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AMI-The Company 
With a Facility for MOS-Everywhere 
Our expertise can be yours wherever you are - even faster than be­
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tomers - some of our devices even replace mechanical parts. Y ou'Jl 
see when you visit any one of our plants. Find out for yourself. You 
too can be ahead of your competition. 
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... Definitions, principles of 
operation , load connection, 
remote programming, perfor­
mance measurements ... it's 
all here and more in this 140 
page Power Supply Handbook 
... yours for the asking. Write 
for your copy. 

PLUS ... A NEW 
Power Supply 
Selection Guide ... 
This 36 page selection guide lists 
over 100 power supplies and makes 
it easy to find and select the right 
one for your specific application . . . 
Includes ratings, performance, fea­
tures , prices, options, etc. For Your 
Copy Check Number 320. 

HEWLETT~iPACKARD 
POWER SUPPLIES 

100 Locust Avenue, Berkeley Heights New Jersey 07922 • (201) 464-1234 
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Disaster always strikes at the 
wrong time. For a reporter about 

the worst time for any personal ca­
tastrophe is when he has a heavy 
schedule of interviews set up. Our 
Los Angeles bureau chief, Larry 
Curran, was all set to start report­
ing the in-depth story on computer­
aided design that leads off the 
Probing the ews section (p. 93) 
when he broke his ankle. He says it 
happened in a "stupid fall" at 
home. Crutches were issued, the 
cast went on, and so did Curran­
to get the latest word on how the 
CAD world is evolving and to ex­
plain countless times that he hadn' t 
been skiing when he suffered his 
injury. 

Curran's story updates and ex­
pands the special report he did for 
Electronics way back in the Oct. 
13, 1969, issue. That's only a little 
over a year ago, but a lot has hap­
pened in the field since then. For 
one, Curran reports, contrary to 
the "early" days of CAD, far more 
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About this issue 

emphasis is placed on the word 
"aided." It turns out that the lm­
man designer is still more skillful 
at manipulating circuit elements 
than is a computer program. That's 
the feeling of seven out of the eight 
leading semiconductor houses us­
ing CAD that were covered by Cur­
ran and by Paul Franson, who filed 
the Texas Instruments ' side of the 
CAD story from Dallas . 

Last month marked the fourth 
anniversary of Curran's move to 
Electronics from Washington-based 
Missiles and Rockets magazine, 
where he was assistant managing 
editor. This month marks his 
eleventh year in business journal­
ism. He 'is a graduate of Washing­
ton and Jefferson College, Wash­
ington, Pa. 

After covering more than 1,000 
miles on crutches to get the CAD 
story-if you count planes and cars 
-Curran says, "It was a nice 
change to have women open doors 
in deference to my gimpy leg." 
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SOLID TANTALUM CAPACITORS 

RIGHT ON THE MONEY 

FOR PRINTED WIRING BOARDS 

IN INDUSTRIAL, COMMERCIAL, 

AND ENTERTAINMENT 

ELECTRONICS 

Sprague Type 196D Dipped Solid-Electrolyte 

Tan ta lex® Capacitors cool the performance/budget 

argument. Newly broadened line-now available 

in all popular 10% decade values between 0.1 µF 

and 330 µF. Voltage range: 4 to 50 vdc. Hard insu­

lating resin coating is highly resistant to moisture and 

mechanical damage. Straight or crimped, long or 
short leads. Operate to 125 C with only Y3 voltage 

derating. Write for Engineering Bulletin 3545A. 

Technical Literature Service...--------...... ......, 
Sprague Electric Company 
35 Marshall Street 
North Adams, Mass. 01247 SPRAGUE ~ 

THE MARK OF RELIABILITY 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
'4 S M·0139 
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How To Solve Your Power 
Supply Problem In 24 Hours 

400~ to DC 
Model Wl50 

Size 21/2" x 3112" x 31/2'' 
Output 15 voe at 2.5 amps 

DC to 400~ 
Model S30 

Size 2% " x 3" x 4" 
Output 115 VAe at 30 VA 

Abbott h as four new lines of hi -perform­
ance p ower supply mod ules. Most of the 
popular voltages are carried in stock for 
shipment within 24 hours from receipt of 
o rd er. All types of converters a rc ava ilable 
with a ny output voltage you nce<l from 5 
to 3,500 VDC-an<l DC to 400 H z in­
verters, with either 1 s; or 3 </> outp uts. 

400 Hz to DC 
D esigned especially for 400 Hz input, th ese 
hi-performance converters fea ture close 
regula tion (± 0.05%), low ripple (0.02lt), 
automatic short c ircuit protection, com­
plementary ovcrvoltage protection a nd 
will meet the elctromagnetic interfe rence 
requirements of \IIL-STD-461. Popular 
sizes are in stock for immediate delivery . 

DC to 400 Hz 
These small lightweight in verters change 
28 VDC to 115 Volts 400 H ertz at operat­
ing temperatures of l00°C a t base plate. 
Six power ra tings between .5 and 120 

28 voe to oc 
Model e280 

Size 23.4" x 31/s " x 3%" 
Output 28 voe at 1.8 amps 

60 P.:::7 to DC 
Model R5S 

Size 61/2" x 4" x 7112" 
Output 5 VOC at 5 amps 

watts arc ava ilable as well as frequencies 
of 400, 800, 1200 or 1600 Hertz and 11 5 
or 27 volts output . Popular sizes are in 
stock for immediate delivery . 

28 voe to oc 
These hi-perfo rmance conYerters change 
28 voe to any voltage between 5 and 
100 VDC. They featnre close regulation 
( ± 0 .0Slt ), low peak to pl'ak rippl e of 
less th an .50 millivolts and electromag­
netic interfe rence protec tion to meet the 
requi rements of \llL-STD--I Gl. Popular 
voltages are in stock for immediate delivery . 

60 Hz to DC 
Hi ghl y d epen d a bl e, th ese co n vect io n 
cooled p ower sup pli l'S have output nilt­
agcs from 5 to JOO \' DC. Thl'y feature 
close regulation ( ± 0 .051: ), low ri ppl e· 
( 0 .02%), operation at 1600 F ambient and 
minimum size and weight . Popular volt­
ages are in stock for immediate delivery. 

Please see pages 930 to 949 of your 1970-71 EEM (ELECTRONIC ENGINEERS MASTER Ca talog ) 
for complete information on Abbott mo du le s. 

Send for o ur new 68 page FREE catalog. 

abbott transistor 
LABORATORIES , 
5200 W. Jefferson Blvd./ los Angeles 90016 
(2 13) 936-8185 Cable ABTLABS 

6 Circle 6 on reader service card 

N COR P O RA T ED 
1224 Anderson Ave./Fort lee, N.J . 07024 

(201) 224-6900 

Readers comment 

More on ARTS 

To the Editor: Overall, the article, 
"Budget shortages stall ARTS 3 im­
plementation" [Nov. 23, 1970, p . 
87] , correctly reflects our sihiation, 
wherein resource shortages have 
kept us from making the progress 
that is needed to keep pace with 
air traffic growth. However, I be­
lieve that a portion of the article 
was based on a misunderstanding 
of my discussions with Jim Hard­
castle, or perhaps it stemmed from 
information he received from an­
other source. 

I stated that ARTS was a great 
technical challenge in that it re­
quired display of primary and sec­
ondary data, as well as high-speed 
writing of characters during radar 
system dead time. I indicated thai: 
this challenge had been met by 
Texas Instruments; that it is to 
TI' s credit t11at the production engi­
neering problems have been largely 
resolved, with the remaining few 
to be concluded shortly, even 
though the cost may have been 
greater than originally anticipated. 
I also indicated that one of the 
strengths of the system's contract 
was that Univac and TI pursued the 
problems involved and resolved 
them with minimum effort on the 
part of the FAA-an advantage of 
doing business with companies of 
their stah1re. 

I also noted an error in the box 
on "The art of ARTS." I believe 
that the display subsystem of the 
original ARTS prototype at Atlanta 
has been confused with the ARTS 
3 production system. The Atlanta 
configuration uses the TV scan as 
reflected in the article, whereas 
the TI subsystem operates in a nor­
mal rho/theta manner with brighter 
output and alphanumeric characters 
written during radar dead time. 

As a matter of overall informa­
tion, we consider the ARTS 3 pro­
duction, installation, and imple­
mentation program to be moving 
along satisfactorily. 

John C. Mercer 
Systems Research and 

Development Service 
Federal Aviation Administration 
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Enroll now in the 
Magnetics Technology 
Center 

1'·· 1? 
t 



Magnetics introduces a post-grad center that keeps you 
up to date on the state of the art in magnetic materials. 
No campus; no fee; texts free. You learn on your own time. 

We don't pretend to be scholars 
behind ivy-covered walls. We are a 
group of inquisitive specialists 
with interests in electronics, elec­
trical engineering, physics, metal­
lurgy and related fields. We work 
with low and high permeability 
magnetics, ferrites and photo-chem­
ically machined metals. Some of us 
have spent over 20 years here at 

our programs to your needs. 
As an enrollee in the Magnetics 

Technology Center you will re­
ceive without obligation a con­
tinuing flow of printed material. 
You may have received some of this 
in previous years, but the bulk will 
be new material developed espe­
cially for our Center. Among the 
items: 

No campus. Merely fill out and 
mail the coupon. 
MAGNETICS, Magnetics Tech­
nology Center, Dept. EL-106, Box 
391, Butler, Pennsylvania 16001 

Magnetics developing theories and l) Magnetics Technology Center 
putting them to practical use. Study Courses on such subjects as: 

Now we'd like to share with you 
what we've learned-through a cur­
riculum that no undergraduate 
school to our knowledge now of­
fers. (Sure, we have another pur­
pose. We believe that as people 
learn what our products can do, the 
more these products will be used in 
future commercial applications. If 
today we give you the kind of in­
formation that will help you do a 
better job, it seems reasonable to 
assume you may give us an order 
someday.) 

So we invite you to enroll now in 
our newly created Magnetics Tech­
nology Center . It exists as a reposi­
tory of what is known about 
magnetic materials. It intends to 
spread this knowledge freely-and 
broadly. It seeks engineers inter­
ested in learning more about this 
field. It welcomes both recent grad­
uates and those who have been in­
volved in design and application 
for some time. We intend to gear 

• Ferrites versus magnetic mate­
rials 

• Photo-chemically machined parts 
•Reducing magnetic circuit size 

and response time 
• Ferrites in transformer design 
• Proper selection of cores for 

saturating transformers 

2) Magnetics Technology Center 
Data Bank Files for designers of 
chokes, coils, inductors, filters, 
magnetic amplifiers, converter-in­
verter transformers and electronic 
transformers 

3) Magnetics Technology Center 
news, at regular intervals, on ad­
vances in magnetic materials, ap­
plications, etc. 

4) Magnetics Technology Center 
Annual Bibliography of important 
papers and articles on magnetic 
science technology 

Enroll now. No tuition. No tests. 

To enroll, clip this and mail today. 

How do we qualify to 
institute this Center? 
• We developed the 550 Mu Flake 

Core, an industry first, that allows 
miniaturization without excessive cir­
cuit losses 

• We tightened up industry inductance 
tolerances for powder cores. Twelve 
years ago the accepted tolerance 
was as high as ±22%. We went 
to ± 8% and others followed 

• We established ourselves as the only 
approved source of bobbin cores for 
the Apollo program 
We patented a one-piece powder 
core die to increase production and 
help make a more uniform product 

• We developed linear inductance­
temperature characteristics in pow­
der cores 

• We stabilized miniature cores for in­
ductance changes with temperature 

• We developed a guaranteed volt­
age breakdown finish for tape and 
bobbin cores, eliminating the need 
for taping 

• We developed our own powder 
metallurgy techniques and produc­
ing facilities to gain stricter control 
of magnetic core properties 

• We tightened limits or standards on 
tape wound cores and set limits on 
other cores where no industrial 
standards were in place 

r------------------------------------------------------, 
MAGNETICS, Magnetics Technology Center, Dept. EL- 106, Box 391, Butler, Pennsylvania 16001 

Please enroll me in the Magnetics Technology Center and 
forward all curriculum materials, free of charge, to: 

Name ____ ________________ _ 

Title or Function _ _ ______________ _ 

Field of Interest and / or Product Now Working On ___ _ 

Specific Subjects You Would Like Us to Include in the Cur-

riculum ____________________ _ 

Degree ________ School ______ Year __ _ 

Firm Name--------------- -----

Address-------- ---------- - --

City _________ State _____ Zip ____ _ 

Your associates may wish to enroll also. Have them furnish 
the above information on their company letterhead and 
send it to us. We need this data to assist us in selecting your 
curriculum. I 

I 
------------------------------------------------------~ 
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IF we design them right, 
you can Forget about us. 

Are you thinking about 
your integrated circuit sup­
plier more than you want to? 

Do you get parts that don't 
even meet their own data 
sheet specs? Do you have 
parts that stop working when 
it gets hot or cold or later? 
Do you discover IC logic 
anomalies after they're in 
your equipment? 

Then you might think 
about us: 

Our logic designers and 
circuit designers and process 
guys actually talk to each 
other. 

We don't copy products. We 
second source functions. 
Every product we make 
gets redesigned. 

Everything we make is 
MIL STD 883 because we 
want it that way. 

And we don't announce 
products that aren't in stock 
at Hamilton/ Avnet. 
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They're 25o/0 faster. Add 4 
bits in 19ns. Add 16 bits in 
31ns. Or do any of sixteen 
logic operations in 19ns. 

They're the only ones in 
Flat Pak and in silicone 
and hermetic DIP. And the 
only ones with full mil 
temperature range. 

Our arithmetic logic unit 
(Am54/74181) and its 
companion look-ahead carry 
generator (Am54/74182) 
are pin-for-pin replacements 
for the SN7 4181, the 
SN7 4182, and the forthcoming 
9341 and 9342. · 

For more information, 
circle Bingo Card 301. 

So, if you're thinking about 
your integrated circuit 
source more than you want 
to, think about us. 

Just once. 

Advanced Micro Devices1 lnc.l1 
Telephone : 800-538-7904 toll free, and ask for Shel Schumaker. In California ca l l 408-732-2400. In Los Angeles , call Steve Zelencik at 213-360-2102. 

In the eastern United States, cal l Steve Marks at 212-343-2220. TWX 91 0-339-9280. 901 Thompson Place , Sunnyvale , California 94086. 
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The Dual Plug-In Feature of the 560-Series Oscilloscopes al­
lows conventional Y-T or X-Y displays with either single-trace 
or multi-trace units. The 5648 MOD 121 N (pictured above) pro­
vides stored displays at constant brightness independent of sig­
nal repetition rates. Seven-inch rackmounts are available in this 
family of valued performers. 

5618 .. . . .. .... . .. . $595 5648 MOD 121N .. . $1,250 
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MULTI-TRACE 
Compare time related pulse 
trains using this DC to 10 
MHz, 35-ns risetime plug-in 
with deflection factors from 
10 mV/ div to 10 V/ div. 

Type 3A6 . . . . . . . . $550 

DIFFERENTIAL 
Make differential measure­
ments from DC to 1 MHz with 
10-µV I div deflection factor 
and 100,000:1 common-mode 
rejection ratio . 

Type 3A9 . . . . . . . . $525 

SINGLE-TRACE 
Perform single-trace mea­
surements from DC to 1 MHz 
at deflection factors from 
50 mV to 50 V/ div with this 
low-cost plug-in . 

Type 2A60 .... ... $140 

The Tektronix 560-Series Oscilloscopes have a 
complete selection of plug-ins, permitting you to 
adapt your measurement capabilities to meet your 
changing measurement needs. More than 25 
plug-in units are available covering single chan­
nel, multi-trace, differential, sampling, spectrum 
analysis and other special purpose applications. 
Adapting your measurement capability to meet 
your changing measurement needs is assured. 
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SAMPLING 
Extend your measurement 
capabilities to 14 GHz w ith 
25-ps rise time, in ternal t rig­
gering, dual-trace and inter­
changeable heads. 

Type 3S2 . . . ..... $950 

SPECTRUM ANALYSIS 
Analyze the frequency spec­
trum from 50 Hz to 1 MHz 
with calibrated dispersion 
and calibrated deflection fac­
tors. 

Type 3L5 . .. .... $1125 

TYPE 3C66 CARFlfl:.R AMPL.JFIER 

i
"'""'. "aR•OGE9A<-ANi·E· . • 

[:"_;~< ,._.• _ _6 C •P•C:ll"1<1<:E 

...... 
n 

....... ... c 

-.n ,..,.,. "''':'""' ~•·•ON 

FUNf.!ION .. ••'-• .... ., ... ~·~ ·· CARRIER AMPLIFIER 
Measure force, acceleration, 
strain and displacement in 
applications such as stress 
analysis, vibration studies 
and fatigue tests. 

Type 3C66 . . . . . . . $495 

For detailed speci f icat ions contact your local 
Tektronix Field Engineer or write: Tektron ix, Inc., 
P.O. Box 500, Beaverton, Oregon 97005. 

~11 
!~ 

These instruments are available through 
our new Leasing Plan. 

U.S. Sales Pri ces FOB Beaverton, Oregon 

Tektronix, Inc. 
committed to progress in waveform measurement 
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People 

Rosso 

" Instrumentation is often used in 
research-sometimes for a number 
of years-before it finds a place in 
routine diagnostic work in a clinical 
laboratory," Louis Rosso points 
out. And like that instrumentation, 
Rosso himself is making the switch 
from the research to the clinicai 
laboratory. He's the fast manager 
of Beckman Instruments' Clinical 
Instruments division. He comes 
over from the head spot at the com­
pany's Spinco division, which 
manufactures medical research 
equipment. 

Big things are expected from the 
new man and the new division. 
Beckman president William Ball­
haus has already tagged clinical in­
struments as the company's Num­
ber 1 growth area. 

The 31-year-old Rosso sees clin­
ical-chemistry equipment as the 
division's big seller, with most 
growth taking place in automated 
gear and in inexpensive bench top 
equipment that can do single tests 
quickly and simply. 

Rosso' s division also makes 
physiological instrumentation. This 
market has a lot of promise but, 
says Rosso, "is less well defined 
and not growing as fast." As an 
example of the problems, Rosso 
points to his division's efforts to 
sell doctors on the telephone trans-

m1ss10n and computer analysis of 
electrocardiograms. "MDs have to 
want and accept this kind of thing," 
states Rosso. They don't as yet. 
"We're in a gestation period," he 
points out. 

Monitoring equipment is also on 
the division's list of products. How­
ever, the concentration is on the 
relatively new field of infant moni­
toring. Asked why Beckman isn't 
moving into the more es tablished 
field of intensive-care monitoring, 
Rosso puts it succinctly: "We look 
for areas where we can be one of 
the first. " 

"The traditional engineering divi­
sions are becoming more and more 
irrelevant," believes Paul E. Gray, 
38, new dean of the School of Engi­
neering at MIT. "During the last 
two decades engineering has seen 
big-goal-oriented national pro­
grams. Now programs are more 
local, more diffuse, less mission­
oriented-like transportation, envi­
ronmental, and pollution control 
programs. The old disciplines are 
not connected in a one-to-one way 
to the new problems." 

With such views it's not surpris­
ing that Gray was very much 
involved in curriculum reform in 
his former post as associate provost 
and professor of electrical engi­
neering. His main responsibility 
was the coordination and develop­
ment of the undergraduate curric­
ulum, especially the treatment of 
freshman year work as a coherent 
whole. 

