HP-97 
Fully Programmable Printing Calcula-
tor—and choose any one prerecorded 
Application Pac plus any five Users' 
Library Solutions Books. 

SEE YOUR HP DEALER BEFORE 
APRIL 30. For details on this limited 
offer see your HP dealer. For the 
address, CALL TOLL-FREE 800-648-4711 
except from Alaska or Hawaii. In 
Nevada, call 800-992-5710. 
HP-33E Applications Books: Mathematics. Statistics: 
Student Enginyering: Surveying. 
HP-311E Applications Books: Real Estate: Lending. 
Savings. 6c Loosing. Investment Analysis it Statistics 
Hel9C/29C Solutions Books: Mathematics: Statistics: 
Finance: Electrical Engineering. Surveying: Games: Navi-
gation: Civil Engineering. Mechanical Engineering: 
Student Engineering 
HP-67/97 Application Pecs: Electrical Engineering. 
Business Decisions, clinical Lab & Nuclear Medicine. Civil 
Engineering. Navigation: Surveying: Statistics: Mathe-
matics, Mechanical Engineering. Games 
HP-67/97 Users Library Solutions Books: Engineering. 
Antennas. Butterworth & Chebyshey Filters: Thermal di 
Transport Sciences: Electrical Engineering lab. Industrial 
Engineering: BGISMS & Columns: Control Systems 
Physical/Life Sciences Chemistry: Optics: Physics: 
Energy Conservation: Space Science: Forestry: Biology 
Business Options Technical Stock Analysis: Portfolio 
Management/Bonds ik Notes: Real Estate Investment: 
Taxes: Home Construction Estimating: Marketing /Sales: 
Home Management. Small Business Computation High-
Level Math: Test Statistics: Geometry: Reliability Quality 
Assurance. Medical. Medical Practitioner: Cardiac: 
Pulmonary Other. Games: Games of Chance: Aircraft 
Operation. Avigation: Calendars. Photo Dark Room: / 
COCO 'Surveying. 

HEWLETT re PACKARD 

tkrit 214S. woo N; E Circle Blvd., Corvallis. OR 97330 

HEWLETT-PACKARD 

Dept. 214S 
1000 N. E. Circle Blvd. 

Corvallis, OR 97330 

Please send details on these HP 

programmables•  

NAME  

ADDRESÇ 

CITY  

I STATE ZIP  

Displays are photographed separately to simulate typical 

appearance. 'Suggested retail price excluding applicable 

state and local taxes —Continental U.S. A . Alaska and 

Hawaii. Offer available in U.S. only, void where prohibited 

by law. .619-04 
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‘S, When you're searching 
for component solutions. 

Standard 
resistor networks 
in 6 to 8 weeks 
from 
Centralab... 

For computer, telecommunications 
and other high volume network users. 

Centralab, long known for the finest in thick film 

circuitry, now offers you an alternative to the long 

lead times of other suppliers of resistor networKs. 

We'll deliver the production quantities yo J need in 6 

to 8 weeks! 

Our new HC and HF series of SIP resistor net-

works bring you a wealth of other benefits too. You 

can design them in with confidence because they 

feature high stability cermet resistors. They offer 

you minimum package size, uniform performance 

and reliability. These conformal or film coatec 

networks are electrically equivalent, pin compatible 

and competitively priced with all standard net-

works. Compared to DIP pacKages, they save boa-d 

space, simplify your layout and reduce assembly 

costs. They come in a wide range of va ues and pin 

terminations in either standard or low profile 

configurations. 

Whether it's standard R networks — or custom R 

or R-C networks — you can -ely on the expertise and 

capability of Centralab. They're backed by 34 years 

of thick film experience. 

For complete informatior, call your Centralab 

Sales Representative listed cn the opposite page or 

write us. 

ptodaced eu4 owed ‘toot fteeyzie coda caw. 
MK 

efi 
CENTRALAB 

ELECTRONICS DIVISION 
GLOBE-UNION INC 

5757 North Green Bay Avenue 
Milwaukee, Wisconsin 53201 

CERAMIC CAPACITORS • EMI/RFI FILTERS • POTENTIOMETERS • SWITCHES • THICK FILM CIRCUITS • TRIMMER RESISTORS 
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... call your Centralab 
Sales Representative 

ALABAMA 
Huntsville 
Cartwright & Bean, Inc. 
1205) 533-3509 
ARIZONA 
Phoenix 
Clemick-Neenan & 
Assoc. 
(602) 279-7649 
CALIFORNIA 
Palo Alto 
Brooks Technical Group 
(415) 328-3232 
Sherman Oaks 
Clemick-Neenan & 
Assoc. 
(213) 990-3150 
Tustin 
Clemick-Neenan & 
Assoc. 
(714) 547-0966 
COLORADO 
Denver 
Electro-Rep. Inc. 
(303) 744-2821 
CONNECTICUT 
Meridian 
Centralab 
(203) 235-0766 
FLORIDA 
Ft. Lauderdale 
Cartwright & Bean, Inc. 
(305) 735-4900 
Orlando 
Cartwright & Bean, Inc. 
(305) 422-4531 
GEORGIA 
Atlanta 
Cartwright & Bean, Inc. 
(404) 255-5262 

HAWAII 
Honolulu 
Dougherty Enterprises 
(808) 847-4144 
ILLINOIS 
Des Plaines 
Centralab 
(312) 694-4870 
INDIANA 
Indianapolis 
Les M. DeVoe Co. 
(317) 842-3245 
IOWA 
Cedar Rapids 
Jerry Vrbik Co. 
(319) 366-8733 
KANSAS 
Shawnee Mission 
Lowell-Kangas & 
Assoc. 
(913) 631-3515 
LOUISIANA 
Metairie 
Cartwright & Bean, Inc. 
(504) 834-2350 
MARYLAND 
Columbia 
Bresson Assoc. Inc. 
(215) 664-6460 
Towson 
Bresson Assoc. Inc. 
(215) 664-6460 

MASSACHUSETTS 
Needham 
Centralab 
(617) 444-4781 

MICHIGAN 
Lathrup Village 
Centralab 
(313) 559-9095 
St. Joseph 
Centralab 
(616) 983-0233 
MINNESOTA 
Minneapolis 
Centralab 
(612) 831-5212 
MISSISSIPPI 
Jackson 
Cartwright & Bean, Inc. 
(601) 981-1368 

MISSOURI 
St. Louis 
Lowell-Kangas & 
Assoc. 
(3141 821-4050 
NEW JERSEY 
Paramus 
Centralab 
(201) 262-6716 

NEW YORK 
Albany 
Reagan/Compar Albany 
(518) 489-7408 
Endwell 
Reagan/Compar Albany 
(607) 723-8743 
Fairport 
Reagan/Compar Albany 
(716) 271-2230 
New Hartford 
Reagan/Compar Albany 
1315) 732-3775 
NORTH CAROLINA 
Charlotte 
Cartwright & Bean, Inc. 
(7041 377-5673 
Raleigh 
Cartwright & Bean, Inc. 
(919) 781-6560 
OHIO 
Cleveland 
Centralab 
(216) 526-1205 
Columbus 
Centralab 
(614) 888-2150 

OREGON 
Portland 
Centralab 
1503) 620-1611 
PENNSYLVANIA 
McMurray 
Centralab 
(412) 941-7440 
Narberth 
Bresson Assoc. Inc. 
(215) 664-6460 
TENNESSEE 
Knoxville 
Cartwright & Bean, Inc. 
1615) 693-7450 
Memphis 
Cartwright & Bean, Inc. 
(901) 276-4442 
TEXAS 
Austin 
Centralab 
(512) 454-9529 
El Paso 
Centralab 
(915) 779-3961 
Farmers Branch 
Centralab 
(214) 243-8791 
VIRGINIA 
Lynchburg 
Bresson Assoc. Inc. 
(215) 664-6460 
WASHINGTON 
Bellevue 
Centralab 
(206) 454-7754 

WISCONSIN 
Milwaukee 
Centralab 
(414) 228-2122 

PUERTO RICO 
Santurce 
E. Franceschini Assoc. 
(809) 726-0225 
CANADA 
BRITISH COLUMBIA 
North Vancouver 
Arwin Tech Sales Ltd. 
(604) 980-4346 
ONTARIO 
Ajax 
McHugh Electronics 
Ltd. 
(416) 683-1540 
QUEBEC 
Ste. Dorothea Laval 
Harnett Enterprises 
(514) 689-4184 

New products 

over the operating range from — 55° 
to + I 25°C and the subset range of 
— 25° to 85°C. Over the wider range, 
the converters have a maximum full-
scale nonlinearity of ± 0.03%; in the 
narrower range, ± 0.005%. Both 
units have a dynamic range of 
100 dB, can handle positive, nega-
tive, and differential inputs, and are 
processed to MIL-STD-883 specifi-
cations. 
The 4731's full-scale factor is 

stable to within ±50 ppm/°C over 
the broader temperature range and 
this specification is guaranteed for a 
cold start; typically, the cold temper-
ature coefficient is on the order of 
10 ppm/°C, and for the narrower 
range the guaranteed coefficient is 
25 ppm/°C cold. Values for zero 
offset stability are ± 100 Lv/°C, 
broad range, and ± 20 µv/°C, 
narrow range. 
The 100-kHz 4733's full-scale fac-

tor stabilities, given in the same 
manner as for the 4731, are 
50 ppm/°C, 15 ppm/°C, and 30 
ppm/°C, respectively. Zero offset 
stability is the same as that for the 
4731. 

In singles, the 4731 is priced at 
$125, the 33 at $135. Fully 
processed to MIL-STD-833 with 
burn-in and temperature cycling, the 
respective prices rise to $165 and 
$175. All units are available from 
stock. 
Teledyne Philbrick, Allied Drive at Rte. 128, 

Dedham, Mass. 02026. Phone Wah Fea Ng 

(last name pronounced Eng) at (617) 329-

1600 [384] 

D-a hybrid performs 

fast 4-bit conversions 

The DAC-HU4B is a high-speed 
hybrid digital-to-analog converter 
whose full-scale, 24-mA output set-
tles to within 0.1% of final value in 
just 25 ns. Although specifically 
designed as half of a two-stage, 8-bit 
a-d converter system— it readily 
mates with Datel's ADC-HU3B — 
the 4-bit converter can also be used 
in high-speed, intensity-modulated 
cathode-ray-tube displays. 
The converter's 15 input lines, 

compatible with 10,000 series emit-
ter-coupled logic, each control a fast 
current switch, so the unit responds 
to what is called "thermometer 
scale" inputs—inputs that increase 
sequentially from all Os to all Is. 
Alternatively, input lines can be tied 
together in an 8-4-2-1 grouping so 
that it will work with complementa-
ry-binary-coded inputs. 
Maximum integral and differen-

tial linearity errors are within 0.1%' 
of full scale. The differential linear-
ity temperature coefficient is 
± 15 ppm/°C, as is that for gain. 
The converter is housed in a 32-

pin package and is offered in 
versions that operate over military, 
industrial, or commercial tempera-
ture ranges. In quantities of I to 24, 
the DAC-HU4B ranges in price 
from $125 to $209. 
Datel Systems Inc., 11 Cabot Blvd., Mans-

field, Mass. 02048. Phone Eugene Murphy at 

(617) 828-8000 [383] 

S-d converter digitizes 

flux-gate compass output 

Conversion of gyro flux-gate com-
pass data into digital form has prov-
en difficult because such compasses 
deliver 800-Hz outputs that consist 
primarily of a series of spikes. 
Furthermore, this latitude-depen-
dent output voltage can vary from 50 
to 370 mv. 
Now, by means of a proprietary 

design, the model 1625 synchro-to-
digital converter can be used to 
compensate for dynamic voltage 
variations and extract signal data 
from the output spikes. The convert-
er provides 10-bit resolution and is 
accurate to within 124 arc minutes. 
A transformer isolates the refer-

ence from the input, and separate 
analog and digital grounds are 
provided to minimize ground-loop 
problems. The 3.125-by-2.625-by-
0.42-in, converter needs +5- and 
+15-v sources and meets the reli-
ability specifications of MIL-STD-
883B. It is priced at $500. 
Transmagnetics Inc., 210 Adams Blvd., 

Farmingdale, N. Y. 11735. Phone Fred Haber 

at (516) 293-3100 [385] 
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TRW takes another step 
in digital signal processing 

NOW, A 

COMPLETE FAMILY OF 

MULTIPLIER /ACCUMULATORS 

We've developed an entire family 
of high-performance monolithic 
multipliers with built-in accumulators. 
They're TTL devices in VLSI tech-
nology and are just the ticket for many 
applications of digital signal process-
ing, including low-cost optical 
character recognition. 

Because they displace a whole rack 
of sophisticated hardware, our 
multiplier/accumulators (MAC) can 
help small computer systems perform 
highly complex correlation functions. 
You can use these correlation func-
tions to recognize the written word, the 
printed word and visual images of 
all sorts. Once recognized and cap-
tured, you can subject the characters 
to various computer manipulations, 
and even translate them into other 
languages. 

................. .......... 
......................... 

You simply simply use one of our multiplier/ 
accumulators to multiply a digitized 
image against a repertoire of antici-
pated patterns stored in memory. A 
high degree of correlation results in a 
numerically high product; a lack of 
correlation reduces the product 
value. You set upper and lower thresh-
olds on the accumulated result and 
you vary the thresholds according to 
your required degree of flexibility 
or security. 
Because our devices feature on-chip 

accumulators that store the sum of 
many previous comparisons, you 
simply read out the accumulator's 

Electronics/March 1, 1979 

contents and compare its value to the 
numerical thresholds stored inside 
the CPU. This makes optical character 
recognition go or no-go—what used 
to be an extremely complex and costly 
correlation process is now a piece 
of cake. 
We have 16-, 12- and 8-bit number-

crunching chips that grind pairs of 
numbers together to produce millions 
of products each second. Our TOC-
1010J, for instance, is a 16x16-bit chip 
that produces a 32-bit product and 
a 35-bit sum in a mere 115 nsec. (It's 
designed to operate in a continuous, 
pipeline mode so the accumulator's 
operation is transparent—once the first 
product is generated, it produces 
more products and adds them to the 
previous sum.) The TDC-1010J can 
accumulate products up to 35-bits in 
length. It accepts data in either un-
signed magnitude or two's comple-
ment notation. It offers three individual 
device pins for controlling the chip's 
three-state outputs, and of course, all 
its signals are conventional TTL levels. 
It's packaged in a standard, 64-pin 
DIP and uses just 31/2 watts. 

In addition to the 16-bit MAC, our 
second generation family also in-
cludes a new, 12-bit multiplier/accu-
mulator—the TDC-1009J. It operates 
twice as fast as the original TDC-1003J 
—just 95 nsec for a complete 24-bit 
product plus a 27-bit accumulated sum. 
Like the 16-bit MAC, the TDC-1009J 
is packaged in a standard, 64-pin DIP. 
It uses just 21/2 watts.. 
TDC-1008J is the designation of 

our 8-bit multiplier/accumulator. 
It generates a 16-bit product and a 
19-bit accumulated sum in a snappy 
70 nsec, uses only 1.2 watts and is 
housed in a standard,48-pin DIP. 

Circle 

For increased flexibility, all our new 
MACs feature control pins that defeat 
the accumulators and allow them to 
operate as conventional, n-by-n-bit 
multipliers. Even more than that, they 
all feature on-chip input and output 
registers; their accumulators have the 
ability to subtract as well as add; 
they provide a useful pre-load func-
tion that lets you set the accumulator 
contents to any value and they all 
run on +5 volts only. All our multiplier/ 
accumulators are radiation hard. 

The pricing on our family of 
multiplier/accumulators is very low: 
in hundreds, the TDC-1010J is priced 
at $205; the TDC-1009J is $120 and 
the TDC-1008J, just $70. 

Like all TRW LSI Products, our mul-
tiplier/accumulators are available from 
stock through Hamilton /Avnet. For 
more information, send in the coupon 
or talk to one of our digital signal 
processing experts at 213/535-1831. 

TRW LSI Products 
An Electronic Components Division of TRW Inc 
P.O Box 1125 
Redondo Beach, CA 90278 

Please send data sheets on the new family of 
multiplier/accumulators. 

Name 

Company 

On/Dept Mad Code 

Address 

C.ty 

Sta.- E-3 

MI/VLSI PRODUCTS 
...for Digital Signal Processing 
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We know exactly what's happening to the 
OEM computer inside this truck g 1401nterior. 

Absolutely nothing. 
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All computer manufacturers are con-
cerned about how their products cope with 
heat while they're running. 

At Digital, we also take a good hard 
look at how computers react to heat even 
before you turn them on. 

Because we know you may have to 
ship product anywhere in the world, often 
under less than ideal conditions. And for a 
computer, high storage temperatures can 
be just as bad as high operating tempera-
tures. So we test for both. 

Our storage temperature testing is just 
part of the most comprehensive physical 
and mechanical test program in the indus-
try. A program that subjects our products to 
drop forces up to 40Gs. Vibration forces far 
greater than those encountered on the aver-
age factory floor. Heat, humidity, static elec-
tricity, electromagnetic and RF interference. 

At Digital, our approach has always 
been to give OEMs more than just great 
product. Just as important are the extra 
quality features, the extra testing that can 
make your design and marketing job easier. 
The software compatibility that can take 
you from micros to 32-bit large-scale com-
puters, from one generation to the next. 
The worldwide service capability that can 
be tailored exactly to the way you run your 
business. It's an approach designed to 
help you meet a wide range of computer 
strategies. 

You probably already know a lot about 
Digital perform' ance. To find out the rest, 
send for our new brochure, "The Thinking 
Behind the Industry's Largest Selling Line 
of OEM Computers." 

Digital Equipment Corporation, 
(PK3/M-86), Maynard, MA 01754. (617) 
493-6253. In Europe: 12 ay. des Morgines, 
1213 Petit-Lancy/Geneva. Tel. 93 33 11. In 
Canada: Digital Equipment of Canada, Ltd. 
We build a lot more than performance 
into an OEM computer. 

d 11 !Mall 
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New products 

Industrial 

IC's output 
goes up in smoke 

Chip contains most of the 

circuitry needed to form a 

photoelectric smoke detector 

Smoke-detector circuitry has been 
around for some time now. Most 
engineers would probably have little 
difficulty designing a reasonably 
reliable photoelectric unit with a 
handful of discrete components, but 
putting the works into a single 16-
pin dual in-line package is another 
matter. Cherry Semiconductor has 
done it; its model CS-179 is an inte-
grated circuit requiring a minimum 
of external components to form a 
complete detector: a 9-v battery, an 
infrared-emitting diode, a photodi-
ode, a horn, a potentiometer, and a 
few timing resistors and capacitors. 
A timer in the CS-179 generates a 

22-ms pulse every 15 s. This pulse 
simultaneously energizes the IRED 

and the amplifier, detector, and logic 
circuitry connected to the photodi-
ode. If the optical attenuation 
between the IRED and the photodi-
ode rises above the threshold set by 
an external potentiometer, the logic 
circuitry interprets the event as a 
smoke signal. 
To minimize the probability of 

false alarms, two consecutive clock 
pulses must yield smoke signals 
before the CS-179 will go into its 
alarm state. In this state it both 
energizes the horn and increases the 
timer frequency from 1/15 Hz to 
1 Hz. The second change is desirable 
because the alarm will not stop until 
the unit receives two consecutive no-
smoke signals, reducing the time 
required to respond to the absence of 
smoke from 30 s to 2 s. 

In its normal monitoring state, the 
CS-179 checks the battery voltage 
under load during every IRED pulse. 
When it determines that the battery 
needs replacing, it sends a 22-ms 
pulse to the horn every 30 s. 

As with all products from Cherry 
Semiconductor, the CS-179 is the 
outgrowth of a large-quantity cus-
tom order. As it is strictly a large-
quantity item (50,000 pieces and 
up), its price is determined by nego-
tiation. 
Cherry Semiconductor Corp., 99 Bald Hill 

Rd., Cranston, R. I. 02920. Phone (401) 463-

6000 [373] 

Single kilowatt-kilovar 

monitor replaces two units 

Digital displays not only look better 
than analog ones, they can save 
panel space, too. This solid-state 
digital kilowatt-kilovar monitor 
combines both readouts in one unit 
with no moving parts. 

Also available as a single-function 
display, the unit has a solid-state 
multiplier with linearity adjustable 
to within 0.1% and 0.43-in.-high 

light-emitting diodes. Six models 
match single-phase and balanced or 
unbalanced three-phase lines carry-
ing up to 300 kilowatts/kilovars. 
Maximum error is 0.5% of range, 
± 1 digit, from 47 to 60 Hz. Size is 
4.74 by 3.25 by 5.50 in., and requires 
a 4.125 by 3.125 in. cutout. 
Electro Industries, 316 Westbury Ave., Carle 

Place, N. Y. 11514. Phone (516) 621-6652 

[377] 

Pulse sequencer is 

programmable in English 

Intended for use as an industrial or 
laboratory counter-timer, the 
Z8253A Computer Stimulator gen-

111 lei 

gerigging 

erates five transistor-transistor-
logic—level digital pulses and one 
stepped analog wave form in any of 
999 sequences. Individual pulse du-
rations range fron 2 zs to 9,999 
seconds, with four-digit resolution 
and 0.02% uncertainty. 
To store a pulse pattern, the user 

keys in the desired sequence, period, 
duration, and amplitude of the 
pulses after each parameter appears 
on the unit's I 6-character orange 
neon alphanumeric display. Each 
sequence need not be fixed: any 
parameter may be tagged, so that it 
follows any other pulse parameter 
automatically. 
The Z8253A uses a Z80A micro-

processor and 8 kilobits of random-
access memory expandable to 32 
kilobits, connected via a modified S-
100 bus. The unit measures 8.75 by 
17 by 12.75 in. Prices start at 
$4,990. 
Micro Data Collection, P. 0. Box 115, Nova-

to, Calif. 94947. Phone (415) 883-9255 

[373] 

Switching servo amplifiers 

control motors precisely 

Accuracy is the name of the game in 
incremental-motion systems. When 
used with appropriate feedback ele-
ments, either of two new switching 
servo amplifiers can give designers 
the precision they need. 
The 40- and 75-v models each 

have continuous current ratings that 
are adjustable from 0 to 7 A. Peak 
current, which is limited automati-
cally for 0.5 second and then folded 
back, is also adjustable, over a range 
of 0 to 20 A. 
The switching frequency of these 

pulse-width-modulated amplifiers is 
5 kHz regardless of load; frequency 
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ANNOUNCING 
THE OP11MATE 
EXPERIMENTER'S 
KIT FROM AMP 
With this one kit you can put your mind 
in high gear with all the elements 
necessary to design as many as six 
different workable data links ranging 
from 1 kilo-bit to 1 mega-bit—all TTL 
or CMOS compatible. 

feiN  

lust three steps to a precise fit 
That's all it takes with the Optimate 
connectors in the kit: 
1. Assemble with a few parts 
2. A simple proven crimp 
3. Then accurate polishing 

Connectors for every problem 
You will soon see that the AMP Optimate 
connector solves three basic problems 
quite neatly and precisely: 
• Coupling of the light source to the 
fiber optic cable 
• Splicing cables 
• Coupling the fiber optic cable 
to the photodetector. 

Innovative crimping tool 
Every kit includes this unique tool which 
enables you to attach cable to connector 
accurately and permanently. The AMP 
crimping tool will not release until a 
certified, repeatable crimp is made. 

Complete instructions 
Nothing is left to chance. You get an 
experimenter's guide on system 
characteristics and complete instructions 
for constructing and experimenting with 
up to six fiber optic systems. 

ORDER NOW. SEE BACK PAGE. 

eç!. 

The AMP Optimate Experimenter's Kit 
gets you out of the parts procurement 
business and back into the design 
business. Cables...emitters...detectors... 
connectors...crimper...instructions— 
everything is in the kit. There's nothing 
extra to buy. 

You actually design and experiment 
with active devices made by Motorola 
Semiconductor Products, Inc. as well as 
with a whole array of AMP fiber optic 
connectors, cable and p.c. boards. The 
kit includes instructions for making as 
many as six TTL- and CMOS-compatible 
low frequency data links operational to 
45 meters or more. Components are also 
suitable for use with lower loss cables 
(not supplied.) 

Active devices in the kit 
These include pin photo diodes. 
phototransistors, photodarlington 
transistors and infrared emitting diodes. 
Components include numerous 
integrated circuits serving as amplifiers, 
buffers, inverters, receivers and 
comparators. 

Six transmitter and six receiver 
PC boards are part of the package. 
Transmitter circuits range from one-
kilobit to one-megabit capacity. 
Receivers can be one, two or four-
channel, one kilobit to one-megabit 
capacity. 

Complete set of AIVII) Optimate 
connectors 
The heart of the kit—and the primary 
reason you can now design commercially 
feasible, repeatable fiber optic data links 
—is the AMP Optimate connector. It 
makes terminations simple, quick and 
accurate. Optimate connectors use a 
resilient material which insures 
centering to a degree previously 
unattainable. Precise, accurate 
polishing—once difficult—is fast, 
troublefree and easy, thanks to a simple 
polishing bushing that comes with the kit. 

.de» 
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STARTING TODAY... 
EVERYTHING YOU NEED 
TO DESIGN TOMORROW'S 
FIBER OPTIC DATA LINKS 
COMES IN ONE KIT. 

"Brings an experimental fiber optic 
link to about 85% of the way toward 
a final commercial design..." 

Design News Magazine 

; 

AMP OPTIMATE 
EXPERIMENTER'S 
KIT FOR FIBER 
OPTIC DATA LINKS 
Included in this kit are all the 
components described, plus 
detailed instructions for 
constructing several fiber optic 
data communication links. 
Available only from AMP. 
P/N 227042-1 

AMP OPTIMATE 
DESIGNER'S KIT 
Contains assortment of fiber optic 
connectors, 1/0 bushings and tooling 
for use with your own cable, light 
sources and detectors—all housed in 
a sturdy box. An excellent low-cost 
introductory kit. 
Available only from AMP. 
P/N 530950-1 

ORDER YOUR NEW OPTIMATE FIBER OPTICS KITS 
DIRECTLY FROM AMP. CHOOSE THE KIT YOU NEED. 
FILL OUT AND MAIL THE COUPON. 

Remember, the Experimenter's Kit comes with active devices and boards. The 
Designer's Kit comes without them. Take your pick. Please include a company 
purchase order number, check or both. If you'd like more information, call us: 
Extension 8400, (717) 564-0100, AMP Incorporated, Harrisburg, PA 17105. 