Gray feels that the major change 
in education in the past few years 
has been " the focus on the style of 
the educational encounter rather 
than the content." MIT now has 
two school-wide programs which 
emphasize individual research and 
an interdisciplinary approach to 
problems and enroll about 100 
freshmen and sophomores, mainly 
in the School of Science. The ques­
tion of how such programs relate 
to the training of engineers is not 
yet decided, Gray says, but the 
School of Engineering is studying 
the programs to determine whether 
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As the fellow said, it wasn 't the cost of the marriage 
license that did me in , it was the upkeep. Take heart 
friend. ~! . Flu~.~! ~~.~,rY.. :Ye've,51ot a thing about volt­
meters, we think about your return on investment.You 
buy a digital multimeter to improve efficiency (it 's 
faster) and reduce error (it's direct reading). 

But, high efficiency and low error rate don't mean 
much if you 're always re-calibrating; they don 't mean 
much if the instrument falls easy prey to burn-out; they 
don 't mean much if " portable " isn't really portable. 

We thought about you when we designed the 811 OA 
Digital Multimeter. And here are the dividends in time 
and money. 

The Fluke 811 OA is guaranteed to remain within 
specification without recalibration over a broad tem­
perature range for six months. Six month accuracy 
for DC is ±0.01 % . AC and resistance accuracies are 
±0.3% and ±0.02%. 

*Patent pending. 

The Fluke 8110A won't fail when you overload it. 
Take off the overload and your digital multimeter will 
be ready and waiting to make a measurement. 

The Fluke 8110A is truly portable-10 lbs. with bat­
teries. It's reliable. For low power drain and low parts 
count, it uses Fluke's remarkable R2 ' conversion 
technique. 

Price of the Model 811 OA is $850. The rechargeable 
battery option for up to eight hours continuous oper­
ation costs only $100 extra. Other options include 
printer output, RF and high voltage probes, switched 
AC-DC current shunts and a ruggedized case. 

Your nearby Flukeman tells all. If it's more conveni­
ent, contact us directly or circle the bingo number 
below. 

IFLUKEr Fluke, Box 7428, Seattle , Washington 98133. Phone : (206) 774-2211. TWX: 910-449-2850/ 
In Europe, address Fluke Nederland (N. V.) , P. 0. Box 5053, Tilburg , Holland. 
Phone : (04250) 70130. Telex : 884-50237 I In the U. K., address Fluke International Corp., 
Garnett Close, Watford , WD2 4TT. Phone : Watford , 27769. Telex : 934583. 
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A NATIONAL® EXCLUSIVE. 

FULL-POWER 
OPERATION TESTED* 

850A-1700V 
SC Rs 

* Every NL-C501 SCR is tested at full current and volt­
age ratings under a reactive load to validate the critical 
device parameters. No "cheater" circuits are used in 
testing. Only National provides this positive assurance 
of device performance. 

NL-C501 PLUS FACTORS 

® Voltage range up to 1700 V. 

® Double diffused construction to assure repeatable performance 

® Shorted emitter for minimum dv /dt of 100 VIµ sec. 

® Disc construction for either reverse polarity or parallel assembly 

® Also available in factory assembled back-to-back heat sink 

We welcome requests fo r detailed data 
and application assistance. Contact ... 

NATIONAL ELECTRONICS, INC. 
a varian subsidiary 

Geneva, Ill. 60134, phone 312-232-4300 
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they shou1ld be made departmental 
in nature. 

One major area of concern for 
Gray is tight resources, "not just 
for the School of Engineering but 
for universities in general. We must 
use resources in the most efficient 
and most effective way. I see some 
courses on a school-wide rather 
than on a departmental basis." He 
mentions computation, elementary 
thermodynamics and fluid mechan­
ics, and some materials courses as 
subjects that cut across several 
departments. 

For example, at MIT " there are 
five dep artments in transportation, 
none in a majority position," says 
Gray. "One could conceive of a 
division with courses, faculty, and 
sh1dents from several departments. 
The need is clear, but the way to 
organize the school is less clear; we 
have just begun to discuss those 
things." 

Gray admits, "I don't have a very 
good crystal ball" for forecasting 
future engineer enrollments, but he 
feels the present recession is the 
"kind of thing that discourages 
students. And many young people 
see engineering as a creator of 
problems, such as pollution, and 
stop at that point; but one can't 
conceive of a solution that isn't 
technical in nature. I expect that 
the need for engineers will in­
crease." 

Hacking out a share of the Euro-
pean electronic components mar­

ket for Westinghouse Electric Corp. 
is a major task facing John C. 
Marous Jr., new general manager 
of the £rm' s electronic components 
division. He expects increased em­
phasis on international sales will 
replace to a considerable extent 
sales lost to the depressed aero­
space and defense markets, and 
adds, "Our challenge is to develop 
a worldwide strategy for the divi­
sion's growth." 

To this end, Westinghouse has 
just established a specialty sales 
force in Europe, which will sell 
products manufactured by the 
firm's electronic tube division in El­
mira, N.Y., and will have its head­
quarters in Frankfort, Germany. 

Electronics I January 18, 1971 



Moreover, Compagnie des Semi­
conducteurs W estinghouse (CDSW), 
at LeMans , France, whose sales 
force formerly served only the 
French market, has now expanded 
it to cover all Europe, with the ex­
ception of a few transistors , all 
semiconductors sold by this group 
will be manufactured at the French 
facility. Finally, Marous says his 
firm is presently investigating the 
possibility of building a plant in 
Europe to manufacture electronic 
transformers. 

In addition to expanding over­
seas sales, Marous believes W est­
inghouse's semiconductor division 
in Youngwood, Pa., will grow sub­
stantially because of two factors: 
"We are just beginning to replace 
electromechanical devices with 
solid state,' ' and the expanding pol­
lution control and transporta tion in­
dustries offer abundant opportu­
nities for new semiconductor sales 
directions. 

In fact, the semiconductor divi­
sion, of which Marous was general 
manager before assuming his new 
post, is not suffering as badly as 
the semiconductor industry as a 
whole, he claims. "We are not in 
integrated circuits," he points out, 
"which have been suffering from 
reduced volume as well as reduced 
prices." 

Marous , who's an avid paddle 
tennis player, said a rebound in the 
entertainment market would help 
the electronic tube division, which 
makes television picture tubes. But 
he predicts that that number of sets 
sold in 1970 will come to less than 
half of what was projected several 
years ago. 

Marous is quick to emphasize 
that W estinghouse's efforts to b e­
come a worldwide company do not 
mean it is neglecting the U.S. mar­
ket. In support, he points to the 
fact that 18 months ago W esting­
house established specialty sales 
forces to market the firm's elec­
tronic components. Formerly, they 
were sold by a force handling 13 
products. 

And after Europe? Marous fore­
casts W es tinghouse's next interna­
tional targets will be Africa and 
then the Far East. 
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Would you believe they'll do the job 
for a fraction of SMA prices? 

y co built to MIL 
specification. And pay the price. There just wasn't ary other kind. 

Johnson has changed that. With this new series of JCM miniature 
RF coax al connectors. Up to 3 G~1 z you get the same electrical 
performa'lce as w1tl:i the expensive SMA types. Only we don't over­
build trem That way we don't have to ctiarge as mt..c'i for them. 
We make 7 types-for panel and PC mounting and for flexible 
cable assemblies All are interchangeable and intermateable 
with t'le standard, expensive SMA connectors. So you can use 
them without making any ctianges ... and without compromising 
required performance. And JCM co11nectors accept virtually 
any size cable, so you don't have to stock a big variety. 
It's worth looking into, isr t II 1 c .ts is a stamp. 

- ------------------------------------
E. F JOt-INSON COMPANY I s M Jta 56093 
P :iase send techn1ca in1orf'1at.on ar>d test samples of your new low-cost 
M .. ~r 1 ll2-0200-001 JCM con'lectors. Specify rrodel 

NAME 

FIRM 

~® :::RESS 

~ E. F. 

TITLE 

STATE ZIP 

JOHNSON COMPANY 



MOS/LSI, 
we're one-of-a-

arre 
MICRO-CIRCUITS CORPORATION 
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Back in the '60 's, everyone predicted MOS would 
come of age by 1970. And it has. Right in our 
new one-of-a-kind MOS plant. In fact, it's the best 
facility in the world for high-volume manufacturing 
custom MOS devices - backed by the financial 

d stability of The Garrett Corporation. 

New designs. New processes. New ideas for an 
emerging MOS/LSI technology. You ' ll find them 

~~~=~~~::::::::::::-------:=:::::======:t all in our 35,000-square-feet of floor space. We 
are currently the exclusive second source for 
American Micro-systems, Inc., supplying everyth ing 
from design to delivery under one roof. 

All our fabrication and assembly areas are in 
Class 100, laminar flow clean rooms and have 
poured electrically conductive floors (the kind you 
usually find only in hospitals or ordnance plants) . 

We use completely deionized water that 's purified 
by reverse osmosis . It's 10 times purer than the 
water used to make pharmaceuticals . And when 
we 're finished with it and put it back into the 
environment, it's three times purer than ordinary 
tap water. 

And we have a temperature control system in 
critical areas that keeps everything at plus or 
minus 114 ° F. And a humidity control system that 
keeps everything at plus or minus 2% . 

You name it, we have it. Including a new 
one-of-a-kind diffusion furnace that has all the 
controls on the front ... inside the clean room so 
operators don 't have to enter unclean areas just 
to turn a couple of knobs . 

We are establishing a complete and comprehen­
sive 'set of computer aids for our design 
program. One of the benefits resulting from this 
effort is total and maximum interaction for 
the designer in all phases, including logic 
verification , placement and pattern generation . 

We have all these things (and a lot more) so we 
can del iver a guaranteed product. Everytime. 
At the agreed upon price. On the specified date. 
Whether you ' re a medium or high-volume 
customer. You wouldn 't buy from a substandard 
MOS house twice , and we know it. So we deliver. 

And just for the record : every process and piece of 
equipment we have is devoted exclusively to 

-------------------------' MOS. Not bipolar and MOS. Our commitment to 

s:'l.cu".+ .. nnirc I l ~ n••~""' 10 1071 

MOS is total. (Our new brochure tells the 
whole story.) 

We're in business. We 're in production . We invite 
your inquiries and will welcome your vis it. Simply 
phone (714) 487-3000. Or write Garrett Micro­
Circu its Corporation , 16701 West Bernardo Drive, 
San Diego, Californ ia 92127. 



(and green and yellovv and black) 

A new line of 
REED 
RElAY, 
for low level to l [ 

3 amp applications. 
Six colorful new miracles from your Guardian Angel: Color­
coded Reed Relays that are so superior inside that we give them a 
colorful outside. RED: General series, sub-miniature in up to 4 
poles. WHITE: Economy series open type for high quality, low 
price. BLUE & BLACK: Min i sized miracles with terminals that 
fit in same pc board spot as 14 terminal dual-in-line. With 1 Form 
A. 2 Form A or B contact configurations. GREEN: Standard series, 
up to 6 poles. YELLOW: Power series, switch up to 3 amp load 
in enclosed package. From Guardian, the most respected supplier 
of quality relays and solid state devices. 

FREE REED RELAY LITERATURE PACKET. Send For RR-00. 

l'-i1 ~~~!l?.!!"~r 5?!~!f.~!!.!.1.!! ~ 5755 CAMILLE AVENUE . CULVE R CITY . CALIFORNIA 90230 

Meetings 

Calendar 

Optics in Microelectronics, Optical 
Society of America, Stardust Hotel, 
Las Vegas, Jan. 25·26. 

Winter Convention on Aerospace and 
Electronic Systems (WINCON), IEEE; 
Biltmore Hotel, Los Angeles, Feb. 9-11. 

International Solid State Circuits 
Conference, IEEE; Sheraton Hotel, 
University of Pennsylvania, Feb. 17·19. 

International Convention & Exhibition, 
IEEE; Coliseum and New York Hilton 
Hotel, New York, March 22-25. 

European Semiconductor Device 
Research Conference, IEEE, DPG 
(German physical society), NTG 
(German communications society); 
Munich, March 30-April 2. 

Reliability Physics Symposium, IEEE; 
Stardust Hotel, Las Vegas, March 
31-April 2. 

USNC/URSI IEEE Spring Meeting, 
Statler Hilton Hotel, Washington, 
April 8-10. 

National Telemetering Conference, IEEE; 
Washington Hilton Hotel, April 12·15. 

International Magnetics Conference 
( lntermag), IEEE; Denver Hilton, 
Denver, Colo., April 13·16. 

Conference & Exposition on Electronics 
in Medicine, Electronics/Management 
Center, Medical World News, Modern 
Hospital, Postgraduate Medicine; Sher­
aton- Boston Hotel and the John B. 
Hines Civic Auditorium, April 13-15. 

Off-shore Technology Conference, IEEE, 
Houston, April 18-21. 

International Geoscience Electronics 
Symposium, IEEE; Marriott Twin 
Bridges Motor Hotel, Washington, 
April 18-23. 

Frequency Control Symposium, U.S. 
Army Electronics Command; Shelburne 
Hotel , Atlantic City, N.J., April 26-28. 

Relay Conference, College of 
Engineering, Oklahoma State 
University Extension, National 
Assoc iation of Relay Manufacturers; 
Stillwater, Okla ., April 27-28. 

Southwestern IEEE Conference and 
Exhibition, Houston , Texas, April 25-
May 2. 

International Microwave Symposium, 
IEEE; Marriott Twin Bridges Motor 
Hotel, Washington, May 16-20. 



Behind this counter are 40 million hours 
of reliability data. 

That's only one reason it's the world's 
best seller. 
Only the 5245's have over 40 million 

hours of operating data behind them -
data which is computerized so HP can 

keep track of the performance of the 20,000 

5245's now in use around the world. In 

addition, they all get torture-tested up to 
160° F to make sure they'll operate under 

the most severe conditions. 

The 5245's adapt easily to your 
needs. 14 plug-ins go from de to 18 GHz 

and perform a great variety of functions. 
You can even order a long-term time-base 

stability of < 5x 10- 10
- good enough 

to use as a precision frequency standard. 

That's why, in the long run, buying 
the best all-around counter on the market 

-the 5245-will save you money. Down­

time and servicing are minimal. But you 

can get parts and service around the world. 
No wonder these counters are the only 

choice for many leasing companies. 

Prove it to yourself. Call your local 

HP field engineer and find out why 

these are the most accurate, flexible and 

economical counters you can get.Anywhere. 

Or write Hewlett-Packard, Palo Alto, 

California 94304; Europe: 1217 Meyrin­
Geneva, Switzerland. 

HEWLETT hf!. PACKARD 

ELECTRONIC COUNTERS 



Reliability is 756 little dents 
and one big one. 



The big squeeze. 
The heelpiece and frame 

are the backbone of our Class H 
relay. The slightest squiggle or shimmy out of 
either and the whole relay is out of whack. 

756 tiny dents on the heelpiece, plus one big one 
on the frame, make sure this'll never happen. 

They're the result of planishing, a big squeeze. 
Planishing is an extra step we go through in form­
ing the pieces to add strength and stability by re­
lieving surface strain. It also makes the parts extra 
flat. 

This takes the biggest press in the industry and 
the biggest squeeze. Both exclusively ours. 

A different kind of coil. 
The heart of a relay is the coil. If ours looks 

different, it's because we build it around a glass­
filled nylon bobbin. It costs us more, but you know 
how most plastic tends to chip and crack. 

Also, moisture and humidity have no effect on 
glass-filled nylon. No effect means no malfunctions 
for you to worry about. No current leakage, either. 

The coil is wound on the bobbin automatically. 
No chance of human error here. 

We didn't forget the solder. 
We use a solderless splice. That's 

because solderless splice connec­
tions are sure-fire protection 
against the coil going open 
under temperature changes, 
stress, or electrolysis. 

A solderless splice is more 
expensive to produce, so it's usu­
ally found only on the most reli­
able relays. AE is the only manu­
facturer to use this method on all 
of its relays. 

Finally, we wrap the whole assembly 
with extra-tough, mylar-laminated ma­
terial. A cover is not really necessary here; 
but why take chances? 

Springs and other things. 
We don't take any chances with our contact 

assembly, either. Even things like the pileup insu­
lators ( those little black rectangles) get special 
attention. We precision mold them. Other manu­
facturers just punch them out. 

It makes a lot of difference. They're stronger, for 
one thing; and because they're molded, there's no 
chance of the insulators absorbing even a droplet of 
harmful moisture. Finally, they'll withstand the high 
temperatures that knock out punched insulators. 

Then there are the 
contact springs. 
Ours are phosphor­
bronze. Others use 
nickel-silver. Our lab 
gave this stuff a thorough 
check, but found nickel-silver 
too prone to stress-corrosion. At­
mospheric conditions which cause 
tarnish and ultimately stress corrosion 
have almost no effect on phosphor-bronze. 

Two are better than one. 
Our next step was to make sure our contacts give 

a completed circuit every time. So we bifurcate both 
the make and break springs. 

Each contact works independently to give you 
a completed circuit every time. 

Edge-tinned contact springs save you the job 
of solder tinning them later. Also, edge­

tinning enables you to safely use the 
same relay with sockets or mounted 

directly to a printed circuit 
board. A simple thing, but it 

takes a big chunk out of the 
inventory you have to stock. 

Etc. Etc. Etc. 
There's a lot more to tell about 

what makes our Class H relay re­
liable. Now we're waiting to hear 

from you. Automatic Electric Company, 
Northlake, Ill. 60164. 

AUTOMATIC ELECTRIC 
SUBSIDIARY OF GENERAL TELEPHONE & ELECTRONICS 



THE MOS DRIVER 
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51511th Street• Box 1289, Oakland, Calif. 94604 • (415) 834-3030 I 

Dear Sir: 
I want you boys from E-H Research Laboratories to prove I'm not 
just seeing things. Here is my purchase order. I have a __ _ 
phase problem, so please send me Model G720 MOS 
Drivers for only $545 each. I understand I can use your unique 
Model G720 as a clock driver or a data driver. And if my problem 
is 2 phase, 4 phase, or more, I can purchase several and just stack 
them up. I believe the Model G720 MOS Driver from your new 
GENERATION 1or"' line of low-cost, high-performance instruments 
offers an Output of -30 to + 12 Volts and has Remote Current 
Injectors with Rep Rates to 1 O MHz and Delay and Width to 200 ms. 
Apparently other features include no adjustments, non-selected 
parts, one-year guarantee and 5-day free trial. I'll believe it when 
I see it. 

Name Title 

Company 

Address Telephone 

City State Zip 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~-----------------= ~ If you don't want to cut up your magazine, just a purchase order 
to E-H or to an E-H Representative will do. 
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Laser analyzes 
each IC component 

Cogar out to replace 

360/65 core memory 

with MOS modules 

Tests may open 

phone lines to data 

IEEE, NSPE agree 

to join forces 

Electronics I January 18, 1971 

Electronics Newsletter 

January 18, 1971 

Scientists at the MIT Lincoln Laboratory are using a laser for analyzing 
the performance of each individual component in an IC. ICs have been 
treated like black boxes: their characteristics were measured only at 
input and output, often making design, quality control, and fault location 
needlessly difficult. 

Lincoln Lab's Robert E. McMahon, group leader and one of the 
developers, speculates that the technique not only could speed fault 
isolation, but also permit more accurate measurement of carrier lifetime, 
resistivity, and surface effects. The work was sponsored by the Air Force. 

Now a helium-neon laser beam 1 or 2 microns wide is scanned raster-
' fashion across a chip, changing the current flow between power supply 

input and ground. An oscilloscope synchronized to the laser's x-y scan 
pattern displays changing current flow across a power-supply load 
resistor in series with the circuit. A readout shows transistors in the on 
state as bright areas, and off transistors as black. Isolation regions, reiii­
tors, diode junctions, ;metalization, and bonds all can be observ8d. 

Cogar Corp. is bringing out an MOS replacement for the ferrite-core 
memory of IBM's System 360 model 65. The move could go a long way 
toward proving the viability of semiconductors as main memories, in 
volume as well as price. 

The Cogar unit, introduced in a burst of ads in such business publi­
cations as the Wall Street Journal and Business Week, uses 125-mil­
square n-channel chips of 1,024 bits each. It comes in modules of 
262,144 bytes, up to four of which can b~ connected to a single 360/~5. 
Thus, Cogar says it can replace the entire main core memory at the same 
750-nanosecond cycle time but at a price 20% below IBM's-$297,000 
for Cogar's versus $386,000 for IBM's. 

An experimental modem developed at MIT Lincoln Laboratory could 
allow crowded data communications to be transmitted over phone lines 
formerly unusable because of their nonlinear phase, amplitude, and 
frequency response. Using vestigial sideband modulation in a narrow 
1.6-kilohertz bandwidth-and TTL logic and MOS shift registers to 
create an adaptive, 63-tap delay line up to 19.7 milliseconds long-the 
modem has achieved transmission rates up to 9,600 bits per second. 

Duplexed, over a 36-mile dial-up line between MIT's main campus 
and Lincoln Lab, the modem maintained this bit rate in the face of 
3-millisecond delay variations, 13-decibel amplitude variations, 4 ° phase 
jitter, and 13-millisecond low-pass impulse response. This poor line 
quality, according to the modem developers, C.W. Neisson and D.K. 
Willim, is typical of many voice lines, presently useless for data trans­
mission even at much lower bit rates. Despite the line, error probability 
measured only 8.5 x 10-5 bits. 

The IEEE has taken steps to make the recession period more tolerable 
for its members. It has halved dues and fees for unemployed engineers, 
and has completed an agreement with the National Society of Profes­
sional Engineers, subject to approval by the NSPE, that will allow the 
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Mostek MOS/LSI 
to go into calculator 

Oven seen as key 
to quick production 

Addenda 

26 

Electronics Newsletter 

IBEE to answer its members' demands for lobbying and other action 
without endangering its tax-free status. 

Of the two moves, the second is the more important for the long 
term. The .arrangement is said to confer upon IEEE members what 
amounts to nonvoting membership in NSPE. Thus, IEEE views would be 
recorded and, it's hoped, acted upon in response to NSPE lobbying. 

There appears to be no end to the U.S.-Japanese deals for calculator 
LSI in which the Americans supply the circuits. Mostek Inc. of Carroll­
ton, Texas, has landed a contract to supply MOS/LSI to an unnamed 
Japanese manufacturer. At the same time, it's reported that Japan's 
Nippon Columbia is negotiating a similar deal for Varadyne to supply 
MOS/ LSI calculator circuits. 

In the Mostek arrangement, American Micro-systems Inc. of Santa 
Clara, Calif., would be the second source. The device is Mostel<s ion­
implanted MK 4006P 1,024-bit random access dynamic memory. Though 
AMI is the indusby's largest supplier of MOS !Cs, this is its first ion­
implanted device; up to now AMI has supplied conventional high- and 
low-threshold MOS. Mostek supplied masks for the circuit, which has 
a top cycle time of 650 nanoseconds; AMI developed the process. 

A technique sometimes used to cure lumber could enable process control 
engineers to speed up production of semiconductors and printed circuits. 
It also might aid device performance by tightening geometry control. 
Sage Laboratories of Natick, Mass., is experimenting with a low-power 
microwave oven for drying the photoresists used on masks, wafers, sub­
strates, and circuit boards. The chief advantage of the technique is 
speed-photoresist drying time on an IC mask has been cut , from an 
average of 20 minutes or more to 0.6 to 2.0 seconds, reducing the possi­
bility of resist contamination. 

Independent experimenters at Bell Labs, Sylvania Semiconductor, 
Alpha Industries, Crystalonics, as well as resist makers Shipley and 
Eastman Kodak, report varied, but favorable, results with the oven. 

Quadraphonic broadcasting may take a giant step shortly when the FCC 
receives the report on the results of experimental programing over 
KIOI-FM, a San Francisco station. The four-channel system used was 
developed by Quadricast Systems of San Mateo, Calif. . . . Hughes Air­
craft Co.'s MOS division in Newport Beach, Calif., has been added to 
the list of semiconductor manufacturers making low-voltage C/ MOS 
circuits for electronic watches [Electronics, Dec. 21, 1970, p. 83]. The 
division is aiming for threshold voltages between 0.5 and 1 volt, using 
ion implantation to control the threshold level, and has demonstrated 
working circuits at I volt. The monolithic chips include an oscillator, 
counter and output drivers for a motor .... Texas Instruments has con­
:firmed that it's "in the final negotiation state" with Toyota of Japan for 
joint development of automotive electronic systems .... North American 
Rockwell Microelectronics Co. is offering limited quantities of what 
it describes as the first commercially available silicon-on-sapphire mem­
ory product. The unit is an array of 5,120 diodes that operates at up 
to 20 megahertz. 
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1f :a tfniple modification to your specs is all we 
aupply you with one of our long-life production 
suggest It. They're about the best you can buy. 
apeclal looks like the answer, we'll recommend 

What we won't do is make up a special and 
ae a production CG. That's not telling it like 

Send for our capacitor-appl ication informa 
to find out how we can help you ... best. 
of course, are available from your Mallory 

MALLORY 
Electrical and electronic components • 
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Two years ago, Electronic 
Memories announced its entry 
into the commercial systems 
business. Ah, the sweet taste of 
freedom! Freedom from military 
specs. Freedom to compete on 
an all-out free enterprise basis. 
Freedom to supply the major 
computer manufacturers with 
the world's best memory 
systems for high speed main 
frame applications. 

Freedom for a few months. 
Then three major customers 
gave us more than twenty 
million dollars in commercial 
systems volume-and effectively 
took our little freedom ride 
right off the market. 

Now, after many months, 
these same customers are 
starting to produce the ir own 
systems under our non-exclusive 
license agreements. 

Freedom once more. 
But - we are told by 

management - once again this 
freedom had better be short lived . 

So, here we are. Ready to 
sell ourselves back into slavery. 
As initial inducement, here are 
some systems with almost 
immediate availability : 

Our Nanomemory 2600 has 
600 ns cycle time and 300 ns 
access time. Capacity is from 4K 
or 8K words by 36 bits to 16K 

words by 18 bits. Our 
Nanomemory 3650 has a full 
cycle time of 650 ns and an 
access time of 350 ns with 
maximum modular capacities of 
16K x 56, 32K x 40 or 64K x 20. 
The Nanomemory 4850 has an 
850 ns cycle time and a 350 ns 
access time. Its module capacity 
ranges from 4K words by 8 bits 
to 32K words by 20 bits. All 
systems can be expanded to 
larger capacities by 
interconnecting modules. 

We could go on to talk 
about the field replacement 
benefits that result from our 
unique plug-in stacks, our low 
power requirements and our 
low component count. Or 
customized core. Or stacks for 
virtually any digital 
storage application. 

But you may have heard all 
that the last time we announced 
our freedom. What you haven't 
heard are some of our current 
delivery capabilities. Quoted 
in days rather than months. 

Don't wait. Call. Write. Drive 
right over. It's Freedom Now. 

Who knows about next month. 

I 

Electronic 
Memories. 
The Here 
and Now 
People. 
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Elect ronic Memories is a division o f Electronic Memor ies & Magnetics Corporation . 
12621 Chadron Avenue , H awthorne . Cali fornia 90250 • Telephone (213 ) 644-9881 em 
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Gould4800 
meets architects• demanding 

requirements for hardcopy alphanumerics 
and graphics. 

A Boston-based architectural firm, specializing 
in institutional projects, has made a high 

speed interactive computer system an 
integral part of their architectural design 

process. And to take full advantage of this 
capability, they use a Gould 4800 

electrostatic printer to provide hardcopy 
alphanumerics and graphics. 

The Gould 4800 provides printout for feasibility 
studies, area diagrams, alternate plans, 

perspectives, detail drawings, specifications 
and managerial reports. Where a plotter would 

take up to 30 minutes to produce a drawing , 
the Gould 4800 delivers one in seconds. 

And where a dry-silver photographic 
process would produce muddy copies that 

can't be traced or used directly, Gould 
4800 copy is sharp, clean and fully 

acceptable for client presentations. 
The computer system, called the 

ARK/TWO was developed by Perry, 
Dean and Stewart Architects and Planners 

and programmed by Design Systems, Inc. 
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It includes an Autrotrol digitizer, a DEC PDP 
15/20 (16K), SOOK Disk, two Computek CRT's 
with a keyboard and tablet. Ultimately, it's felt 
this advanced system will reduce the critical path 
in large construction projects by 4 to 6 months. 
All kinds of companies are using the 
Gould 4800 to meet all kinds of hardcopy 
requirements. This smooth, quiet unit 
delivers up to 4800 lines per minute on an 81/2" 
or 11" format. It has an optional character 
generator. Software and interfaces for 
major computers are available. And while the 
Gould 4800 has relatively few moving parts 
and little need for maintenance, there are 
service facilities nationwide. 
Find out what the Gould 4800 can do for you. 
Give us a call. Or write: Graphics Division, 

Gould Inc., 3631 Perkins Avenue, 
Cleveland, Ohio 44114. 

•}GOULD 
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LOW-COST, SOLID STATE 

AC RELAYS 

To Turn on: 

MOTORS SOLENOIDS LIGHTS HEAT ERS ETC. 

Choose from 70 new SPST Solid State Relays 

SERIES 601 FEATURES: 
INPUT 

(CONTROL) 
VOLTAGE 

RANGE 

OUTPUT 
VOLTAGE 
RATING 

PART NUMBERING (Economy Line) 
OUTPUT (lOAO) CURRENT RATING & PART NUMBERS 

f--- --,----- ~ -,- - -
1 AMP 3 AMP 5 AMP 7 AMP IO AMP 

32 

• Amazingly low cost 
• 1 -10 AMPS at 140 V RMS or 280 V RMS 
• Drive directly from TTL logic 
• Total isolation between control and load circuits 

(4-Terminal Network) 
• All solid state (NO REEDS) 
• Zero voltage switching available to minimize RFI 
• Transient protected on input and output 
• PC board or screw terminal mounted 

3· IO voe 

6·32 voe 
I5 ·45 VAC 
20.75 voe 
60· I40 VAC 

9· I5 VAC 

LOAD 

I40 VAC 60I · IOOI 60I · I002 60I · I003 60I · I004 
280 VAC 60I · l006 60I · I007 60I · 1008 60I ·l 009 
I40 VAC 60I·IOll 60I · I012 60I · IOI3 60l · IOI4 
280 VAC 60l · IOI6 60I · IOI7 60I · IOI8 60I · IOI9 
I40 VAC 60l · I02 I ~32 60I · I023 60I · I024 
280 VAC 60I · I02G 60I · I027 60I · l028 60I · I029 
I40 VAC 60l · I03I 601 ·1032 60I · I033 60I · I034 