AMP has a better way. 

INCORPORATED 

Check Reader Service Number 101 

AMP Customer Service, AMP Incorporated, Harrisburg, PA 17105 

Please place my order for: 
O OPTIMATE Experimenter's Kits for Fiber Optic Data Links at only $350 

each. (P/N 227042-1) 

D OPTIMATE Designer's Kits at only $181SQ each. (P/N 530950-1) 
(Prices applicable to United States only.) 

Please charge me as follows: 
0 CHARGE them to the following company order #  

O Enclosed is payment for the order. 
My telephone number is (AC) 
Name  

Company  

Address  

City State ZIP  
M508 

AMP is a trademark of AMP Incorporated is a trademark of Motorola. Inc. 



New products 

response at rated power is dc to 1 
kHz. Four-quadrant operation allows 
acceleration and deceleration in eith-
er direction. Both models include 
fault-protection circuitry to prevent 
damage from short circuits, from 
logic-supply failures, and from ther-
mal overloads. 

Each unit is 7 in. wide, 11.125 in. 
long, and 6.06 in. high. The power 
transformer is optional. 
PMI Motors, 5 Aerial Way, Syosset, N. Y. 

11791. Phone Hans Waagen at (516) 938-

8000 [374] 

Circular plastic pot 

measures shaft angles 

The model AP 55 Anglyzer is a 360°, 
infinite-resolution plastic potentiom-
eter with 0.1% uncertainty, which 
makes it suitable for many shaft-
position readout applications that 
now use absolute encoders. 
The unit's solid-state switching 

system combines dual internal sig-
nals into a single analog output ramp 
to eliminate the dead zone inherent 
in conventional pots. Elastomer 
damping of the metal multi-finger 
wipers prevents contact bouncing at 
speeds up to 6,000 rpm. 
The AP 55 needs a ± 10- to 15-

v dc supply (available from the firm, 
as is a 3 1/4 -digit display) and a stabi-
lized reference for direct dc analog 

For some 
stimulating data... 

High capacity data generators by Tau-Tron. We 
can stimulate your system with a test pattern for 
any standard format—even with special codes. 
Data rates as high as 500 megabits. Some models 
are programmable with simultaneous, multiple, 
variable-length data streams. For high-speed mag-
netic recording, fiber optics communications, 
computer I/O, virtually any digital test application. 

Tau-Tron. You'll find us stimulating. 

de ''''!"..bleduanee 

tau-tron kin 
n c 

11 Esquire Road. North Billerica. Mass. 01862 
Tel (617) 667-3874 

Circle 173 on reader service card 

If this magazine 
is worth your time, 
it's worth 58e. 
Drop off the routing list. Avoid the Perils of Passalong. Get your own 
fresh, unclipped copy mailed to your home or office $17 (65e per 
issue) for a one-year U.S. subscription. ($19 in Canada.) Turn to the 
subscription card in the back of the magazine. If somebody beat you 
to it, write: Electronics, P.O. Box 430, Hightstown, N.J. 08520. 
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New products 

output. A 3.5-v reference gives a 
full-scale readout that corresponds 
to 360°. 

Total system price for the Anglyz-
er, power supply, and digital display 
is under $500 in single quantities. 
Waters Manufacturing Inc., Longfellow Cen-

ter, Wayland, Mass. 01778. Phone (617) 

891-1227 [375] 

Interface routes traffic 

in data-acquisition systems 

The SLI I 1 ASCII interface super-
vises data flow between computers, 
peripherals, and analog scanners in 
industrial data-acquisition systems. 

Forethought 
The only sure cure 
for buyer's remors 

By the time you get all your 
electronics into the cabinet, get it sold and get it shipped, any 
weaknesses in the design will show up in spades. 

If the levelling legs aren't properly reinforced, they can pop 
through the bottom under a full load. 

If the seams aren't completely welded and sealed, they 
may begin to open after you install your equipment 

If the internal engineering isn't perfect, the unit may exhibit 
the Leaning Tower Effect by the time it gets to your customer. 

If the external design isn't first class, your product won't 
have that crisp, professional look. 

If the cabinet isn't a Zero Matrix IV, the design engineering 
probably won't protect you from all the problems you didn't 
think about 

We think about all those problems. Our design engineering 
makes a science of forethought. Don't be sorry tomorrow. 
Send for your free catalog today. 

ZERO 
We make you look good. 

Designed for half-duplex serial ASCII 
transmissions, the interface can ser-
vice up to 160 analog channels. 
Communication between the 

SL111 and any processor or terminal 
with an RS-232-C port or 20-mA 
current loop is implemented by a 
simple protocol. A single-letter pre-
fix to each byte identifies it as a 
command to read or write data or to 
start a channel measurement, as a 
system "busy" signal, or as actual 
data. 
The interface contains an 8748 

microprocessor and optical isolators 
to minimize ground loops. Included 
in nonvolatile memory are a com-
mand-error analysis routine and a 
self-diagnostic subroutine that 
checks internal circuitry and exter-
nal transmission lines. Internal 
jumpers allow selection of baud rate 
(110, 300, 600, 1,200, 2,400, 4,800 
or 9,600 bauds), parity (odd, even, 
or none), and word length (5 to 8 
bits). The unit price is $698. 
The San Diego Instrument Laboratory, 7969 

Engineer Rd., San Diego, Calif. 92111. 

Phone (714) 292-0646 [376] 

Demand recorder alerts users 

to need for load shedding 

Designed to reduce electrical de-
mand charges, the model DTR-400 
demand recorder incorporates an 
alarm that is activated when a 
thumbwheel-selected threshold is ex-
ceeded, enabling users to shed load. 
The recorder works on a sliding 

demand interval that permits check-
ing of any demand period. It accepts 
inputs from standard utility pulse 
initiators at switch-selectable rates 
of 0.1, 0.2, and 0.4 or 1, 2, and 4 
contact closures per second and 
provides a chart récording of maxi-
mum demand during the selected 
interval. The DTR-400 will record 
for up to 756 hours on a single roll of 
paper. 
The model DTR-400 is priced at 

$795 and delivery is from stock to 
six weeks. 
North Hills Electronics Inc., Glen Cove, N. Y. 

11542. Phone Herb Marx at (516) 671-5700 

[378] 
Zero Corporation • Burbank, CA 213/846-4191 • Monson, MA 413/267-5561 
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draw high quality graphics 
even when the bottom line is price. 

Graphics gives you the best way to analyze and commu-
nicate data. But cost has been keeping it out of the picture 
for many OEM systems. That's why Hewlett-Packard is 
offering the new Model 7225A Graphics Plotter. 

The price: $1750 (domestic USA price with 17602A 
general purpose "personality" module), in quantities of five. 
With further OEM discounts from there. 

HP's versatile 7225A converts the output of processor 
based systems into high quality charts and graphs in any 
size up to 81/2 x 11" (A4). A wide selection of plug-in "per-
sonality modules" lets you adapt the plotter to suit your 
needs. Different modules determine interface hardware, 
language, and capabilities such as internal character sets, 
axis generation, labeling and scaling. 

Simple linear stepping motors eliminate many mov-
ing parts to assure reliability. Visually smooth, high re-
solution ink lines of any length and angle are generated, 
requiring only end point data. 

And you give your customers the confidence of 
Hewlett-Packard's worldwide service network. 
So if you want high quality graphics but you draw the line 

at price, look into the Model 7225A Graphics Plotter. For a 
detailed 24-page OEM brochure, contact Hal Phillips at 
Hewlett-Packard, 16399 West Bernardo Drive, San Diego, 
CA 92127; (714) 487-4100. 11901 

HEWLETT LhD PACKARD 

1501 Page Mill Road, Palo Alto, California 94304 

For assistance call: Washington 1301) 948-6370, Chicago (312) 
255-9800, Atlanta (404) 955-1500, Los Angeles (213)877-1282 

Plug-in "personality modules" customize the plotter for you. 
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New products 

Computers & peripherals 

Pocket terminal 
sells for $495 

Priced for small businesses, 

data-entry device provides 

up to 8 kilobytes of storage 

Key to optimizing the use of data-
processing equipment for inventory 
control is increased point-of-entry 
automation. One growingly popular 
means to accomplish this is the use 
of hand-held data-entry terminals 
that can be carried through the 
aisles of, say, a retail outlet. But at a 
price of $1,000 per unit, only large 
retailers and distributors have been 
able to afford them. 
Aimed at the potentially large 

market that smaller stores can 
provide, Norand Corp.'s Sprint 100 

is priced at just $495 in single quan-
tities—a price that includes 4 kilo-
bytes of random-access storage. 
According to George Chadima, 
chairman of Norand, it took some 
special design effort to make the 
pocket-sized, 13-oz, Sprint's price 
correspondingly small. 
"To meet our design goals," he 

states, "we had to use a combination 
of microprocessor and memory chips 
that provided the appropriate blend 
of complementary-metal-oxide-semi-
conductor and n-channel mos tech-
nologies." While Chadima admits 
that the 21/2 -by-1 1/2 -by-7-in. termi-
nal's brain is a custom-designed 
8-bit microcomputer, he will reveal 
no details about its memory other 
than to say it is made up of volatile 
units that are not charge-coupled 
devices. An undisclosed amount of 
read-only memory holds the micro-
processor's operating program while 
random-access storage is expandable 
up to 8 kilobytes. 

Acoustic-coupler circuitry is inte-
grated into the Sprint so that, with a 
separately attached acoustic muff, 
orders can be transmitted over tele-
phone lines to a central facility, such 
as a warehouse. A touch-sensitive 
panel, rather than a standard key-
board is used to enter data, which is 
displayed on a 12-character, light-
emitting-diode display. Deliveries of 
the unit, with a full one-year warran-
ty, have just begun, according to 
Chadima. 
Norand Corp., 550 2nd St. S. E., Cedar 

Rapids, Iowa 52401. Phone (319) 366-7611 

[361] 

Processor gets boost 

in storage and software 

Users of the 1500 dispersed proces-
sor can now enhance their systems 
operation by adding more diskette 
storage, increased user memory, and 
new communications software. 
The 1500 now supports two 

diskette drive subsystems for a total 
of 1 megabyte of on-line storage. 
Each subsystem houses two disk 
drives and uses single-density disk-
ettes for storage. A complete 1-

megabyte system sells for $8,975; 
upgrading 1500 processors to this 
capacity costs $3.675. 
Memory capacity has been in-

creased from 32 kilobytes to 60 kilo-
bytes. The 60-K 1500 sells for 
$7,900. The older 32-kilobyte ma-
chine can be upgraded by using the 
field-installed memory-upgrade kit 
that sells for $1,920, with an instal-
lation fee of $125. The 1500 proces-
sor with 60-K memory and 1 mega-
byte of storage sells for $10,895. 
The new 2780 emulator software 

is able to work with both the 32- and 
60-kilobyte versions of the 1500. The 
CC278015 emulates IBM's 2780 
data-communications terminal using 
the 1500's integral synchronous 
communications interface. The soft-
ware permits communications to 
take place coincidentally with other 
operations. The CC278015 is in-
cluded with all new 1500s; present 
users may license the emulator for a 
one-time fee of $20. 
The price of new 1500s also 

includes operating system and other 
software. 
Datapoint Corp., Attn: Product Marketing 

(M71), 9725 Datapoint Dr., San Antonio, 

Texas 78284 [3641 

Intelligent disk subsystems 

are compatible with Massbus 

Designed as its first end-user prod-
ucts, two disk storage subsystems 
from Microcomputer Systems Corp. 
are plug-compatible with Digital 
Equipment Corp.'s Massbus 1/0 
controller. Designated the MSC-05 
and MSC-06, the units can replace 
DEC's RP-04, RP-05, and RP-06 
disk drives with their storage capaci-
ties of 88 megabytes (the 04 and 05) 
and 176 megabytes (the 06). Ac-
cording to the manufacturer, the 
new subsystems are more efficient 
because their architecture central-
izes data-transfer management, 
making the system into an "intelli-
gent peripheral." 

Although the architecture of the 
MSC differs from that of DEC's disk 
drive, its performance remains simi-
lar because both are based on a stan-
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This is a Stackpole. 

What is a Stackpole? 

"Most important is how well 
your component fits in with our 
overall design. Con you help?" 
We can. Because or Stackpole we 
undersrond the concerns of electronic 
design engineers. And we con help 
by supplying a variety of standard as 
well as custom components that are 
flexible and adoptable, for more 
specialized jobs. 

More thon just an electronics 
company 

A half-century of component manu-
facturing experience has mode us the 
world's largest producer of slide 
switches for commercial applications. 
And we produce millions of rotary, 
rocker and key switches annually. 

Stackpole soft ferrite cores hove helped 
electronic design engineers upgrade 
the quality and performance of TV sets, 
radios and o wide ronge of power 
supplies. 

Our carbon-comp, carbon-film, indus-
trial and special-purpose resistors, as 
well as our resistor networks, ore inte-
gral parts of the electrical and elec-
tronic products we all use every day 

Ceramic magnetizable powders and 
permanent magnet materials, used in 
a wide variety of automotive, appli-
ance and industrial applications, ore 
produced by our Magner Division. 

More than just another source. 

As a result of our manufacturing exper-
tise and electronics know-how, we're 
capable of meeting your specific design 
needs. Whether your concern is switch-
ing, resistance or ferromagnetics, Stack-
pole has both the products and o spe-
cial willingness ro help solve your com-
ponent and materials problems. 

To learn more, call or write: Mr Douer 
Stackpole, Corporate Marketing 
Manager Stackpole Carbon 
Company, Sr. Marys, Pa. 15857. 
Phone: (814) 781-1234. 

e iSTACKPOLE 
Get to know us. We con help. 

Circle Reader's Service Card No. 90. 
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This automatic machine produces up to 

50 coreless coils 
per minute 

including stripping of both shanks 

USA SALES OFFICE: WAFIOS MACHINERY CORPORATION 
R O. B. 148 25-35 NORTH EAST INDUSTRIAL ROAD BRANFORD/CONN. 08405 USA 

wire diameter 
inside diam of coil 
coil length 
shank length 
number of coils 
maximum output 

FTU (1-97 
0,2-1,0 mm 
10mm 
35 mm 
30x30 mm 
55 
50 coils/min 

FTU 1-97 
0,3-2.0 mm 
15 mm 
45 mm 
48x50 mm 

70 
40 coils/min 

WAFIOS MASCHINENFABRIK D-7410 REUTLINGEN 1 

TELEX 07 29666/67 

WAFIOS CANADA LTD.1145 BELLAMY ROAD UNIT N.19 

SCARBOROUGH, TORONTO, ONTARIO M 1 H 1H 5 TELEX 065-25385 

SELLING AGENCIES IN ALL IMPORTANT COUNTRIES 

178 Circle 178 on reader service card 

New products 

dard industrial disk drive. The 
subsystems can be added to an 
installation without changing its 
existing operating system. In hybrid 
systems that employ both types of 
drives, disk packs from one type of 
drive may be interchanged with 
those from the other type storage 
unit. 

In addition, a dual-port option on 
the MSC-05 and -06 subsystèms 
gives two different computers access 
to the disk drive at the same time. 
Another feature of the MSC system 
is that it is upward-compatible; it 
will be able to accommodate upgrad-
ing of the operating-system software 
to achieve higher throughout. 
A set of supplementary in-line and 

off-line diagnostics has been in-
cluded on the MSC-05/ — 06 to test 
the microprocessor control logic and 
any other drive of the MSC subsys-
tem. Any attached drive may be 
diagnosed while the others continue 
normal operations. 

According to company president 
James Toreson, MSC plans to market 
their replacement product at 15% to 
25% less than the DEC-supplied 
subsystem, depending on the quanti-
ty of drives ordered. 
Microcomputer Systems Corp., 432 Lake-

side, Sunnyvale, Calif. 94086. Phone Jim 

Toreson (408) 733-4200 [363] 

Firmware increases speed 

of intelligent printing system 

Three firmware packages permit the 
IPS-7000 intelligent printing sys-
tems to produce up to 160 dot-
matrix characters per second. The 
7001, 8, and 9 firmware packages 
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THE BEST-KEPT SECRET 
OPTO-ISOLATORS. 

70% of all industry standard 
opto-isolator types can be 
found at Litronix. 

Not too many folks know 
Litronix has one of the broadest lines 
of opto-isolators around. We've 
told you about our LED displays and 

lamps, photodetectors, IR diodes, 
et al. But we haven't said much about 
our opto-isolators. Until now. 
We have almost two dozen single 

channel couplers. Two dual couplers. 
And our exclusive quad coupler. 
Listed below are the more popular 
types. 
Our pricing is aggressive. And there's 

Part 
Number 

Current 
Transfer 
Ratio % Voltage Description 

No. of 
Channels 

IL- I 20 25(5) Photo Transistor I 

IL-5 50 2500 1 

IL-15 6 1500 ii I 

IL-74 12.5 1500 ii 
I 

4N25 20 2500 ii 1 

4N26 20 I 500 11 I 

4N27 10 1500 If 
I 

4N28 I 0 500 ii 1 

our tech support. We'll duplicate 
exotic test conditions, do parameter 
guarantees, and even help you 
trouble shoot. 
So say the secret word (Litronix), 

and cash in on the best opto-couplers 
around. Litronix, 19000 Homestead 
Road, Cupertino, CA 95014. 
(408) 257-7910. 

Part 
Number 

Current 
Transfer 
Ratio % Voltage Description 

No. of 
Channels 

4N32 500 2500 Photo Darlington I 

4N32A 500 2500 I 

4N33 500 1500 ii I 

IL-100 1000 2500 High Speed 75 nS 1 

IL-101 I 000 1500 High Speed 200 nS I 

ILCT6 20 1500 Photo Transistor .i 

I LD74 12.5 1500 1 

I LQ74 I 2.5 15(X) Il 4 

litronix 
AN AFFILIATE OF SIEMENS 

THE LIGHTS FANTASTIC 
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EPROM PROGRAMMER—Model EP-2A-79 

• 
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SOFTWARE AVAILABLE FOR F-8, 8080, 6800, 8085, z-80, 
6502, KIM-1, 1802, 2650. 
EPROM type is selected by a personality module which plugs 
into the front of the o-ogrammer. Power requirements are 
115 VAC, 50/60 HZ at 15 watts. It is supplied with a 36 inch 
ribbon cable for connecting to microcomputer. Requires 1 1/2 
I/O ports. Priced at $145 with one set of software, per-
sonality modules are shown below. 

Port No. Programs Price 
PM-0 TMS 2708 $15.00 
PM-1 2704, 2708 15.00 
PM-2 2732 25.00 
PM-3 TMS 2716 15.00 
PM-4 TMS 2532 25.00 
PM-5 TMS 2516, 2716, 2758 15.00 

Optimal Technology, Inc. 
Blue Wood 127, Earlysville, VA 22936 

Phone 804-973-5482 

Circle 180 on reader service card 

PMB 
Get a BUZZZZ. 

e CB-12A 
Sound transducers, solid state electronic micro-
buzzers or piezo ceramics. Count on Citizen for 
reliability, competitive pricing, and immediate 

delivery whenever you need a buzz. 

• SMB 1.5, 6, 12, 24 VDC • MMB 1.5 VDC 
• RMB 3, 6. 12. 24 VDC • PCB (Piezo Ceramic) 
• IMB (Intermittent )6.12 VDC 1.5-9 VDC, 3-20 VDC 
• PMB 3, 6, 12, 24 VDC • CB-12A (Transducer)1.5 VDC 

CITIZEN CITIZEN AMERICA CORPORATION 

1710- 22nd Street, Santa Monica, California 90404 

(213) 829-3541 TWX: (910) 343-6450 

New products 

combine a 160 c/s matrix printer 
and an 8-bit microcomputer com-
plete with random-access and pro-
grammable read-only memory. 
The IPS-7001 prints 64 ASCII 

characters in a five-by-seven-dot ma-
trix format; the IPS-7008 and IPS-
7009 each print a 96-character set in 
a nine-by-seven-dot matrix. The 
7001 and 7008 each offer a 500-
character buffer; the 7009, a 3,500-
character circular buffer. The 7008 
and 7009 include a programmable 
vertical-format control, which allows 
printing of either six or eight lines 
per inch. 
The 7001 is priced between $2,130 

and $2,250 depending on quantity; 
price ranges for the 7008 and 7009 
are $2,180 to $2, 325 and $2,230 to 
$2,410, respectively. 
Dataroyal Inc., Main Dunstable Road, Nash-

ua, N. H. 03060 [365] 

Floppy-disk supports 

different drives and formats 

The DFDC I 1 is an LSI-11—compati-
ble, floppy-disk controller. It can 
support a variety of floppy-disk 
drives and data formats including 
5.25-in, mini and 8-in, regular disk 
drives, either single- or double-head-
ed and single- or double-density, in 
both IBM and non-IBM formats. 
The DFDC11 is self-contained on 

a single, dual-width, Q-bus—compati-
ble card that includes the drive 
controller, direct-memory access 
controller, and 256-word program-
mable read-only memory. Designed 
to compete with the DEC 
RX02/RXV21 system, it is said to 
offer up to 25% more storage in any 
given drive configuration. However, 
since it does not emulate the DEC 
machines, special software handlers 
are needed. • 

In single quantities, the DFDC 
controller sells for $1,200. The DZ-
HS system software sells for $200, 
and the DZ-H software, for systems 
already equipped with another RT-
11 device only, sells for $100. 
Delivery time is 30 to 45 days. 
Andromeda Systems Inc., 14701 Arminta St. 
#J, Panorama City, Calif. 91402 [366] 
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See for yourself 
why design engineers 

specify more CTS cermet resistor networks 
than any other make. 

There is one large overriding reason. Reliability! 
Each CTS SIP and DIP network is 100% value 

and tolerance tested before shipment. And, with 
more than 1 biUion element hours of extended 
load life testing, CTS resistors have exhibited 
a failure rate of only 0.00047%/1,000 hours @ a 
95% confidence level. 
CTS networks are built reliable.., using top 

quality materials, precision screening equipment, 
proprietary cermet formulations and computer 
controlled lasers for fine tolerance adjustment. 
Terminals are anchor-locked into the substrate 

for maximum mechanical and electrical reliability. 
CTS has been a leader in custom designed 

circuits for over 15 years. Ask us about custom-
izing your special network requirements or choose 
from 400 standard part numbers available off the 
shelf from authorized CTS distributors. 

For the utmost in cermet network reliability, 
quality and availability, you can't choose a better 
network source than CTS. Send for your free 
samples and resistor network catalog today. Write 
CTS of Berne, Inc., 406 Parr Road, Berne, Indiana 
46711. Telephone: (219) 589-8220. 

CTS CORPORATION 
ELKHART, INDIANA 

A world leader in cermet and variable resistor technology. 
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New products 

Microcomputers & systems 

MicroNOVAs 
get redesigned 

Latest generation stays 

competitive by increasing 

performance, saving space 

To stay alive in the microprocessor 
world, manufacturers have to keep 
packaging more functions and 
greater performance into less and 
less space. Hot from the drawing 
board, two microcomputer families 
being introduced by Data General 
represent a redesign of the micro-
NOVA family, from chip through 
board to box. Fully compatible with 
earlier microNOVA architectures, the 
MP/100 is being billed as low-cost 
and highly functional, and the 
MP/200 is said to offer three times 
the performance of the current 
microNOVA. 

A new single-chip I6-bit micro-
processor, the MN602 is an en-
hancement and replacement for the 
MN601 [Electronics; March 4, 1976, 
p. 133], the chip set currently imple-
mented in the microNovA series. 
Housed in a 40-pin package, the new 
processor is an n-channel metal-
oxide-semiconductor device that im-
plements the full 16-bit NOVA archi-
tecture. It has a real-time clock, 

hardware stack, frame pointer, hard-
ware multiplication and division, 16-
level priority interrupts, and stan-
dard as well as high-speed (2-mega-
byte/s throughput) data channels. 
Up to 128 kilobytes of memory can 
be supported by the 602, and an 
asynchronous memory bus allows 
programmable read-only memory, 
erasable PROM, and random-access 
memory to be addressed. On board is 
an integral power monitor and 
industry-standard voltages of ± 5 
and +12 v are supported. 
"The MN602 is the basis for the 

entire MP/100 family," says Ed-
ward Zander, manager for micropro-
ducts marketing. The 100 is a system 
processor unit on a 7.5-by-9.5-in. 
board; in residence are the MN602, 
a full asynchronous interface with 
full modem control, automatic pro-
gram load, an external real-time 
clock, and a soft control panel which 
allows any ASCII console to super-
vise program execution. 
The MP/200 family offers higher 

performance than current micro-
NOVA products: a 16-bit addition 
can be done in 0.8 gs and a full 
16-bit multiplication in 4.9 ets. 
Direct memory access is at 3.7 
megabytes/s. The 200 uses an 
extended NOVA instruction set with 
low byte, store byte, sign multiply, 
and sign divide. "The MP/200's 
CPU," observes Zander, "has archi-
tecture very similar to the MN602, 
but it's implemented with a bipolar 
process." 