280 VAC 60I ·I 036 60I · I037 60I · I038 ~ .. .. NOTE . Add P lo P/ N for printed circuit (pin) mounting only . 

ECONOMY LINE PRICE / QUANTITY (Typical) 
QUANTITY 

60I · l005 
60I · IOIO 
60I · IOI5 
60I · I020 
60I · l025 
60I · I030 
60I · l035 
60I · l040 

IO · 24 r- 100 . 249 IOOO . 2499 
$12. 20 $ 8.75 $ 6.65 

Amps @ /40 VAC - l---

3 13 .50 9.70 7.35 --
I5 .30 ~ 

---
8. IO -

16 .60 11 .55 8 .80 --
IO 
---~-

18 .45 I2.80 9.75 

PART NUMBERING (Zero Voltage Turn-On) 
INPUT OUTPUT (lOAO) CURRENT RATING & PART NUMBERS 

(CONTROL) OUTPUT -
VOLTAGE VOLTAGE I AMP 3 AMP 5 AMP 7 AMP IO AMP RANGE RATING 

3.s voe 140 VAC 601 · 110I 60l · Il02 60l · Il03 60I · lI04 60I · ll05 
280 VAC 60I · ll06 60l · I 107 60I · ll08 60I · ll09 601 ·1 lIO 

7.35 voe I40 VAC 60I · lill 60I · ll 12 60l · Il 13 60l · Il 14 60I · III5 
280 VAC 601·1116 601 · I II 7 60I · lll8 60I · llI9 60I · ll20 

90 ·280 VAC 
I40 VAC 60I·lI2I 601 · 1122 60I · l 123 60I · I 124 601 · 1125 
280 VAC 60I · ll26 60I · ll27 60I · l 128 601·1129 60I · ll30 

ZERO VOLTAGE TURN-ON LINE PRICE / QUANTITY {Typical) 
LOAO QUANTITY 

Amps @ 140 VAC IO · 24 100 . 249 1000 . 2499 
I $21.60 SI5.00 $11 .40 
3 22.95 - 1--- I5 .94 12 . 11 
5 24.30 16 .88 I2.83 
7 25.65 17.SI I3 .55 

IO 27.45 I9 .06 I4 .50 

-

For complete information on quanti ty prices and delivery, call your nearest 
Teledyne Relay Distributor - or us. 

TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 •Telephone (213) 679-2205 
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MOS technology 
squeezes its way 
into surface acoustics 
Packaging piezoresistive 

transistors with other 

circuitry on a chip costs 

less than hybrid devices 

Surface wave acoustic devices us­
ing MOS technology rather than 
piezoelectric materials have been 
developed by Texas Insh·urnents 
engineers working with Southern 
Methodist University's Electronics 
Sciences Center. The objective is 
easier programing, lower cost, and 
full monolithic integration with 
drive/ conb·ol circuitry. 

The devices themselves are 
arrays of long, thin MOS transistors 
in parallel on a silicon substrate. 
Signals are coupled into the filter 
and picked off as required by the 
transistors. Great versatility is pro­
vided by the transistors ' gates, 
which can be turned on in various 
patterns to form pulse compression 
filters, tapped delay lines, program­
able bandpass filters, or decoders 
for digitally coded signals. The 
same functions can be achieved 
with conventional piezoelectric ma­
terials, but it would mean expensive 
hybrid rf construction. 

The piezoresistivity of MOS tran­
sistors, rather than the piezoelec­
tricity of other surface wave de­
vices, is the key to operation . In 
the experimental devices , a wedge 
of piezoelech·ic glass is used to 
couple rf signals into the array, but 
deposited overlay transducers or 
other approaches probably would 
be used in production. 

In addition to low cost and sim-
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ple processing, the technique per­
mits gate control circuitry to be 
integrated on the same chip with 
the filter. An MOS static shift reg­
ister could be used to control the 
filter, for example, with program­
ing instructions tapped into the 
register. This type of assembly 
would require no special process­
ing other than the minimal amount 
needed for the input transducer. 

The MOS surface wave acoustic 
filter presents a few disadvantages, 
however. It is usable up to 150 
megahertz, whereas piezoelectric 
filters can be used as high as 1 
gigahertz. The MOS filter, unlike its 
piezoelectric counterpart, requires 
a power supply and has higher in­
sertion loss (technically 50 deci­
bels instead of 30 dB). On the other 
hand, it does not generate second­
ary acoustic modes. 

The devices were developed by 
Lewis T. Claiborne, manager of 
the electronic components branch 
of Tl's Advanced Technology Lab­
oratory; Jack W. Mize, associate 
professor of elech·ical engineering 
at SMU, and Edward Staples . 

Tl f il ters wind 

up in military work 

Lewis T. Claiborne's group at 
Texas Instruments also has de­
veloped surface wave filters using 
more conventional piezoelec tric 
techniques for military projects. 

One is a 10.7-megahertz band­
pass filter for a pocket-sized, 
downed-pilot locator incorporated 
in the PRC-95 fi eld survival radio. 
The radio is being developed for 
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the Navy on a subcontract from 
Honeywell. The transponder in the 
PRC-95 has a 35-mile range. It de­
livers 20-watt pulses near 1 giga­
hertz when interrogated by the 
proper signal from a search plane. 
The surface wave filter, which uses 
a quartz subsh·ate, was chosen be­
cause its temperature stability is 
an order of magnitude better than 
earlier filters ; it is small and simple 
and isn ' t detuned by strong signals, 
a problem that plagued earlier L-C 
filters clu e to limiting diodes. 

The filter has a 3-decibel band­
pass of 380 kilohertz and 50-dB 
adjacent channel rejection at ± 1 
MHz. Other features of the filter, 
which measures about 1.5 cm by 
0.8 cm, are in creased receiver re­
producibility, lower insertion loss , 
wider amplitude and phase re­
sponse, and greatly reduced cost. 
The receiver has a 75-dB dynamic 
range without automatic gain con­
trol. The research group experi­
mented with a similar filter in a 
commercially available quality 
stereo receiver and claims to have 
achieved excellent results. n's 
components group is producing a 
small quantity of the transponders 
for Honeywell and Navy evaluation. 

The other project using TI de­
veloped surface wave filters is a 
pulse compression or chip filter for 
the Rassr developmental phased 
array radar. Here again, the much 
lower insertion loss , smaller size, 
and lower costs spurred the deci­
sion to use the surface wave filters. 

Claiborne says the surface wave 
filters are practical over a range of 
10 MHz to 1 GHz, with bandwidths 
of 0.1 % to 30%. Insertion loss 
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generally is 6 dB to 15 dB, and 
amplitude and phase character­
istics can b e specified within cer­
tain limits. He feels that they will 
find wide use in future production 
communications and radar systems. 

In both these filters, as well as 
other TI devices such as phase­
shift-keying correlators and filters 
for other applications, TI has con­
centrated on quartz instead of 
piezoelectric materials such as 
lithium niobate. 

The reason, says Claiborne, is 
the desire for rapid development 
of practical filters that can be used 
in production. Quartz technology is 
well developed and Mil Spec ma­
terials are readily available from a 
number of suppliers in many sizes 
and shapes at low cost. Quartz also 
provides less electromechanical 
coupling, permitting less inter­
action and more stable character­
istics with impedance changes. It's 
also less likely to generate spurious 
vibration modes. 

Memories 

Semiconductors program 

TV color corrector 

Semiconductor memories are sup­
posed to revolutionize the com­
puter industry. But, perhaps more 
significantly, designers of other 
hardware, who never thought of 
using any kind of memory at all b e­
cause of cost or sys tem complexity, 
are finding the semiconductor ver­
sions inviting. 

Engineers at the Ampex Corp.' s 
Special Products division in Red­
wood City, Calif. , for example, 
were interested in improving on 
CBS Laboratories' 5500 video-tape 
color corrector. The sys tem com­
pensates for the color variations 
caused by unmatched cameras or 
video tape recorders, or the usual 
color changes that appear on color 
film due to processing variations. 
Its advantage, says Bernard P. 
Bohunicky, supervisor at the 
Special Products division, is that 
with it "we could correct on the 
air," which is less time-consuming 
than correcting b efore the red-
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green-blue encoding is clone. But 
he and some Ampex customers 
wanted to correct the signals on 
master tapes before they went on 
the air, so that the individual sta­
tions would have perfect copies. 
The answer-a programer for the 
5500-required a memory to do the 
job. 

The concept for the programer 
was fairly straightforward- it would 
have some means of keeping track 
of what segment of a film or video 
tape needed correction and what 
the correction should be. This in­
formation would b e stored, and the 
film or tape would be run through 
again , except that this time the 
corrections would be read out from 
the memory at the proper time for 
a perfect master tape. The only 
problem, according to Mark Sand­
ers, the logic design engineer on 
the project, was what kind of 
memory to use. 

The choice was an Intel 1101 
256-bit, fully decoded, static, ran­
dom access MOS memory. The 
memory is split into two parts, one 
for the fram e counter and one for 
the corrections. 

" I had five choices," says Sand­
ers. "I could have used a computer 
to do the storing and controllin g, 

Colorful. Ampex co lor corrector 
uses semiconductor memory to 
cor rect TV master tapes. 

. ··- . 

but besides the high cost, this 
would have meant that the majority 
of the system would have b een 
bought from the outside (the color 
corrector itself, which is part of the 
system, is made by CBS labora­
tories) . Cassettes could have b een 
used, but again, to put together a 
cassette system would have been 
expensive." Core memories were 
also ruled out because of price and 
b ecause there were no core systems 
available that had the proper word/ 
bit configuration. About the least 
expensive memory would have been 
a punched paper tape system, "but 
the tape b ecomes long and some­
what unmanageable for the amount 
of data that we have to store in the 
system." The fir st assembly was 
delivered earlier this month . 

Employment 

Jobless form group 

to help themselves 

In the Boston area, where aero­
space unemployment is nearing the 
one-in-five level [Electronics, Oct. 
26, 1970, p . 46], a new self-help 
organization is b eing put together 
by unemployed scientists and engi­
neers. Called the E conomic Action 
Group, it's headed by Gerald Wal­
lach, a former Itek engineer, and 
centered in suburban Newton. The 
group's activities run the gamut 
from bulk food purchases in an 
effort to sh·etch unemployment 
checks , giving information on the 
availability of welfare and Food 
Stamps, to-it's hoped-purchasing 
group life in surance and medical 
in surance. 

\ iVallach notes that "we're going 
to 11ave to bankroll ourselves," even 
though all potential members are 
short on funds. But he appears less 
worried about EAG's financial fu­
tu re than about the morale of the 
un employed engineers whom the 
group seeks to help. 

"This has b een a very selective 
recession," he says. "Nearly all the 
potential members of EAG are mid­
dle-class men who retain a strong 
Protes tant ethic, and they now feel 
like lepers . They are ashamed to 
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Breeding tigers 
"After years of sitting on their tails, the technical organizations are finatly 
doing something," comments a Boston-area engineer. The "something" 
is a series of three-day workshops for unemployed engineers, sponsored 
by the IEEE and ATAA, that not only will teach them how to handle their 
finances while out of work (" Iegotiate with your creditors and pay 10% 
a month ... "), but make them expert in job interviews ("Don't offer 
a resume right off the bat, make them ask for it-this gives you a chance 
to get in again" ), and personal selling ("Send letters first on a broad­
cast basis to the companies that match your likes, then send letters 
sharply aimed only at those you most would like to work for"). 

The way the program is set up , the attendee should come out fighting. 
While the first day is largely devoted to resume writing, how to get bill 
col lectors off one's back, and other general topics, the second two days 
sound like a combination of psychiatric encounter group sessions and 
salesmen's pep rallies: "Each class of 150 will break into small groups 
with individual leaders, and then tear into each other's resumes and in­
terview techniques. They'll feel a little battle-scarred after the second day, 
but we're hoping for tigers after the third." 

be on unemployment, ashamed to 
be unable to find work, and con­
sequently many of tl1em sit at home 
in a funk." So he's aiming at getting 
the depressed engineers and scien­
tists back on the job at the work­
bench. 

"Many of these men once had 
pet projects that their jobs pre­
vented them from following up," 
says vVallach. "Now, God knows, 
they have the time." EAG planners 
hope to get teams of five to 10 men 
working in areas like medical elec­
tronics, pollution monitoring, and 
transportation. 

Although the group still has to 
pass the hat, "we have tentative 
promises of space and equipment 
from some of the smaller firms in 
the area," says Wallach. "They can 
afford to harbor our teams with 
little risk or overhead, and get high 
visibility-and maybe new product 
lines if the teams agree-in ex­
change." 

One thing EAG wants to avoid 
is what its head calls "WPA work 
for war; we hope to take the initia­
tive in socially gainful areas of 
technology." And he adds that EAG 
teams will ask for government or 
venture capital support only after 
they have more or less assured 
themselves of continuing work in 
viable sections of technology, "areas 
less susceptible to defense cuts and 
more useful to society." 
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Displays 

H-P chases market 

with $10 LED display 

Hewlett-Packard Co. is mounting a 
major push into the display market 
now dominated by gas-discharge 
display tubes. The vehicle is H-P's 
new light-emitting diode numeri cs 
-the 5082-7300 series. 

Since they first appeared a few 
years ago, LED modules have been 
heirs apparent to digital display 
tubes. But prices have been high , 
and application has been limited to 
military and other jobs where rug­
gedness or small size rather than 
low price was the prime require­
ment. Meanwhile display tubes 
worth over $10 million a year con­
tinued to go into instruments and 
other high-volume products . 

H-P's 7300 numeric is aimed 
right at this market. " \Ve want to 
be wherever you see a T ixie tu be," 
says product marketing manager 
Rick Kniss. The industry commonly 
says "Nixie" when referring to 
cold-cathode gas-discharge tubes, 
though it's a Burroughs Corp. 
trademark. 

In 1,000-unit lots , the 7300 costs 
$10 a digit and includes a decoder / 
driver on th e same chip as the 
LEDs. This makes H-P's device the 

least expensive LED display for its 
size. Characters are 0.29-inch high. 

While the 7300 still cos ts about 
twice as much as a tube with its 
drive circuitry, Kniss feels that $10 
is very near the point at which 
engineers will trade off price for 
the low-power drain , compactness, 
and the other LED virtues. Besides, 
he says, the prices will be dropping. 
Assuming large orders, 7300 could 
be selling for as little as $5 within 
18 months to two years. 

George MacLeod, director of 
Monsanto Co.'s Electronic Special 
Products group, thinks prices in 
the LED industry will fall even 
faster. He calls $5 a digit a "reach­
able target" by the end of this year. 
Monsanto's MAN-1 display, which 
is roughly the same size as the 
7300, sells now for $11 per digit, 
without decoder/ driver . 

Aaron Kestenbaum, president of 
Opcoa of Edison, N.J ., says that his 
company's LED displays could pos­
sibly sell for $2 a digit in large 
quantities. They now sell for $8, 
without decoder / driver. Unlike H-P 
and Monsanto, which make diodes 
from gallium arsenide phosphide, 
Opcoa uses gallium phosphide, a 
material of higher efficiency but 
one that's difficult to handle in pro­
duction [Electronics, Oct. 26, 1970, 
p. 42]. 

As for the 7300, it's a hybrid 
circuit, containing a four-by-seven 
LED array. On the same substrate 
as the diodes are a decoder, a 
driver, and a memory. Package size 
is 0.55 by 0.39 in. ; typical power 
drain is 380 milliwatts; typical 
supply current is 75 milliamperes. 

Also, by making the decoder} 
driver an integral part of the nu­
meric, H-P is taking an opposite ap­
proach to that of Monsanto's MAN-
1, which is just a display. Built-in 
decoder / driver makes the numerics 
much easier to use, claims H-P's 
Kniss . He points out that it takes 
but four binary-coded-decimal in­
puts to drive a 7300 numeric. Mon­
santo's MacLeod, on the other 
hand, says that customers prefer 
the freedom of designing their own 
drive circuits. To illustrate his 
point, he says he knows a company 
that has developed a way to 
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operate a MAN-1 display without 
the standard decoder I driver cir­
cuits . He says the 7300 is a very 
good device, but a bit ahead of its 
time. 

H-P, of course, doesn' t think so. 
Kniss es timates the market for a 
LED display that can replace tubes 
at between $20 million and $25 mil­
lion . To capture this market, says 
Kniss, H-P spen t over $1 million on 
production equipment. The result 
is that production of the 7300 is 
fully automatic from the time it 
comes out of the reactor till the 
time its leads are bonded. And 
" we're working on the lead bonding 
now," says Kniss . 

Production, he predicts, will 
reach "many thousands of pieces 
per month" by midsummer. He 
adds that instrument houses al­
ready have committed themselves 
to using the 7300s in new products. 
Presumably, some of th ose houses 
are I-I-P divisions. 

The company that stands to lose 
the most if the 7300 is successful is 
Burroughs. Its Electronic Com­
ponent division with its Nixies 
absorbs about 60% of the market 
for gas-di scharge tu bes. However, 
division marketin g manager Arthur 
Chesser professes to be uncon­
cerned : he doesn' t th ink that at $10 
apiece the 7300 is price competi ­
tive. F or displays with many digits , 
his feelings are much stronger. 
"Their price is way out of line," 
he says, pointing to Burroughs' 
new Panaplex-a rnultidigit gas­
discharge display the price of 
which , including drive circuitry, 
averages out to $3 per digit. 

Companies 

Viatron continues 

hunt for cash 

As sorely beset Viatron Computer 
Systems sells capital equipment to 
raise money, the company's future 
hangs on outcome of two efforts. 
Says one former employee : "vVe 
had almost $3 million worth of 
MOS production facilities before 
closedown. Now they're on the 
block along with everything from 
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desks and typewriters to the pic­
tures on the walls." 

As the search for capital goes on, 
the company is waiting out several 
events that would improve its cash 
position . One is ,final word on its 
proposed exchange of new stock for 
outstanding debentures. The other 
is the start of cash flow from for­
eign sales on System 21 data-entry 
consoles. Most former Viatron em­
ployees think that overseas sales 
could be the saving of the firm- if 
money begins to flow quickly 
enough . Viatron stopped paying 
interes t on outstanding notes in 
December- about $500,000 was due 
then-and both creditors and bond­
holders could begin legal action as 
early as February. 

One immediate source of anxiety 
will be lifted from the shoulders 
of Viatron's new president, Robert 
Dockser, if the deben'ture holders 
take up the company on its offer 
of 200 new shares for each $1,000 
in debenture principal. Legal ac­
tion from this side would thus be 
avoided. 

Although the final sellin g price 
of its United Kingdom manufac­
turing operations is said to have 
been about $200,000, plus royalties, 
Viatron needs more than that. It is 
es timated that there are parts left 
for only about three months more 
production for the income-produc­
ing European and Japanese mar­
kets. But if Viatron's suppliers are 
as hard-nosed about new orders as 
they are about present accounts re­
ceivable, Viatron would have to go 
back to the money markets again­
though what it could use as secu­
rity besides future royalties is un­
certain. 

The sell-off of equipment began 
before Dockser became president, 
apparently at the behes t of Exeter 
International Corp. Exeter lent Via­
tron almost $500,000 late last sum­
mer in exchange for stock and 
about $1,000 a week in consulting 
fees . 

Only Viatron managers know for 
sure what's going on, and they 
aren' t talking until the debenture 
dust settles. The only word from 
them is that ovember was a 
"good" sales month, and January is 

expected to b e one also. But De­
cember didn' t mark a merry Christ­
mas for Viatron, either in sales or 
creditor relations. 

Computers 

Honeywell introduces 

three small models 

Honeywell , the only one of the Big 
Eight computer manufacturers that 
did not announce a major new 
product durin g 1970, has brought 
out three small machines. It also 
confirmed that considerably larger 
computers will be announced be­
fore the end of March [Electronics, 
Jan. 4, p.39]. 

Honeywell Information Systems 
Inc.'s new 115/2, 1015, and 2015 
computers are additions to the 
company's well es tablished 200 
series, which began with the model 
200 in 1964 and now comprises 11 
machines besides the new models. 
The lates t three are tied rather 
closely to Honeywell's model 115, 
announced last year; the four make 
up a sub series in the 200 line. 

The new machines, developed 
before the CE merger, contain little 
that is technologically unusual ; 
rather, according to one Honeywell 
man, they represent an engineering 
fin e tuning of an es tablished design. 
For example, although the com­
pany is known to have a strong 
interest in the development of MOS 
memory arrays , they still have the 
old standby, ferrite cores, in their 
memories. 

vVhrle the new machines are the 
product of a development effort by 
Honeywell alone, the company has 
also come up with a marketing plan 
for the low-cost model 58- which 
was announced by GE last year and 
is now a Honeywell product. 
vVhat's more, the large-scale ma­
chines that are about to be an­
nounced will b e the result of a de­
velopment program at GE launched 
well 'before the merger talks started. 

The 115/ 2 has a basic main 
memory of 32,768 characters cy­
cling at 2.25 microseconds, three 
standard input/ output channels 
with automatic interrupt and hard-
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• mix, and condition 
vvith the 2600 
The Tektronix 2600 Modular Instrument Series adapts to your signal 
requ irements in the research lab and in test and service areas. 

The first modules and mainframes of the 2600 Series generate timing 
ramps and precise pulses with continuously variable periods from 10 µ,s 
to 110 s set by continuously calibrated controls. 

Pulses occur where you want them through use of those cal ibrated con­
trols and convenient methods of signal mixing. Pu lse amplitudes are 
continuously calibrated to 10 V or 20 mA. There are separate positive 
and negative outputs. 

System inputs and outputs are compatible with TTL and DTL and other 
devices. Modular operational amplifiers are available to condition signals 
to special requirements. 

Optional kits and simple modifications adapt the 2600 Series to even more 
of your applications and an adapter is available for module use in 7000 
Series oscilloscope mainframes. This series is compatible with the 601 , 
602, and 611 Display Monitors. 

the 2600 modular 
instrument series 
Electronics J January 18, 1971 

• series 
• 2601 Mainframe . . . . . . . . . . . . $495 

• R2601 Rackmount Mainframe $495 

Modules: 
• 26G1 Rate/Ramp Generator . . $430 

• 26G2 Ramp Generator $300 

• 26G3 Pulse Generator $485 

• 26A1 Operational Amplifier .. $280 

, •• 
TEKTRONIX® 

-

committed to 
technical excellence 
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In the vending business, a 
would-be customer with 
dollar bills and no coins 
might just as well be flat 
broke. Unless there's a bill 
changer around . Like th is 
one made by Rowe 
International. 

Feed it a dollar bill and, 
presto! Instant alchemy. 
That useless paper is 
turned into spendable 
change. 

The acceptance of the 
bill provides a signal which 
is transformed into multiple 
pulses in a Hansen-actuated 
electromechanical pulse 
chopper. Impulses are then 
sent to a memory unit and 
the payoff is actuated. The 
major reason why Hansen 
motors are specified: 
" Dependability." 
Contact your 
Hansen man 
and find out 
how Hansen 
dependability 
can help you . 

HANSEN 
Manufacturing Company , Inc. 
Princeton , Indiana 47570 

II 
HANSEN REPRE ­
SENTATIVES: CAREY 
& ASSOCIATES. 
H ouston and Dallas. 
Texas; R. S . HOPKINS 
CO ., Sherman Oaks. 
Calif .; MELCHIOR 

ASSOCIATES , INC .. San Carlos. Calif.; 
THE FROMM CO ., River Forest . Ill. ; 
JOHN ORR ASSOCIATES. Grand 
Rapids , Mich .; H . C. JOHNSON 
AGENCY. IN C .. Rochester, N .Y.; 
WINSLOW ELECTRIC CO ., Essex, 
Conn .. Villanova, Pa .. and Teaneck. N .J . 
EXPORT DEPARTMENT: 2200 
Shames Drive, Westbury , N .Y. 11590 
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ware multiply and divide instruc­
tion; it rents typically for $4,073 
per month on a five-year contract. 

The 1015 has a basic main mem­
ory of 65,536 characters cycling 
at 1.6 microseconds, 12 standard 
input/ output channels, up to eight 
of which can operate simulta­
neously with computation, and a 
500-nanosecond control memory; 
its rent is typically $8,371 per 
month on a five-year contract. 

The 2015 has a basic main mem­
ory of 98,304 characters cycling 
at 1.3 microseconds, 12 standard 
input/ output channels, all of which 
can operate at once, and a 125-
nanosecond control memory, and 
it typically rents for $12,791 per 
month on a five-year contract. 

Lasers 

Power waste cut 

by double modulation 

A great deal of power is required to 
modulate lasers at high bit rates 
an<l it often yields more energy 
than necessary. Engineers at RCA's 
Advanced Technology Lab in Cam­
den, N.J., have developed a tech­
nique that allows them to extract 
from the laser cavity only the en­
ergy they intend to h·ansmit, a tech­
nique they've fabeled "double 
modulation." They are presently 
pulsing a neodymium yttrium alu­
minum garnet (NdYAG) laser at 300 
megabits per second, and plan to 
increase that to 500 megabits, the 
maximum rate the laser can with­
stand. With optical multiplexing, 
say the RCA researchers, several 
laser beams can be combined to 
yield gigabit-per-second rates. 

Using an order of magnitude 
less power than external modula­
tion schemes, double modulation 
impresses 100 picosecond pulses 
every few nanoseconds on the laser 
beam. This is accomplished by 
electro-optically modulating a 
KDP crystal located inside the cav­
ity. The crystal mode locks the 
laser beam and generates the short 
pulses so they are in phase with the 
mode-locked beam. "The pulses ac­
tually run back and forth inside the 

laser," says Donald Herzog, leader 
of the laser group at the Advanced 
Technology Lab. 

For transmission, the desired 
pulses are extracted by a lithium 
niobate crystal also inside the cav­
ity. According to Herzog, it's this 
that insures extraction of only the 
energy used. The cavity's response 
is on the order of 1 megahertz, al­
lowing the energy to be stored for 
as long as 1 microsecond. "Since 
there is a modulated pulse for 
every pulse out of the cavity," says 
Herzog, "this leads to a natural 
binary system." 

Intended for space communica­
tion, the laser with internal modu­
lation requires only a few watts 
of input power, rather than the 
hundreds of watts needed for ex­
ternal modulation. In the field, the 
system will require dynamic gat­
ing, but in the lab, RCA engineers 
don't use any gating-they merely 
turn the receiver on at the appro­
priate time to reduce the effects of 
background noise. The receiver 
features a planar photodiode de­
tector. 

Military electronics 

Computer, laser eyed 

for Army 's main tank 

A major upgrading of the Anny's 
fleet of 900 M60A tanks may be in 
the cards if tests of a new fire con­
trol computer scheduled to begin 
in August pan out. For if the com­
puter-made by Hughes Aircraft 
Co., Culver City, Calif.-passes, it 
will replace the electromechanical 
fire control units in the Army's 
largest tank. And since the hybrid 
computer is designed to interface 
with the ruby laser rangefinder 
developed for another version of the 
M-60, Army sources say chances 
are good that laser units will re­
place the tank's optical range­
finders. 

Ira Goldberg, program manager 
for the fire control system at the 
Army's Frankford Arsenal, says 
size and reliability were the major 
reasons the Army was looking to 
replace the electromechanical M-16 
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Bell & Howell & 
Recording & How 
It's done with oscillographs. We have a bunch , but let's ta lk about these two. They can handle 
on-line or off-line test and measurement of any physical happening you might have in mind. 
From pulse flutters during surgery to whether or not you 're refining that crude the same way 
today as last year. 

The one on the bottom is the 5-134. It does everything but talk. It writes to 25,000 Hz. (But with 
all that speed , it has a data accuracy to ± 112%.) And can flip into any one of 10 different 
servo-controlled speeds. 

It's modular, of course, with specia l refinements. Like the timer, servo control board and 
galvo all plug in. Individual input connectors as standard . An extremely quiet operation. 
That type of thing . 

Here's a couple more exclusives. You don't have to write out timing line rates. With us, that's 
taken care of automatically. With a timing ID marked on the edge of the paper. Not only that, 
the rate can be manually selected or can be automatically synced with paper speed. 

And it's gcit a " jog " feature that allows you to move the paper short distances for initial set 
up-one hold-down button for on/off. 

The smaller box is the 5-135. It weighs in at 35 pounds (a real portable) as compared to 
the other's 50 pounds. Both boxes share pretty much the same components. It's just that the 
5-135 has broader application by more industries across the board because it's not quite so 
fancy (9 channels versus the 5-134's 18, for instance). Even though it's smaller, it doesn 't 
skimp on performance. It has the largest range of input power options of anybody going. 
·And all that at a lot less money. Not bad, huh? 

And one more thing. Just in case you 're building a system, we've got a range of other new 
goodies to complement these graphs: 1-172 amplifier, 8-114 bridge excitation/signal 
conditioner and the 23-111 paper processor. 

If anything here piques your cuFiosity, you can get the full package of specs by writing 
Bell & Howell , Instruments Division, 360 Sierra Madre Villa, Pasadena, California 91109. 

lnSTRUffiEnTS DIVISIOn 
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When Canada's TELESAT satellite communications system goes into operation in mid-1973, 
it will include two satellites in synchronous orbit and an initial network of 30 to 
40 earth stations. Each satellite will provide 12 radio-frequency channels, each of 
which can carry one color television signal or up to 480 two-way telephone conversa­
tions. Heavy route stations at Victoria, B.C. and Toronto, Ont. will serve major pop­
ulation centers, while smaller television reception stations will serve isolated com­
munities in Canada's Far North. 

TELESAT will be the world's first domestic commercial synchronous satellite system. 
Three satellites are being built by Hughes and two major Canadian associate contrac­
tors, Northern Electric Co. Ltd. and Spar Aerospace Products Ltd. 

Radar for the U.S. Air Force's F-15 single-seater air superiority fighter is a light­
weight, advanced design of high reliability, optimized for one-man operation. It de­
tects and tracks small, high-speed targets at all altitudes down to treetop level, 
and provides the central computer with accurate tracking information for effectively 
launching the F-15's missiles or firing its 20-rrnn. gun. For close-in dogfighting, the 
radar automatically acquires the target on the pilot's head-up display. Hughes was 
chosen to develop the radar by McDonnell Douglas, the F-15 prime contractor. 

Amphibious landings, air and ground beachhead operations, and other tactical situa­
tions will be simulated on a new test bed facility Hughes is developing for the U.S. 
Marine Corps. The test system utilizes standard off-the-shelf commercial data pro­
cessing and display equipment, and is regarded as a more flexible, economical way to 
investigate and evaluate various subsystems than building complete prototypes of them. 
The Marine Corps will use test results to determine the extent of automation required 
for electronic command-and-control systems for the mid-70s and beyond. 

An airborne night vision system for the U.S. Army enables helicopter crews to locate 
ground targets by starlight. Called INFANT (for Iroquois Night Fighter and Night 
Tracker), it concentrates available light through a series of image-intensifier tubes 
and a low-light-level television system, and presents an image on two cockpit displays 
for pilot and co-pilot/gunner. Hughes built the INFANT systems for installation on 
UH-lM helicopters. 

Airborne radar transmitter design engineers are needed now at Hughes. Must have spec­
ific fire-control-system, doppler, pulse-compression, microwave, and power-supply ex­
perience. Also needed: solid state microwave engineers with experience ranging from 
UHF to millimeter frequencies, and in the design and use of related circuits. Both 
positions require accr~dited degree, at least 3 years of specific experience, and U.S. 
citizenship. Write: Mr. Robert A. Martin, Hughes Aerospace Engineering Divisions, 
11940 W. Jefferson Blvd., Culver City, CA 90230. An equal opportunity M/F employer. 

A versatile anti-tank combination was demonstrated recently when the U.S. Army's Chey­
enne helicopter made the first air launch of a TCM missile with a warhead. The target, 
a World War II tank, was destroyed. Additional TCM missiles were fired from both hover 
and high-speed flight, including post-launch maneuvering before TCM impact. Built for 
the Army by Hughes, TCM is a tube-launched, optically-tracked, wire-controlled missile 
designed to destroy tanks, armored vehicles, and field fortifications. 

Creating a new world with electronics 
r------------------, 
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HU G HES AIR CRAFT CO MPANY 
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ballistic computer manufactured by 
Otis Elevator Co., New York. Re­
liability of the M-16 was degraded 
by moisture, Goldberg says. "The 
troops out in the field don't take 
very good care of equipment. They 
wash the mud off the tanks with 
high-pressure hoses. And moishue 
has always been a major problem 
with electromechanical equipment." 

The all-electronic XM-21 Hughes 
is developing under a $15 million 
contract will get around this prob­
lem by being hermetically sealed 
and filled with nitrogen. "It's also 
a much smaller unit," Goldberg 
adds. Higher sophistication is 
another plus, says Howard W. 
Boehmer, manager of Hughes' 
Data Systems divisions. H e says 
it will enable a tank commander 
to markedly increase the first-round 
hit capability of the tank's 105-mm 
gun and to make an instant selec­
tion from among the various types 
of ammunition used by the tank. 
The XM-21 also will have extensive 
self-test capabilities. Six of the 
largely analog computers are to be 
delivered for the August tests , 
which should be completed by the 
summer of 1972. 

Medical electronics 

Implanted power pack 

speeds bone healing 

First documentation that a small, 
steady electric current passed 
through a bone frachire accelerates 
healing has turned up in a study 
sponsored by the Office of Naval 
Research. What's more, by devel­
oping a small, skin-implanted 
power pack, the ONR project also 
resolved the problem of delivering 
a constant current to the bone 
despite steadily increasing tissue 
resistance. Sealed in an acrylic 
plastic, the dime-sized package 
contains a battery, field effect trans­
istors, and resistors that can com­
pensate for tissue res istance; it can 
deliver a steady 0.01-ampere cur­
rent to the bone, the Tavy says. 

The study was conducted by 
University of Pennsylvania Medical 
School researchers in conjunction 
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with the Philadelphia Naval Hospi­
tal under an ONR contract. In ex­
periments with animals, researchers 
found fractured leg bones subjected 
to the current "healed solidly with­
in 18 days" while similar fractures 
required a much longer time to 
heal naturally. An ONR official says 
it is not possible to pinpoint the 
exact advantage over natural heal­
ing rates due to variations in body 
metabolism, calcium content of 
bones, and severity of frachll'es. 

Current research may lead to 
miniahuized power packs im­
planted entirely under the skin in 
cases of bone nonunion, a congen­
ital human defect where two ends 
of the bone have failed to join. The 
condition normally is corrected by 
graft surgery. The Philadelphia 
researchers also are experimenting 
with variations in electrode place­
ment; they now secure the negative 
lead directly across the fracture 
and position the positive electrode 
nearby. 

Industrial electronics 

Foxboro to make 

its own computer 

The Foxboro Co. , manufacturer of 
process conh"ol instrumentation 
and systems, is taking the unusual 
step of building, rather than buy­
ing, the digital computer that's at 
the core of its recently announced 
process control system, FOX 1. 
Priced upwards of $150,000, the 
sys tem also provides the operator 
with a cathode ray tube console 
which displays both alphanumerics 
and graphics. This is also fabri­
cated largely by Foxboro. 

Generally, the so-called old-line 
process control houses like Fox­
boro, as well as companies such as 
Leeds and Northrup, have relied on 
commercially available digital proc­
essors. 

The company decided to build 
its own machine, in the class of a 
General Electric 4020, for two 
reasons: it considered available ma­
chines not reliable enough, and it 
wanted to have more control over 
the computer technology going into 

Hughes is more than 
iust electronic devices 

and equipment. 

Its components too. ,. 
• Electrical connectors (RS 287) 

Flat flexible cable and circuit assemblies 
(RS 288) 

Direct view storage tubes and scan 
converter tubes (RS 290) 

Display systems (RS 291) 

Microwave products, TWT s, TWT As 
and solid state (RS 289) 

Multiplex systems for remote 
communications/ control (RS 292) 
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HUGHES AIRCRAFT COMPANY 

INDUSTRIAL ELECTRONICS GROUP 

BUILDING 100: MAIL STN. C-512 

CULVER CITY, CALIFORNIA 90230 
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We're putting our reputation on 
the line every time a Sorensen 
power supply goes into service. 

Maybe that's why we have 
such a great reputation. 
Sorensen was the first commercial firm to manufacture and 
market precision electronic voltage regulators and power supplies. 

Today we have the most extensive power supply line available 
from stock. Sixteen complete series, hundreds of individual 
models. Standard designs for almost any application. Custom 
designs for the rest. We have regulated and unregulated de bench, 
rack, and modular supplies, de high voltage and high power types , 
de systems. DC isolated power supplies, dc/ac inve11ers, de/de 
and ac/ac converters. AC voltage regulators and line conditioners. 

Our new plant is equipped to manufacture to any specification 
or standard. Everything is done in one plant, incoming material 
inspection to final equipment test, with rigidly controlled quality 
checking at each step. 

Sorensen means built-in reliability assurance. Write for our 
complete catalog, with prices, today, or contact any of the sales 
reps listed on the facing page. Raytheon Company, Sorensen 
Power Supplies, 676 Island Pond Road, Manchester, N.H. 03103 . 
Tel: (603) 668-1600. 

~orensen 
.JPOWER SUPPLIES 
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its systems. Foxboro has relied on 
PDP-8 series minicomputers sup­
plied by Digital Equipment Corp. 
of Maynard, Mass., in, for example, 
its smaller PCP-88 process control 
systems. The relationship between 
the two companies could appar­
ently be smoother. "Every time 
DEC makes a move to a new com­
puter, everyone rolls around over 
here, worrying abou t the effect it 
will have on our systems," admits a 
Foxboro executive. 

Another greater advantage in 
designing its own computer-done 
jointly with GTE Sylvania of Need­
ham, Mass.-was the chance it gave 
to make tradeoff s between software 
and hardware as the design pro­
gressed, says N. Douglas Payne, 
manager, computer systems devel­
opment. To aim the system as 
much as possible to the needs of 
the user, Payne says, the software 
design began even before any 
attention was paid to hardware. 

Instrumentation 

Programs in a hurry 

for automatic testers 

Writing programs for computer­
controlled tes ters can take weeks, 
even months. Engineers at the 
Vought Aeronautics Co. in Dallas 
say they can cut the time to a week 
or less . Their secret is Lasar (Logic 
Automated Stimulus and Re­
sponse). This software package 
analyzes a digital network of al­
most any complexity, and then 
turns out the needed test program 
and fault isolation routine. In ad­
dition , Lasar can simulate networks 
from their schematics, allowing de­
sign errors to be caught before 
prototypes are built. 

Developed for the Naval Air 
Systems Command, Lasar is now 
being offered commercially. A de­
signer mails schematics of the de­
vice to be tes ted, along with a de­
scription of the input format 
demanded iby his test system, to 
Vought, a division of LTV Aero­
space. A"veek or so later, back come 
the programs, ready to run. The 
price varies according to the size 
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and complexity of the network, but 
is in the $1,000-and-up neighbor­
hood. 

Time isn't the only thing saved. 
Junius Thomas, a senior design en­
gineer at Vought and a Lasar de­
veloper, es timates the typical 
charge for Lasar's preparation of a 
program to be one-tenth the cost in 
man-hours for an engineer. 

Lasar is the only package, says 
Thomas, that can automatically 
handle sequen tial, as well as com­
binatorial, logic. That is, Lasar can 
write programs for circuits with 
flip -flops and other devices, whose 
output depends not only on the in­
put they're receiving but also on 
the information they're storing. 
"Sequential logic is in 95% of aU 
networks built," states Thomas. 
Lasar has no trouble with large 
networks either; it can write pro­
grams for circuits having up to 
4,000 modes, which is equivalent 
to 300 flip-flops. 

The resolution is high. Lasar­
made programs will detect 95% of 
all detectable failures. 

The first step in using Lasar is 
to model the circuit on punched 
cards. This can be done in a few 
hours. Lasar itself is made up of 
five subprograms-Input, Stimulus 
Generation, Simulation, Fault Isola­
tion, and Test Program Generation. 
The model cards are processed by 
Input, whose main job is to turn the 
components in the network to b e 
tested into their nand-gate equiv­
alen ts . 

Optoelectronics 

Radars used 

to gang up on hail 

Hailstorms, a major agricultural 
hazard throughout recorded his­
tory, soon will come under the 
scrutiny of a radar now in develop­
ment at the University of Chicago. 
The $1-million-plus project is being 
funded by the National Science 
Foundation and the Illinois State 
Water Survey, and is managed by 
the National Center for Atmos­
pheric Research at Boulder, Colo. 

Tl1e radar will distinguish hail 

We're putting our 
reputation 

on the line, too! 
ARVA, Inc. 

Seattle;. Washing_ton 
Tel : 200-622-0177 

Barnhi ll Associates 
Denver Colorado 
Tel: 303-934-5505, 6, 7 
Phoenix, Arizona 
Tel: 602-263-1250 
Albuguergue, New Mexico 
Tel: 505-299-7658 
Houston, Texas 
Tel: 713-621-0040 
Richardson, Texas 
Tel : 214-231-2573 
Salt Lake Cityi Utah 
Tel : 801-487- 327 

BCS Assoc iates! Inc. 
Huntsville, A abama 
Tel: 205-881-6220 
Orlando, Florida 
Tel : 305-843-1510 
Greensboro, North Carolina 
Tel : 919-273-1918 

Earl Associates, Inc. 
Honolulu;., Hawaii 
Tel : 808-::149-6953 

Inst rument Associates. Inc. 
Bedford, Massachusetts 
Tel: 617-275-0700 
Hartford , Connecticut 
Tel: 203-525-9367 

Instrument Specialists, Inc. 
Glendale, California 
Tel: 213-245-9404 
San Diego, California 
Tel : 714~453-1833 
Santa Clara, California 
Tel : 408-244-1505 

Pivan Engineering Company 
Chicago, Illinois 
Tel: 312-539-4838 
Indianapolis, Indiana 
Tel: 317-253-1681 
Mission Kansas 
Tel : 913-722-1030 
Minneapoli~ Minnesota 
Tel: 612-531-4501 
St. Louis, Missouri 
Tel: 314-872-8424 
Brookfield;.. Wisconsin 
Tel : 414-706-1940 

SBM Associates, Inc. 
Union,,, New Jerse~ 
Tel : 2ul-687-8737 
Pleasantville, New York 
Tel : 914-769-1811 
Rochester i-New York 
Tel : 716-206-1400 

Son co 
King of Prussia .... Penna. 
Tel : 215-265-3L50 
Washington, D.C. 
Tel: 30f-65<+-5226 

S.Sterling Company 
Detroit,., Michigan 
Tel : 31.:l-255-1970 
Cleveland, Ohio 
Tel: 216-442-8080 
Dayton Ohio 
Tef: 513-298-7573 
Pittsburg_h,,, Penna. 
Tel: 412;9L2-5720 

CANADA 
Allan Crawford Associates, Ltd. 

Malton, Ontario,., Canada 
Tel : 416-678-l:JOO 
Montreal,)79,,, P.Q., Canada 
Tel: 514-147-::1849 
New Westminster, B.C. Canada 
Tel: 604-524-1161 
Ottawa,., Ontario, Canada 
Tel : 61.:l-725-3354 
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from rain and snow by reading 
hail's differential radar backscatter 
when illuminated by signals of dif­
feren t frequ encies . This difference 
may be as much as 15 decibels 
greater for S band than for X band, 
depending on size of the stones. 

The radar will actually be a 
synchronous system of two radars , 
one operating in S band, the other 
in X band, along with a signal 
processor to normalize and com­
pare their outputs. One is a 3.2-
ccntimctcr radar, the M-33 scav­
enged from the obsolete Nike-Ajax 
sys tem, and the other is a modifled 
AN/FPS-18 with a nevv, 28-foot par­
abolic dish antenna. The antenna 
is being built by Radiation Systems 
of McLean, Va., and will have - 27 
dB £rst sidelobes at its 10.7-crn 
operating wavelength. 

The signal processor, being made 
by Control Data Corp.'s H.osemont 