Being offered with these proces-
sors are three new memory boards: 
32-kilobyte and 64-kilobyte RAM 
boards, and a 16-kilobyte PROM 
board. Offered with the MP/200 is 
an optional Basic Control Board 
with automatic program loading, 
asynchronous interface with full 
modem, virtual console, automatic 
start after power failure, real-time 
clock, and the soft control panel. The 
MP/100 and MP/200 interface with 
all microNOVA peripherals. 
The 100 and 200 can be housed in 

a newly designed, eight-slot chassis; 
a single card holds an entire power 
supply and can be supplied with the 
chassis. Four-slot cages for use by 
other equipment manufacturers and 
a new half-bay cabinet are also being 
offered. 
The new microNovAs will be sold 

in chip, board, and package form. 
Some representative prices follow. 
The model 100-602, which is the 
official designation for the MN602 
chip, is priced at $56.10 each for 100 
or more. The model 8521 -F two-
board MP/100 computer includes an 
asynchronous interface, automatic 
program loading, 32 kilobytes of 
memory, and sockets for 32 kilobytes 
of E-PROM; it sells for $1,500 in unit 
quantity. 
The 8671-D, a board-level 

MP/200 computer with asynchro-
nous interface and 64 kilobytes of 
memory, is priced at $2,250 in 
singles. An MP/100 packaged sys-
tem, the model 9062, with 64 kilo-
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If you use SINGLE-SIDED PRINTED 
CIRCUIT BOARDS, you should know 
KALMUS Were one of the largest 
independent producers of SINGLE-SIDED 
PCBs in the country. 
No volume is too large or too small tor us to 

handle Our 70,000 sq. ft manufactur.ng 
facility has etching capacity of over 7,000,000 
sq ft per year, punch presses up to 100 tons 
and nine automatic printing presses Our 
capabilities also include complete UV printing 
facilities 
So for dependable and on-time delivery of 

SINGLE-SIDED PRINTED CIRCUITRy give 
your next order to KALMUS, you'll be pleasantly 
surprised at the difference KALMUS care makes 

KALMUS & ASSOCIATES, Inc. 
2424 South 25th Avenue • Broadview, Illinois 60153 
Phone. 312-343-7004 

Send for a free copy of our new facilities b-ochure. 
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Like the economy the 5-MHz 
S61 offers A single-trace 
basic-value oscilloscope, priced 
at $495' the S61 is ideal for edu-
cation. consumer products ser-
vicing and other applications 
where the most performance is 
required for the least dollars 

The same value can be found in 
the rest of the TELEOUIPMENT 
Test and Measurement Instru-
ment Family. Eight oscillo-
scopes and one low-cost curve 
tracer combine the features 
you'd expect to find in high-price 
models with the economy you 
demand. Prices start with the 
S61 at $495 and end with the 
10 MHz DM 64 Storage oscillo-
scope. an excellent value at 
$1.995' All from Telequipment. a 
division of Tektronix. 

And when it comes to long-term 
economy. you can count on 
Telequipment's new network of 
stocking distributors who offer 
local availability, service, and 
warranty repairs to help cut the 
costs of owning instrumenta-
tion. Plus models previously not 
sold in the United States. 

For facts on Telequipment 
economy and the name of the 
Telequipment Distributor 
nearest you. write. Telequip-
ment U.S. Sales. (43/000). P.O. 
Box 500. Beaverton, OR 97077 
or call (503)644-0143. 
'Suggested U S list price 
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New products 

bytes of memory, an asynchronous 
interface, an eight-slot chassis, a 
power supply, a Dasher TP1 printer, 
a 10-megabyte hard-disk subsystem, 
and a half-bay cabinet goes for 
$14,600. Delivery takes 90 days. 
Data General Corp., Route 9, Westboro, 

Mass. 01581. Phone (617) 366-8911 [391] 

Portable analyzer tests 

in-circuit microprocessors 

The AQ8080Z microprocessor ana-
lyzer is a cost-effective alternative to 
in-circuit emulators and cathode-
ray-tube logic analyzers. Being com-
pact, self-contained, and portable, it 
is excellent for product development, 
production testing, and field service. 
Different clip-on probes make the 
AQ8080Z compatible with all 8080, 
8085, and Z80 systems. 
These probe clips are fully buf-

fered and attach directly to the 
microprocessor in the system under 
test. 
The user may examine or modify 

all memory locations, input/output 
ports, and internal registers, includ-
ing the program counter and stack 
pointer. Data may be transferred to 
or from any ho port to help isolate 
faults in peripheral devices. Pro-
grams may be single-stepped, by 
machine cycle or instruction, or the 
execution speed can be continuously 
adjusted to 4,000 steps per second. 

Debugging features of the 
AQ8080Z include breakpoint and 
real-time monitor functions that can 
be set to respond to read or write 
operations for memory references, 
tio references, or memory references 
coincident with external events. The 
microprocessor address lines are 
monitored during program execu-
tion, and the AQ8080Z can halt 
execution when a specified break-
point address occurs. Alternatively, 
activity at the specified address can 
be monitored to count the number of 
times the address was accessed or 
check the data associated with the 
address and the status of the specific 
machine cycle (real-time monitor). 

If a Z80 is under scrutiny, the 
AQ8080Z can be used to examine its 

background or alternate register set. 
A light-emitting diode reminds the 
user which set he has chosen. The 
instrument can also examine the 
Z80's index registers, IX and 1Y. 
The AQ8080Z microprocessor 

analyzer, complete with clip-on 
PRB80/Z80 probe, sells for $2,795. 
AO Systems Inc., 1736 Front St., Yorktown 

Heights, N. Y. 10598. Phone (914) 962-4264 

[399] 

Intel supports 8086 with 

hardware and software 

A microprocessor without develop-
ment tools is like a fish out of 
water—dead. So it's no surprise that 
Intel Corp. has followed the mid-
1978 introduction of its 16-bit 8086 
with a comprehensive package of 
languages and utilities and an in-
circuit emulator. 

With the MDS-3 1 1 software 
package, programs can be designed 
in the structured high-level language 
PL/M-86 or in ASM-86 assembly 
language. Also, using a program 
called CONV-86, 8080 or 8085 
assembly code is converted into 8086 
assembly code to feed AS M-86. The 
package thus allows the 8086 to be 
fully upward-compatible with its 
8-bit predecessors. 

Both the assembler and PL/M-86 
compiler produce relocatable object 
modules, and MDS-31 I contains 
relocation and linkage facilities— 
LOC-86 and LINK-86— for posi-
tioning and combining these mod-
ules. Alternatively, a QRL (quick 
relocate and link) device allows the 
designer to test an individual module 
before it is assimilated into a larger 
program. 

Finally, MDS-3 I I provides a 
library manager and a converter for 
translating object code into hexade-
cimal symbolic-object code. The 
library manager lets programmers 
create, maintain, and store assem-
bled or compiled programs, modules, 
or routines for later linking. The 
code converter translates absolute 
machine code into much more easily 
readable symbolic hexadecimal code. 
The in-circuit emulator, ICE-86, 

For Technical Data circle #249 on Reader Card 
For Demonstration circle #184 on Reader Service Card 
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When your applications 
change, 

"%imam momillwargarik 

nstrument 

e 

DIVISION OF BAUSCH LONIB 

ONE HOUSTON SQUARE AUSTIN, TEXAS 78753 

(512) 837-2820 TWX 910-874.-2022 
Rocneuerlaan 6 8240 Gist& Betquan 

EUROPEAN OFFICE Phone 059/277445 Telea Bausch 8,399 

"the graphics - recorder company" 
For rush hterature requests or local sales office InformatIon only 
persons outside Texas call toll free 1-800-531-5:05. 

this 
recorder 
changes 

with them 
Plug in your choice of 
modules and the 
Omnigraphic Model 2000 
is tailored to your 
need 

The Omnigraphic Omnigraphic Model 2000 is the 

world's best known most versatile 

X-Y recorder. The basic building 

block is a rugged die cast 

metal mainframe. A choice of 

27 modules enables the recorder to 

perform in virtually any application. 

30 in./sec. speed (40 in./sec. available) 
± 0.2% accuracy 

Best common mode rejection 

Same servo response on both axes 

Modules can be changed in minutes 

Amplifiers interchangeable 

Priced from $1200: OEM discounts 

available. 

Registered Trademark of Houston Instrument 

U.S. Domestic Price Only Circle 185 on reader service card 



HIGH EFFICIENCY 
POWER SUPPLIES 
AC to DC 8( DC to DC 
• High Temperature • Super High Efficiency 
• No Derating • Single & Multiple Outputs 
• Compact Size • Regular &. Uninterruptible 
• Light Weight • Military & Commercial 
• No Active Cooling • Standard & Custom 

Qualified for MIL-I-45208A or Higher 
For your power supply requirements 

please call or write 

CENTURY 
ELECTRONICS 

A Division of CHEN Industries, Inc. 
5965 Washington Blvd. • Culver City, CA 90230 
(213) 838-1806 or (213) 870-1083 

Circle 186 on reader service card 

Better Miniatures 
With NO Hidden Costs. 

have piffled loge ès and- I h 
torque bushings with shoulders. 

NO ADDED COST! 

Switch cases are molded of DAP 

to withstand high soldering 

temperatures & physical abuse. 

A complete family of 1, 2, 3 & 4 

pole sizes to choose from. 

NO ADDED COST! 

We offer a variety of terminals 
including PC types having epoxy 
seals to prevent flux contamina-
tion. Choice of gold or silver at 
the same price. Compare and 

we're sure you'll agree that 
li ALCO IS YOUR 

BEST BUY! 

ft 

it Ill* 
RL[OSVVIT[H® 

ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of Augat® 
1551 Osgood St., No. Andover, MA. 01845 USA 

Tel: (817)885-4371 TWX: 710 342-0552.j 

New products 

has both hardware and software 
components. The hardware connects 
an Intellec development system with 
the user's prototype circuitry by 
means of a cable and a buffer box, 
replacing the user's 8086 for debug-
ging and testing. The software 
consists of Intellec debugging com-
mands, which control the user's soft-
ware to isolate problems. 

In addition to cable, the ICE-86 
hardware consists of the buffer box 
and three Multibus boards, 
containing circuits for program 
trace, control, and interface between 
the control central processing unit 
and buffer box. 
With ICE-86, the user is allowed 

to make symbolic reference to PL/M 
statements, input/output ports, vari-
ables, procedures, memory address, 
and data. Moreover, ICE-86 allows 
command macroinstructions to be 
created. According to Steve Good-
fellow, marketing manager for 8086 
development support, "You can 
write a string of commands, even 
with conditional statements like IF 
and REPEAT. When you're done, you 
can give it a name, store it on disk, 
and access it whenever it's needed." 
To accommodate the 8086's me-

gabyte address range, user programs 
can be put on disk in the Intellec 
system and ICE-86 will take care of 
getting them. "ICE-86 will go out 
and get whatever page of memory 
your code is on," says Goodfellow. 
"Obviously this takes longer, but in 
a software debug environment, it's 
really effective." 

ICE-86 also features breakpoints 
and a trace routine that can both be 
started and stopped under program 
control. Trace memory stores up to 
1,023 frames, each containing 20 
addresses or data lines. ICE-86 soft-
ware will automatically disassemble 
the results of a trace as well as 
program memory, converting binary 
object code into more readable 
assembly-language mnemonics. 

Both products are available now. 
MDS-311 costs $3,400 and includes 
diskettes, manuals, and one year of 
updates. ICE-86 sells for $5,500. 
Intel Corp.. 3065 Bowers Ave., Santa Clara, 
Calif. 95051. Phone Carl Buck at (408) 987-

6723 [393] 
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Circle #187 for demonstration 

Once you compare our new 191 digital multimeter to ordinary 51/2 -digit DMMs, we think you'll readily 
agree that it outclasses its class. For good reason. 

The 191 is a ± 200,000-count DMM capable of 0.004% accuracy and 1µV/1mQ sensitivity. It delivers 
unsurpassed accuracy, faster, because firmware in the 6802-based µcomputer has replaced slower, less 
precise analog circuitry 

Displayed data is updated at the fastest rate of 
digit change readable by the human eye-4 conversions 
per second. Settling time of 0.5 seconds is easily half that 
of the 191's nearest competitor. 

The IA' combines both charge-balance and single-slope conversion techniques. Every displayed 
reading is automatically corrected for zero and gain drift. 

If you've ever had to contend with the frustration of potentiometer zeroing, you'll appreciate the 191's 
null function. Automatic arithmetical correction of residual error is standard. With a touch of the button 

youat:ai:luck out any in-range signal, large or small. 
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I en.ttirelyfreeof dielectric the 2 v d 2 h h lectric absorption and leakage problems associated 
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effectively attenuates noise by displaying a running average of the 
.1 8 previous readings. Yet it instantly displays input 

changes of 10 digits or more. 
Another exclusive of the 191 is 2 and 

d i . 4-terminal measurement from 1m52 to 20MQ across six ranges. Simply 
adding two more sense leads automatically enables Kelvin measurements. 

• No changing input terminal links or even pushbutton settings. 
una, finally, sincee design reduces component count, the 191 requires less servicing and calibration, 

increasing reliability and stability. 
At $499 without plug-in ACV, the 191 is today's performance/value 

leader in 51/2 -digit DMMs. A year from now most people will agree. 
But you probably don't need that much time to make up your mind. And were ready to help you with a 
demonstration or additional information. Call 800-321-0560. In Ohio, 216-248-0400. 

Next year you'll be glad you did. 

now you 
own one or vvis 
you 

KEITH LEY 

Circle #252 for literature 
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PCB Simplicity 
with Bendix Brush 

Connectors. 

Bendix Brush Connectors can streamline your 
printed circuit board designs. They don't require 
the extra board support necessary with conventional, 
higher mating force connectors and they eliminate 
the need for secondary actuation systems or pro-
cedures used with zero-insertion force connectors. 
Here's how: 

Bendix Brush Connectors increase circuit count 
per board. 
• Reduce number of boards by allowing more cir-

cuits per board. 
• Greater board effectiveness by providing exact 

circuit counts up to 400 contacts in only one 
connector! 

Bendix Brush Connectors reduce mating force 
70% to 90%. 
• Less complex board supports. 
• Secondary actuators eliminated. 
• Extended mechanical life. Up to 20,000 mates/ 
unmates. 

• Fewer damaged boards. 
• One connector instead of multiple, fixture-
mounted connectors. 

Bendix Brush Connectors—a broad product line. 
• Mother Board, Daughter Board, Input/Output, PC 

receptacle body styles. 
• 2, 3 and 4 row configurations. 
• 90° and straight PC, solderless wrap, crimp re-
movable terminations with multiple lengths and 
plating options. 

Bendix Brush contacts improve electrical charac-
teristics. 
• Highly redundant contact sites with multiple elec-

trical paths and wiping action. 
• Gold plated wire bristles mesh together intimately 

with gas-tight junctions. 
• Stable contact resistance even after extreme me-
chanical durability abuse to 20,000 matings. 

For full information, call (607) 563-5302, or write 
The Bendix Corporation, Electrical Components Divi-
sion, Sidney, New York 13838. 

We speak connectors. 
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New products 

Components 

Triacs need 
little power 

Cheap high-voltage switches 

can be driven directly by 

microprocessor output levels 

With the market for microprocessor-
based appliances exploding, the need 
for low-cost, low-power ac switching 
devices is also expanding rapidly. 
Unitrode Corp. is answering this 
need with the 16200 series of low-
current triacs, designed to operate 
with microprocessor or optically cou-
pled signals. "This triac can be driv-
en directly from a logic source," says 
Carl L. Uretsky, market manager 
for appliance and control. The unit 
can control the current to such 
medium-power devices as lamps, 
solenoids, and relays. 

Units in the 113200 series are 
housed in plastic TO-92 packages 
and rated to handle a load current of 
800 MA rms. The nonrepetitive surge 

rating is 8 A. Gate sensitivity is typi-
cally 2 mn (5 mn maximum) in the 
first and third quadrants and 10 mn 
maximum in the second and fourth. 
The series comprises three units: 

the 16200, 113400, and 16600, with 
respective voltage ratings of 200, 
400, and 600 V. These high voltage 
ratings are attributable in part to the 
mesa construction of the devices. 
"The mesa construction enables the 
triac to work at 750 v typically, and 
very reliably at 600 v," says Uret-
sky. The units have a maximum on-
state voltage drop of 1.8 V. 
The required gate-trigger voltage 

is a maximum of 2v for the first and 
third quadrants and 3 V for the 
second and fourth. 

Uretsky expects the triacs, which 
can operate from —55° to + I 10°C, 
to be used in many nonmilitary 
areas, especially in appliance and 
automobile control. "The 16200 
series has been designed to fill the 
gap between microprocessor controls 
and the power-output requirements 
of future industrial and commercial 
products." He says that present 
industrial applications are mainly in 
energy-management systems. Prices 
for the series in 10,000-piece quanti-

ties are: 24e for the 16200, 28e for 
the 113400, and 45e for the 113600. 
Delivery time is six to eight weeks. 
Unitrode Corp., 580 Pleasant St., Water-

town, Mass. 02172. Phone Joe Pappalardo 

at (617) 926-0404 [341] 

Power switching relay 

spends only 6 laJ per latch 

Series 15 magnetic latching relays 
interface directly with microproces-
sors to switch power devices such as 
lamps and solenoids. The most sensi-
tive version in the dual-coil, double-
pole, double-throw series consumes 
only 200 microjoules of energy in 

ELECTRODYN[, INC 

performing a single operation. 
The relays provide 1,000 y rms 

isolation between the driving coils 
and the contacts, which are rated for 
up to 300 V dc at 1 A. Units within 
the series have 570-1i coils for use 
with transistor-transistor logic or 
1,850-1i coils for complementary-
metal-oxide-semiconductor circuitry. 
The series 15 relays come in dual 

in-line packages with pins spaced on 
a 0.1-by-0.3-in. grid. The devices are 
small, too, with an overall height of 
only 0.420 in. In I,000-piece quanti-
ties, they are priced at $4.50 each, 
and delivery time is four to six 
weeks. 
Electrodyne Inc., 11200 S. E. 21st St., 

Milwaukie, Ore. 97222. Phone A. Sprando at 

(503) 654-0711 [343] 

Optocouplers isolate 

high-speed logic to 7,500 V 

Compatible with 5-v logic, the 
M005005 and M005006 opto-
couplers work at high speeds. The 
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VOL TEK 

Mini Switching Modules 

Model Output Size 

2011 5V•0.5A 
51Wx 19H 

2031 12V-0.25A x41Dmm 
2061 -±- 12V•0.1A (2-Wx0.75"H 

x 1.63-D) 
2071 -i' 15V-0.1A 

Source Voltage :115Vac 4--10% 
Output Voltage Variation: 5% 

( combined) 

Mini DC- DC Converters 

Model Output Size 

6211 5V • 250mA 
51Wx 19H 

6231 12V-150mA x 41Dmm 

6261 , 12V-50rnA (2-Wx 0.75-H 
x 1.63"D)  

6271 -, 15V • 50mA 

Source Voltage: dc5V or I2V or 24V 
Output Voltage Variation: + 5% 

(combined) 

Triple Output Switchers 

Model Output 

RM1F -104 i 5V• 2A, l 12V•0.2A 

RM1F -106 l 5V•2A, 115V.0.2A 

RM1G- 104 I- 5V-3A, l 12V-0.3A 

RM1G-106 i 5V•3A, '15V-0.3A 

Source Voltage: 115Vac 10% 
Regulation( line): • 0.1% 
Regulat ion( load): 0.5% 
Ripple & Noise: 50mVpp 
Overvoltage Protection: provided at • 5V 

VOLTER CORP 
6-2-18, Nakanobu, Shinagawa-ka, 

Tokyo, Japan 142 

New products 

5005 has turn-on times of 420 ns 
typical and 700 ns maximum; the 
5006, 225 ns typical and 350 ns 
maximum. Both units provide peak 
isolation of 7,500 V. 
The output of each ut.. -listed 

device, when operating at the speci-
fied speed, is driven low by a 16-mA 
input that turns on a gallium-arse-
nide infrared-emitting diode (IRED). 
The IRED is optically coupled to a 
high-speed integrated detector; when 
the diode goes off, the detector's 
output goes high. 
The optocouplers work from a 5-v 

power supply from which they typi-
cally draw 2.5 mA when there is no 
input current and 4.0 MA when there 
is. Typical outputs are 0.35 v low 
and 4.75 v high. 
The M005005 and M005006 

come in six-pin dual in-line packages 
and, in lots of 100 or more, are 
priced at $2.40 and $2.70 respective-
ly. Delivery is from stock. 
Motorola Semiconductor Products Inc., P. 0. 

Box 20912, Phoenix, Ariz. 85036. Phone 

Hank Schroeder at (602) 244-45561344] 

Fireproof resistors fit 

printed-circuit boards 

Designed for printed-circuit board 
mounting, the fireproof PC series 
meets EIA specification RS-344 for 
insulated, fixed, wirewound resistors. 
The resistors are wound on a glass-
fiber core filled with nonflammable 
inorganic material and sealed in a 
ceramic case. They are available 
with 3-, 5-, 7-, or 10-w ratings. 

Ranging in value from 1 to 400 
for 3-w units and to 1,200 St for 
10-w units, resistors in the series 
have tolerances of ± 5% and ± 10%. 
Their standard temperature coeffi-

PROFESSIONAL 
DISCOUNTS 

\Ë ° TEXAS INSTRUMENTS 
electronic calculators 

T1.25 $27.95 115025 ... 74.95 
T I 50 . 33.50 11.5040   89.95 
Ii 55   43.95 T1•5100  39.95 
11.57   48.85 Programmer  48.95 
Ii 58   87.95 MBA   57.95 
T1 59 . 209.95 Busmen Analyst 11 41.95 
T1.58/59 Libraries 28.95 Speak and Spell   48.95 
TI 30-SP 11.95 SPellina Bea  28.95 
0040 . 21.95 OereMen   18.95 
PC 100C 146.95 OeiaCerd   24.95 
TI 1030 16.95 DateClop 27.95 
TI.17501.CD 19.95 Little Professor 12.59 
TI 1790 39.95 Alarm Clock 28.95 
Ti SOIS . 62.95 Chrono Air'', Ask I or TI 

Digital Watches , 

HP-31•E _ 4196 

HEWLETT PACKARD kik 

HP 29C . 144-95 HP 32E ...65.96 

HP 10 .. 9139.95 HP-97.. 9684.95 

RP•33 -8 ...92.95 

HP-19C 184.95 

HP.37-E .. 61.95 HP 92 399.95 
HP-67 352.95 

HP 38 E . . 98.95 
We are HP's authorized franchise dealer - 
all accessories are professionally discounted 

Also Casio, Canon, APE, Sharp, Lexicon (NEW), NSC 
Seiko, Citizen, Craig, Sanyo, Norelco-Phillips, Peadcorder 
SCM. Olivetti. Record-a•Call, Cod.-.Phone 
Apple. Atari, Boris, Chesschallenger Randix 

ALL AT GREAT PRICES,  Miden 

WE WILL BEAT OR MEET ANY COMPETITORS PRICE 

IF HE HAS MERCHANDISE ON HAND. All units shipped 

in original factory cartons with accessories according 

to manufacturers specifications. CALL TOLL FREE 
1800/ 854-05231 (outside CA) or (714) 548-7373 (within CA). 
BankAmericard. Visa and fitasterCharge; money order; pers. 

ch, (2 Who, to clear); COO accepted. Add $4.95 for shipping 

in USA. We ship AIR on request. CA residents add 6% sales 
tax. All merchandise subject to availability. Prices good only 
with this ad for limited time only. Send mail orders to 

DEPT. EL -Cl WRITE OR CALL FOR FREE CATALOG. 

computique 
3211 South Harbor Blvd., Santa Ana, CA 92704 

4 Stores in California - CALL: 

(714) 549-7373 (800) 854-0523 

Circle 253 on reader service card 

Sophisticated 
Miniature 

Electronic Counters 

PC-4 $60 
Event Counter 

PR-5 $164 
Preset Counter 
e Best performance. 
•Low priced. 
•Dependable & rugged. 
•Field proven-10,000 

in use. 
NLS products are available from Nationwide Electronic 

Distributors Send for our brochure today 

Non-Linear Systems, Inc. 
(Dogmata ot the &Val voltmeter 
Box N. Del Mar, Cahlorma 92014 
Telephone (714) 755 1134 TWX 910-322.1132 
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At last, 
we got the best 
of Fairchild. 

So we had to pay for it. 
The important thing is Dynamic Sciences 

now has Fairchild's DPM line. The best. 
And we're making it even better. 

Our low cost addition to the former Fairchild 
line offers dramatically increased flexibility— 
the PC card readily accepts drop-in resistor kits. 
We can tailor your DPM on the spot, off the 
shelf, and at a bargain. Since there's no extra 
engineering time or cost, our Model 72 is yours 
for only $29.95, 

Clever, huh? Just what you'd expect from a 
company smart enough to improve on a product 
line that's so widely accepted. But then, intelligent 
responses to the needs of our industry is why 
we're in the DPM business. 

And the best is yet to come. 

*in OEM quantities. 

9 CI h 

Dynamic SciEncEs 
Instrument ,rnmunut alum, I '1, Control 

16150 Stagg Street, Van Nuys, California 91406, 213-893-6341. 
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USC's SMI 
Spacesaving 
SUB MINIATURE 
CONNECTORS 

12 SMI SERIES —Failure-proof, predictable per-
formance! MIL-C-28748 applicable provisions. 

r-77.7 

t of over 20,000 types of connectors — 

2,000 types of subminiatures! Write or phone 
for complete SMI Series catalog — today! 

U.S. COMPONENTS, INC 
Leader in advanced engineering 

,  and design 
,vkvvl, 35 Carlough Rd., Bohemia, NY 11716 
r rrttll (51s) 589-8080 TWX: 710-593-2141 ,— — —  

Cable. Components. NYK 

• 

Circle 225 on reader service card 

'pulsar— ' 
the performance 
leader in 
high voltage 
switching 

Pulsar produces the most precise pulsed 
high voltage switching equipment 
available today. Our high voltage trigger 
systems typically have 1nS command 
jitter. Fiber optic links are available for 
triggering and measurement. 

Write or call for technical brochures. Find 
out why were 41 in our field. 

pulsar associates, inc. 
high voltage electronics . 

114 91 SORRENTO VALLEY ROAD. SAN DIEGO, CA 92121 
(714) 455-5973 

New products 

cient is 400 ppm and dielectric 
strength is rated at 600 v ac. In 
1,000-piece quantities resistors cost 
from 6.4 to 8.5e each and delivery 
time ranges from approximately four 
to six weeks. 
TRW/IRC Resistors, P. 0. Box 1860, Boone. 

N. C. 28607. Phone W. C. Robbins at (704) 

264-8861 [345] 

Detector senses radiation in 

infrared-to-soft-X-ray band 

The model 400 is a pyroelectric 
infrared detector whose sensing ele-
ment is a thin crystal wafer of lithi-
um tantalatc—a substance able to 
maintain uniform response for ex-
tended periods of time. The unit is 
housed in a TO-5-type package that 
can be supplied with windows of 
various materials; when used with a 
beryllium window, the unit can 
detect soft X rays. 

For an input of 10.6-µm wave-
length and a chopping frequency of 
10 Hz, the sensor has a specific 
detectivity of 4.4 X 108 cm-Hz1/2/w. 
Because the sensor has an input 
resistance greater than 5 x 10'252, it 
must be used with an external, 
impedance-converting circuit com-
posed, for instance, of a junction 
field-effect transistor and a me-
gohm-range resistor. The 400 has a 
voltage responsivity of 600 v/w at 
10 Hz and its output rise time is 
0.2 ms. Temperature coefficient is 
specified at +0.2%/oc. 