Laboratories in Pennsylvania, in­
cludes a digital preprocessor, a digi­
tal doppler analyzer with the equiv­
alcn t of .500 contiguous £liters, and 
a velocity resolution of 0.1 meter 
per second for detection of tur­
bulent regions within a storm cen­
ter, as well as hail-detection cir­
cuitry. To furth er aid discrimin ation 
between weather pattern s, the 
processor will take advantage of 
rain's mu ch stronger backscatter at 
3 cm than at 10 cm. First sys tem 
tes ts are slated for early summer 
at ISWS' Urbana, Ill. , headquarters , 
to be followed later in the year by 
more extensive runs at Boulder. 

For the record 

Shark shocker. A self-contained 
elec tric dart which can paralyze 
or kill sharks, depending on their 
size and species, has been invented 
for the survival kits of naval avi­
ators downed at sea. The dart, 
which delivers a 30-volt jolt as it 
penetrates the fleshy part of the 
shark, consists of a 4-inch, in­
sulated blade attached to a small 
casing which houses a battery and 
simple electronic circuitry. As the 
blade's metal tip penetrates the 
£sh , a switch is thrown which com­
pletes the circuit from t ip, through 
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shark and sea water, to the second 
electrode located at the base of 
th e casing. Paralysis is instantane­
ous, and the shark sinks to the 
bottom. 

Concern spurs sales. As a result 
of rising concern in Government 
over mercury contamination of wa­
terways and seafood, sales of 
equipment for detecting pollution 
by the metal "have probably dou­
bled in the past few months," says 
a vVes tinghouse electric engineer. 
To meet the demand, '"'esting­
house's Electronic Tube division at 
Elmira, N.Y. , has come up with a 
modifled hollow cathode line source 
for use by manufacturers of atomic 
absorption spectroscopy systems 
that detect the prP.sence of mercury. 

The new line source, designated 
WL-22847A and priced at about 
$115 from stock, "provides superior 
s tability of operation with low 
noise," says Westinghouse. This 
makes it possible "to es tablish the 
presence of mercury down to the 
10- 10 gram level." 

Late odds. Systems designers say 
they were just being "specially cau­
tious" in postponing for at leas t 
a week the opening of legalized 
off-track betting in New York City. 
It was scheduled for Jan . 11. They 
want absolutely no technical prob­
lems to crop up when the betting 
begins [Electronics, Jan . 4, p. 79]. 
Therefore, they got more time to 
carry out the £nal tes t and de­
bugging phase of their installation 
program, says Barry Mindes, vice 
president of engineering at the New 
York City Off-Track Betting Corp. 
The hardware and software them­
selves present "no inherent prob­
lems whatever," he asserts. 

Control. Fisher Controls Co. of 
Marshalltown, Iowa, is about to 
introduce a digital process confrol 
sys tem called dc2. Using an Inter­
data minicomputer, the system 
complements an analog system, ac2, 

introduced about a year ago. 

Intelsat 4 delayed. Launch of the 
powerful Intelsat 4 radio relay 
satellite has been postponed until 

inves tigators pinpoint the cause of 
last November's loss of an orbiting 
observatory. Engineers believe that 
explosive bolts used to jettison a 
protective nose cone did not oper­
ate normally. Intelsat has a similar 
sys tem. 

The $18 million communications 
satellite, however, can be readied 
within 11 days, and NASA officials 
hope to schedule the mission before 
the Jan. 27 launch date of NATO-B, 
another communications satellite, 
or the Jan. 31 Apollo 14 moon mis­
sion liftoff. 

ATC display. H. aytheon has won 
a Federal Aviation Administration 
contract for up to $463,438 for the 
installation and checkout of a com­
puter display channel, plus asso­
ciated radar displays, at FAA's Na­
tional Aviation Facilities Experi­
mental Center (NAFEC). The equip­
ment, previously purchased from 
Raytheon as part of a $64 million 
contract for 16 such systems, will 
supply air traffic controllers with 
such information as the identity 
and altitude of controlled enroute 
traffic directly on the face of the 
radar scope. The complete auto­
mation sys tem that the FAA is as­
sembling at NAFEC near Atlantic 
City, N.J ., will develop and improve 
automated air traffic control tech­
niqu es. At its core are two IBM 
computer complexes. 

Cooperation. The U.S. and 
U.S.S.R are getting their heads 
together in Moscow for discussions 
on expanded cooperation in space 
research. Heading the six-man U.S. 
delegation is George M. Low, act­
in g NASA administrator. Spokes­
man for the Soviets is M.V. Kel­
dysh, president of the Academy of 
Sciences of the U.S.S.R Under dis ­
cussion is scientiflc research by 
satellites in such areas as me­
teorology, biology, and medicine. 

Another opening. SEMI, the Semi­
conductor Equipment and Mate­
rials Institute, has scheduled its 
Rrst show for May 25-27 in San 
Mateo, Calif. It will b e watched 
for its effect on the IEEE and W es­
con. 
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RCA Announces the Industry's First 
Power Transistor Thermal-cycling Ratings. 
PT 
WATTS 
150.-~~~-~~~.--~~~-,--~~-.---~~~~~~-,..~~~~---..--~---..--~---..--~---. 

--4---- This "py ramid" is a typical example 
of RCA's new thermal-cycling rating 
system based upon a developmental 
175 W transistor. 
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The Rating "Pyramid"-built with the help 
of RC~s Controlled Solder Process. 
RCA , the industry leader in ove r-all silicon resources, introduces a totally new 
concept in thermal-cycling ratings to help you establ ish and extend equipment life. 

Using these new thermal -cycl ing ratings, you can tell at a glance the life 
expectancy of any given RCA power transistor in terms of number of cycles, 
power dissipation, and case temperature change . A rating chart is being 
deve loped for each family of RCA power transistors, and will be included 
in data sheets as they are comp leted . RCA 's Control led Solder Process (CSP) 
has made possible these rat ings - the only such ratings in the industry. 

Controlled Solder Process is an RCA development. With it, RCA can 
control the effects of thermal stress between the pellet and mounting 
base, and thereby extend the number of times a transistor can be cyc led 
thermally. CSP increases the device thermal -cycling capability 
from five to 20 times. Th e RCA "pyramid" is the only rating chart yet 
devised to help you avoid thermal -fatigue failure in the field . 

This announcement of thermal-cycling ratings on power transistors is made in the 
same spi rit as RCA 's pioneering disc losure in 1964 on Second Breakdown 
capability. The philosophy, simply, is to continue to provide power transistor 
users with the best possible tools to achieve the optimum interface 
between the capabi liti es of RCA devices and the needs of their app licat ions. 

For more information on RCA's new thermal -cyc ling ratings, consult 

2x106 

ncn your local RCA Rep resentative or your RCA Distributor or write: 
RCA, Commerci al Engineering, Section ?OA-18/UT 16, Harrison , N.J . 07029 . 
Interna tional : RCA, 2-4 rue du L ievre, 1227 Geneva, Switzerland, or P.O . Box 112, Hong Kong . 
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Introducing Type 1601, a 2048-bit monolithic MOS ROM that 
Intel will ship within 24 hours after receiving your custom pro­
gramming instructions. 

Only Intel can deliver MOS ROM's so quickly because only Intel 
has developed a MOS ROM that's programmed electrically 
instead of with a mask. 
To get custom ROM 's fast, you simply transmit to us a teletype­
writer tape containing your program instructions. We load the 
tape in a simple programmer, insert finished 1601 's from stock, 
and push a button to enter your program. 

When you're ready for large quantiles and want to cut costs, 
Intel will give you mask-made ROM's, Type 1301 , that are oper­
ationally identical and plug compatible with your 1601's. 
Programming is available at Intel and at many of our distributors 
and representatives in the U.S., Europe and Japan. Or you can 
do it yourself with an Intel programmer that costs about $5,000. 

Intel 1601 's and 1301 's are fully decoded, packaged in a 24-lead 
DIP and interface directly with DTL/TTL logic. Decoded dynam­
ically, they have an access time of 750 nsecs and power dissipa­
tion of 0.1 mW/bit. With static decoding, access time is 1 vsec 
and dissipation is V4 mW I bit. 
Programmed 1601 's cost about 3~ per bit in small quantities. 
Fixed programmed 1301 's cost about 1 ¢ per bit in quantities 
of 1000. 
For immediate U. S. delivery of Type 1601 programmed for 
EBCDIC to 81 ASCll-8, phone your local Intel distributor, Cramer 
Electronics or Hamilton Electro Sales. If your distributor isn't 
stocked , just call us collect at (415) 961-8080 for same-day 
shipment. 
In Europe contact Intel at Avenue Louise 216, B 1050 Bruxelles, 
Belgium. Phone 492003. In Japan contact Nippon IC, Inc., Park­
side Flat Bldg., No. 4-2-2, Sendagaya, Shibuya Ku, Tokyo 151. 
Phone 03-403-4747. 
Intel Corporation is in high-volume production at 365 Middlefield 
Rd., Mountain View, California 94040 . 
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Treat yourself to an electronic 
peripheral package that offers the application 

simplicity of punched tape with the 
performance and convenience of "snap-in" 

magnetic tape cassettes 
Philips Professional 
Cassette system 

The inaugurators of the famous 
Compact Cassette system have 
pleasure in announcing that a 
fully-fledged Professional Cassette 
System, based on the original 
concepts is now available. 

Consisting of a synchronous 
bi-directional cassette deck and 
Professional Cassette, the system 
complies with ECMA standards 
for the inter-change of digital 
data on tape cassettes. 

The Professional Cassette is a 
logical development of the 
domestic unit and whilst retaining 
the same dimensions, features 
completely new materials and a 
precision of finish to meet the 
exacting specifications of 
professional use. It includes a 
sturdy metal frame to ensure 
maximum long term stability and 
to eliminate electro-static build-up. 

A highly accurate, friction-free 
system of tape guides and close 
tolerance cassette positioning 
spigots form part of this single 
frame. 

Two holes at the rear of the 
cassette provide for write enable 
and, when closed with replaceable 
plugs, ensure that recorded data is 
guarded against accidental 
erasure. A third hole, also at the 
rear of the cassette, off-set from 
the cassette centre line, provides 
track discrimination. 

Reliable read after write and 
bi-directional read operation, 
is assured by an accurately 
tensioned, extra-wide pressure 
pad, .which together with full 
mu-metal screening guarantees 
clean, close tolerance data 
handling. The cassette contains 
282ft of tape certified for 
digital data handling. 

The cassette deck has been 

designed with all the features 
deemed desirable for this 
particular type of peripheral 
equipment. It's available as a 
mechanical tape drive, less 
electronics, or as a complete 
digital recorder with function logic 
and read/write electronics. 

The unit is standard for single 
track bit serial recording at 800 
bpi in the P .E. (phase encoding) 
mode as per ECMA proposed 
standard. 
As the recording method (P.E.) 
is self-clocking, synchronisation 
presents no problems. Skew 
effects are eliminated with the 
single track recording. The unit is 
completely electronically 
controlled and features a "select" 
function , enabling "unit select" 
operation in a system of up to 
four decks. Four decks fit snugly 
side-by-side in a standard 19" rack. 
Cassette loading is reduced to just 
a simple matter of putting the 
cassette in a slot, the deck auto­
matically takes care of guiding and 
positioning. 
A signal lamp on the deck front 
panel serves to indicate when lit 
that a cassette is in position and 
the deck has been "selected". 
Percentage of tape used is 
indicated by an accurate counter, 
also mounted on the front panel. 

Functional specification 

Where applicable the system has 
been designed to meet the ANSI, 
ECMA and ISO proposed 
standards' requirements. 
The Philips Professional Cassette 
for digital application, stores a 
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maximum of over five million 
bits when recorded at 800 bpi. 
The Philips Professional Cassette 
Deck for digital applications has 
the following specifications: 
Speed: 33/ 4 - 7 1/ 2 ips ( -+- 1 % ) 
bi-directional, capstan control. 
Short term average bit spacing: 
-+- 2 % of bitcell time. 
Rewind speed: 
40 sec. for 282ft of tape. 
Start time till short term average 
bit spacing: 15 ms. 
Stop time till stand still: 20 ms . 
Recording mode: single track half 
width phase encoding. 

Read after write facility with 
0.15 inch distance between read 
and write gap. 
Data format: 
bit serial, character serial, P.E. 
recording. 
Inter block gap 0.7': 
Variable record length. 
Bit density 800 bpi (1600 fci). 
Data transfer rate: 

. 750 characters per sec. 
Operating voltage: 
24Vd.c.( + 10 % ). 
Electronics : 
DTL/T2L compatible. 
Dimensions of the 
mechanical deck: 
front cover: 4.4 x 5 inches. 
depth: 7 inches. 
Weight of the mechanical deck: 
5 lbs. 
Operating conditions: 
Temperature range: 40-110° F. 
Humidity range: 
10 - 90 % non condensing. 

Delivery starts in 1971. 

For further details: 
N. V. Philips Gloeilampenfabrieken, 
ELA Digital Recording Division, 
Eindhoven, The Netherlands. 
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Monolithic 
analog 

switching 
circuits so cheap 
you deserve an 

explanation 

There are many reasons. Broad experience 
in monolithic FET and bipolar circuitry. 
High reliability (military) experience. Low 
cost packaging. High yield. Automatic 
assembly. 

Together they explain why only Silicon ix 
can bring you a full line of monolithic 
analog switching circuits at discrete 
component prices. 

Our 100 piece prices for driver+ switch 
are $3/switch function while quantity 
prices drop below $2. 

The BK line includes 4 and 6 channel 

MOS switches; 4 and 6 channel switch 
drivers (4 channel with decode); 2xSPST, 
4xSPST, SPOT and OPOT MOS switches 
with drivers; and 2xSPST and SPOT JFET 
switches with drivers. 

So: whatever your application-multi­
channel analog switching, sample and hold, 
or 0 /A conversion-we have the low cost 
monolithic device for you. They're all dual 
in-line hermetic packages specified over 
-20 to +85°C range. 

For more information on our BK series 
call any Silicon ix sales office. 

New York: Sy Levine (516) 796-4680 New England: Al La Croix (617) 
769-3780 St. Louis: Jim Spicer (314) 291-3616 Minneapolis: Ed 
Koelfgen (612) 920-4483 Southern California: Dave Ferran (213) 
420-1307 Northern California: Chuck Brush (408) 246·8000 In 
Europe: Siliconix Limited, Saunders Way, Sketty, Swansea, Great 
Britain. Siliconix GmbH, 7024 Bernhausen, Postfach 1340, W. Ger· 
many. Siliconix 9, Ave d'Arromanches, 94-Saint·Maur, France. 

Siliconix incorporated 
2201 Laurelwood Road • Santa Clara • Calif. 95054 
Phone (408) 246-8000 Ext. 201 • TWX : 910-338-0227 
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Lockheed unlikely 
to profit even 
onS-3AASW • •• 

••• possibly 
because of 
technology 

Navy to benefit 
most from·DDR&E 
budget boost 

DDR&E's Foster 
may be succeeded 
by Rechtin 
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Washington Newsletter 

January 18, 1971 

Lockheed Aircraft Corp. is moving rapidly toward a no-profit position 
on its $397 million fixed-price incentive development contract for six 
prototypes of the Navy's S-3A anti-submarine warfare plane. The admis­
sion that rising costs could perhaps wipe out Lockheed's 12% profit 
comes from Lockheed Aircraft chairman Daniel Haughton and S-3A 
project manager, Capt. Fred Baughman, .and confirms a last year's report 
[Electronics, July 6, 1970, p. 33]. 

The situation had been overlooked in the controversy surrounding the 
company's claims that the Pentagon reimburse it for overrun costs in 
other areas: the Air Force's controversial C-5 supertransport; Navy ship 
programs; the propulsion system for the Air Force Short-Range Attack 
Missile (SRAM), on which Boeing is prime; and the cancelled Army con­
tract for the AH-56 Cheyenne helicopter. Lockheed has agreed to settle 
on Deputy Defense Secretary David Packard's terms for the SRAM and 
Cheyenne programs, but will negotiate the ship settlement and take the 
biggest, costliest C-5 program to litigation. 

The reason for the rising S-3A costs may be that Lockheed is running 
into technological problems with the plane, the most viable of its military 
aircraft. For when asked about its technological progress, Lockheed 
chairman Haughton replied, "We've met all the milestones to date." 
Then he added, "What I mean is that we've met all the major mile­
stones," with emphasis on the "major." He declined further elaboration 
on the ground that he did not have S-3A program information at hand. 

On such profit as might still be extracted from the program, the Navy's 
Baughman says anything above the $397 million target but under the 
130% ceiling will be split 70-30 between the Government and Lockheed, 
respectively. On reaching the ceiling, Lockheed's profit would be nil. 

The $800 million increase requested for fiscal 1972 by the Directorate 
of Defense Research and Engineering has cleared the Defense Secre­
tary's office with most of John Foster's "initiatives" projects intact [Elec­
tronics, Jan. 4, p. 33]. Though they must now survive pruning by the 
Office of Management and Budget and the President himself, DDR&E 
sources believe the Navy will emerge as a major beneficiary of the 
funding increases. The reason: DOD will use Nixon's doctrine of a '1ow 
profile" for U.S. forces abroad as the rationale for insuring the Navy's 
control of the oceans in the face of a Soviet naval buildup. Without 
assured ocean control to guarantee the passage of weapons, the argu­
ment goes, the U.S. has less justification for going to the aid of its allies. 
As a consequence, anti-submarine warfare programs, among other Navy 
efforts, will get fresh money, say these sources. 

Confirmation of Eberhardt Rechtin, 44-year-old chief of the Advanced 
Research Projects Agency, in his position as principal deputy to John 
Foster in the Directorate of Defense Research and Engineering looks 
to be another step in his grooming as Foster's successor. Foster is 
expected to be named to a less controversial policy and administrative 
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OTP dooms 
vhf Aerosat 

Addenda 

Washington Newsletter 

DOD post-Secretary of the Army has been mentioned-before spring. 
In the principal deputy's role, Rechtin could profoundly influence the 

defense establishment. He will have prime responsibility for pushing 
Foster's R&D "initiatives" programs, most of which consist of adapta­
tions of existing technology and of advanced development projects 
originated in ARP A. 

Most visible of Rechtin's R&D interests are the development of the 
weapons potential of high-power lasers, improving surface-to-surface 
missile guidance and navigation to reduce targeting error to nearly zero, 
upgrading small arms to increase the firepower of foot soldiers, and 
making air-cushion vehicles effective in the Arctic. 

Another of Rechtin's favorite areas is "crisis management systems." 
He's therefore expected to have an impact on programs for consolidating 
and then expanding the scattered DOD computerized systems which 
direct command, contra~ communications and intelligence functions. 

The airline industry is reeling from the White House Office of Telecom­
munication Policy's decision to back uhf satellites for transoceanic 
communications. The move, which dooms the industry's five-year devel­
opment of a vhf specification and forces the development of an uhf 
specification, came after seven major electronics firms told OTP they 
could build uhf sets in time for the launch of a leased satellite over the 
Pacific in 1973. 

One OTP source notes, however, that TRW, Hughes Aircraft, Philco­
Ford, RCA, GE, Bendix and Collins Radio specified that orders would 
have to be placed this year if the sets are to be ready for the pre-opera­
tional satellite's launch. Airline sources say they will not be able to 
place orders that soon because of their pinched finances and the fact 
that the Airline Electronics Engineering Committee, which must 
approve all airline communications gear, has never been able to develop 
a specification in less than a year. The airlines are nevertheless grudg­
ingly supporting the OTP position because "at least we have a decision 
now," one source says. They say that the best chance orders will be 
placed this year is if the Air Force's Military Airlift Command decides 
it needs to use the satellite system for its many trans-Pacific flights. 

Sen. Mike Gravel, Alaska Democrat, will need high-powered support in 
Congress for a bill that requires common carriers to divest themselves of 
stock in Communications Satellite Corp. and have no directors on its 
board. He faces opposition from the White House Office of Tele­
communications Policy and from the Federal Communications Com­
mission .... Rep. John Davis (D.-Ga.), succeeding Emilio Daddario as 
chairman of the House subcommittee on science, research and develop­
ment, plans to make a name for himself with a thoroughgoing examina­
tion of the National Bureau of Standards and its role in advancing the 
state of technology ... Patent reform will also be an issue in the 92nd 
Congress and the Administration, as the Government re-examines com­
pany patent ownership and licensing manipulation for antitrust violation 
. • . Salaries in the computer sciences scored the highest percentage 
increase between 1968 and 1970, rising 17% to $16,500 and giving com­
puter scientists the second highest median salary among U.S. scientific 
and technical personne~ says the National Science Foundation. 
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Think of it as a six pack ... 

one trimmer, five resistors, 
in one package. That5 TRN. 

Our new Trimming Resistive Network will cut 
resistor insertion and preparation cost by at least 
a 6:1 ratio. In addition it satisfies engineering re­
quirements better than anything on the market. 
For instance, the TRN provides cermet TCR per­
formance values of 50 or 100 ppm/ °C. The one­
paste, one-step deposition method that we use 
allows for uniform, predictable TCR drift within 
the range of ± 2 ppm/ °C of each other for each 
resistor in the circuit. In addition, the unit features 
a ratio accuracy with respect to the variable re-

Circle 53 on reader service card 

sistor available as low as ± 1%. 

All componentry is housed in a single shell, 
which means that ambient temperature for each 
resistor in the circuit is the same for all others. 
Plus, you get versatility of applications, reliable 
long life and dimensions that are perfect for auto­
matic insertion machines. 

Like to know more? Write Bill Dunn. He's at 
Amphenol Controls Division, 120 S. Main Street, 
Janesville, Wisconsin 53545. 



COMPARE! 
In cost-effectiveness, 
RCA 111 Vidicons outperform 
111 lead-oxide types! 

Add to this the typical life of 10,000 hours 
for a Vidicon at a cost of about 2d. per hour. 
In educat ional and industrial CCTV, RCA 
Vidi cons offer a combination of perform­
ance, reliability and low cost that lead-oxide 
types just can't meet. T ake a look at the 
chart. Compare. Make your own decision. 
For more information on RCA's comp lete 
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Registered Tmk 
XQ1070 Series 

line of long-life Vidicon tubes, see your local 
RCA Representative or your RCA Industrial 
Tube Distributor . For additional technical 
information , write : RCA, Commercia l Engi ­
neering, Section 70A-18/ ZC8, Harrison, N. J . 
07029. International : RCA, 2-4 rue du 
Lievre, 1227 Geneva, Switzerland, or P.O . 
Box 112, Hong Kong. 
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ATTENVA10R .... 
You've come to expect multiple functions from many kinds of 
instruments. Now Exact is introducing a low-cost waveform gen­
erator that will do so many jobs we 've decided to call it a 
"Multigenerator." 
The new Model 124 Multigenerator, priced at only $595, pro­
duces a variety of usable signals previously attainable only by 
employing several instruments, either separately or in tandem. 
Start with normal sine, square and triangle waveforms. Then add 
plus-and-minus sine, plus-and-minus square, plus and minus 
pulse-with both the repetition rate and the pulse width con­
trolled internally. You also can generate haversines, gate for 
burst outputs, trigger for single shot, or sweep symmetrically up 
and down. The Model 124 will produce offset waveforms and 
sin' pulses without fiddling with DC offset. And you can vary 
pulse amplitude without affecting DC offset. 
The Model 124 has dual output amplifiers-each with individual 
function selection , 80 db attenuation in 10 db steps, two sep­
arate generators, 1000:1 VCF, frequency range from 0.1 Hz to 
5 MHz and output voltage of 20 V open circuit (1 OV into 50 fl). 
In PULSE, BURST AND SWEEP MODES, the second generator 
is used to trigger, gate or sweep the frequency, respectively. 
The second generator can be used to modify the main genera­
tor in a number of other ways, opening up almost unlimited 
waveform possibilities . 
The Model 124 is only 3V2" high, 12Y2 " wide and 1 OY2 " deep. 
(Small for a waveform generator that will do so much.) 
Price $595 ($50 extra for expanded frequency range of .01 Hz 
to 5MHz on main generator.) ® 
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EXACT 
electronics. inc. 
Box 160 
Hillsboro, Oregon 97123 
Telephone (503) 648-6661 
TWX 910-460-8811 

A subsidiary of 
Vector Management Corp. 
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Triangle and square waveforms. 

Pulsed havertriangle and sin' burst. 

Sweeping up and down with internal 
triangle . 

Tone burst and pulse burst. 

Gated with sweep, internal triangle Pulse mode-pulse delay controlled 
gates and sweeps main generator. by internal triangle generator. 

Single shot-sine wave output using 
pulse mode, st art-stop control at 
0° . For phase relationship studies. 

Sine output from amplifier #1, 
square output from amplifier # 2; 
both amplifiers swept simultaneous­
ly in sweep mode. 
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Now that you're surprised at how different this Howard fhp 
motor looks on the outside, let's talk about output: 

When Howard rates a motor l /20 hp, we're not about to 
underpower your system with a l /25 hp motor. We've always 
True Rated our fhp motors this way. 

Now engineers and designers are finding that a carelessly 
overrated or underrated motor can cause system problems. 
And they want no part of either. That's why engineers look 
to Howard for True Rated fractional horsepower motors .... 
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and they get them. Our computer guarantees it. And your 
products benefit. 

Next time you look at the outside of a Howard motor, you 
won't find mod painting. You will find that if the label says 
J /20 hp, we don't mean l /25 hp. Or I / 15 hp, either. 

Get the complete Howard True Rated story. Find out in 
detail why it makes no difference that all fhp motors look 
a like. Jt 's the output that counts. Wri te or call Howard for 
Fractional Horsepower Motor Information Packet El 71. 

------ HOWARD 
HOWARD INDUSTRIES 
MSL INDUSTRIES, INC. / MOTOR GROUP 
2420 18th STREET, RACINE, WISCONSIN 53403 
414-632-2731 TWX 910-271-2387 
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OUR 
ANGLE: 
High Speed 
Accurate and 
Automatic Angle 
Position Indicators 

WHAT'S 
YOUR 
ANGLE? 

58 Circle 58 on reader service card 

If you 're converting synchro/ 
resolver data to digital format , 

you need both speed and accu­
racy to keep pace with today 's data 

explosion . Only one converter meets 
both these requirements without com­

promise . And for under $4K . . .. North 
Atlantic 's Model 545/100. 

The solid-state Model 545/100 converts both 
resolver and synchro data with 0.01 ° accu­

racy and resolution. And continuously digitizes 
input angle data at 20,000° per second in the face 

of real-life noise, harmonics and quadrature levels. 
BCD output is available at the rear connector. Con ­

version can be stopped by a data freeze command . 
If multiplexed signals are your bag, acquisition 

time is less than 30 ms . 
Options? Other models offer many options , 

including 0.001 ° resolution with 10 arc-sec­
ond accuracy; data frequenc ies from 60Hz 

to 2.4kHz, binary output, small size. 
No matter what your conversion prob­

lem, if you require ultra-fast , ultra­
accurate tracking , contact your 

North Atlantic sales engineering 
representative today. He' ll show 

you a better angle . 

N 0 R 'I' :a: .A. 'I' L.A. N 'I' I C 
i ndustr i es, inc. 

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11 803 
cable : noatlantic / twx: 510-221 -1879 / phone: (516) 681 -8600 
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Would you believe a 50 MHz 
pulser from E-B for only s395? 

Here are the facts about GENERATION 70™, a revolutionary 
new series of test instruments from E-H Research Labora­
tories, which will offer maximum performance at minimum 
cost to the user. 

5% peak-to-peak. It weighs 7 lbs. and measures only 
3%" x 8%" x 12" in size. 

The first instrument in the Generation 70 Series is E-H 
Model G710, a 50 MHz pulse generator for only $395! That 
boils down to $7.90 per MHz! Where else could you get such 
high performance at such a price? Other features of the 
Model G710 include dual outputs with amplitudes to 5V into 
50 ohms, rise and fall times of 5 ns, duty factor greater than 
50%, external triggering and waveform distortion less than 

Like all other Generation 70 instruments to come, the Model 
G710 will also feature no internal adjustments, no special 
parts (which means replacement parts are available from 
shelves of local distributors), and no recalibration proce­
dures. Add to all this a One-Year Guarantee of Performance, 
One-Year Free Service and a price tag of $395. Unbelievable? 
E-H believes their new Generation 70 instruments to be so 
superior that they're offering you a 5-Day Free Trial. So what 
can you lose? Clip out the coupon below or call your E·H 
Representative today and order one-or three or four. 

Try us! 
..................................... 

5 GTD i 
! ENERATION ! • • • 515 11th Street • Box 1289, Oakland, California 94604 • (415) 834-3030 • 
• Dear Sir: • 
: D Here is a purchase order. Please ship me $395 Model G710 : 
• pulsers for a 5-day free trial. • 
: D Sounds interesting. Please have an E-H Representative contact me. : 
• D I'm still not convinced. Please mail me more information. • 
• Name Title • • • 
: Company : 

: Address Telephone : 

• City State Zip • • • ..................................... 
Electronics I January 18, 1971 Circle 59 on reader service card 59 



Resistance networks tor A/ D and 
DI A convers ion , digital volt meters 
and numerical control systems de­
mand extreme prec ision . Allen­
Bradley can deliver. Precision that 
starts with a patented chromium­
cobalt resistive material vacuum 
deposited on a substrate made to 
Allen-Bradley spec ifications. Preci­
sion based on exclusive computer 
drawn grids. Precision backed by 
extensive design and testing facili­
ties. Precision on a continu ing basis 
assured by Allen-Bradley's 14 solid 
years of experience. 
Add the reliability of a single sub­
strate, uniform temperature char­
acteristics, much lower attachment 
costs and you see why Allen -

EC70-9A !Cl Allen-Bradley Company 1970 

0 
0 

0 
0 

0 

Bradley thin film networks are the 
logical replacement tor discrete 
precision resistors. 

S ELECTED S PECIFICATION S 

RESISTAN CE IK ohms to 2 megs , sta ndard 
RANGE 25 ohms to 50 megs, special 

(Single substrate range -
10,000 to I ) 

TCR LEVELS ± 25 ppm/°C 
- 55°C to +12s 0 c ± 10 ppm/ °C 

± 5 ppm/ °C 

TCR TRACKING ± 5 ppm/°C standard 
to ± I ppm/ °C special 

TOLERANCES Absolute to 
± .01% @ +25°C 
Matching to 
± .005% @ +25°C 

RESOLUTION Line width and spacing to 
.0001 inch 

ENDURANCE Exceeds MIL-R-10509F 
Characteristic E 
Procedure : MIL-STD-2020 

Investigate the superiority of Allen­
Bradley thin f ilm networks. Write: 
Marketing Department. Electronics 
Division , Allen-Bradley Co. , 1201 
South Second Street, Milwaukee, 
Wisconsin 53204. Export office : 
1293 Broad St. , Bloomfield , N. J . 
07003, U.S.A. In Canada: Allen­
Bradley Canada Ltd ., 135 Dundas 
Street, Galt, Ontario. Several stand­
ard networks are available through 
your appointed A-B industrial elec­
tronic distributors. 
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Holographic mass memory's promise: 
megabits accessible in microseconds 
Read/write memory under development combines manganese bismuth 
magnetic film and new holographic techniques to offer the potential 
of high-speed, high-density storage for less than a cent per bit 

By R. D. Lohman, R. S. Mezrich, and w. C. Stewart, RCA Laboratories, Princeton, N.J. 

D The concept of read/write memories storing hun­
dreds of millions of bits with access times of less than 
a microsecond sounds like the ideal marriage of core 
and disk sys tems. Such a memory now, in general, 
seems to be feasible; but far from being a combina­
tion of these approaches, it uses holographic mass­
storage techniques . It's done without the complex 
wiring required in core systems or the slow and cum­
bersome mechanical equipment necessary for access­
ing tape and disk sys tems. And the optical approach 
promises costs less than a cent per bit. 

The optical read / write memory approach (Fig. 1) 
has two basic elements: a large central holographic 
memory that contains the system's total stored in­
formation; and an operating memory that at any 
given time contains a small block or page of the 
main memory. The central processing unit (CPU), 
as ·in any compu ter, performs the functions of arith­
metic, control, etc. 

The system opera tes on commands from the CPU, 
which orders the operating memory to retrieve a block 
of data (called a page) from the central holographic 
memory. Although the holographic storage memory's 
capacity is very large (say 108 bits ) and relatively slow 
(access time of a hundred microseconds), the operat­
ing memory is small (104 bits ), but it has submicro­
second access time to any word residing in the page. 
Moreover, the operating memory has a read/write 
capability; it can read the data stored in the holo­
graphic memory, or write new data into the memory. 

On the cover, checking out components of the memory 
descr ibed in this article, is author Wilber C. Stewart, a 
member of the technical team put together by Dr. Jan 
Rajchman , staff vice president for information sciences, 
at RCA Labora tories to d evelop his concept for an 
optica l mass memory. Stewart bro ught to the team a 
background in thin film memory research, which was 
matched by the laser and holography experti se of co­
autho r Re ube n S. Mezrich. Supervisi ng the project was 
Robert D. Loh man , a veteran of computer and inte· 
grated circu it e ngineering at RCA, who now heads 
informat io n scie nces systems research. 
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In this setup, pages of data are transferred to 
and from the operating memory via an optical path 
to the central holographic memory. The relationship 
between the two is similar to that of the core memory 
to the disk memory, but with two major differences : 
the data path is parallel and optical rather than 
serial and electronic, and no moving parts are required 
to access the optical memory. 

Key to making the sys tem realizable is the magnetic 
storage medium, whose ability to store high-density 
information that is both permanently imprinted but 
eas ily erasable offers the flexibility that's essential 
to success. The medium in this system is a compound 
composed of manganese bismuth-a ferromagnetic 
material charac terized by a large anisotropy, an easy 
axis normal to the film surface, and very large mag­
neto-optic effects. Used in a thin (600-angstrom) film, 
this medium offers high-speed, shows no fatigue or 
thermal decay, operates at room temperature, and is 
independent of the frequency of the light used to 
alter it. 

Holograms are made on the MnBi film by Curie­
point writing, a process in which light incident on 
the fi lm is absorbed, raising the local temperature 
over the Curie point. This tempera ture rise causes 
the film, at regions of high light intensity, to become 
paramagnetic-very weakly magnetic. After the light 
is removed the film cools and rehuns to the ferro ­
magnetic, or strongly magnetic state-but with the 
direction of magnetization reversed by those regions 
of the film which remain cool. Thus, if the incident 
light pattern is that of a spot focused on the film, 
then a corresponding spot, with its magnetization 
reversed, is written. However, if the incident light is 
the interference pattern between an object and refer­
ence b eam, then the corresponding magnetization 
pattern will be formed and will correspond to the 
information to b e stored. 

Using this material , very high resolution can be 
achieved-greater than 2,000 line pairs per millimeter. 
In addition, write time is only approximately 20 
nanoseconds , while read time is approximately 20 µs. 

The read/write operation of the system is illustrated 
in Fig. 2. During the write cycle a laser beam firs t 
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HOLOGRAPHIC 
MEMORY 

OPERATING 
MEMORY 

CENTRAL 
PROC ESS I NG 
UNIT 

1. Optical route. Ho lographic memory is coupled to 
operating memory which functions as a high-speed access 
for the CPU. Blocks of data are transferred to and 
from the operating memory via optical paths. 

enters a two-dimensional deflector capable of shifting 
it to any position on a page. Since there are X rows 
and Y columns, the total number of page positions is 
X • Y. Each position represents an area on the storage 
medium containing one hologram. Thus, each holo­
gram can be located by electrically deflecting the 
beam to that position. 

With interference between two coherent beams re­
quired to construct a hologram, the deflected beam 
next is split into two parts. One, the reference beam, 
is sent directly to the selected page location on the 
storage medium. The second, the object. beam, im­
pinges on a two-dimensional (W·D) array of light 
modulators , called a page composer, before it reaches 
the same page location on the storage film. The page 
composer impresses the information to be stored on 
the beam. In this capacity it acts as a transducer, con­
verting the electrical input data to spatial variations 
of intensity or phase of the object light beam. 

At the selected page location, the reference and 
object beams form an interference pattern to produce 
a hologram of the page, finishing up the write cycle. 
In addition, since holograms are by nature redundant, 
(light from each modulator position in the page com­
poser covers the entire hologram area), the storage 
medium need not be free from random imperfections 
that would aHect the data if it were stored as a 
direct image of the page composer. Even if part 
of the holograph is lost, the information can still be ac­
curately reproduced. 

To read the data, the selected page of the storage 
medium is illuminated with a reference beam alone, 
producing a real image. At this image plane, an array 
of photodetectors , whose spatial dimensions are the 
same as those of the page composer, converts the 
information into electrical signals. These signals, in 
turn, set the states of Hip-flops, one for each photo­
detec tor cell. This integrated array, with its addressing 

2. System. The components of the holographic memory are the laser (energy source), the beam deflector (addressing 
mechanism ), page composer (data entry), storage medium, and detector (data extraction ). Each page of data is stored as 
a hologram in the storage medium and is read as an image on the photodetector. 

LASER 
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BEAM 

~11~0 w----B-~;~i.:-tJ[r.:-.:--U:>~----O------~ 
ACOUSTIC ~ 

POLARIZATION DEFLECTOR DEFLECTOR TELESCOPE I 
SWITCH I PLANE 

I MIRRORS 

------------------~~~-----------~i 
----~ u 

, ~:, ® ;~;~~c-:-~-- ----llrr -
ROOF MIRROR 

CO~SER \flti --- --- --- ----- Qjti -----..._ ------- ---
SENSOR 
ARRAY 

~i MAIN LENS ----::.."":....-...,._+,,,...:,.-::=~---
~- -- - - - - - -- --- - - - - ------- HOLOGRAM READOUT BEAM 

PL ANE MIRROR STORAG E 
MEDIUM 

3. Reading and writing. The hololens-an array of fixed holograms, one for each deflected beam-splits laser light into 
an object and a reference beam. The object beam goes to the page composer, then to storage medium. The reference 
beam bypasses the main lens and combines with the object beam, which contains data from the page composer, to 
construct the hologram on the storage medium. Data read out by the reference beam, is displayed on the sensor array. 

circuitry, comprises the operating memory. 
In calculating the memory's capacity, C, note that 

there are X·Y pages of information, each containing 
W·D bits. Thus C = X·Y·W·D. However, the number 
of discrete, nondefective functioning devices required 
is only 2·W·D, since W·D are needed for the page 
composer and an additional W·D are used in the 
detector. Thus, for typical values of the system's 
parameters, X = Y = W = D = 100; C = 108

, and 
N = 2 x 104 • In other words, the memory attains a 
very large storage capacity (108 bits) with very few 
discrete elements 2 x (104). 

A possible configuration for the optical memory 
is shown in Fig. 3. Here a laser pulse stream is 
collimated into a narrow beam and is directed toward 
an electro-optic switch. Since the same beam is used 
for both reading and writing, during the read cycle, 
the switch rotates the plane of polarization by 90°, 
so that during the write cycle the object beam will 
be blocked by a suitably oriented polarizer further on. 
When writing, the switch is not energized. Next, 
a beam-expanding telescope produces a wide col­
limated beam to fill the aperture of the deflector 
cells (the number of positions that can be resolved 
by the deflector is proportional to the square of the 
diameter of this aperture). 

The deflection angle is determined by traveling­
acoustic waves introduced into the cells; the deflec­
tion angle is proportional to the frequency of the 
wave. After the beam passes through a three-lens 
deflector telescope, where its angle is magnified, its 
diameter reduced, and its axes aligned, the beam is 
directed by plane mirrors to the holographic portion 
of the system. 

The deflected beam illuminates a small area of an 
array of fixed holograms, called a hololens. These 
hololenses, containing one hologram for each deflected 
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beam position, efficiently divide the incident light 
into an object and a reference beam. 

When illuminated by the incident beam, the object 
beam from the hololens produces a real image of 
the light modulator arrangement on the page com­
poser. At the same time, the writing reference beam 
passes undiffracted through the hololens. This beam, 
in passing the side of the main lens, is reflected once 
by a 90° roof mirror which inverts the beam position 
through the plane of the drawing, and once more by 
a 45° plane mirror. Finally, the undiffracted beam 
arrives at normal incidence to the storage medium 
exactly where the object beam arrives, thereby pro­
ducing the necessary holographic interference pattern 
used to write the particular page selected in the 
storage medium. 

To read a page of information, only the reference 
beam need be directed to the storage medium. Trans­
mitted light diffracted from the storage hologram 
forms a real image at the photosensor array. If the 
detector array must be identical in size to the page 
composer array, the readout beam must pass through 
a lens similar to the main lens. However, a real image 
of a different size will be formed even without a lens 
acting on the readout beam. 

A major attraction of an optical storage system is 
the very large potential for bit-packing density. For 
typical values of wavelength of laser light and lens 
£-value, densities of approximately 106 bits per 
square centimeter should be feasible. However, if 
the storage medium were placed at the center of the 
focal plane, a larger area could be obtained and 
hence more total storage capacity could be available. 
This type of configuration, although more compli­
cated, is feasible and might be selected in an actual 
operational system. 

To read the hologram, either the Faraday (transmis-
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Holography and mass storage 

A hologram is a recording of the optical wavefronts 
from an illuminated object; subsequent illumination of 
the recording reconstruots, by diffraction, an image of 
the original object. To form this image, the wavefronts 
diffracted by a hologram must reproduce not only the 
amplitude variations originally present across the plane 
of the recording, but more importantly, the relative 
phase variations or wavefront curvatures that existed. 
The wavefron t curvatures, in fact, signify the direction 
and distance traversed by the light from the object to 
the hologram. Such recordings can be made by expos­
ing a recording medium to the interference pattern that 
results from combining the object waves with angularly 
offset reference waves from a collimated light. 

A laser is required for achieving the extended inter­
ference fringes of high visibility (contrast). Furthermore, 
a high-quality holographic image requires resolution 
in the recording medium sufficient to record the finest 

sion) or Kerr (reflection) magneto-optic effect is used. 
Since these phenomena essentially are phase effects , 
the magnetic hologram will behave as any optical 
phase hologram: either the real or virtual image of the 
original object is reconstructed simply by illuminating 
the hologram. 

To erase the hologram, an external magnetic field 
is applied that's large enough to saturate the film , 
thus removing the holographic magnetization pattern. 
Another technique, which allows selective erasure, 