In quantities of 100, the model 
400 is priced at $15 and delivery is 
from stock. 
Eltec Instruments Inc., P. O. Box 9610, 

Central Business Park, Daytona Beach, Fla. 

32020. Phone Douglas Armstrong at (904) 

252-8294 [346] 

Instant Access to All 
American and 
International 

Data 
C0111111111nications 

Standards 

Presents all 89 relevant 
data communications 
standards promulgated by: 

• CCITT • ISO 
• ANSI • EIA • FTSC 

Phis ... descriptions of each 
of the standards groups 

... relational charts of 
similar interfacing standards 
produced by each group 

1133 pages 
Edited by 
liarold C. hilts 
md 
Harry R. Karp 

Order today using this coupon! 

Return coupon to 
Data Communications Standards 
P.O. Box 669 
Hightstown, New Jersey 08520 

Send me copy (copies) of DATA 
COMMUNICATIONS STANDARDS 
(099782-9) on a 10-day money-back 
guarantee. I understand that if I am not 
absolutely satisfied. I may return the 
book(s) within ten days at no further 
obligation. Otherwise, McGraw-Hill will 
bill me $165. for each copy, plus appli-
cable sales tax, shipping and handling 
charges. 

Check enclosed 

Bill me 

Bill my company 

Company 
purchase order 

rife 

SAVE MONEY! Enclose payment in full. plus 
local sales tax. and McGraw-Hill pays all 
regular shipping and handling charges. 
Ten-day money-back guarantee still applies 

Name   

Title  

Company  

Address  

City State Zip 

This offer sublect to acceptance by McGraw-WI ELT 
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IF YOU DON'T SEE IT HERE, 
M1000/M2000 series 5-inch and 9-inch 
display modules. These highly reliable 
displays testify to the effectiveness of 
measured rather than calculated MTBF. 
Samples of every complete Motorola 
CRT display module are life-tested for 
a minimum of 10,000 hours at 55°C. 
Customers report some of our displays 
logging more than 40,000 hours and still 
going strong. 

M3500 series 12-inch display modules 
in chassis or kit form (shown). Cost sav-
ing, plus no metal boundaries to inhibit 
your own layout. 

MD3000 series 12-inch display modules. 
Between the MD3000 and M3500 series, 
you can have your 12-inch display in 
any of several ways: chassis or kit, sepa-
rate sync TTL level, composite video or 
direct drive inputs, choice of standard 
EIA phosphors, choice of scan fre-
quencies, with or without anti-reflective 
faceplate. 

MD4000 series 15-inch display mod-
ules. Up to 3,440 upper and lower 
case characters in a 7 x 9 dot matrix. 
Every line is sharp . . . even in the 
corners. StepScan" 22 MHz band-
width and customer adjustable dy-
namic focus are standard in the 
MD3000 and MD4000 series. If looks 
on the screen are important—and 
when aren't they?—a Motorola dis-
play is what you want. 

---,7e:aervelpe 
»tea 1.•1•10.10.11Ill‘. 

%MI* MIMI'« MINI", 
01.001• 11.11.1•••1 

111111. 

eirre 4:«Feelie 

Flyitte re" e 
a cur.:a:el:: 

The M4408 15-inch module displays a full page horizon-
tally (132 x 46) or vertically (96 x 66, shown). High char-
acter density and low cost, too—raster scan technique 
with standard TTL logic interface gives you economy 
twice: once in purchase price and again in design costs. 
A technology leader. 

ASK! 
There's more. We make more than 

65 different CRT display module 

variations. So the chances are 

that we already manufacture a CRT 

display module that fits your 

application. 

But if we don't—and if your volume 
justifies it—we have the know-how 

and experience to design and 

build for you. 

That's just one more area in which 

experience—our experience— 

can benefit you. 

Call the sales office in your area: 

Sunnyvale, California (408) 744-1277 
Tustin, California (714) 838-5621 
West Chicago, Illinois (312) 231-4400 
Dallas, Texas (214) 233-2006 
Salem, New Hampshire (603) 898-5921 
Shrewsbury, New Jersey (201) 544-9541 
Baltimore, Maryland (301) 821-0062 

Overseas, ask for International Sales 
Manager, West Chicago, Illinois 
(312) 231-4400 
TWX: 910-230-3117 

BENEFIT FROM EXPERIENCE ... OURS *4w 

MOTOROLA INC. Display Systems 1155 Harvester Rd., West Chicago, IL 60185 
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"If you compare MITT 
Op Amps, there are three 
good reasons why 
you should switch 

to Harris... 
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WIDE BANDWIDTH 
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1. Wider bandwidth 
2. Faster settling time 
3. More stable 
over temperature:' 

New Harris HA-5100 and HA-5110 BIFET 
Op Amps offer unmatched dynamic 
performance and accuracy at costs 
beginning at $3.50 each (100-piece 
quantities)! 

Superior Harris technology is the 
reason for this high level of performance. 

At the front-end, laser trimming of 
thin-film resistors results in very 
low offset voltage—less than 
1.0 mV. So there's no need for 
expensive, space-stealing 

80 

60 

40 

15 

10 

5 

external nulling components. 
Dielectric Isolation, coupled with 

unique Harris design concepts, results 
in wide bandwidth, extra-fast settling 
time, and unrivaled ac performance 

over the full temperature range. 
Check into the specs, then check in-

to the Harris Hot Line for fast answers 
to your BIFET Op Amp needs. 

Or write: Harris Semiconductor 
Products Division, Box 883, Melbourne, 
Florida 32901. 

HA-5100/5110 Ac Parameters/Temperature 

i 
GAIN BANDWIDTH (MHz) 

' HA-5110 
SLEW RATE (V/µs)  

__( ----z)____ 

GAIN BANDWIDTH MH 

-----____.------,....---------- - 

DI TECHNOLOGY PROVIDES 
TEMPERATURE STABLE 
AC PERFORMANCE HA-5100 

SLEW RATE (V/ils) 

---- __ _ 

TEMPERATURE 

Harris BIFET Op Amp Performance 

PARAMETERS TEMP UNITS 5100-2 

( - 55° to +125°C) 

5100-5 

(0° to +75°C) 

5105-5 

10° to +75°C) 

5110-2 

(-55° to +125°C) 

5110-5 

(0° to +75°C) 

5115-5 

(0° to +75°C) 
V OFFSET (MAX) +25°C mV 1.0 1.0 1.5 1.0 1.0 1.5 
I BIAS (MAX) +25°C pA 50 50 100 50 50 100 

FULL nA 10 10 20 10 10 20 
SLEW RATE (MIN) +25°C V/i.t.s 8 8 6 40 40 35 
G B W +25°C MHz 18 18 8.5 60 60 80 
SETTLING TIME' +25°C its 1.7 1.7 2.0 0.85 0.85 1.0 

75°C 125°C 

'Settling Time to 0.1%, 10V step. 

HARRIS HOT LINE! 
1-800-528-6050 Ext. 455 
I .d1,11 her /..r numb., ..1 p.ur nearly> 

auth.eue.1.11.4 ur ex,1.1..1111..rattni. wr, 

Harris Technology HARRIS 
...Your Competitive Edge SEMICONDUCTOR 

PRODUCTS DIVISION 
A DIVISION OF MARAIS CORPORATION 
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Plastics 
for 

Profits 

Performance Makes 
Electrical/Electronics 
Plastics 
Profitable 
NPE/79 will be the largest and 
most comprehensive Plastics 
Exposition ever staged by the 
U.S. plastics industry. From June 
18-22, 1979, more than 500 com-
panies from all over the U.S., 
Canada, Mexico, Europe, the Far 
East and South America will be 
introducing their most up-to-date 
advances in plastics materials, 
processes, machinery, instrumen-
tation in Chicago's McCormick 
Place. A concurrent Conference 
will feature authorities reporting 
plastics industry developments, 
new technology, new marketing 
opportunities. The combination 
package will show you how plas-
tics' performance can mean prof-
its for your company. 

The diversified electrical/electronics in-
dustry consumed 1.6 billion pounds of 
plastics in 1977 and current demands 
point to 2.65 billion by 1980. Projections 
call for utilization of 6.8 billion pounds by 
the turn of the century! New develop-
ments in high performance plastics will 
help spur a 40% increase in the busi-
ness machine sector by 1980. Data pro-
cessing equipment manufacturers com-
prise a practically bottomless market 
segment. Plus new plastics wire/cable 
insulating materials for construction, 
mass transit, nuclear power uses ... il-
lustrate numerous imaginative concepts 
being rendered practicable by plastics. 

Come see it all at NPE/79—the latest 
material/process innovations—revolu-
tionary design modes—newest produc-
tion techniques. 

Single Low Fee Covers All Events 

A single economical registration fee en-
titles you to unlimited access to the 1979 
National Plastics Exposition plus all 16 
seminars of the National Plastics Con-
ference. Both events are held in McCor-
mick Place. Unlimited two-way free bus 
service between major Chicago hotels 
and McCormick Place is also included. 

Plastics 
Conference— 

Electrical/Electronics 
Update 

The concurrent 1979 National Plas-
tics Conference will feature au-
thorities from the electrical/elec-
tronics and plastics industries re-
porting the latest developments in 
technology as well as new market-
ing opportunities. Learn about 
emerging trends in major applica-
tion areas, including computers 
and business machines, small and 
large appliances, home entertain-
ment products, as well as the im-
pact of new insulation standards. A 
special plastics course will be con-
ducted daily. 

Register in Advance 

By registering in advance, you pay a 
discounted fee of $7.50 (vs. $10.00 on-
site), and avoid the registration line 
when you arrive at the Exposition. Write 
now for complete registration materials 
to address given below. 

See an Entire Industry 
Under One Roof 

At NPE/79 you will see the exciting new 
developments that have been taking 
place in plastics since the last Show in 
1976—all under one roof at one time. 
Every industry sector will be repre-
sented. Write to NPE/79, The Society of 
the Plastics Industry, Inc., 355 Lexington 
Avenue, New York, New York, 10017, for 
your pre-registration kit. 

1979 
National 
Plastics 
Exposition 
June 18-22, 1979 
McCormick Place 
Chicago, Illinois 

Sponsored by: 
The Society of the 
Plastics Industry, Inc. 107 
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NOW YOU CAN GET 
AUGAT QUALITY IN A NEW, 

ION COST SOCKET. 

- 

4 
bete 

*b. 

4, The new 200 Series sockets 
are here with all the reliability 
and performance that you've 
come to expect from Augat, but 
at a surprisingly low price. 
These new sockets have been 

designed to meet or exceed 
all the requirements of the new 
military specification for dual-
in-line sockets, MIL-S-83734. 

• 4 

The 200 Series features beryl-
lium copper side-wipe contacts 
for maximum mechanical and 
electrical performance, as well 
as maximum IC lead-to-contact 
mating surface. Low-profile 
construction with end and side 
stackability means efficient 
use of board space. Standoffs 
molded into the insulator pro-
vide clearance for proper clean-
ing. A closed bottom eliminates 
solder wicking without the use 
of a wafer. 
The Augat 200 Series is avail-

able in all popular sizes, from 
8 through 40 pins. And they're 
available now—from all of 
Augat's worldwide distributor 
locations. 

If you want low-cost sockets, 
without sacrificing high perform-
ance, get the 200 Series from 
Augat. Call your nearest Augat 
distributor. Or write Augat, Inc., 
33 Perry Avenue, P.O. Box 779, 
Attleboro, Mass. 02703. Tel. 
(617) 222-2202. 

MAT® 
Augat interconnection products, 
lsotronics microcircuit packaging, 
and Alco subminiature switches. 
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New products 

Semiconductors 

Chip decodes and 
drives four digits 

Low-power C-MOS circuit 

comes in versions for 

LCDs and LED displays 

Designers of portable microproces-
sor-based instruments with liquid-
crystal displays will now be able to 
decode binary display information 
directly from the data bus and drive 
four digits of LCD using only a single 
integrated circuit— Intersil's 
7211M. One of a family of eight new 
devices, the 40-pin complementary-
metal-oxide-semiconductor IC needs 
no external components for its back-
plane oscillator. What's more, it uses 
hardly any power-250 µV*/ maxi-
mum from a 5-v supply. 

According to its designer, Roger 
W. Fuller, the chip is designed to 
exploit the trend toward smart, 

portable instrumentation. "It's more 
important to limit the number of 
power-consuming parts in these 
kinds of instruments than in instru-
ments tied to supply lines, because of 
their dependence on battery power," 
he explains. "That's why we decided 
to make a low-power chip that could 
drive four digits and needs no 
random logic to interface to a micro-
processor." 

If more than four digits are 
needed, a user can cascade two or 
more 7211s by connecting their 
backplane pins, thus keeping them 
synchronized while they drive the 
extra displays (see diagram). 
The microprocessor chooses when 

to write a 4-bit word from its data 
bus into the 7211's input latch by 
pulling low the two chip-select pins, 
CS, and CS2. This enables a second 
latching circuit, the 2-bit digit select, 
to lock in the position code. On a 
rising edge of either chip-select pin, 
a 7-bit output latch (one of four 
selected by the position code) sends 
its pattern to a 7-bit display driver. 
The pattern sent to the driver is 
different for different members of 

Cascade. When more than four digits are needed, two or more 72ils may be cascaded by 

connecting their backplane pins, thus ensuring that they are synchronized. 

8-0IGIT LIQUID-CRYSTAL DISPLAY 

00onoonn 
LI LI L) LI,L) 1_1 1_1 1_1 

!" 
HIGH-ORDER DIGITS 

7211M 

DS, DS, CS, CS2 

LOW-ORDER DIGITS 

A 

BACKPLANE 
SIGNAL 

•  
•  

•  

7211M 

OS, DS, CS, CS2 

4 DATA 
BITS 

8048-TYPE 
MICROCOMPUTER 

the C-MOs decoder/driver family. 
For all members, the first 10 4-bit 

codes are displayed as the seven-
segment numerals 0 through 9. An A 
version of the 7211M will decode the 
binary equivalents of decimals 10 
through 15 as a dash, letters E, H, L, 
and P, and a blank. Units without 
the A suffix will decode them as the 
standard hexadecimal characters A 
through F. 

In addition to the standard and A 
versions, Intersil also makes two 
versions for interfacing liquid-crystal 
displays for non-bus-oriented cir-
cuits. These units, which lack the M 
suffix, have the same output circuit-
ry as the M units, but lack the input 
chip- and digit-select logic. The user 
instead matches the position of a 
character with its multiplexed 4-bit 
binary-coded-decimal input by con-
trolling the four separate digit-select 
lines with external random logic. 
The four additional units of the 

family differ from the first four only 
in that they are designed to drive 
light-emitting-diode displays instead 
of LCDs. The LED circuits carry the 
numerical designation 7212. Like 
the 7211, the 7212 operates from a 
single 5-v supply. However, when 
displaying all eights, it typically 
draws 200 mA, compared to a maxi-
mum of 50 j.LA for the 7211. 

In quantities of 100 or more, the 
7211 units with their built-in back-
plane oscillators sell for $5.60 each. 
The corresponding price for the 7212 
devices is $3.45. The parts are all 
available now. 
Intersil Inc., 10900 N. Tantau Ave., Cuperti-

no, Calif. 95014. Phone (408) 996-5000 

[411] 

Op amp has 150-MHz 

gain-bandwidth product 

Current-output digital-to-analog 
converters are always faster than 
their voltage-output equivalents, 
whose speed is limited by output 
operational amplifiers. Harris's 
latest operational amplifier should 
therefore be especially welcomed by 
makers of high-speed d-a (and a-d) 
converters. Designated the model 
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Grinnell has your display... 
GRINNELL SYSTEMS 

from low cost imaging and graphics 
to full color image processing 

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

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

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

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

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

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

GRININELL SYSTEMS 
2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100 
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Get your 
1978 EBG 
while 
they last. 
1979 edition 
not available 
until June. 

The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
the coupon now. 

Electronics Buyers' Guide 
1221 Ave. of the Americas 
New York, N.Y. 10020 

Yes, please send me _ _ copyties) 
1978 EBG. 
LI I've enclosed $25 per copy delivered in the 
USA or Canada. 
D I've enclosed $35 per copy for delivery 
elsewhere (S47 I f shipped by Air) Full monc-‘„ 
back guarantee if returned in 10 days. 

Name 

Company 

Street 

Stae 

New products 

HA-5190, the monolithic unit has a 
gain-bandwidth product of 150 MHz 
and a slew rate of 200 v/µs. Settling 
time to within 0.01% of final value is 
100 ns for a 5-v step—a big plus for 
fast d-a conversion applications. 
The op amp has an offset voltage 

of 5 my and an input noise-voltage 
specification of 15 mv/Hz1/2 at 1 
kHz. In small quantities, the 5190 
sells for $28.90. The 5195-5, which 
covers the 0°-to-75°C range, is $8.60. 
Complementing the op amp is the 

HA-4950, a fast comparator that 
can be used to make fast, high-
precision analog-to-digital convert-
ers. Scheduled for introduction in a 
few months, the 4950 can resolve 
100-µv differentials in 100 ns—fast 
enough for high-speed I 2-bit a-d 
converters. 
Harris Semiconductor Products Division, Box 

883, Melbourne, Fla. 32901 [413] 

Power transistors exhibit 

high transition frequencies 

The SLPT series consists of matched 
pnp and npn transistors that work 
linearly to supply power at high 
frequencies. As such, they are suited 
for fast high-power switching and 
high-power audio applications. 
The devices have transition fre-

quencies of up to 100 MHz at 1 A 
and dc current gains of from 40 to 

• . 

2SC2489 
P1/21:2, 

280. They are available with collec-
tor-to-emitter voltages up to 150 
dc, collector currents of 10 A, and 
power of 120 w at junction tempera-
tures up to 150°C. In quantities of 
1,000 or more, they are priced from 
55e to $3.50 each. 
Panasonic, One Panasonic Way, Secaucus, 

N. J. 07094. Phone (201) 348-7276 [415] 

Single-supply RAM 

looks static to system 

First in a series of memories that will 
eventually allow users to upgrade 
systems from 1 kilobyte to 8 in the 
same socket, the MK4816 is a byte-
wide 16-K dynamic read/write mem-
ory (RAM). Although dynamic, the 
RAM has an on-board bias generator 
and can work from a single 5-v 
supply. Furthermore, on-chip refresh 
circuitry lets users supply refresh 
signals from microprocessors so that 
the RAM appears static; there is an 
auto-refresh feature for battery 
backup operation. 
The 31,000-square-mil chip dissi-

pates only 150 mw and provides 
access times of 150 ns in the high-
speed version and 300 ns in the slow-
er unit. In lots of 100, the faster unit 
sells for $48.05 and the slower for 
$35.16. Both come in 28-pin dual 
in-line plastic packages. 
Mostek Corp., 1215 W. Crosby Rd., Carroll-

ton, Texas 75006. Phone (214) 242-0444 

[414] 

Microwave transistors push 

power in series or shorts 

Intended for use in microwave trans-
mission systems, a single transistor 
and a series of devices operate at 
frequencies around 2GHz. The single 
transistor, the TRW 2020, works in 
the 1.0-to-2.3-GHz band and delivers 
up to 20 w. Its output is fully 
protected against power reflection 
due to a short or open circuit; in 
100s, it is priced at $151.73. 
The MRAL-2023's optimum op-

eration is in the band from 2,000 to 
2,300 MHz. The series consists of 
four transistors with power ratings of 
1.5, 3, 6, and 12 w respectively. 
Phase-tracking characteristics vary 
little from one to another, so there is 
little power loss when they are used 
in combination. In 100s, unit prices 
range from $38.25 to $169.79 
depending on power output. 
TRW Semiconductors, 14520 Aviation Blvd., 

Lawnsdale, Calif. 90260 [4161 
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lie ge letatee  

International Rectifier 
Kilowatt MOSFFT Transistors. 

Today 
way ahead technology 

for tomorrows 
way ahead equipment. 

Today, the advanced characteristics of field ef-
fect transistors are available at power levels which 
previously only bipolar transistors could handle. 

International Rectifier now produces the world's 
highest power MOSFET transistors in two versions: 
high current Type I RF100, rated at 16 amps/80 Volts, 
RD(ON) 0.2 ohms max.; and highvoltage Type IRF305 
rated at 400 volts/5 amps, RD(ON) 1.0 ohms max.... 
both capable of. switching well over a kilowatt. 

IR Power MOSFETs simplify control circuitry be-
cause they can control kilowatts with micro-am-
peres. Second breakdown is banished. Switching 
is 10 times faster. Paralleling is simple. Tempera-
ture stability is superb. 

The bottom line is new horizons in the design 
of transistorized equipment...from audio through 
RE.. from DC through megahertz switching. 

Start designing your next generation of more 
reliable equipment today. For data and prices, call 
(213) 678-2181. Ask for the MOSFET LINE. 

International 
Rectifier 

233 KANSAS STRE1 I L L SEGUNDO, CALIFORNIA 90245 
TWX 9190-348-6291 • TELEX 66-4464 



When you're big on quality 
but short on space 
Ball measures up. 

On display at NCC 
Booth 1654 

Our ready-to-run monitor-pack helps you save dollars 
as well as room in custom terminal installations. 

If you haven't got the room for a full size chassis, or 
if you just plain insist on adding Ball performance to 
your own electronics, size up our flexible TVX-Series 
monitors. 

We fully assemble, test and align our 9" and 12" 
direct drive sets then ship them to you securely 
mounted on money-saving, disposable baseboards. 
Just slide four components — tube, PC board, vertical 
and horizontal transformers — into whatever room 
you've got. Hook-up a single edge connector for both 
DC power and signal input, and you're fully 
operational. 

You're assured of peak performance, too Complete 
electronic controls, including horizontal and vertical 

Ball Electronic Display Division 

PO Box43376 St Paul Mn 55164 (612) 786-8900 TWX 910-563-3552 

General Sales Offices: 

Addison Illinois (312) 279-7400 Santa Clara California (4081244-1474 

Ocean New Jersey (2011 922-2800 Upland. California (714, 985-7110 

linearity, allows us to precisely align each set to your 
particular requirements. 

It's that easy to add field proven Ball monitors with 
do-it-yourself savings. 

Compare life cycle costs. 
You'll have a Ball. 

If you need a monitor for compact installations, you 
need Ball quality more than ever. Crowded component 
layouts and reduced air circulation make Ball's 
conservative engineering and careful component 
selection important factors in reliability. 

Your Ball representative would be pleased to give 
you full information. After all, helping customers in or 
out of tight spots is a big part of his job. 

Electronic 411 Display 
Division 
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NEI RESISTOFILM' 
position-sensors are paving 

Detroit's way to better 
performance & 

lower cost 

Our EGR, TAS and TPS position-sensors perform 
smoothly, accurately and noise-free for up to 250 
million cycles. They feature RESISTOFILM (U.S. 
Patent #3,457,537), a hard, smooth conductive 
plastic film which is bonded to a flexible high-
temperature substrate. 

What RESISTOFILM does underhood, 
it can also do in many other parts of a vehi-
cle. By connecting 12 VDC across the ter-
minals and connecting the pick-off wiper 
to your indicator or microprocessor, you 
can sense within 0.05% the position of 
any automotive part having relative 
motion. Examples: brake shoes & 
cylinders (masters & individual), 
shock absorber plungers, brake 
pedals, pistons, crankshafts, cam-
shafts, throttles, valves, chokes, 
floats, springs, knobs, wheels, 
gears, antennas, steering 
wheels  

RESISTOFILM can be 
flexed, punched and 
bonded. It operates in oil, 
diesel fuel, and gaso-
line. It features low 
noise, infinite resolu-
tion, multi-million 
cycle life, tight line-
arity, and low cost 
in volume pro-
duction. It can 
improve the 
performance 

.14rposition-sensors ranging from simple to com-
plex. 

One of the more complex devices supplied 
by NEI is the L-Jetronic high performance fuel 
injection control. This application required a 
non-linear function with a slope ratio of 40:1 
and a proportional accuracy of 1% in mini-
mal space. NEI engineers developed a 
4-segment exponential function element 
with padding resistors which allow for 
calibrating the entire fuel injection sys-
tem. Computer-assisted design tech-
niques were used. RESISTOFILM 
was used for the variable resistive 
element and the padding resistors. 

Devices such as this and our 
EGR, TAS and TPS position-
sensors have demonstrated the 
worth of RESISTOFILM in 
underhood applications. May 
we discuss other require-
ments with you? 
FREE ON REQUEST: 
"Precision Position-Sen-
sors in Automotive Ap-
plications," a paper 

presented at the 
1978 SAE Con-
gress & Exposi-
tion by William 
Wheeler, Labo-
ratory Man-

ager, NEI 
R&D Dept. 

ru new england instrument comp an 
KENDALL LANE NATICK. MASS 01760 • TEL. 617-873-9711 • TWX: 710 6-0398 

The leading precision potentiometer manu'actuter offering molded conductive plastic. irewound. conductive film & hybrid technologies 
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Just published! 

Your guide into the 
fascinating world of... 

PERSONAL 
COMPUTING 
Hardware and Software Basics 

A reliable, easy-to-use resource that tells you... 
What's available in hardware and software, including costs. 
Who's using it, and what they've experienced. 
How it all works. 
Why it's caught on so fast, including practical applications to 
use now. 

Some of the most exciting advances in computing are taking 
place, not in research labs and commercial facilities, but in homes 
across the country. All sorts of people with a basic background in 
mathematics and electronics are taking the computer revolution 
into their own hands—experimenting with new equipment and 
technology, and devising their own personal applications. 

If you've considered joining them, if you've thought about building 
or buying your own computer—this is a fast, up-to-date guide that 
answers all your questions precisely and reliably. 

At your fingertips, all the most needed information on... 
• what's available in personal computers 
• the most popular microprocessor chips 
• programming at microprocessor level and in high-level languages 
• design hitches and how to prevent them 
• where to buy 
• plus a glossary of the most current terms in home computing 

Drawn from major publications throughout the industry... 

To get all the up-to-the-minute information and guidelines 
presented here, you'd have to read through numerous issues of... 
• Electronics • Datamation • Mini-Micro Systems • BYTE 
• Interface Age • IEEE Spectrum • Kilobaud • People's Computers 

peRsonal Fenputing 
handwaRe 
and 
sofTwaRe 
basics 

Bectronics 
i3"6ok Series 

edited by 
Raymond P. Capece, Solid State Editor, 
Electronics Magazine 
266 pages, $11.95 

Table of Contents 

Part 1: Introduction to Personal Computing. 
The term defined, equipment and compo-
nents, costs, applications. 

Part 2: Basic Computer Theory. 
Microcomputer architecture with the 
emphasis on memory. 

Part 3: Advanced Microcomputer Theory. 
Board-level computers using the most 
popular microprocessor chips. 

Part 4: Reviews of Personal Computers. 
Features and capabilities of the most widely 
used microcomputers. 

Part 5: Software for Microcomputers 
and Microprocessors. 
Description and uses of both machine-level 
and high-level programming languages. 

Part 6: Specifications and Other 
Useful Information. 
Glossaries, microprocessor specs, elec-
tronics symbols, buying used equipment. 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
(609) 448-1700, ext. 5494 

No. of Copies Title 

  Microprocessors 

  Applying Microprocessors 

  Large Scale Integration 

  Basics of Data Communications 

  Circuits for Electronics Engineers 

  Design Techniques for 
Electronics Engineers 

  Memory Design: Microcomputers 
to Mainframes 

  Personal Computing: 
Hardware and Software Basics 

  New Product Trends in 
Electronics 

Price 

$ 8.95 

$ 9.95 

$ 9.95 

$12.95 

$15.95 

$15.95 

$12.95 

$11.95 

$14.95 

lelrl I. 

If after my 10-day free-trial examination t am 
that my payment will be refunded. 
CI Payment enclosed EJ Bill firm 
Charge to my credit card: 
CI American Express CI Diners Club 
ID Visa D Master Charge• 

not fully satisfied I understand 1  

CI Bill me 

Acct. No. Date Exp. 

'On Master Charge only, first numbers above name 

Name Title 

Company 

Street 

City State Zip 

Discounts of 40% on orders of 10 or more copies of each book. Signature  
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5 VOLT 150 AMP LGS-F-5-0V-R $1125 

• ...1~,eledreeele /MIMI --1111ffillSISIS WMANNOVeN, 
/r/YWYMI ,,,IIIIII VINNW\NN,>,„ 

NEW LG SERIES PAYS FOR ITSELF IN 18 MONTHS 
BY CUTTING ELECTRICITY COSTS IN HALF 

ONLY THE NEW LG SERIES HAS THESE EXCLUSIVE FEATURES: 
True overvoltage protection: Load protected under any condition of power supply failure. 

Digital meters: Switchable voltage or current readout. 
Convection cooled: No blowers No fans. 

5 YEAR GUARANTEE 

A LAMBDA ELECTRONICS 



OVER A DECADE OF 
IN MODULAR POWER 

1976-79 
70% Efficiency 
S1404 

LGS-G 
110/220 VAC INPUT 

70% Efficiency 
$1125 

LGS-F 
110/220 VAC INPUT 

NO 
EQUIVALENT 

NO 
EQUIVALENT 

NO 
EQUIVALENT 

NO 
EQUIVALENT 

70% Efficiency 70% Efficiency 
$773 

LGS-EE 
110/220 VAC 

OR 44-58 INPUT 

$642 

LGS-6 
110/220 VAC 

OR 44-58 VDC INPUT 

1970 -71 
38% Efficiency 38% Efficiency 
$1374 $773 

LXS-G LXS-7 
110 220 VAC INPUT 110/220 VAC INPUT 

1965-66 
35% Efficiency 35% Efficiency 
$1528 $962 

LM-H 
110,220 VAC INPUT 

LM-G 
110/220 VAC INPUT 



$762 $521 

$476 $345 

LAMBDA LEADERSHIP 
SUPPLY TECHNOLOGY. 
SWITCHING 
70% Efficiency 70% Efficiency 70% Efficiency 70% Efficiency 60% Efficiency 

$285 $230 $160 

LGS-5 US-12 US-11 US-10 US-13 
110/220 VAC OR 110/220 VAC 110/220 VAC 110/220 VAC 110,220 VAC 
20.5-32 VDC OR 130-160 VDC INPUT 130-160 VDC INPUT 130-160 VDC INPUT 130-160 VDC INPUT 
44-58 VDC INPUT 

LINEAR 
38% Efficiency 38% Efficiency 38% Efficiency 38% Efficiency 38% Efficiency 
$641 $372 $321 $234 $195 

LXS-EE LXS-D 

.......... 

P§Mrr 

LXS-CC LXS-C LXS-B 
110/220 VAC INPUT 110/220 VAC INPUT 110/220 VAC INPUT 110 220 VAC INPUT 110 220 VAC INPUT 

LINEAR 
35% Efficiency 36% Efficiency 36% Efficiency 36% Efficiency 36% Efficiency 

$412 $326 $207 

010111, IBM WM\ 

MN& 

it 
LM-F LM-EE LM-E LM-D LM-C 

110/220 VAC INPUT 110;220 VAC INPUT 110/220 VAC INPUT 110/220 VAC INPUT 110/220 VAC INPUT 



HERE'S WHY LAMBDA'S SWITCHING 
LINEAR 

MMMNWMXX X 

V \\\ NWAWNWUX.% - 

MMMYKaM, 

W MIN N. ,,XV 

LGS-EE-5-0V-R 

MMNNW.O.MX \ 
\\ 

-awe. 
\ XXX\ \\ 

C. 

SWITCHING 

e 

C. 

LXS-G-5-0V-R 

LINEAR 

5 Volts ± 5% ADJ VOLTAGE 5 Volts ± 5% ADJ 

110 A CURRENT 110 A 

4 15/16" x 7 1/2" x 16 1/2" SIZE 5 3/16" x 19" x 16 1/2" 

26 lbs WEIGHT 90 lbs 

70% EFFICIENCY 33% 

1100 Watts Max POWER INPUT 2200 watts max 

Digital Meter Std. METERS Analog Meter Std 

OV Built In OV PROTECTION OV Built In 

$773 PRICE $1374 



POWER SUPPLIES ARE BETTER THAN 
OR OTHER SWITCHING POWER SUPPLIES. 

- preiti 11/1/111 

¿LAMBDA COMPETITORS' 
SWITCHING SWITCHING 
POWER POWER 

SUPPLIES SUPPLIES 

• 5 year guarartee Yes No 

• Tested and meets MIL STD 81CC Yes No 

• Meets MIL I 61810 EMI conducted Yes No 

• 10 package s zes Yes No 
• Convection cpoled, Yes No 
no fans or blowers needed 

• One day delivery Yes No 
• Built in OV protection Yes No 

• Efficiency greater than 700/0 Yes No 

• Digital Meter Standard Yes No 
• High reliability through new Yes No 
advanced hybrid & monolithic 
A Lambda semiconductors 



LGS-G LGS-F 

LO SERIES 
ENVIRONMENT ENGINEERED 

.mls WO» Vila 
suy« IMMI11011114 • 

mum& 
WM& 

LGS-EE LGS-6 

CHECK THESE FEATURES 
91 models, 5 package sizes 

up to 200 amps, up to 28 volts 

input 20.5-32, 44-58 VDC as well as 
105-132 VAC/187-242 VAC/ 
205-265 VAC 

hi-reliability obtained thru new 
advanced circuitry 

less than 120 components for LGS-5 
less than 140 components for LGS-6 
less than 160 components for LGS-EE 
less than 180 components for LGS-F 
less than 200 components for LGS-G 

convection-cooled, no fans or 
blowers needed 

meets mil spec MIL-I-6181D EMI 
conducted 

• meets MIL-STD-810C 
1) Low Pressure - Method 500.1, Procedure I. 
2) High Temperature — Method 501.1. Procedure I & II. 
3) Low Temperature -- Method 502.1, Procedure I. 
4) Temperature Shock — Method 503.0, Procedure I. 
5) Temperature — Altitude -- Method 504.1, Procedure I. 

Class 2 (0°C operating) 
6) Humidity — Method 507.1, Procedure I. 
7) Fungus — Method 508.1, Procedure I. 
8) Vibration — Method 514.2, Procedures X & XI. 
9) Shock — Method 516.2, Procedures I & III. 

LGS-5 

• efficiency up to 75% 

a density up to 1.2 watts/cu in 

el 5 year guarantee 

e serviceability—designed for ease 
of field repair 

e built-in OV shuts down inverter 
and crowbars output voltage 

• power failure hold-up time 

▪ fungus proofing standard 

• 20 KHz switching 

le vacuum varnished impregnated 
transformer 

• hermetically sealed Lambda 
semiconductors 

• listed in UL recognized 
component index 

• CSA certified 



US-12 

LI SERIES 
50,000 HOURS MTBF DEMONSTRATED* 

se-

US-11 US-10 US-13 UT-14 

CHECK THESE FEATURES 
• 57 models, 5 package sizes 

• up to 30 amps, up to 28 volts 

▪ 20 KHz switching 

• built-in OV shuts down inverter and 
crowbars output voltage 

▪ efficiency—greater than 70% 

• convection-cooled, no fans or blower necessary 

• remote shutdown 

a serviceability—designed for ease of field repair 

di power failure hold-up time: 16 msec 

m AC input 105-132/187-265 VAC 

• reg-0.4% 

• ripple-10 mV rms 

• listed in UL recognized component index 

a guaranteed for 5 years 

• Single and triple output models 

•CONDITIONS: FULL LOAD-40C RATINGS-115 VOLTS AC INPUT--CONFIDENCE LEVEL: 60% 



HERE'S WHY A LAMBDA LG SERIES 
THE MOST ADVANCED SWITCHING 

Compute grade hermetically 
sealed 10-year life electrolytic 
capacitor 

MI L-W-16878 
wire 

Hinged chassis 
for easy servicing 

Heavy duty 
output 
connectors 

Lambda 
overvoltage 
protector 

MOS 
drive 
circuits 

Lambda 
hybrid control 
circuit 

MIL-R-26 type 
wire wound 
resistors 

'LICENSEE OF PHOTOCIRCUITS INC 



SWITCHING POWER SUPPLIES ARE 
POWER SUPPLIES IN THE WORLD. 

Hermetically sealed 
Lambda semiconductor 

Lambda CC4 e+ 
printed 
circuit board 

Vacuum impregnated 
varnished magnetics 

Lambda manufactured 
heavy-duty steel chassis 

Convection 
cooled, no fans, 
or blowers needed 



Voltage and Current Ratings 

AC INPUT 105-132 VAC STANDARD 

5 VOLTS ± 5% ADJ 
REGULATION RIPPLE MAX AMPS AT AMBIENT OF PKG 

(line load) mV (RMS) 40 C 50 C 60 C 71 C SIZE MODEL 

US-13-5-0V 
US-10-5-0V 
US-11-5-0V 
US-12-5-0V 
LGS-5-5-0V-R 
LGS-6-5-0V-R 
LGS-EE-5-0V-R 
LGS-F-5-0V-R 
LGS-G-5-0V-R 

0.4%, 0.4% 10 5.0 5.0 4.0 2.8 13 
0.4%, 0.4% 10 10.0 10.0 8.0 5.5 10 
0.4%, 0.4% 10 20.0 20.0 16.0 11.0 11 
0.4%, 0.4% 10 30.0 30.0 24.0 16.5 12 
0.1%, 0.1% 10 45.0 38.0 31.0 21.0 5 
0.1%, 0.1% 10 70.0 61.0 51.0 38.0 6 
0.1%, 0.1% 10 110.0 100.0 86.0 72.0 EE 
0.1%, 0.1% 10 150.0 135.0 116.0 95.0 F 
0.1%, 0.1% 10 200.0 180.0 155.0 130.0 G 

DIMENSIONS 
(inches) 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

PRICE 

$ 160 
230 
285 
345 
476 
642 
773 
1125 
1404 

6 VOLTS ± 5% ADJ 
LJS 13 6 OV 0.4%, 0.4% 
LJS 10-6 OV 0.4%, 0.4% 
US-11-6 OV 0.4%, 0.4% 
LJS-12-6 OV 0.4%, 0.4% 
LGS-5-6-0V R 0.1%, 0.1% 
LGS-6-6-0V-R 0.1%, 0.1% 
LGS-EE-6-0V-R 0.1%, 0.1% 
LGS-F 6-0V R 0.1%, 0.1% 
LGS G 6-0V-R 0.1%, 0.1% 

10 4.1 4.1 3.3 2.3 13 
10 8.3 8.3 6.6 4.5 10 
10 16.7 16.7 13.3 9.2 11 
10 25.0 25.0 20.0 13.7 12 
10 38.0 33.0 26.0 18.0 5 
10 60.0 56.0 49.0 36.0 6 
10 100.0 90.0 80.0 65.0 EE 
10 127.0 114.0 98.0 81.0 F 
10 170.0 151.0 132.0 109.0 G 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

$ 160 
230 
285 
345 
476 
642 
773 
1125 
1404 

12 VOLTS ± 5% ADJ 
US-13-12-0V 0.4%, 0.4% 
US-10.12-0V 0.4%, 0.4% 
LJS 11-12 OV 0.4%, 0.4% 
US-12-12-0V 0.4%, 0.4% 
LGS-5-12-0V-R 0.1%, 0.1% 
LGS-6-12-0V R 0.1%, 0.1% 
LGS-EE-12 OV R 0.1%, 0.1% 
LGS-F 12 OV-R 0.1%, 0.1% 
LGS G 12 OV R 0.1%, 0.1% 

15 2.0 2.0 1.7 1.1 13 
15 4.2 4.2 3.4 2.3 10 
15 8. 8.3 6.6 4.5 11 
15 12.5 12.5 10.0 6.8 12 
15 24.0 20.0 16.0 11.0 5 
15 37.5 35.0 30.5 23.0 6 
15 60.0 53.0 46.0 38.0 EE 
15 79.0 71.0 61.0 50.0 F 
15 105.0 95.0 85.0 70.0 G 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

$ 160 
230 
285 
345 
476 
642 
773 
1125 
1404 

15 VOLTS • 5% ADJ 
US-13-15-0V 0.4%, 0.4% 
US 10-15-0V 0.4%, 0.4% 
LJS 11-15-0V 0.4%, 0.4% 
LJS 12 15-0V 0.4%, 0.4% 
LGS-5-15-0V R 0.1%, 0.1% 
LGS-6 15-0V-R 0.1%, 0.1% 
LGS-EE-15-0V-R 0.1%, 0.1% 
LGS-F-15-0V-R 0.1%, 0.1% 
LGS G 15 OV R 0.1%, 0.1% 

15 1.6 1.6 1.3 0.9 13 
15 3.3 3.3 2.6 1.8 10 
15 6.7 6.7 5.3 3.7 11 
15 10.0 10.0 8.0 5.5 12 
15 18.7 16.5 13.2 9.0 5 
15 30.0 28.0 24.5 20.5 6 
15 47.0 42.0 36.0 30.0 EE 
15 69.0 57.0 49.0 40.0 F 
15 85.0 75.0 65.0 55.0 G 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

$ 160 
230 
285 
345 
476 
642 
773 
1125 
1404 

20 VOLTS ± 5% ADJ 
LJS-13-20-0V 0.4%, 0.4% 
US-10-20-0V 0.4%, 0.4% 
LJS-11-20-0V 0.4%, 0.4% 
US-12 20 OV 0.4%, 0.4% 
LGS-5-20 OV R 0.4%, 0.4% 
LGS-6-20-0V R 0,1%, 0.1% 
LGS-EE-20-0V-R 0.1%, 0.1% 
LGS-F-20-0V-R 0.1%, 0.1% 
LGS G-20-0V-R 0.1%, 0.1% 

15 1.2 1.2 1.0 0.7 13 
15 2.5 2.5 2.0 1.4 10 
15 5.0 5.0 4.0 2.7 11 
15 7.5 7.5 6.0 4.1 12 
15 13.5 11.5 9.3 6.3 5 
15 23.0 21.5 18.5 15.5 6 
15 34.0 30.0 26.0 22.0 EE 
15 48.0 43.0 37.0 30.0 F 
15 62.0 55.0 48.0 40.0 G 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

$ 160 
230 
285 
345 
476 
642 
773 
1125 
1404 

24 VOLTS ± 5% ADJ 
LJS-13 24-0V 0.4%, 0.4% 
LJS-10-24-0V 0.4%, 0.4% 
LJS- 11-24 -OV 0.4%, 0.4% 
US-12-24-0V 0.4%, 0.4% 
LGS-5-24-0V-R 0.1%, 0.1% 
LGS-6-24-0V-R 0.1%, 0.1% 
LGS-EE-24-0V-R 0.1%, 0.1% 
LGS-F-24-0V-R 0.1%, 0.1% 
LGS-G-24-0V R 0. 1%, 0.1% 

15 1.0 1.0 0.8 0.6 13 
15 2.1 2.1 1.7 1.2 10 
15 4.2 4.2 3.3 2.3 11 
15 6.3 6.3 5.0 3.4 12 
15 11.5 9.9 7.9 5.4 5 
15 20.0 19.0 16.0 13.0 6 
15 30.0 27.0 23.0 19.0 EE 
15 41.0 32.0 37.0 26.0 F 
15 54.0 48.0 42.0 35.0 G 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

$ 160 
230 
285 
345 
476 
642 
773 
1125 
1404 

28 VOLTS ± 5% ADJ 
US-13-280V 0.4%, 0.4% 
US-10-28-0V 0.4%, 0.4% 
US-11-28-0V 0.4%, 0.4% 
US-12-28-0V 0.4%, 0.4% 
LGS-5-28-0V-R 0.1%, 0.1% 
LGS-6-28-0V-R 0.1%, 0.1% 
LGS-EE-28-0V-R 0.1%, 0.1% 
LGS-F-28-0V-R 0.1%, 0.1% 
LGS-G-28-0V-R 0.1%, 0.1% 

15 0.9 0.9 0.7 0.5 13 
15 1.8 1.8 1.4 1.0 10 
15 3.6 3.6 2.0 2.0 11 
15 5.4 5.4 4.3 3.0 12 
15 9.6 8.2 6.6 4.5 5 
15 17.5 16.5 14.5 12.0 6 
15 25.0 23.0 20.0 16.0 EE 
15 35.0 32.0 28.0 23.0 F 
15 46.0 42.0 36.0 30.0 G 

4 3/4 X 1 25/32 X 6 15/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 6 1/4 X 7 15/16 
3 3/16 X 4 15/16 X 14 5/8 
3 3/16 X 7 1/2 X 15 1/8 
4 15/16 X 7 1/2 X 16 1/2 
3 1/2 X 19 X 14 
5 3/16 X 19 X 14 

$ 160 
230 
285 
345 
476 
642 
773 

1125 
1404 



Voltage and Current Ratings 

DC INPUT 20.5-32 VDC STANDARD 

5 VOLTS ± 5% ADJ 
MAX AMPS AT 

REGULATION RIPPLE AMBIENT OF PKG. DIMENSIONS 
MODEL (line load) (mV RMS) 40°C 50°C 60°C 71"C SIZE (Inches) PRICE 

LGS-5-5-C-0V-R Q1%, 0.1% 10 35.0 31.0 25.0 16.5 5 3 3/16 x 4 15/16 x 15 $535 

*6 VOLTS ± 5% ADJ 

LGS-5-6-C-0V-R 0.1%, 0.1% 10 29.0 26.0 21.0 14.0 5 3 3/16 x 4 15/16 x 15 $535 

12 VOLTS ±- 5% ADJ 
LGS-5-12-C-0V-R 0.1%, 0.1% 15 15.0 13.5 10.0 7.0 5 3 3/16 x 4 15/16 x 15 $535 

15 VOLTS -± 5% ADJ 
LGS-5-15-C-0V-R 0.1%, 0.1% 15 13.0 11.0 8.0 5.6 5 3 3/16 x 4 15/16 x 15 $535 

20 VOLTS t 5% ADJ 
LGS-5-20-C-0V-R 0.1%, 0.1% 15 10.5 9.0 7.0 4.5 5 3 3/16 x 4 15/16 x 15 $535 

24 VOLTS ± 5% ADJ 
LGS-5-24-C-0V-R 0.1%. 0.1% 15 8.5 7.5 6.0 3.9 5 3 3/16 x 4 15/16 x 15 $535 

28 VOLTS _41 5°h ADJ 
LGS-5-28-C-0V-R 0.1%. 0.1% 15 7 5 6.8 5.4 3.5 5 3 3/16 x 4 15/16 x 15 $535 

DC INPUT 44-58 VDC STANDARD 
5 VOLTS ± 5% ADJ 
LGS-5-5-D-OV-R a 1%, 0.1% 10 40.0 32.0 25.0, 16.5 5 3 3/16 x 4 15/16 x 15 $476 
LGS-6-5-D-OV-R 0.1%, 0.1% 10 60.0 53.0 45.0 36.0 6 3 3/16 x 7 1/2 x 15 1/8 655 
LGS-EE-5-D-OV-R 0.1%, 0.1% 10 90.0 85.0 73.0 54.0 EE 4 15/16 x 7 1/2 x 16 1/2 832 

6 VOLTS -± 5% ADJ 
LGS-5-6-D-OV-R 0.1%, 0.1% 10 35.0 28.0 21.5 14.0 5 3 3/16 x 4 15/16 x 15 $476 
LGS-6-6-D-OV-R 0.1%, 0.1% 10 50.0 46.0 41.0 35.0 6 3 3/16 x 7 1/2 x 15 1/8 655 
LGS-EE-6-D-OV-R 0.1%, 0.1% 10 78.0 67.0 56.0 42.5 EE 4 15/16 x 7 1/2 x 16 1/2 832 

12 VOLTS It 5% ADJ 

LGS-5-12-D-OV-R 0.1%, 0.1% 15 17.5 14.0 10.8 7.0 5 3 3/16 x 4 15/16x 15 $476 
LGS-6-12-D-OV-R 0.1%, 0.1% 15 31.0 28.0 24.0 18.0 6 3 3/16 x 7 1/2x 15 1/8 655 
LGS-EE-12-D-OV-R 0.1%, 0.1% 15 39.0 33.5 28.0 21.0 EE 4 15/16 x 7 1/2 x 16 1/2 832 

15 VOLTS -± 5% ADJ 
LGS-5-15-D-OV-R 0.1%, (11% 15 14.0 11.0 8.6 5.6 5 3 3/16 x 4 15/16x 15 $476 
LGS-6-15-D-OV-R 0.1%, 0.1% 15 25.0 23.0 20.0 15.0 6 3 3/16 x 7 1/2 x 15 1/8 655 
LGS-EE-15-D-OV-13 0.1%, 0.1% 15 32.0 28.0 23.5 17.5 EE 4 15/16 x 7 1/2 x 16 1/2 832 

20 VOLTS i- 5% ADJ 
LGS-5-20-D-OV-R 0.1%, 0.1% 15 11.5 9.3 7.1 4.6 5 3 3/16 x 4 15/16 x 15 $476 

LGS-6-20-D-OV-R 0.1%, 0.1% 15 19.0 18.0 16.0 12.0 6 3 3/16 x 7 1/2 x 15 1/8 655 
LGS-EE-20-D-OV-R 0.1%, 0.1% 15 26.0 22.5 18.5 14.0 EE 4 15/16 x 7 1/2x .16 1/2 832 

24 VOLTS ± 5% ADJ 
LGS-5-24-D-OV-R 0.1%, 0.1% 15 9.8 7.8 6.1 3.9 5 3 3/16 x 4 15/16 x 15 $476 
LGS-6-24-D-OV-R 0.1%, 0.1% 15 16.0 15.0 13.0 10.0 6 3 3/16 x 7 1/2x 15 1/8 655 
LGS-EE-24-D-OV-R 01%, 0.1% 15 21.5 18.5 15.5 11.5 EE 4 15/16 x 7 1/2x 16 1/2 832 

28 VOLTS 5% ADJ 
LGS-5-28-D-OV-R 0.1%, 0.1% 15 8.7 7.0 5.4 3.5 5 3 3/16 x 4 15/16 x 15 $476 
LGS-6-28-D-OV-R 0.1%, 0.1% 15 14.0 13.0 11.0 9.0 6 3 3/16 x 7 1/2x 15 1/8 655 
LGS-EE-28-D-OV-R 0.1%, 0.1% 15 19.5 17.0 14.0 10.5 EE 4 15/16 x 7 1/2x 16 1/2 832 



Voltage and Current Ratings 

AC INPUT 187-242 VAC STANDARD 

5 VOLTS -± 5% ADJ 

REGULATION RIPPLE 
MODEL (line load) mV (RMS) 40°C 

LGS-5V-5-0V-R 
LGS-6V-5-0V-R 

0.1%, 0.1% 
0.1%, 0.1% 

MAX AMPS AT 
AMBIENT OF 
50°C 60 C 

PKG. DIMENSIONS 
71 C SIZE (Inches) 

10 43.0 36.5 28.0 15.0 5 3 3/16 x 4 15/16 x 15 
10 63.0 55.0 46.0 34.2 6 3 3/16 x 7 1/2 x 15 1/8 

PRICE 

$533 
719 

6 VOLTS ± 5% ADJ 
LGS-5V-6-0V-R 0.1%, 0.1% 
LGS-6V-6-0V-R 0.1%, 0.1% 

10 37.0 32.0 23.0 13.0 5 3 3/16 x 4 15/16 x 15 
10 54.0 50.4 44.1 324 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

12 VOLTS ± ADJ 
LGS-5V-12-0V-R 0.1%, 0.1% 
LGS-6V-12-0V-R 0.1%, 0.1% 

15 23.0 19.0 15.0 7.0 5 3 3/16 x 4 15/16 x 15 
15 34.0 31.5 27.4 20.7 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

15 VOLTS I- 5% ADJ 
LGS-5V-15-0V-R 0.1%. 0.1% 
LGS-6V-15-0V-R 0.1%. 0.1% 

15 18.5 16.0 12.0 6.0 5 3 3/16 x 4 15/16 x 15 
15 27.0 25.2 22.0 18.4 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

20 VOLTS -± 5% ADJ 
LGS-5V-20-0V-R 0.1%, 0.1% 15 12.6 10.8 8.7 4,6 5 3 3/16 x 4 15/16 x 15 
LGS-6V-20-0V-R 0.1%, 0.1% 15 20.7 19.3 16.6 13.9 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

24 VOLTS ± 5% ADJ 
LGS-5V-24-0V-R 0.1%, 0.1% 
LGS-6V-24-0V-R 0.1%, 0.1% 

15 15 
11.5 9.9 7.9 3.9 5 3 3/16 x 4 15/16 x 15 
18.0 17.1 14.4 11.7 6 3 3/16 x 7 1/2x 15 1/8 

$533 
719 

28 VOLTS ±- 5% ADJ 
LGS-5V-28-0V-R (11%, 01% 
LGS-6V-28-0V-R 0 1%, 0.1% 

1 h 9.6 8.0 6.0 3.3 5 3 3/16 x 4 15/16 x 15 
15 15.7 14.8 13.0 10.8 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

AC INPUT 205-265 VAC STANDARD 
5 VOLTS -I- 5% ADJ 
LGS-5V1-5-0V-R U. 1' . 0 43.0 36.5 28.0 15.0 5 3 3/16 x 4 15/16 x 15 
LGS-6V1-5-0V-R 0.1%, 0.1 63.0 55.0 46.0 34.2 6 3 3/16 x 7 1/2 x 15 1/8 

6 VOLTS -t= 5% ADJ 
LGS-5V1-6-0V-R 0.1%, 0.1% 
LGS-6V1-6-0V-R 0.1%, 0.1% 

$533 
719 

10 37.0 32.0 23.0 13.0 5 3 3/16 x 4 15/16 x 15 
10 54.0 50.4 44.1 32.4 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

12 VOLTS • 5% ADJ 
LGS-5V1-12-0V-R 0.1%, 0.1% 
LGS-6V1-12-0V-R 0.1%, 0.1% 

15 23.0 19.0 
15 34.0 31.5 

15.0 7.0 5 3 3/16 x 4 15/16 x 15 
27.4 20.7 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

15 VOLTS -± 5% ADJ 
LGS-5V1-15-0V-R 01%, 0.1% 15 18.5 16.0 12.0 6.0 5 3 3/16x 4 15/16 x 15 
LGS-6V1-15-0V-R 0.1%, 0.1% 15 27.0 25.2 22.0 18.4 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

20 VOLTS ± 5% ADJ 
LGS-5V1-20-0V-R 0.1%, 0.1% 
LGS-6V1-20-0V-R 0.1%, 0.1% 

15 12.6 10.8 8.7 4.6 5 3 3/16 x 4 15/16 x 15 
15 20.7 19.3 16.6 13.9 6 3 3/16 x 7 1/2 x 15 1/8 

$533 
719 

24 VOLTS -I- 5% ADJ 
LGS-5V1-24-0V-R 0.1%. 01% 
LGS-6V1-24-0V-R 0.1%, 0.1% 

15 11.5 9.9 7.9 3.9 5 3 3/16 x 4 15/16 x 15 
15 18.0 17.1 14.4 11.7 6 3 3/16 x 7 1/2x 15 1/8 

$533 
719 

28 VOLTS • 5% ADJ 
LGS-5V1-28-0V-R 0.1%, 0.1% 
LGS-6V1-28-0V-R 0.1%, 0.1% 

15 9.6 8.0 6.0 3.3 5 3 3/16 x 4 15/16 x 15 $533 
15 15.7 14.8 13.0 10.8 6 3 3/16 x 7 1/2x 15 1/8 719 



sPlulFluA , WAS ur ,à.ti SERIES 
Remote sensing 
provision is made for remote sensing to eliminate effects of power 
output lead resistance on DC regulation. 