is to hea t an area of the film above the Curie tempera­
ture in the presence of an ex ternal magnetic field. 
When the film cools it will again be completely 
saturated in the proper direction. 

The duration of the light pulse must be short, 
to preserve the fin e detail of the periodic pattern, since 
long pulses will cause spreading on the film. Also, 
the light intensity must be sufficient to generate 
enough heat to reach the Curie temperature of the 
film. Typically, pulse durations of 20 ns with peak 
intensities of 10 kilowatts of light are required for 
an area of 1 mm2 . Although this system, because of 
the hololens , is more efficient than most, a laser output 
power of approximately 100 kw is still necessary to 
produce this power at the MnBi surface due to losses 
in the deflector, page composer, and various optical 
components such as lenses, mirrors, etc. 

This requirement places severe demands on the 
laser. In fact, the characteristics required for this 
application are not available from present lasers . 
Presently, the only source capable of meeting the 
peak power requirement is a Q-switched ruby laser, 
but the rep etition rate is much too low for any prac­
tical memory system. However, recent developments 
indicate that a laser with the required peak power 
and pulse rate is feasible. Particularly promising is 
the "doubled" YAG laser whose output is in the green 
light region (A. = 5300A). With informatiOn-packing 
density varying inversely as the square of the light 
wavelength, the doubled YAG is an ideal choice for a 
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detail of the original interference pattern, which is ap­
proximately on the order of the wavelength of the light. 

Perhaps the principal advantage afforded by hol­
ography in mass storage is the ease of achieving re­
dundant recording with no loss in density, since each 
elemental area of the hologram contributes equally to 
the entire image and not just to a portion of it. Thus, 
small random imperfections or dust particles which 
would obliterate entire bits of information in a directly 
recorded microimage will merely degrade slightly all 
the information bits in a holographic image without 
destroying any. This is accomplished by illuminating the 
object pattern so that the light from each information 
bit falls on all parts of ·the hologram area during record­
ing. A further advantage is that the image from each 
hologram can be made to fall on a single fixed array 
of photodeteotors without the necessity of moving the 
storage medium or providing multiple imaging. 

memory using MnBi as the storage medium. 
The selection of techniques for imprinting the de­

flector, page composer, and detector is dictated by 
overall system requirements , compatibility between 
components, and available technology. For example, 
the beam deflector must be capable of directing 
the laser beam precisely and reproducibly to be­
tween 104 and 105 positions in microseconds with 
high light efficiency. One way to do it is with an 
acousto-optic defl ector, employing a sound wave in 
a liquid or a crystal to diffract the light. Two acousto­
optic cells are needed: one for deflection in the X 
direction , and one for Y. 

Although it's also possible to suitably deflect the 
light beam using a KDP optoelectric crys tal, the 
acoustic technique is the simpler of the two because 

4. Write waves. The interference pattern caused by the 
combination of object and reference beams (part A ) creates 
temperature variations that duplicate the incident pattern. 
With this technique, called Curie-point wr iting, thermal 
va riations can be stored as differences in magnetic 
domains (part B) in the magnetic MnBi film. 

OBJECT BEAM 

~ 
~ 

REFERENCE BEAM 
(A) 

MAGNESIUM-BISMUTH 
STORAGE MEDIUM 

(Bl 
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only two active elements instead of 14 elements are 
required for a 128 x 128 optoelectric deflector. Further­
more, since the precise frequencies for the acousto­
optic cells are easier to es tablish than the exact 
voltage for the optoelectric cells, acoustic deflection 
potentially allows greater repeatability at these higher 
contrast levels. 

The page composer is, in essence, a display device 
that converts electrical data to a spatially modulated 
light wave. Since in a hologram the entire image to 
be recorded must be recorded at once, the page 
composer elements can be one of two types: they 

The optical ROM: first things first 
Although further development of key components still 
is required before a read/ write optical memory becomes 
practical, read-only optical memories could be built 
with available technology. Optical ROMS need not have 
an erasable storage medium, nor do they compose 
pages in real time, circumventing two technical prob­
lems that remain to be solved in the read/ write sys­
tem. 

As shown below, the read-only memory comprises 
a laser, deflector, holographic storage medium, and 
detector. The page address controls the deflector, which 
directs ·the beam to the selected hologram. The image 
from the hologram is made to fall on the detector array. 
By selecting one row of this array and reading all the 
columns simultaneously, the desired information is ob­
tained a word at a Hme. 

State-of-the-art components could produce a 10- to 
100-million-bit memory with a page access time of 
less than 5 microseconds and a word access time within 
the page of less than 1 µ,s . But in order to change the 
information in just one hologram, a new hologram plate 
must be made, and .this requires some sort of an auto­
mated arrangement. 

One method, shown at right, requires that the data 
to be written into the memory first be recorded on mag­
netic tape. The information then is displayed on a ca­
thode ray tube which is used to expose 35-mm film. 
Each frame of film corresponds to one page of the 
memory. 

The developed film then serves as the data masks 
for the hologram plate exposure system. The entire op­
eration can be accomplished in reasonably short times: 
exposure of a 16 x lQG bit memory plate would require 
approximately 1 % hours. 

Although such a memory is technical feasible, the 
real problem is how ·to use it. Generally, small ROMS 

are used now for microprograming or character genera­
tion, and usually have capacities of less than 106 bits, 
but holographic optical ROMS are economically attractive 
only in sizes above 107 bits. 
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can either accept information serially (a word at a 
time) and store it, or each element must be individu­
ally connected to a buffer memory, in which case it 
acts only as a light modulator. 

If the information is entered in serial form , then 
each element of the page composer must be coin­
cidentally addressable . In this case each bit requires 
a control wire (totally W·D wires). Likewise, if the 
elements act as light modulators only, then some 
way must be found to make the W·D connections 
from the elements themselves to the buffer memory. 

The ferroelectric ceramics, such as lead-zirconium-
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5. Liquid modulators. Liquid crystal-silicon sandwich 
cells could make an ideal page composer, since liquid 
crystals are nearly perfect light modulators and can 
be readily connected to the flip-flop controls. However, at 
present, liquid crystal material is slow-with 
speeds on the order of milliseconds. 

titanate (PZT) appear to be good candidates for page 
composer elements of the first, or storage, type. The 
ceramics are both ferroelectric and electro-optic, can 
be addressed coincidentally, and can store on the basis 
of electric polarization. Thus it's possible to fabricate 
a page composer from PZT which would only require 
placing electrodes on a sheet of the material. More­
over, with this method, the switching time using 
coincident addressing is only approximately 10 p.sec­
a lOOxlOO array can be loaded in only 1 miHisecond­
with voltage drives easily obtainable from discrete 
transistors. 

However, early PZT samples showed severe elec­
trical and optical degradation. The culprit: fatigue 
caused by repeated switching. Once the fatigue prob­
lem is solved, PZT could become the leading candidate 
for page composer applications without severe speed 
requirements. 

Another possibility for the page composer is the 
ferromagnetic equivalent of PZT, gadolinium-iron-gar­
net. At present, however, it cannot be grown in large­
enough crystals-a 108 bit optical memory must be 
approximately 10 cm on a side. 

A promising technique for the second type of 
page composer (requiring a separate memory) uses 
nematic liquid crystals. These nearly ideal light modu­
lators can yield a high contrast ratio and require very 
little control power. Since the liquid crystal cells do 
not store, and cannot be coincidentally addressed, 
this approach requires W·D connections between the 
liquid crystal itself and the integrated control circuitry. 
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A cross-section of a silicon IC-liquid crystal cell 
that could be used as a page composer is shown in 
Fig. 5. The IC contains a flip-flop and associated 
addressing circuitry. An aluminum control electrode, 
connected to one side of the flip-flop, maintains a 
potential of either 0 or -20 volts, the liquid-crystal 
switching voltage. The liquid crystal is poured over 
the entire circuit; the device then is covered with a 
piece of glass, whose underside is coated with a 
transparent conductive material which is grounded. 
Light striking the device is reflected if the potential 
between the control electrode and the coating is zero, 
or is scattered H the potential is -20 V. When viewed 
from the storage medium, the control electrode ap­
pears to be bright in the first case and dark in the 
second. However, the main disadvantage of liquid 
crystal devices is their relatively slow operating speed, 
which is in the millisecond range. This restricted 
speed is evident at low temperatures-below 0°C, for 
example. But some new materials becoming avail­
able show fast switching over an extended tempera­
ture range. 

With a slight modification, this arrangement could 
serve as the detector array as well as the page com­
poser. To serve the detector function, the aluminum 
control electrode is replaced with the anode of a 
photodiode, which acts as the reflecting surface. If 
its anode voltage is controlled by the flip-flop, the 
anode modulates the light. During the reading func­
tion, the image from the storage medium strikes the 
diode and the resulting photocurrent is used to con­
trol the flip-flop. Thus, a single device serves as a 
page composer and a detector. It is called a light­
accessible transistor matrix (latrix). 

If a separate detector is used, it ·could consist of 
standard photodiodes in combination with flip-flops. 
In this way the detector array both senses the optical 
signal from the storage medium, and provides storage 
for rhe readout data. Thus it could serve as the com­
puter main memory, or as a buffer for it. In operation, 
the stage of each flip-flop would be controlled either 
by external electrical signals or by signals generated 
opticaHy from the storage medium. 

Much remains to be done before holographic opti­
cal memories can compete with existing memory tech­
nology. Further advancements in lasers and acousto­
optic, electro-optic and magneto-optic materials are 
necessary to provide the required performance. When 
these occur, optical memories will become an integral 
part of data processing technology. D 
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Tantalum chip capacitors pack 
high value into hybrid circuits 
Fitted with copper electrodes by a plasma process, tantalum chips 
provide hybrid circuits with capacitances above 1 micrdfarad; 
assembly can be automated, and manufacturing costs reduced 

By John Piper, Union Carbide Corp., Components division, Greenville, S.C. 

D Ceramic chip capacitors have been a boon to the 
hybrid circuit designer. They lend themselves to auto­
matic handling, and also are small, economical, and 
highly reliable. But their cost and size, when a circuit 
requires capacitance values above a microfarad, may 
force the designer to turn to discrete, leaded tantalum 
components. And since he has to attach these out­
board of the substrate, he loses much of the conven­
ience and reliability that chips provide. 

Tantalum chips would be preferable, but have not 
been practicable because solid tantalum capacitors 
cannot tolerate the high temperatures required in 
various hybrid circuit manufacturing processes. The 
weak spot is the method of terminating the cathode. 
But the application of a plasma coating technique, 
developed for aerospace materials, has made it possi­
ble to produce tantalum chips with solid copper ter­
minations, in a form convenient for mass production 
("Arc-plasma deposits may yield some big microwave 
dividends," Electronics, Feb. 2, 1970, pp. 108-115). 

A typical solid tantalum capacitor consists of a 
porous pellet of tantalum with a tantalum lead wire 
that forms the positive plate of the capacitor (Fig. 
1). Anodization of the internal and external surface 
area of the pellet provides a dielectric layer of tan­
talum pentoxide, Ta205 that is too thin, typically 
2,000 angstroms, to be visible in the photomicrograph. 
Its thinness is what gives the solid tantalum capacitor 
a volumetric efficiency seven times that of ceramic 
capacitors. 

A layer of semiconducting manganese dioxide is 
used for the negative plate of the capacitor, because 
of its ability to fill the pores of the anode and, more 
importantly, "self-heal" the device when it is sub­
jected to excessive voltage or current. A high current 
density in the Mn02 near a defect site will cause 
local heating and decomposition: 

4Mn02 + heat -~ 2Mn203 + 02 
thus converting a small volume of the cathode to the 
high resistivity sesquioxide and releasing oxygen 
which can then convert any exposed tantalum to an 
insulating oxide. 

However, the rub comes with the conventional ca­
thode termination-a fairly thin layer of a paint 
composed of silver particles in an organic resin. The 
basic tantalum capacitor element, the Ta-Ta205-

Mn02 layers, also has temperature limitations, deter-
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mined by: the diffusion of oxygen from the tantalum 
pentoxide into the tantalum at the dielectric-anode in­
terface during exposure to temperatures above about 
300°C; the transition from Mn02 to Mn203, which 
occurs at about 450°C; and eventually crystallization 
of the initially amorphous tantalum pentoxide dielec­
tric. But, in its usual form, the tantalum capacitor never 
approaches its fundamental temperature capability 
because above about 200°C the cathode termination 
starts to degrade, the silver dissolving into the solder 
and the resin decomposing. Such behavior is clearly 
unacceptable in hybrid circuit fabrication, where 
solder reflow, rework, or encapsulating operations 

l. Construction. Photomicrograph of typical tantalum 
chip capacitor shows layers of tantalum, manganese 
dioxide, and silver. A more advanced version substitutes 
copper for silver to improve the high temperature 
capability. 

TANTALUM 

PHOTOMICROGRAPH 

SOLDER 
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2. Copper coat. Photomicrograph shows density of 
plasma-deposited layer of copper on Ta-Mn02 chip. 
Density is 80% of the theoretical maximum. 

can require temperatures to 300°C. 
To develop a high temperature capability, the silver 

paint has to be replaced by a more suitable material. 
Copper is a particularly good choice because it is 
intrinsically ductile, readily wet by solders, and only 
slightly soluble in molten, tin-containing alloys. Fur­
ther, replacement of silver paint by copper results in 
the body of the capacitor becoming a natural cathode 
terminal. And removal of an organic resin from the 
structure lessens the chance for circuit contamina­
tion. 

The use of metallic copper instead of silver paint is 
a signi!ficant innovation and is made possible by the 
technique of plasma deposition. This process has 
several advantages: 
• It yields a solid copper layer, typically 1-mil-thick, 
and so does away with the need for a binder that 
would inh·oduce temperature limitations and the pos­
sibility of contamination. 
• It conformally coats the manganese dioxide sur­
face, so that good electrical contact and mechanical 
integrity are established. 
• It is a clean process that avoids ionic materials, 
which could affect capacitor performance. 
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• It allows the placement of the conductive layer to 
be precisely controlled. 
• It is amenable to high volume production. 

Figure 2, a photomicrograph of a plasma copper 
coating, provides evidence of the first two advantages. 
The copper coating is dense, with greater than 80% 
of the theoretical density, and it also conforms closely 
to the manganese dioxide surface. 

To deposit the copper, a plasma torch directs a 
high velocity stream of hot, inert gas at the tantalum 
chip. The temperature of the gas may be as high as 
16,000°C. The copper is introduced in powdered form 
into the stream, which melts it and accelerates it 
toward the chip. As the molten specks of metal strike 
the chip, they form a lamellar structure of flattened, 
overlapping particles, bonded to each other and inter­
locking with the chip surface. 

A copper-electrode chip designed for easy handling 
and precision placement is shown in Fig. 3. Such 
capacitors, under the brand name of Kemet, are being 
manufactured by Union Carbide Corp. by the plasma 
deposition process. The positive terminal is made 

SOLDER-COATED SOLDEO-COATED 
NICKEL POSITIVE COPPER NEGATIVE 
TERMINATION TERMINATION 

\_ J CKJ "--TI_,,_...,~, 

CHIP TANTALUM CAPACITOR 

VACUUM HEAD DESIGN FOR TANTALUM 
CHIP HANDLING 

3. Chip. Copper-electrode 
tantalum chip capacitor 
is designed for easy 
pick-up in automatic 
assembly and positive 
contact with pads on 
hybrid substrate. Photos 
show 33, 68, 150, and 330 
microfarad-volt 
(capacitance-voltage 
product) units. 
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Changing values 
At less than 1,000 picofarads, thin or thick film ca­
pacitors are usually adequate for hybrid circuits. But, 
though thick film materials are available with efficien­
cies of up to about 100,000 pF per square inch and 
tantalum oxide or silicon dioxide thin film techniques 
can achieve slightly more than 1 microfarad per square 
inch, they're not very attractive for capacitances above 
1,000 pF because of the area they would consume, the 
unreliability of multilayer thick films, and the increased 
defect count in thin films. 

As a result, multilayer, monolithic ceramic capacitors 
have gained almost universal acceptance for providing 
hybrid circuits with larger -capacitance values. They are 
used in the form of discrete chips, bonded to the sub­
strate. 

For thick film applications, .the shape and construc­
tion of such a chip is almos,t ideal. It is a monolithic 
ceramic block that w~bhstands high temperatures and 
has a coefficient of thermal expansion (typically 7 x 
10-6 /

0 c) close enough to that of alumina substrates 
( 8 or 9 x 10-6 / 0 c) to minimize thermal stresses. 

The typical chip's slab configuration is right for 
automatic handling and loading with vibratory bowl 
feeders and vacuum pickups. Moreover, the standard-

D Jl 

0 4 D 
T 

ized location of electrode terminations on the chip 
simplifies orientation and aids connection to circuit 
pads by solder reflow or with conductive epoxy. 

In thin film applications, vhe attractiveness of ceramic 
chip capacitors may be less apparent, but does exist. 
These capacitors can accept a broad range of terminal 
metalizations, suitable for ultrasonic or thermocompres­
sion bonding. In addition, their all-inorganic construc­
tion minimizes contamination within the thin film 
module-a feature that is also impor.tant in thick film 
modules, when chemically reducible resistor composi­
tions are employed. 

But beyond about 10,000 pF the cost and size of 
ceramic chip capacitors grow about proportionally with 
their capacitance value. In the range of 0.1 to 1.0 µ.F, 

therefore, the hybrid circuit designer has to turn else­
where, and either use a solid tantalum chip capacitor, 
or attach a leaded and encapsulated discrete capacitor. 
Generally, the first alternative is preferable, because it 
offers smaller .total size, fewer interconnections, and 
better performance. The size advantage of a ,tantalum 
chip capacitor, compared to cerarµic chips or leaded 
tantalum devices of ,the same value, is shown in the 
figure below. 

Large and small. Four ]-microfarad, 
25-volt capacitors on a ceramic 
substrate illustrate the size 
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advantage of the tantalum chip 
capacitor ( l ) over other types 
of equal value. Compared are: 
ceramic chip (2), miniature leaded 
tantalum (3), and military hermetically 
sealed tantalum capacitors. 
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with a formed and welded nickel tab on the tantalum 
lead wire, precisely placed relative to the rest of the 
device and providing the means of positioning the 
capacitor on the substrate. The tab configuration forms 
a bridge, so that conductors can run under it. Unlike 
the terminals on ceramic chips, the tab on the tan­
talum component is dimensionally precise, reducing 
the likelihood of its being short-circuited by wires 
passing under it. The body of the capacitor makes a 
slight angle with the horizontal, insuring that the end 
of the capacitor body will make contact with a circuit 
pad even when it deviates slightly from a rectangular 
shape. 

To demonstrate that the copper coating performs 
well as high temperatures, chip capacitors with silver 
paint and some with copper terminations were im­
mersed in a molten tin bath-an extreme test-at 
300°C. After 30 seconds in the bath, the silver had 
all but dissolved, whereas the copper was virtually 
unaffected, as Fig. 4 shows. In another demonstration, 
the constituent layers of two chip capacitors-one 
with a copper coating, the other with silver paint­
were soldered to a substrate and maintained at a 
high temperature. As Fig. 5 reveals, no degradation of 
the integrity of the copper coated device is visible 
after 10 minutes at 250°C, while the silver layer in 
the other device is already partially decomposed after 
5 minutes at 225°C. 

The reliability of the tantalum chips is not affected 
by the replacement of silver paint with plasma-de­
posited copper, nor is their electrical performance de­
graded. The copper-coated parts have demonstrated 
a failure rate of 0.05% per thousand hours at a 60% 
confidence level. 

And tantalum chips in themselves are pretty reli­
able from a circuit manufacturer's point of view, 
which is based both on the likelihood of premature 
failure during or prior to circuit construction problems 
and on the intrinsic failure rate of the device in ser­
vice. 

The handling, and assembly problems of tan­
talum chips resemble those of semiconductor chips: 
with a few rudimentary precautions, each can be 
successf!