DC output 
»Rage range shown in tables 

Regulated voltage 
regulation line   0.1% for 105 to 132 VAC, 187-242 

VAC, 205-265 VAC 
regulation load  0.1% for 0 to full load 
ripple and noise   10mV RMS. 35 mV 0-13 for 5 and 

6V units 
15mV RMS, 100mV pp for 12 
thru 28V units 

remote programming resistance . 1000 ohms/volt 
remote programming voltage . . volt per volt 

Temperature coefficient   
AC input 
line  105 132 VAC 47 440 

power  360 watts max. at 0.6 P.F. for LGS-5 
750 watts max. at 0.7 P.F. for LGS-6 
1100 watts max. at 0.6 P.F. for LGS-EE 
1350 watts max. at 0.7 P.F. for LGS-F 
1800 watts max. at 0.7 P.F. for LGS-G 
20.5-32 VDC, LGS-5 C packages only. Input 
voltage specs, comply with minimum usable 
voltage for lead acid batteries. 
44 58 VDC "D" models only. 
145 VDC • 10%, LGS 5, LGS 6 packages only 

Efficiency . 64% minimum except LGS-EE-D and LGS-6-D 
which are 60% minimum and LGS-5-C which is 
55% minimum. 

Soft-start circuit: (LGS-6,LGS-6V,LGS-EE,LGS-G,LGS-F only) 
limits in-rush current at turn on. 

DC input . 

Ambient operating temperature 
(i)nliriiii,us (111 1,/O h, /1 .C. 

Storage temperature range 
',5 C +65 c 

Overload protection 
Electrical 
pre-set electronic current landing at factoiy. Internal failure protection 
by means of line fuse. 

Thermal 
by self-resetting thermostat (when properly mounted). 

0.03% per°C 

Overvoltage protection 
built-in fixed overvoltage protection standard on all units. When a 
pre-set voltage is exceeded, the overvoltage protector crowbars the 
output and removes the inverter drive. 

EMI 
Conducted - conforms to MIL-I-6181D. 

Radiated - see graphs for performance. 

Cooling - convection cooled. 
DC output controls 
simple screwdriver voltage adjustment over the voltage range. 
For LGS-F, and G output voltage adjustable by means of 
potentiometer on the front panel. 

Metering (LGS-F, LGS-G only) 
digital panel meter monitors output voltage/current by means 
of a Volt/Amp selector switch 

Input and output connections 
by heavy duty barrier strip; heavy duty studs on all LGS-6, EE, F and G. 

Mounting 
two mounting surfaces, three mounting positions for LGS-5 
one mounting position for LGS-5V, 6, 6V, 6D, EE, EE-D, F and G. 
For LGS-5-C and 5D models derate current 1 cry. for mounting 
positions in which the radiator fins are not vertical. 

Power failure 
See graph for hold-up time vs load current on all units. (Except LGS-C and LGS D models) 
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Fungus proofing 
all units are rendered fungi inert. 

Military Specifications 

The LGS series has passed the following tests in accordance 
with MIL-STD-810C. (LGS-F, LGS-G presently under test) 

1) Low Pressure — Method 500.1, Procedure I. 
21 High Temperature — Method 501.1, Procedure I & II. 
31 Low Temperature — Method 502.1, Procedure I. 
41 Temperature Shock - Method 503, 1, Procedure I. 
5) Temperature — Altitude — Method 504.1, Procedure I. 

Class 2 (0°C operating) 
6) Humidity — Method 507.1, Procedure I. 
7) Fungus — Method 508.1, Procedure I. 
8) Vibration — Method 514.2, Procedures X & Xl. 
9) Shock - Method 516.2, Procedures I & Ill. 

MIL-1-6181D — Conducted -and radiated EMI with 
one output terminal grounded. 
Physical Data 
Package 
Model 

(.!) b 
LGS-6 
1..raS E I 
LGS-F 
LGS-G 

Options 
AC input 

For LGS-EE, F, and G models only 
For LGS-5, LGS-6 see page 12 

Size (inches) 

Add 
Suffix 

-V 

3 3/16 x4 15/16 x 15 
3 3/16 x 7 1/2 x 15 1/8 
4 16/16 x 7 1/2 x 16 1/2 
3 1/2 x 19 x 14 

5 3/16 x 19 x 14 

For Opera-
tion at: 

187 242VAC " 
47 440Hz 

—V1 205-265 VAC 
47-440Hz 

Price 
Qty 
1-14 

12% 
or $30t 

12% 
or $301 

Weight 
Ne (lbs) Ship (lbs) 

13 1,2 15 
20 23 
26 31 
38 48 
42 52 

Price Price 
Mixed Single 
Models Model 
Qty15 Qty 1 5 
IL up II up 

12% 10% 
or $301 or $30t 

12% 10% 
or $301 or $30t 

"derate 10% for V option only t whichever is greater 

Accessories 
Rack adapters and chassis slides see catalog. 

Guaranteed for 5 years 
5 year (judr,intee includes labor as well as parts. Guarantee applies to 
operation at full published specif ications at end of 5 years 

1M/CSA 

Listed in UL recognized components index; CSA certified (LGS-F, 
LGS-G presently under test). 

LGS-5. LGS-5-V 

LGS.6, LGS-EE 

LGS.G, LGS.F 

• LGS-6 

u.' 

,`. .5i 

kr,Si, EGS Et EGS 6 V ....SG LGSF 

.65 
Si) 
0 

so 

.80 1G 5 ¿40 '65 165 

.15 94 230 165 165 
30 93 10 10 40 
45 83 80 20 40 
60 50 100 6.3 20 
20 25 80 50 05 

05 

Narrow band (cw) radiated Interference 
limits 

. . _ 
10 20 30 40 50 60 708090100 
PERCENTAGE OF RATED CURRENT (40°C) 

Hold-up times as a function 
of load current. 

Broadband and pulsed cw radiated inter-
ference limits 



SPECIFICATIONS OF 
LJ SERIES 

DC output 
voltage range: refer to tables 

regulation, line   

regulation, load   

remote programming 
resistaice   

remote programming 
voltage   

ripple and noise   

0.4% for line variations from 
105-132 VAC., 0.3% for UT 

0.4% for load variations from 
0 to full load, 0.7% for UT 

1000 ohms/volt nominal 
(Except UT-14) 

volt/volt (Except UT-14) 

1OrnV rms, 50 mV p-p for 5V 
and 6V models, 15 mV rms, 
100 mV p-p for 12V to 28V 
models, except for UT. 

For UT, ±12V, 15mV rms, 
70mV p-p. 

temperature cou 1f 0.03%r C 

power failure   output will remain within 
regulation for 16 msec after 
power failure. 

AC input 
105-132 VAC 47-440 HT 

hold-up time  16 rnsec min at low line and 
full load, and Vo max. 

Shutdown signal   AC output of 6.3V avail-
able in case of power 
failure. (for UT only) 

DC input 
145 VDC ± 10% (not for V option units) 

Overshoot 
1)0 ovoWlool oil torri-on, turn-off, of power failure 

Efficiency 
greater than70% (60% FOR US-13) with advanced 20 KHz 
switching circuitry. 

Ambient operating temperature range 
ontinuous duty from 0°C to 71 °C with load current ratings 

as shown in tables. No derating 0° to 50°C 

Storage temperature range 
-55°(t 85°C 

Overload protection 

Electrical 
external overload protection: automatic factory preset 
electronic current limiting circuit limits the output current 
thereby providing protection for the load as well as the power 
supply. 
internal failure protection: provided by fuse. 

Input and output connections 
heavy duty terminal block on front of chassis. 

Controls 
DC output controls 

simple screwdriver voltage adjustment over the voltage range 

Remote sensing 
provision is made for remote sensing to eliminate effect of 
power output lead resistance on DC regulation.(Except UT-14) 

Remote shutdown 
capability of remote on-off control for either positive ground 
or negative ground output. 

Overvoltage protection 
built in fixed overvoltage protection on all model outputs. 

Mounting 
One mounting surface. 

Options 

AC input 

Add 
Suffix 

For Opera-
tion at: 

Price 
Qty. 
1.14 

Price 
Mixed 
Models 
Qty. 15 
and up 

Price 
Single 
Model 
Qty. 15 
and up 

—V 187-265 VAC 12% 12% 10% 
47-440 Hz or $30** or $30**or $30** 

**whichever is greater 

See Physical Data below for sizes of "V" option power 
supplies — The "V" option supplies sizes are larger than 
ecriivalent standard power supplies. 

Physical Data 

Package Model 
LJ-13 
LJ-13-V 
LJ-10 
LJ-10-V 
LJ-11 
U-1 1-V 
LJ-12 
LJ-12-V 
UT-14 

Weight (am) 
net 

1.6 
2.0 
2.0 
3.0 
5.5 
7.0 
7.0 
8.5 
3.6 

Finish 
gray, Fed. Std. 595 No. 26081. 

Size 
(inches) 

4 3/4 X 1 25/32 X 6 5/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 1 25/32 X 7 15/16 
4 3/4 X 1 25/32 X 9 1/16 
4 3/4 X 4 5/16 X 7 15/16 
4 3/4 X 4 5/16 X 9 1/16 
4 3/4 X 6 1/4 X 7 15/16 
4 3/4 X 6 1/4 X 9 1/16 
5 1/8 X 2 11/64 x 8 13/16 

Listed in Underwriter's Laboratories Recognized Components 
Index. 

Guaranteed for 5 years 
5 year guarantee includes labor as well as parts. Guarantee 
applies to operation at full published specifications at end of 5 
years. 



TRIPLE OUTPUT Switching Power Supply 

LES-F-01-0V 

os-N' 
MODEL 

ADJ. 
VOLT. 

REGULATION RIPPLE RANGE 
(line, load) (mV RMS) VDC 

MAX AMPS AT 
AMBIENT OF 

40°C 50°C 60°C 71 °C 
PKG. DIMENSIONS 
SIZE (inches) PRICE 

LJT-14-5152 0.396, 0.7% 10mV 5± looh 10.0 10.0 7.0 4.0 14 5 1/8 x 2 11/64 x 8 13/16 $385 
15mV ±12± 10% 1.0 1.0 0.7 0.4 

For complete specifications see page 14 

World's First Line of 20 KHz Wide Range 
Switching Power Supplies 

MODEL REGULATED 
OUTPUT 
VOLTAGE 

OUTPUT RATINGS FOR LES-F SERIES 

MAX. OUTPUT 
CURRENT AT T AMB 

40°C 50°C 60°C 71 °C PRICE 

LES-F-01-0V 
LES-F-02-0V 
LES-F-03-0V 
LES-F-04-0V 

o — 7.5V 
o — 18V 
o — 36V 
o — 60V 

100A 
47.5A 
24A 

15A 

83A 
41A 

20.4A 
12.8A 

66A 
32.5A 
16.5A 
10.3A 

47.5 
23.5 
12A 

7.5A 

$1200 
1100 
1000 

1200 

Note: Maximum output current applies over entire output voltage 
range. 

45% smaller by volume and 46% more amps per dollar than equivalent SCR switching power supply 

Outstanding Features 
Designed to meet military 
environment MIL-STD-810C 

Digital Meter Readout 

Convection cooled, no 
fans or blowers 

Constant voltage/constant Overvoltage protection — 
current built in on all models 

Guaranteed 
5 Years 

Condensed Specifications of LE Series 

Regulated voltage 

regulation line 

regulation load 

0  02% + 2 mV for line variations 
from 105 to 132 vac (or 187 to 242 
vac on 'V' options, 205 to 265 vac 
on 'VI' options). 

0  02% + 2 my (LES-F-01, 02) 
0.02% + 4 my (LES-F-03, 04) for 
load variations from 0 to full load. 

remote programming 
resistance  200 fl/volt nominal 
remote programming 
voltage  volt/volt 
ripple and noise   10 mv-rms; 50 my pp for 

LES-F-01 
15 mv-rms; 100 my pp for 
LES-F-02,03,04 

temperature coefficlent   (0.02% + 50 µv)/°C 

Constant current 
(current regulated line and load) 
automatic crossover. 
voltage range  As shown in table. 

current range  5% to full load current. 

regulation line 0  5% + 50 mA (LES-F-01, 02) 
0.5% + 20 mA (LES-F-03, 04) line 
variations from 105 to 132 vac (or 
187 to 242 vac on 'V' opts, 205 to 
265 vac on 'VI' opts). 
0  5% of I,, for load changes 
from 5% to rated DC voltage. 

regulation load 

AC input 

line   105-132 vac (47-63 Hz) standard 
input (derate output current by 
5% at 50 Hz) 

power  1250 watts max at 0.6 P.F. at 
maximum output voltage, high 
line. 

efficiency   Minimum 60% at maximum out-
put voltage. 

soft start crcuit   Limits inrush current at turn on to 
200% of full load peak current. 

input current  25A rms max. 

Ambient operating temperature 

Continuous duty from 0°C to 71°C with appropriate deratings (40°C to 
71°C—see table) 

Overload protection 
Thermal 

By self resetting thermostat 

Electrical 

External overload protection—adjustable, automatic, electronic 
current limiting circuit limits output current to preset value. Current 
limiting settability to 105% of rated current via front panel adjust. 

Overvoltage protection 

Built in, adjustable overvoltage protection standard on all sets. When 
preset voltage is exceeded, the overvoltage protector crowbars the 
output and removes the inverter drive. See table for OV range on each 
unit. 

Weight 

net. 40 lbs 
ship 50 lbs 

Size 
Standard F package size 3 15/32" x 19 x 16 1/2" (H x W x D) 



ALL LAMBDA LG/LJ SERIES 

SWITCHING POWER SUPPLIES 
NOF WC 0N  IN STOCK 

E DAY DELIVERY. 

JAPAN 

INVENTORY 
CONTROL 

o COMPUTER 

LAMBDA HEADQUARTERS 
MELVILLE, L 1, NEW YORK 

MEXICO 

BOHEMIA 

A /1\ 
MELVILLE 

'ONG ISLAND, N.Y. 

TEXAS 'Ilk 

THE WORLD'S LARGEST MANUFACTURER 
OF STANDARD SWITCHING POWER SUPPLIES 

WITH 5 PLANTS WORLDWIDE. 
ATLANTIC REGION 

Melville, New York 11747 
515 Broad Hollow Road 

Tel 516-694-4200 
TWX 510-224-6484 

NORTH-EASTERN REGION 
Lexington, Massachusetts 02173 

2 Militia Drive 
Tel 617-861-8585 
TWX 710-326-7558 

MID-WESTERN REGION 

Arlington Heights. III. 60005 
2420 Easl Oakton St Unit 

Tel 312-593-2550 
TWX 910-222-2856 

FAR-WESTERN REGION 

Cerritos, Ca 90701 
12607 hidden Creek Way Sude J 

Tel 213-926-0562 
TWX 910-346-7649 

SOUTH-WESTERN REGION 
Dallas. Texas 75231 

NORTH-WESTERN REGION 

Sunnyvale. Ca 94086 
,99 N Malvada Are 
Tel 408-738-2514 
TWX 910-339-9243 

CANADA 
Veeco Lambda Lid 
100C Hymus Blvd 

Po,nle-Claire. Ouebec-H9R 1E4 
Tel 514-697-6520 
TWX 610-422-3029 

Veeco Lambda Ltd 
P 0 Box 501 Postal Station K 

Toronto Ont . M4P 2G9 
Tel 416-486-0794 
TWX 610-422-3029 

A LAMBDA 
FI ECTRONIC'S 



We've made a good book even 
better.. Ï.4 ZULC7/771=L /7 EI" /31"5-rm 

egaleelgrar7 

TIT7r4r7 

by adding 
appendixes 
on these 
third 
generation 
micros: 

• INTEL 8848/8748 
MI MOTOROLA 6809 
• ZILOG Z80 

Microcomputer-Based Des 977 540 pages $26.50 

ign John Peatman 
LEARN TO DESIGN WITH MICROPROCESSORS 

Are these benefits of microprocessors 
making it into your designs? 
• Simplified Data Entry • 
Sophisticated Transduction • Floppy 
Disc Data Storage • Smart Output 
Display • Sophisticated Device 
Handling • Remote Control • 
Automatic Calibration • Self-test 
Capability • Error Control • Power 
Standby Capability 

This exciting book contains specific 
examples of how these benefits are 
used by a variety of instruments. And 
with the new appendixes, the book is 
totally up-to-date! 

Mail to: McGraw-Hill Book Co., 
P.O. Box 400, 
Hightstown, N.J. 08520 

Please send me a copy of John Peatman's 
MICROCOMPUTER-BASED DESIGN (049138-0), for a free 10-day 
examination. If not completely satisfied, I will return the book within the 
trial period; otherwise I will remit payment, plus postage, handling and 
local sales tax. (McGraw-Hill pays postage and handling if payment is 
included with order). 

Name  

Address  

City  State  

()tier good in USA only 

Zip  
Price subject to change. U-070-0075-1 

Rev62/Peat79 

<— Circle 221 on reader service card 
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OUR MODEL 43 TELEPRINTER FAMILY 
IS THE BEGINNING OFA NEW LEGEND. 

When we introduced it just a year ago, 
the basic idea behind the Teletype* model 43 
proved so sound and flexible that today it's grown 
into a comprehensive terminal family with exten-
sive capabilities for message communications. 

Model 43's come in a variety of configu-
rations with either 80 column friction-feed or 132 
column pin-feed printers. Some units are designed 
for use on the switched network, others for point-
to-point private-line systems. (There's also a new 
generation of 5-level buffered teleprinters for 
Telex applications.) 

The basic model 43 series operates 
on-line at 10 or 30 cps in either the half- or 
full-duplex mode and prints multiple copies using 
the 96 character ASCII code set. A wide choice 
of interfaces, including EIA RS232C and DC 20-
60ma, are available for easy system integration. 

With the automatic send-receive con-
figuration, messages can be prepared off-line via 
the paper tape punch, edited, combined with 

rwEr 
THE TELETYPE MODEL 43 FAMILY. 

a master tape, then sent at maximum terminal 
speed—automatically and unattended—when line 
rates are lowest. 

Buffered 43's operate on-line at speeds 
ranging from 10 to 180 cps and provide up to 
20,000 characters of storage for sending, receiving 
and editing. These terminals send and receive 
automatically via the buffer while messages are 
simultaneously being prepared for future trans-
mission. They also include full forms control, 
the automatic answer capability and answer 
back. 

Just like its predecessor, the legendary 
model 33, our model 43 family is designed for 
extreme reliability. The reason is simple: 
simplicity. Our model 43's use only five major 
pluggable components (six, counting the paper 
tape module on the ASR), along with extensive 
use of LS! circuitry. 

So when you think of our model 43 family, 
think of it as the beginning of a new legend. 

Teletype Curporation, 5555 Touhy Avenue, 1)ept. :i 185, Skokie, ft. 60076. Tel. (312) 182-20(X). 
*Teletype is a tridemark and service mark of the Teletype Corporation. 

on reader servic,, 
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Products newsletter  

Intel fills 

performance niche 

Intel Corp., Santa Clara, Calif., plans to introduce its 8088 — an 8-bit 
microprocessor with a 16-bit internal structure—at the Paris components 
show in April. The part is in effect an 8-bit version of the 8086 16-bit 
machine. It fits between the older 8-bit 8085 and the more advanced 8086 
by offering double the typical throughput of the 5-MHz version of the 
8085 and about 75% of that of the 8086. The 8088 executes the 8086 
instruction set while retaining the multiplexed 8-bit bus interface of the 
8085. Major application areas targeted by Intel include systems with low 
parts counts and high volume, upgrades from 8085-based designs, and 
byte-oriented equipment such as word processors and terminals. 

Teradyne extends Users of Teradyne Inc.'s J273 linear test system can now check out very 
high-frequency components with it, thanks to an optional new vhf synthe-

range of linear sizer. Designated the M544-09, the add-on covers the frequency range 
test system from 10 to 312 mHz and sells for $18,000. The Boston company is also 

offering a vhf plug-in with a self-calibrating loop—the TL879— for 
$6,000. Socket adapters and a standard test package should also be 
available in the near future. 

Synertek due out with Synertek Inc., Santa Clara, Calif., is getting ready to introduce its SY6545 
CRT controller chip cathode-ray-tube controller chip, which will interface with both the 6500 

and 6800 families of microprocessors and help simplify designs of intelli-
gent terminals and personal computers. Pin-compatible with Motorola's 
6845 CRT controller, the Synertek device has an added feature: a transpar-
ent scheme for addressing read/write random-access memories that oper-
ates in either an interleaving (for simplified software) or a retrace-blanking 
(for simplified hardware) mode, according to Gary J. Summers, micropro-
cessor group director. 
The plastic version of this 40-pin unit, the SYP6545, will sell for $21 

each for 100 or more; in the same quantities, the ceramic equivalent, the 
SYC6545, will go for $29.40. Samples should be ready in March, with 
production scheduled to follow by June. 

Nine arrays ready, The nine simplest programmable array logic devices (PALO planned by 
Monolithic Memories Inc. are now available from the company's distribu-

six need more work 
tors, according to John Birkner, product manager for the Sunnyvale, 
Calif., firm [Electronics, July 6, 1978, p. 46]. mmi is still working on some 
process problems in the remaining six products, Birkner says. 

Watch chip has 

large repertoire 

Though some semiconductor makers are deemphasizing watch chips, 
American Microsystems Inc. expects to deliver about $2 million worth of 
its new model S3000 this year. The programmable c-mos unit can directly 
drive six digits and 12 other indicators on a liquid-crystal clock face. 
What's more, the silicon-gate device needs only an inexpensive quartz 
crystal for a reference oscillator and includes a voltage doubler and 
tripler that provide the high-voltage drive for the display. According to 
the Santa Clara, Calif., company, the S3000, which is now available in 
sample quantities, will sell for less than $4 each in lots of 100,000. 
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New literature 

Electrotechnical standards. The 1979 
edition of the "Catalog of Publica-
tions" put out by the International 
Electrotechnical Commission con-
tains a comprehensive list of all 
international standards as of 
Dec. 31, 1978. This 200-page cata-
log lists them in numerical order 
along with a short description of 
each. It is available in either English 
or French. The catalog sells for 
about $5.50 or 9 Swiss francs and 
can be obtained from the Interna-
tional Electrotechnical Commission, 
1 rue de Varembe, 1211 Geneva 20, 
Switzerland. 

Vacuum interrupters. Described in a 
20-page catalog is a line of vacuum 
interrupters with voltage ratings 
from 5 to 38 kilovolts rms and fault 
current ratings up to 33,000 amperes 
rms, that are useful in industrial and 
rf-transmission applications. The 
catalog discusses their high speed, 
long life, and high dielectric recov-

ery; it contains ordering information 
and specifications, which include 
mechanical data, mechanical re-
quirements, and life. International 
Telephone and Telegraph Corp., 
Jennings Division, Marketing De-
partment, 970 McLaughlin Ave., 
San Jose, Calif. 95122. Circle reader 
service number 422. 

Selection chart. Listed on a chart are 
30 bridge rectifiers with ratings 
between 1.5 and 30 amperes. The 
information includes the average 
rectifier current, operating tempera-
ture, peak surge rating, and type of 
connector used with each device. 
Electronic Devices Inc., Sales Man-
ager, 21 Gray Oaks Ave., Yonkers, 
N. Y. 10710 [424] 

Microwave components. Designed 
for engineers as a reference to a line 
of microwave components, the guide 
contains information on beam-lead 
diodes, capacitors, packaged diodes, 

iCTOWI1V1.• 
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gallium-arsenide diodes, and gal-
lium-arsenide field-effect transistors 
made with metal-semiconductor 
technology. Texas Instruments Inc., 
Inquiry Answering, P. O. Box 
225012 (Attn: CL-392) MS-308 
Dallas, Texas 75265 [423] 

Minicomputer accessories. More 
than 800 minicomputer accessories, 

Pick up a 935. Feel how light it is. Try the simple one-
handed switch operation. You'll be amazed at how Data Precision 

has packaged a full-function, high perforrnance, 31/2 digit 

DMM into such a srnall, convenient, " bas fu 

go-anywhere" package. 

You'll also be amazed at the specifications : 29 ranges, 

"ncluding svvitchable hi- and lo-Q, 0.1% ic ge accuracy from 

, 

outstanding electrical protection on all rans, a ll 1/2" high 

LCD display, and up to 200 hours operation 

a standard 9V Patter/. MODEL 935. Unmatch0e0d(usA 

performance at an 

unmatched price: $149.) 
Available from s s 

tock a at all 

Data Precision representtive. 

Data Precision Corporation, Electronics Avenue, Danvers, MA 01923. Telephone: (617) 246-1600, Telex 921819. 
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including line-printer ribbons, print-
wheels, computer paper, and prod-
ucts designed for data security and 

Minicomputerf N 

Accessories‘  

protection, are described in a 64-
page catalog. Several new items are 
also detailed in the 1 1 th edition of 
the publication. Minicomputer Ac-
cessories Corp., Dept. P-10, 130 

South Wolfe Rd., Sunnyvale, Calif. 
94086 [425] 

Test instruments. Described in a 
seven-page catalog are 10 different 
instruments that measure the plating 
and coating thickness of a material 
on any type of industrial or electron-
ic component. The catalog provides a 
short discussion of each instrument 
along with a list of its features. The 
instruments use either the beta-
backscatter, microresistance, eddy 
current, or electromagnetic induc-
tion test methods. UPA Technology 
Inc., 60 Oak Dr., Syosset, N. Y. 
11791 [426] 

Components. A 756-page catalog 
describes more than 100,000 elec-
tronic components from various 
companies. Electrical and physical 
specifications are provided for semi-
conductors, resistors, capacitors, po-
tentiometers, circuit breakers, trans-
formers, and other related electronic 

products. Newark Electronics, 500 
N. Pulaski Rd., Chicago, III. 60624 
[427] 

Instrumentation tape recording. De-
signed for engineers and scientists 
who must evaluate, select, and use 
recording equipment, "Modern In-
strumentation Tape Recording," a 
140-page handbook, describes and 
explains the various elements in 
tape-recording systems. Some of the 
topics discussed are the physics of 
magnetic tape recording, direct re-
cording of analog signals, frequency-
modulation and digital recording of 
analog signals, selecting and speci-
fying instrumentation tape record-
ers, and signal, format, and calibra-
tion standards. The handbook also 
includes line drawings, block dia-
grams, flow charts, oscilloscope pho-
tos, and other illustrations. The 
booklet is available for $6. EMI 
Technology Inc., 100 Research Dr., 
Stamford, Conn. 06906 

If you're looking to invest in low cost, 
portable DMMs, you must consider our Model 935. 
At only $149, it offers features and performance that equal 
or surpass 31/2 digit DM Ms costing much more. Features like a 

lightweight, pa1M-sized package, 29 pushbutton-selected ranges, including switchable hi- and lo-Q, and 
full 1/2 inch tall low-power liquid crystal display that 
helps make a 9V battery last up to 200 hours. And the 

0.1`)/0 basic accuracy of the 935 rivals many benchllab 
31/2's. It's even fully protected against mechanical and 

electrical abuse, so it will last a long, long time. 
MODEL 935. Unrhatched performance at 
an unmatched price: $149.00 (USA) 

Available from stock at all 
Data Precision representatives. 

$14900 

ood Investment. 
Illet3PT,A PREGIS1011 Performance in the field. 

Data Precision Corporation, Electronics Avenue, Danvers, MA 01923. Telephone: (617) 246-1600, Telex 921819. 

Circle #224 for demonstration 

Circle #225 for additional information 
VISIT US AT ELECTRO. BOOTHS 

1814-16-18. 



Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 
CLASSIFIED SALES REPRESENTATIVES 

Cleveland 
Atlanta   404/892-2868 Dallas   
Boston   Jim McClure 617/262-1160 Denver   
Chicago Bill Higgens 312/751-3733 Detroit   

Sates Monogor—Mary Elton Koorno-212/997-3306 

Mac Fluestls 216/781-7000 Philadelphia .. Dan Ferro 215/568-6161 
Mike Taylor 214/742-1747 Houston   Mike Taylor 713/659-8381 Pittsburgh ...Dan Ferro .. 412/391-1314 
Shirley Klotz 303/837-1010 Los Anaeles   Ana Galaz 213/487-1160 San Francisco Peter McGraw 415/362-4600 
Mac Huestis 313/873-7410 New York . Larry Kelly . 212/997-3594 Stamford William Eydt 203/359-2860 

Engineer Pr"grainioci. 

ENGINEERS AND 
PROGRAMMERS 
GROW NEAR SAN 
FRANCISCO 
Back in 1973, when we started, sales of Triad computer 
systems were only $200,000. last year we sold nearly $15 
million worth of systems, and next year we'll deliver 
even more. You may find it hard to believe, but we've gt ()wit 
to only 280 employees! Now we need a few more. 

Sales 
($ millions) 

02 
13 

25 
38 

73 74 75 76 

Fiscal Year 

148 

70 

77 78 

As a Triad employee in our new Sunnyvale headquarters on 
the San Francisco Peninsula, you'll lx' part of the leading 
supplier of turnkey, on-line multi-terminal computer 
systems for a number of distribution industries. 

Triad needs engineers and programmers to design com-
puter systems, including CPUs, interfaces, controllers, 
terminals, and systems and applications programs. Projects 
involve conception, specification, development, generation 
of final documentation and training manufacturing, field 
service and sales personnel. Positions are available for 
both experienced professionals and recent college graduates. 

Consider your growth opportunities. Consider the 
excitement of being part of an industry-leading computer 
systems company. Consider living in, and exploring, this 
beautiful part of America. Send your resume to Don 
Ruder, Vice President of Engineering, Triad Systems Cor-
poration, 115 Independence Drive, Menlo Park, CA 94025. 
We are an equal opportunity employer. 

AK. 
tv TRIAD 

Systems Corporation 

ELECTRONIC ENGINEERS 
ELECTRONICS ENGINEERS, $15,000445,000. Choice entry-level to 
management positions immediately available in Pennsylvania & 
national locations. We have been placing electronics engineers 
for more than 14 years, and have established contacts with many 
of the leading companies in the nation. Reply in strict confidence 
to J. G. Weir, President, WEIR PERSONNEL SERVICES, 535 Court 
St.. Reading, PA 19603 (215/376-848G). 

ENGINEERS, $15K-S40K. West Coast & nationwide positions entry 
level thru mgmt. Design, Inst.. Application, test, etc. Reply in 
confidence. Call or send resume to GLENN ENGLISH AGENCY, 
7840 Mission Center Ct., San Diego, CA 92108 (714/291-9220). 
ENGINEERS, $17,000-$35,000+. We have access to hundreds of 
positions. Openings in design, applications. systems. Reply in 
strict confidence to Phil Riddick, RIDDICK ASSOCIATES, 9 Koger 
Center, Norfolk, VA 23502 (804/461-3994). 

BSEE/ELECTRONIC DESIGN ENGINEERS, $15,000-$35,000. Imme-
diate, desirable upstate New York & nationwide. Junior to senior 
project management. In confidence send resume or call James F. 
Corby, President, NORMILE PERSONNEL ASSOC., INC., 5 Leroy 
St., Box 110 Westview Station, Binghamton, NY 13905 (607/ 
723-5377). 

DESIGN ENGINEERS to $30K, Central Penna. Design connectors/ 
terminals, E/M components. Outstanding relocation package. 
Prompt confidential reply. MECK ASSOC. PERSONNEL, 1517 
Cedar Cliff, Camp Hill, PA 17011 (717/761-4777). 
ELECTRONIC ENGINEERS: Many openings in Colorado and West-
ern U.S. for BSEEs experienced in hardware and software micro-
processor, digital, analog design. RECRUITING SERVICES, INC.. 
1430 Larimer St., Denver, CO 80202. 

u O NATIONAL 
PERSONNEL 
CONSULTANTS 

FREE 
Your dream job. 

We hope you're happy in your current position, 
but there's always that ideal job you'd prefer if 
you knew about it. 

That's why it makes sense to have your 
resume on file in the Electronics Manpower 
Register, a computerized data bank containing 
the qualifications of career-conscious 
ELECTRONICS readers just like yourself. 

You'll benefit from nation-wide exposure to 
industry firms privileged to search the system, 
and since the computer never forgets, if you 
match up with their job requirements you'll be 
brought together in confidence. 
To take advantage of this free service, mail 

your resume to the address below. 

ELECTRONICS MANPOWER REGISTER 
Post Office Box 900/New York, N.Y. 10020 
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Inmos. 
The challenge. The rewards. 

And Colorado too. 
We're looking for people of singular talent. We're looking for people who 
realize the chance comes rarely to help shape the character and destiny of 
a high technology company. 

We expect Inmos to be a great company. The products we develop will 
push forward the frontier of VLSI technology. We will create an 
atmosphere in which independent thinkers can flourish; an atmosphere 
which can sustain entrepreneurial instincts. The chance to share in 
Inmos' success will be a strong incentive in attracting the special breed 
we seek. 

We're depending on innovators to help us compress the time it takes a 
new company to be a major factor in the high technology, semiconductor 
industry. We're looking for people from every discipline. 

We'll be running hard. It won't be easy. That's why we chose the 
location for headquarters of our U. S. operations so deliberately: 
Colorado Springs, at the foot of Pike's Peak, in the Rocky Mountains. 
It's a place the people of Inmos can refresh their spirits and imaginations. 
It's a place our families will find stimulating. 

To lead, to operate on the cutting edge in our industry, takes sufficient 
capital to avoid the hazard of being always short term oriented. 
Inmos will be properly financed from the outset. 

We want to hear from you. About your achievements, your 
backgrounds. We're going to build a great company. Together. 

Inmos. Some of you have been preparing all your lives for a chance like this. 

Richard L. Petritz, Paul R. Schroeder, lann M. Barron 
Inmos Corporation Inmos Ltd. 
2860 South Circle Dr. Whitefriars 
Colorado Springs, Colorado 80906 Lewis Mead 
303-576-7130 Bristol BS-1 

272-290-861 
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3 times as wide as Earth. the Red Spot of Jupiter (uppe left) 
is being investigated by Bendix engineers 

A true story 
totelluour 

graildc111 
You'll certainly have something to tell 

them if you join us at the JPL Deep 
Space Lab in Pasadena, and the 
Goldstone Tracking Complex. 
Bendix Field Engineering is 

responsible for command and control of 
the Pioneer and Voyager spacecraft. 

For the next several years Bendix 
professionals will be exploring the 
clouds of Venus, Jupiter's moons, the 
rings of Saturn, and farther reaches of 
space, where no man has ever gone 
before. 
This is exciting work, and these are 

the only places doing it. We offer you a 
chance to join them. 
You won't get a chance like this 

anywhere else in the world. 
Or out of it. 

We're looking for: 

• Software Engineers 
• Evaluation Engineers 
• Programming Engineers 
• Network Controllers 
• Computer Technicians 

Call collect (2131577-2304 to arrange 
an interview, or send your resume, in 
strict confidence to: 

John Mansfield, Dept. E 
Bendix Field Engineering Corporation 
171 N. Altadena Drive 
Suite 220 
Pasadena, CA 91107 

Bendix Engineering bilW Corporation Equal Opportunity 
Ern lo er M/F 

FLIGHT TEST 
ENGINEERS 

McDonnell Aircraft Company has immediate openings 
for engineers experienced in Flight Test data systems 
applications. Career opportunities include development, 
operation and support of Flight Test data systems on 
F-15, F-18, AV-8 and advanced aircraft projects in one 
or more of the following applications. 

• Mini-Computer Technology 

• Computer Programming 

• Flight Test Data Assessment 

• System Design 

• Airborne Instrumentation 

• Installation Design — Electrical & Mechanical 

• Electronic Circuit Design 

• Micro-Processor Technology 

Please send your resume in confidence to: 

W. B. Kellenberger, Section Manager 
Professional Employment 
Department E-02 • P. 0. Box 516 
St. Louis, Missouri 63166 

micoGiviveLL EIGLIGLAS 
An Equal Opporturnly Employer 

COM.01•ATI10141 

COMPUTER 
ENG' NEERS 

Explore Your Opportunities 
The ENGINEERING RESOURCES GROUP 
specializes in providing growth opportuni-
ties for engineers in the Southwest & 
Western states. 

• Digitai Design 
• Systems Programmers 
•Test Engineers 
• Manufacturing Engineers 
• Quality Engineers 
• Industrial Engineers 
• Field Engineers 

Please call us collect or send your resume 
to: Engineering Resources Group, 20380 
Town Center Lane, Suite #260, Cupertino, 
CA 95014. (408) 446-5111. Cele Horn, Sr. 
Consultant. 

Engineering 
Resources 
Group 

A division of the 
Computer Resources Group 

Employers Pay All Pees 
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NUCLEAR 
OPPORTUNITIES 

ENGINEER NUCLEAR/ 
MICROPROCESSORS 
Theory and application of micro-
processors in solid state technology 
applied to reliability and to 
maintenance reduction in control 
systems and supporting services for 
a nuclear-reactor BSEE or equivalent 
and relevant experience in lead posi -
tion 

ENGINEER NUCLEAR 
INSTRUMENTATION 
Design engineering to update reactor 
control systems while meeting strin-
gent process requirements Simplify 
existing reactor control systems with 
improved instrumentation. BSEE or 
equivalent and relevant experience. 
Send resume and salary history in 
confidence to: Mr. Bob Jorge. Ref. 
Et, United Nuclear Industries, Inc . 
P.O. Box 490, Richland, WA 99352 

• 

US Citizenship required 
Equal Employment Op 
portundy ,s Our Pledge 
and Our Prachce 

DUELEAR OPERATIODS o,vision 

UnITED flUCLEAR 
II1DUSTRIES. Inc.) 

DESIGN ENGINEER 
High Voltage Capacitors 8. 
Pulse-Forming Networks 

Immediate opening for an ex-
perienced capacitor/PFN design 
engineer with a leading manu-
facturer of specialty pulse mod-
ulator components for airborne, 
ground base, and shipboard ra-
dar systems. Forward resume to 
Tobe Deutschmann, Jr 
TOBE DEUTSCHMANN 
LABS INC. 
550 Turnpike Street 
Canton, MA 02021 

r,r equal oppariuna u emplaLer 

SCHOOLS 

World Open University—A Non-
Resident Graduate School—Division 
of Electrical, Electronics & Computer 
Engineering offers full graduate 
courses in areas: Applied Math-
ematics & Physics: Electronics 
Engineering; Electrical Circuits; Corn-
puters & Advanced Programming; 
Communications Setems; Control 
Systems; Energy- ower Systems. 
Nondestructive Testing—leading to 
MS, PhD Sc.D, Eng D., Tech E) — 
guided by full professors having a 
series of original contributions to 
inter-national learned societies. 
Request complete information to 
WOU. PO Box 5505, Orange, CA 
92667, USA. enclosing $5 in US. or 
US $7 outside of US, for airmailing 
Self-authored original paper reprints 
from national learned societies may 
get proper credits. WOU is racially 
nondiscriminatory. To mention 
Electronics in request. 

Cla 

Engineering 
challenge... 

research... 
discovery... 

...it's the world of ECM. 
It's our world here at Northrop Defense Systems Division. 
And it's a world to which you should aspire. 

If you're intrigued and inspired by the new, the innovative, 
the state-of-the-art. . . you'll want to know that we at 
Northrop have committed ourselves to these ideals for the 
past twenty-five years. They've led us to our position as a re-
nowned leader in the research, design and manufacture of 
sophisticated electronic countermeasure (ECM) systems. 

By maintaining an environment that encourages creative 
freedom, coupled with our consistent procurelnent of long-
term contracts and outstanding financial compensation — 
we've succeeded in building one of the finest engineering 
teams in the world. 

But we need YOU. If you're trained and experienced in one 
of the following areas, investigate the potential at Northrop: 

ENGINEERS 
DESIGN 

SOFTWARE 
ENGINEERS 
ANALYSTS 
PROGRAMMERS 

SYSTEMS 
SENIOR ENGINEERS 
PROJECT ENGINEERS 
ENGINEERS 

DESIGN ENG. 
New Products EM Devices $25 K 
Pathfinder 
P.O. Box 447 
Cammack, NY 11725 
Engineering Recruitment 
.Vationwide 

PRODUCT 
ASSURANCE 
RELIABILITY 
MAINTAINABILITY 

AUTOMATIC 
TEST 
ENGINEERS 
DIGITAL TEST 
ANALOG TEST 
RF (MICROWAVE TEST) 

We offer outstanding compensation packages 
including complete benefits, unlimited growth 
potential and the opportunity to combine the 
career of a lifetime with off-hours enjoyment in 
Chicago, one of the most exciting, culturally a-
live and highly liveable areas in the nation. For 
further information, please forward your re-
sume stating salary history and requirements, in 
confidence, to: 

Employment Manager, Dept E379 

NORTHROP CORPORATION 
Defense Systems Division 

600 Hicks Rd., Rolling Meadows, IL 60008 
an equal opportunity employer m/f 

DESIGN ENGINEERS 
Client R&D center requires Micro-
processor, Analog & Digital 
Engineers. 19-35K EMPLOYER FEE 
PAID, send resume w salary data to 
CORPORATE RECRUITERS, 525 
Omaha Tower. 2120 So. 72nd, 
Omaha, NE 68124, 402/393-5515 

We have immediate openings with 
.the most progressive clients in the 
Southeast and nationally for E.E.'s 
with Data Processing background 
involved in the computer field. Send 
resume to: Continental Personnel, 
Inc., P.O. Box 11321, Charlotte, NC 
28220. 7041525-2160 
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brie: 

E!E 

F. 

Electric 
TI j Engineers 

Build Your Career in the Stimulating Environment of a Multi-Discipline Research Center 
Borg Warner today is much more than a supplier of 
quality automotive components and systems. We're 
putting new emphasis on electronics, including micro-
processors—to meet industry's increasingly demand-
ing requirements. 
Back of this focus on new-product development is 

our Roy C. Ingersoll Research Center —which brings 
new technologies to our increasingly diversified com-
pany and provides strategic support for our basic 
technologies. The work of the Center has the strong 
support of top management, with a new building now 
under construction that will add 30% to our floor space. 
You can join a staff of over 125 professional applied 

researchers, including about 40 PhD's. You will work in 
small groups, have much freedon to be creative, and 
share the challenges and rewards of a success-
oriented organization. 

MICROCOMPUTER APPLICATIONS 
Project Engineer to Group Manager 

Projects include electro-hydraulic transmission con-
trols, remote telemetry applications, and control of 
variable-speed drives. You should have a strong back-
ground in software, hardware, and interfacing of micro 
or minicomputers to real-time systems. Future Corpo-
rate-wide programs are envisioned, limited only by the 
drive and talent of the group. 

You'll work on programs in variable-frequency 
drives, electric and hybrid vehicle control, and electro-
mechanical energy conversion as applied to actuators 
and transducers. Your background must include 
experience in power electronic and control circuit 
design, system analysis, and system simulation. 

Positions are in Des Plaines, Illinois, a Chicago suburb. 
You're close to all of Chicago's major universities and 
you can take advantage of the area's extensive recrea-
tional and cultural activities. Excellent starting salaries 
along with odtstanding fringe benefits, including paid 
relocation. Please send resume with salary history, in 
confidence, to: C. C. Robinson, Manager of Employee 
Relations. 

BORG WARNER CORPORATION 

BORG Roy C. Ingersoll Research Center 
Wolf and 

Algonquin Roads 
Des Plaines 
Illinois 60018 

  An Equal Opportunity Employer M/F 

WARNER 

POWER ELECTRONICS 
Project Engineer to Group Leader 

IDR 

FROM PLYMOUTH 
TO POLARIS. 

DRC. Solidly established as the area's rich 
history. Forward-looking as the new space 
age. Our success in systems guidance/plan-
ning means opportunity for you. New England 
means a real home. 

• TEST ENGINEER INERTIAL COMPONENTS 
Design and direct test programs on inertial 
components. 

• WEAPONS SYSTEMS ENGINEER 
Develop and apply new analytic tools in the 
areas of manpower and life cycle costs for 
large scale weapons systems. Manage an 
engineering staff and maintain customer 
contact 
• SENIOR ENGINEER AVIONICS 
Engineering evaluation, program planning 
and customer interface in support of major 
avionics equipment programs. 

• ENGINEER. GUIDANCE SYSTEMS 
Lead in the analysis of guidance system 
performance data. 

• INERTIAL SYSTEMS COMPONENTS ENGINEER 
Perform engineering studies on inertial 
systems and components. 

Qualified interested candidates are invited 
to submit a resume, including salary require-
ments, to Mr. Jack Kelly. Dept. 226-E, at the 
address below. 

DYNAMICS RESEARCH CORPORATION 
60 Concord St., Wilmington, MA 01887 

An equal opportunity employer 

NOW IS THE TIME ... TO HIRE 
A STUDENT THIS SUMMER. 

First, its later than you think, 
with schools closing on different 
semester schedules, and stu-
dents torn between lining-up 
"sure" jobs now or gambling 
that something in their chosen 
field will come along later. 

Second, and most important, 
it's in our industry's best in-
terest to encourage and hold 
its life-blood by providing prac-
tical experience in their future 
profession. 

And, since there'll always be 
more applicants than openings, 
you'll be able to select the cream 
of the crop, then evaluate them 

• 

with an eye towards hiring, when 
as coveted graduates, the job 
market might be ir. their favor. 

Because we believe this pro-
gram is of mutual benefit to 
both employer and employee 
alike, we again offer our ser-
vices as a clearing-house. 

Just fill out and return the 
coupon below, and we'll include 
your organization in a free list-
ing to be sent to Placement 
Directors and Department Heads 
at leading colleges and uni-
versities across the nation. 
They'll post it, and the students 
will contact you directly. 

Free summer help listing 
MAIL TO: ELECTRONICS/POST OFFICE BOX 900/NEW YORX/NY 10020 

NAME/TITLE of individual to be contacted, 

ADDRESS: (Mailing address of your personnel office, 

ORGANIZATION:( Firm, Company, Government Agency or Institution, 

TYPE AND NUMBER OF STUDENTS SOUGHT: Electronics Avionics 

Technician Computer Science Other: Draftsman, etc.( 

r-Aig 
'SY 

3i1, 79 

Note Last date coupons can be accepted for this year's student mailings is 4/6/79 
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 The 
E ineer's 

Systems Engrs. 
Data Processing 
Electronics 
Salaries to $46.000 
Manufacturing Emirs. 
ECM Engrs. 
Tool Design Engrs. 
Air Traffic Contr!. Syst. Engrs. 
Rotating Devices Engrs, 
Thermometric Engrs. 
Digital CKT Design Engrs. 
Power Systems Engrs. 
Sr. Military Systems Engrs. 
Field Engrs.(Electronic Equip 
Digital Systems Engrs. 
Production Control 
Programmers/Mgrs. 
GA and/or QC Engrs. 
Technicians 
Companies Assume Our Fees 
Submit Resume, Call or Visit 
THE ENGINEER'S INDEX 
33 Federal Street, Suite 701 

Boston, Massachusetts 02110 
Telephone (6171482-2800 

POSITIONS VACANT 

Electrical Engineer/Instructor — 
Qualifications: Electrical Engineer. 
Bachelor's Degree. Master's Degree 
preferred. Three years of applied 
experience in the design or applica-
tion of engineering principles on 
electronic equipment or equal. Solid 
state and computer background as 
they relate to the communications 
field is desirable. Salary range: de-
pending upon training and 
experience. To apply send resume. 
transcripts and salary requirements 
in confidence to: Edward R. 
Maclosky. Springfield Technical Com-
munity College. One Armory Square. 
Springfield, NIA 01105. An Equal Op-
portunity Employer. 

Electrical Engineer/Instructor — 
Qualifications: Electrical Engineer, 
Bachelor's Degree, Master's Degree 
preferred. Three years of applied 
experience in the application, design 
or maintenance of electrical power. 
Control equipment, motor controls, 
or similar current consuming devices 
is required. Solid state and logic 
systems as they apply to electrical 
controls are desirable. Salary range: 
depending upon training and 
experience. To apply send resume, 
transcripts and salary requirements 
in confidence to: Edward R. 
Maclosky. Springfield Technical Com-
munity College, One Armory Square, 
Springfield, NIA 01105. An Equal Op-
portunity Employer. 

POSITIONS WANTED 

Design Engineering CREI student; 
High grades. Experienced. Resume 
on request. Box 3577. Boulder. CO 
80307. 

BUSINESS OPPORTUNITIES 

How To Earn Money As A Consultant 
(including specimen contracts) $25 
Business Psychology Intl 890/44 
National Press Bldg. Washington, 
D.C. 20045. 

ENGINEERS 
Give Your Career a Leap 
Forward with AMECOM in '79! 

TELECOMMUNICATIONS SYSTEMS 

RF SYSTEMS 
SHIPBOARD COMMUNICATION SYSTEMS 

At AMECOM, the systems division of Litton, we're working 
on the forefront of technology, and we have positions of 
uncommon growth potential for innovative systems 
engineers who want their careers to take a leap forward in 
1979. If you are an analog or digital processing engineer 
with systems or hardware design experience in the RF 
Communications or Telecommunications field, you owe it 
to yourself to investigate super career growth positions at 
levels to $32,600 PLUS. Managerial positions are also 
available. 

Our professional staff addresses state-of-the-art 
technological problems in ELECTRONIC WARFARE, VOICE 
AND DATA SWITCHING and long range point to point 
communications in a thoroughly professional working 
environment. 

AMECOM's modern facilities are located in a pleasant 
college town in Maryland, close to the Chesapeake Bay, still 
only a half hour's drive from the Nation's Capital, providing 
you with a convenient choice of city, suburban, country or 
waterfront living without onerous taxation. 

AMECOM offers excellent compensation and benefits, and 
your opportunity to maximize your professional potential. 
For more information, send your resume including salary 
history in confidence, or better yet, call now COLLECT 
during business hours to: 

I. 

PHILIP T. FOSTER 

(301) 864-5600 
Amecom Division 

LITTON 
SYSTEMS, INC. 
5115 Calvert Rd., College Park, Md. 20740 
An Equal Opportunity Employer M/F 
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Digital 
Voice and 
Signal 
Processing 
A small but growing group needs a 
ground-floor specialist in 
computerized application of digital 
voice. The person we are looking for 
would have in-depth knowledge of all 
current A/D conversion methods, all 
current compression and compaction 
methods,and a strong background in 
digital signal processing. A good 
background in audio and digital 
electronics is desirable. Although well 
versed in all the current research areas 
relating to digital voice, this individual 
must be motivated toward the. 
application of that knowledge to a 
product. 

Our attractive Connecticut location 
offers a quiet New England 
environment with abundant 
recreational opportunities and large 
metropolitan areas within easy reach. 

Unparalleled opportunities for career 
advancement with our rapidly 
expanding group can be investigated 
by sending your resume to: 

Manager, Professional Employment 
Department E31 
Burroughs Corporation 
105 Newtown Road 
Danbury, Connecticut 06810 

An Equal Opportunity Employer M/F 

Burroughs 

ELECTRICAL 
DESIGN 

ENGINEERING 
OPPORTUNITIES 

Join The Search For The 
Technology of Tomorrow 

Gould Ocean Systems is a precision manufacturer 
of high reliability electronic and electromechanical 
devices for use above and below the ocean. To con-
tinue our leadership in this exciting field, we are in-
terested in finding professionals who are capable 
of original thought and constructive imagination in 
the following fields: 

SENIOR ELECTRICAL 
ENGINEER 

To perform circuit analysis and design for hardware/ 
software projects and provide production support. 
Requires a BSEE, supervision skills, and at least 6 
years experience in hardware development and test 
programs. Government contract experience prefer-
red. 

SENIOR ENGINEER 
To perform systems analysis of state-of-the-art high 
specific power systems to be used for various under-
sea propulsion systems. Candidate will generate 
system requirements and oversee design integration 
and evaluation processes. Candidate should pos-
sess a BSEE or MS or PhD in Electrical Engineering 
and have prior experience in Fortran IV and other 
computer aided analysis. 7-10 years previous power 
control engineering experience; 2 of which would 
have encompassed leadership abilities. 

ELECTRICAL ENGINEER 
To perform initial analysis of circuitry leading to 
design fabrication and integration for high specific 
power electric propulsion drive systems. Candidate 
should possess a BS or MS in Electrical Engineering. 
Some previous training in Fortran IV and 2-5 years 
experience in circuit design with solid state high 
power control networks is preferred. 

We provide an excellent starting salary with regular 
performance reviews and an outstanding fringe 
benefit package. Most important, we provide an 
atmosphere where you can earn professional recog-
nition working on a variety of high priority assign-
ments. For additional information and confidential 
consideration, send your resume to: 

GOULD OCEAN SYSTEMS DIVISION 
18901 Euclid Avenue 
Cleveland, Ohio 44117 

An Equal Opportunity Employer, 1.1iFIH 

G 0 U LO 
Ocean Systems Division 

,-PRODUCT ENG. ELECTRONIC ENGINEERS 
E/M Timers $21 K. Nationwide opportunities are available to 
Pathfinder talented & degreed Electronic Engineers 

looking for a career. Reply in confidence to 
P.O. Box 447 Stu Hopard for prompt & confidential 

Commack, NY 11725 SerVICe 

Engineering Recruitment TAFT Personnel Agency 
Nationwide 2 521 5th/43St, NYC 10017 

  212-697-0100   
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POSITIONS VACANT 

Semiconductor Device Modeler Na-
tional Bureau of Standards—The 
Electron Devices Division, NBS, is a 
leader in research on advanced 
measurement technology associated 
with the characterization of ma-
terials, processes, and fabrication 
systems used in the manufacture of 
VLSI components. In conjunction 
with this effort we need creative, in-
novative thinkers to formulate 
mathematical models associated 
with the operation of state-of-the-art 
devices and advanced test structures 
with emphasis on relationships 
between material defects and 
electrical characteristics This posi-
tion allows for in-depth study of the 
problem, freedom to publish results, 
and opportunity to interact freely 
with the semiconductor community. 
The salary is competitive and nego-
tiable depending on individual 
experience. To be considered, send 
your resume a Personal Qualifica-
tions Statement (SF-171) to: De-
borah Raisher, National Bureau of 
Standards, Administration Bldg., 
Room A-123, Wash., D.C. 20234. An 
Equal Opportunity Employer. 

Engineers—discrete, personal, 
reputable national fee paid place-
ment serv. Murkett Assoc. Box 527. 
Montgomery, AL 36101. 

Electrical Engineers and Systems 
Analysts—Expanding programs offer 
stimulating growth opportunities 
with an established research organi-
zation for full-time applied R&D 
engineers having above-average ca-
pabilities and V3S/MSEE degrees. 
Multiple openings in Atlanta and 
Macon locations Work areas include: 
electronic warfare systems analysis, 
computer modeling and simulation, 
operations analysis, systems integra-
tion, etc. Recent Graduates with 
good academic records $15 —24K. 
3-10 Years Appropriate Experience 
to $35K. Excellent fringes include: 
Vacation 21-days first year, plus 
Christmas week and other paid holi-
days. Educational opportunities with 
tuition reimbursement. Opportunities 
for individual publication. U.S. 
Citizenship required. R. P. Zimmer, 
Code E, Engineering Experiment Sta-
tion, Georgia Institute of Technology, 
Atlanta, Georgia 30332. An Equal 
Employment/Education Opportunity 
Employer. 

EMPLOYMENT SERVICES 

Electronic engineering growth posi-
tions with clients located nationally 
Our service is enhanced by the fact 
that I am an EE with 20 years in in• 
dustry and over 10 years in placing 
professionals on an employer fee 
paid basis. Send your resume to Joe 
Torcassi, Director, J Anthony & 
Associates, PO Drawer AD. 
Lynchburg, OH 45142. 513/364-
2305 

RESUMES 

Creative Job Hunting. Creativity in 
job hunting and resume writing is so 
rarely shown that it can really entice 
a prospective employer . Inject a little 
creativity into your resume and job 
seeking efforts to get that really 
prized possission. For your copy of 
"Creative Job Seeking' send $3.00 
payable to: CHJ-1 Route 3, Box 45 
Hayden Lake, Idaho 83835. 

At AMECOM... 
innovation starts with your ideas. 

And ideas 
are what were all about. 

We've earned international recognition for 
our breakthroughs in state-of-the-art 
electronic warfare and advanced 
telecommunications. If you're a creative 
professional who thrives on fresh ideas, 
take time now and start a professional 
conversation with us. 

We're looking for people who like to think, 
and we give them time to develop 
productive thoughts to their fullest 
potential. We specialize in solutions to 
hard problems, the kind of solutions that 
come from innovative ideas. 

Positions of uncommon potential exist now 
in these areas: 

ANALOG OR DIGITAL PROCESSING 
• LSI application 
• High speed data conversion 
• Power supplies 

TELECOMMUNICATIONS SYSTEMS 
DESIGN 
• Advanced digital subsystems including 
TDM 
• RF and analog subsystems including 
frequency synthesis and FDM 
techniques 
• Microprocessors and related real-time 
operating systems software 
• Voice switching systems 

I.. 

WARFARE SYSTEMS 
• State-of-the-art ESM/ECM 
• Signal processing 

ELECTRONIC WARFARE 
PROCESSING — HARDWARE 
• Microwave subsystem design 
• Circuit design — RF, video, analog, high 
speed AID converters 
• EW digital subsystem design — signal 
sorting, microprocessors/microcontroller 
design, computer interfacing 

RF 
• Microwave communications and 
receiving systems 
• High sensitivity DF receivers 
• Solid state microwave component 
design 

Besides excellent compensation, benefits 
and a creative professional environment, 
were located in a pleasant Maryland 
suburb with your choice of city, mountain 
or water living and recreation. 

Call or write Bill McAmis (301) 864-5600 

Amecom Division, 
LITTON SYSTEMS, INC. 
5115 Calvert Road, College Park, MD 
20740 
An equal opportunity employer M/F/H. 

Amecom Division 

LITTON 
SYSTEMS, INC. 
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SEMICONDUC'TOR 
TECHNOLOGIST 

LsonsI 
Sperry Univac, a leader in the computer 
industry has on immediate requirement 
for a semiconductor technologist. The 
successful candidate will plan and in-
vestigate technologies for the design of 
very large scale integrated circuits for 
use in future computing systems. 

Research disciplines will include both 
Silicone and Gallium Arsenide materials, 
multilayer metalization systems, opera-
tion at cryogenic temperatures, sub-
micron lithography, and design automa-
tion considerations. 

Applicants should possess on MS or PhD 
in Physics, or a related field and should 
have a thorough familiarization with 
device physics. 

Interested candidates please reply with 
a detailed resume, Including salary re-
quirements to R.A. Pagano, Sperry 
Univac, P.O. I3ox 500, Blue Bell, Pa. 
19424. Sperry Univac is a division of 
Sperry Rand Corporation. 

E N I VAC 
COMPUTER SYSTEMS 

"MAKING MACHINES DO MORE 
SO THAT MAN CAN DO MORE" 

An Equal Opportunity Employer. m/f/v/h 

(FLIGHT TEST 
DATA SYSTEMk 

McDonnell Aircraft 
Company has immediate 
openings in Flight Test Data 
Systems associated with the 
collection processing and 
presentation of Flight Test 
Data. 

• Technical Specialist 
To direct the software 
development of 
minicomputer systems. 
M.S. in computer science 
with E.E. basis. 
Familiarity with 
minicomputer operating 
systems, assemblers, and 
source file management, 
and the ability to deal 
with system hardware as 
well as software are 
required. 

• Senior Programmer 
and Programmer — To 
write or direct the writing 
of minicomputer 
applications for Raytheon 
RDS-500, Data General 
Nova and H.P. Scientific 
Minicomputers. 
Experience with afore-
mentioned systems is 
desirable but not 
required. M.S. or B.S. in 
E.E., Computer Science 
major. 3-5 years 
experience in 
minicomputer 
programming preferred. 

Please send your resume in 
confidence to: 

W. B. Kellenberger 
Section Manager, 
Professional Employment 

(62-2A) 
Department E-03 
P.O. Box 516 
St. Louis, Missouri 63166 

MC 011 ..... OCIIJO• AO C 

 )II k........  .........., 

Would 
you hire 
an engineer 
who 
couldn't 
understand 
this 
magazine? 

Of course not. ELECTRONICS is 
the technical publication for 
technical people. If they can't 
understand it, they can't receive 
it. That's why, when you're look-
ing for qualified engineers, you 
should consider our Classified 
Section. 

For only $46.00 per inch your 
recruitment advertising will 
reach 46.000 pre-screened en-
gineers—that's just $1 per thou-
sand'—as they're reading to 
combat job obsolescence, while 
they're thinking about their 
future and bettering themselves. 

There's no charge for type-
setting and free layout service is 
provided. 

For more lnformation call or 
write: 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-2556 
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Van Berkel's Patent is een 
vooraanstaand producent van kwalitatief 
hoogwaardige- en technisch geavanceerde 
weeg- en etiketteerapparatuur, snijmachines 
en koelmeubelen met wereldwijd gespreide 
ontwikkelings-, produktie-, verkoop- en 
service activiteiten. 

Binnen de Berkel organisatie, welke is opgesplitst in produktgroepen is 
de afdeling Research and Development verantwoordelijk voor de ontwikkeling 
van produkten en technologieën. Deze ontwikkelingswerkzaamheden worden 
uitgevoerd in een projectgerichte, recentelijk ingevoerde matrix-organisatie. 

Voor de centrale R&D afdeling te Leidschendam, voorstad van Den Haag, 
Nederland, zoeken wij thans 

ervaren 
project managers 
welke voor de produktgroepen, 
- elektronische toonbankschalen & etiketteerapparatuur 
- industriéle weegapparatuur en -systemen, 
de verantwoording dragen van alle "design". 
Zij zullen daarbij rechtstreeks aan de directeur R&D rapporteren en samen-
werken met afdelingshoofden met wie zij in de organisatie op één lijn staan. 

Een ingenieursopleiding (TH) elektronika, alsmede een zeer ruime ervaring 
in projectmanagement in een vergelijkbare industrie zijn voor deze functie 
vereist. Een goede beheersing van de Engelse taal is noodzakelijk, terwijI 
ook de Duitse taal geen problemen mag opleveren. 

Kandidaten moeten in staat zijn ontwikkelingswerkzaamheden in 
verschillende landen op efficiënte wijze te codrdineren. Zij moeten daartoe 
tevens bereid zijn in voorkomende gevallen buitenlandse vestigingen te 
bezoeken. 

Uw schriftelijke sollicitatie met curriculum vitae en met opgave van 
huidig salaris kunt u richten aan de directeur R & D, postbus 20, 
2260 AA Leidschendam, Nederland. Interviews kunnen worden gehouden 
op onze vestiging in Laporte, Indiana, USA. Reiskosten worden 
vanzelfsprekend vergoed, evenals verhuiskosten bij indiensttreding. 

BERKEL M & D B.V. 
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Articles 
 R-901 1979 world market survey and 

forecast 24 pp $4.00 
 R-829 Special report: New networks tie 

down distributed processing 
concepts 16 pp $3.00 

 R-827 Tacklinq the very large-scalp 

problems of VLSI: a special 

report 15 pp $3.00 
 R-825 1978 technology update special 

issue $4.00 
 R-821 Codecs answer the call 18 pp 

$4.00 
 R-817 How bit-slice families compare 

18 pp $3.00 

 R-816 Packaging technology responds 
to the demand for higher densi-

ties 9 pp $3.00 
 R-815 Higher power ratings extend V-

MOS FETs' dominion 8 pp $2.00 
 R-813 Data-link control chips: bringing 

order to data protocols 10 pp 
$3.00 

 R-811 Multiplexing liquid-crystal dis-

plays 10 pp $3.00 
- R-809 New methods and materials stir 

up printed wiring 10 pp $3.00 

 R-807 Here come the big, new 64-K 
ROMs 14 pp $3.00 

- R-805 Why and how users test micro-
processors 8 pp $3.00 

 R-801 World market report 1978 24 pp 

$4.00 
 R-734 Microcomputer families expand 

20 pp $4.00 
 R-730 Special report— Automotive 

electronics gets the green light 
10 pp $3.00 

- R-728 Flexible circuits bend to design-

ers' will 10 pp $3.00 
 R-724 Special report —Technologies 

squeeze more performance from 

LSI 22 pp $3.00 

Charts 
 R-823 Communications satellites $3.00 

R-516 Electronic symbols $2.00 
 R-213 Electromagnetic spectrum (up-

dated 1976) $3.00 
 R-326 Optical spectrum (6-page report 

and chart) $3.00 

Payment must 
accompany your order 

Make check or money order payable to Elec-

tronics Reprints. All orders are shipped 

prepaid by parcel post. Allow two to three 
weeks for delivery. For additional information 
call (609) 448-1700 ext. 5494. 

Mail your order to: 
Janice Austin 

ELECTRONICS REPRINTS 

P.O. Box 669 

Hightstown, N.J. 08520 
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4 times larger than life 

A breakthrough in wet tantalum capacitor capability 
This unique product eliminates the primary problem 
inherent in silver cased wet tantalum capacitors 
namely, the interaction between the silver case and the 
electrolyte. The Puritan Type AT all tantalum capacitor 
offers a far better capacitance stability and lower 

Tansitor PuriTati capacitors 

E.S.R., and a higher ripple current handling capability 
than its silver cased counterpart. Moreover, Puritan has 
a reverse voltage capability of 3 V. d.c. at 85°C. 
Capacitance range 2-5 to 1 200 mfd ; 6 to 100 Volt. 
Write or 'phone for further data. 

Tansitor Electronics, Inc. 
West Road, P.O. Box 230, Bennington, 
Vermont 05201 Phone : (802) 442-5473 
TWX : (710) 360-1782 
Tansitor - reliable in so many ways 

Circle 240 on reader service card 

SUPER MINIATURE 
Neon Glow Lamps 

Circuits Volts AC 105-125 
Series Resistance  I 50K52 
Nominal Current 0.3mA 
Total Flux    20mIm MIN. 

Average Life Hours • •• 30.000 

CLEAR-GREEN 
Fluorescent 

Circuit Volts  

Glow Lamps 

AC crDC 105-125 
Series Resistance  33KS2 
Nominal Current  I.6mA 
Total Flux(MIN.)   AC:120m1m.DC:130mIrn 
Avg. Life Hours   AC:30.000 DC:40.000 

Dimension: mm 
_3. 
• 

Circuit Volts 
Series Resistace 
Nominal Current 
Total Flux   
Avg. Life Hours 

AC 105-125 
27KS2 
1 5mA 
90m1m MIN 
20.000 

• MAIN PRODUCT 
NEON GLOW LAMP. XENON FLASH LAMP, 
RARE GAS. DISCHARGE LAMP. 
MINIATURE: BLACK-LIGHT, UV-LIGHT, 

FLUORESCENT COLOR-LIGHT 

NL 8S 

NL-35 G 

1 
22ntm 

NL-2 1 G 

ELEVAM ELECTRONIC TUBE CO., LTD. 
NO 17-8 CHUO 2-CHOME OTA-KU. TOKYO JAPAN 

TELEPHONE 03(774)1231 5 

EXPORT DIVISION : JAPAN NANOTRONIX CO.. LTD. 
on-Ku luKyo. rELEpitoNE 03 J775-4811 TELEX 246-6583 JNANOX 

7208 COUNTER ••••.• N 

WHERE ELSE 
BUT DAVIS ? k 

Ej CUD ER 
• 

600 MHz Mini Counter 
at 149/ 

All Davis Frequency Counters deliver highest quality at 
low cost. But Series 7200 plug-in or battery-powered 
Mini Counters are truly minimal cost, general purpose 
instruments that sacrifice no basic performance char-
acteristics. No other counter offers such superior fea-
tures at Mini Counters' prices. One year warranty on 
assembled units, 90-day on kit components. 
2 MODELS: Kit $149.95 Assembled $199.95 

• All Metal Cabinet • 115 V or 12 V operation 
• 8 Digit .4" LED Display • Selectable Gate Times, .1 & 1 sec. 

• Crystal Time Base (1 ppm after cal.) 
OPTIONS: Portable w/Ni-Cad Battery (Built-in Charger) $39.95 

Crystal Oven (1 ppm 10 to 50°C) $39.95 Handle $5.00 

Order direct from factory. Add $3.00 for shipping, $1.00 extra 
for C.O.D., and 7% sales tax in N.Y. State. Payment by certified 
check, money order, Master Charge, VISA. Credit-rated company 
P.O. accepted. Money back guarantee if returned in good con-
dition in 10 days. Kits returnable only unassembled. 

For more information, request FREE DESCRIPTIVE LITERATURE, 
or for in-depth preview, send $3.00 for 32-page INSTRUCTION 
MANUAL. Detailed, illustrated. Credited against purchase of 
either unit. 

DISTRIBUTOR INQUIRIES INVITED 

Affordable quality is the Davis difference. 

DAVIS ELECTRONICS 
636 Sheridan Drive, Tonawanda. N.Y. 14150 • 716/874-5848 

240 Circle 256 on reader service card 
Circle 264 on reader service card 



Electronics 
Reader Service 
For additional information 
on products advertised, 
new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
interested. 

To aid the manufacturer in filling your 
request, please answer the three 
questions. 

All inquiries from outside the U.S. that 
cannot reach Electronics before the 
expiration date noted on the Reader 
Service postcard must be mailed 
directly to the manufacturer. The 
manufacturer assumes all respon-
sibilities for responding to inquiries. 

Subscriptions &Renewals 
Fill in the subscription card adjoining 
this card. Electronics will bill you at 
the address indicated on the card. 
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March 1, 1979 This reader service card expires June 1, 1979 
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Electronics 
NAME   

PHONE   

STREET ADDRESS (company o or noi,..12 une) 

  TITLE   

COMPANY   

CITY   STATE  
Was Tirs Alagavne Personally Addressed to You", 0 Yes 0 No 

Industry classification (check one): 
a CI Computer & Related Equipment e El Test & Measuring Equipment 
b D Communications Equipment & Systems f 0 Consumer Products 
C C Navigation, Guidance or Control Systems g O Industrial Controls & Equipment 
d El Aerospace, Underseas Ground Support h C Components & Subassemblies 

ZIP 

I Ill Independent R&D Organizations 
k D Government 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
x E I do electroi:ic design or development engineering work. t D Management 
y D I supervise electronic design or development engineering work. V 0 Engineering z D I set standards for, or evaluate electronic components, systems and materials. 

Estimate number of employees (at this location): 1.0 under 20 2.0 20-99 3. 0 100-999 4. ID over 1000 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 
5 20 35 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 

6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 
8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 
10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 

11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 
14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 
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NAME     TITLE 

PHONE (   I  COMPANY  

STREET ADDRESS (Company O or home 0 check one)   

CITY   STATE 
Was TNs Magavne Personally Addressed tO YOu/ 0 Yes 0 No 

Industry classification (check one): 
a 11 Computer & Related Equipment 
b D Communications Equipment & Systems 
C [1 Navigation, Guidance or Control Systems 
d CI Aerospace, Underseas Ground Support 

e D Test & Measuring Equipment 
f D Consumer Products 
g D Industrial Controls & Equipment 
h 0 Components & Subassemblies 

Your design function (check each letter that applies): 
X D I do electronic design or development engineering work. 
y C I supervise electronic design or development engineering work. 
z C I set standards for, or evaluate electronic components, systems and materials. 

ZIP   

j 0 Independent R&D Organizations 
k D Government 

Your principal job responsibility (check one) 
t El Management 
0 Engineering 

Estimate number of employees (at this location): 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 
5 20 4 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 

6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 
8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 

10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 
11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 
14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 

1. D under 20 2.0 20-99 3. 0 100-999 4. C over 1000 
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you may obtain the needed information 

by writing directly to the manufacturer, 

or by sending your name and address, 

plus the Reader Service number and issue date, 

to Electronics Reader Service Department, 

P.O. Box No. 2530, Clinton, Iowa 52734. 
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The Power Elite 
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ENI truly is the Power Elite. In 
fact, when you want the ultimate 
in power flexibility, there's simply 
nothing finer in all the world. 
And our instrumentation can meet 
all your application needs, for RF 
signal generator amplification. 
RFI /EMI testing. signal distri-
bution. RF or data transmission. 
NMR/ENDOR, ultrasonics and 
more. 

ENI's selection of Class A 
power amplifiers is unsurpassed. 
combining a frequency spectrum 
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of 10 kHz to 1 GHz with power 
outputs that range from 300 
milliwatts to over 4.000 watts. 
Rugged. compact and versatile. 
these power amplifiers can 
be driven by virtually any signal 
source. They're completely 
broadband and untuned. ampli-
fying inputs of AM. FM, TV. SSB 
and pulse modulations with 
minimum distortion. The uncon-
ditional stability and failsafe 
design make them impervious to 
severe load conditions (open or 

11.4eur NI 

short circuit), circuit). delivering their 
rated power to any load, regard-
less of match. 

Clearly, when it comes to 
meeting your power amplification 
needs. ENI is in a class by itself. 

For detailed technical specifi-
cations, a demonstration or our 
latest full-line catalog, write: 
ENI. 3000 Winton Road South. 
Rochester. New York 14623. 
Call (716) 473-6900. or Telex 
97-8283 ENI ROC. 

The World's Leader in Power Amplifiers Circle 901 on reader service card 



Find Your Trimmer 
Application Here... 

Model 7102B Model 7103C Mode, 71040 Model 7105A Model 7125B Model 7106B Model 7126C Model 7107C Model 710 

And incorporate trimmers and resistors 
in a single WIFTpackage! 

All trimmer applications require a fixed resistor or 
resistors to either divide a voltage or limit a current. 
The revolutionary MFT trimmer/resistor package, 
pioneered by Boums, combines cermet trimmers and 
fixed resistors into a single JEDEC DIP package. 
More than just a DIP trimmer, the MFT trimmer/ 
resistor contains the total trimmer circuit in one 
DIP package. 

Nine different MFT trimmer/resistor models, 
available in a broad range of resistance values, 
provide both multi-trimmer versions and various 
combinations of fixed resistors and trimmers that 
will satisfy almost any trimmer application. 

Increased Reliability — Fewer PC board 
connections and pre-tested circuitry provide increased 

MFT trimmers/resistors are manufactured 
simultaneously on a common substrate, resulting 
in better temperature tracking than discrete 
components. Standard tempco tracking is 5OppmrC 
at —55`C to +125°C. 

Saves Time, Space and Money — Auto- or 
hand-insertion of one component instead of many; 
less components to purchase, stock and handle; 
simplified circuit design; and less PC board space 
required. A multitude of advantages means 
increased productivity and lower on-board cost. 

Worldwide Availability — MFT trimmers/resistors 
are now available throughout the world from Boums 
authorized representatives, distributors and 
international marketing affiliates. 

For new applications, or your next generation of 
design, join the growing number of engineers who 
are specifying MFT trimmers/resistors. Call or 
write today for your MFT catalog. Or, see the EEM 
directory (Volume 2, pages 3791— 3801). 

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 
1200 Columbia Avenue, Riverside, CA 92507. 
Phone: 714 781-5204. NA: 910 332-1252. 

European Headquarters: Boums AG, Zugerstrasse 74 6340 Baar, 
Switzerland. Phone: 042 33 33 33. Te:ex: 78722. 

SALES 0,--"FICES: Ariz. 602 257-9015 • Calif. 213 582-6391. 408 377.5740 • Colo. 303 751-2600 • Fla. 305 771-6501 • 
Ga. 4:34 393-9880 • III 312 255-1903 • Ind. 317 844-8462 • Md. 301 247-0400 • Mass. 617 237-6730 • Mich. 313 882-
1717 • Minn. 612 835-2252 • Mo. 816 358-8100 • N.J. 609 933-2600 • N.M. 505 296-0749 • N.V. 516 271-3500 607 
272-2187 • Ohio 216 659-3131 • lea. 214 233-5591 • Wash. 206 285-1300 • Canada 514 487-3434, 416 638-5511. 

For !rnmecliate Application—Circle 120 For Future Application—Circle 220 


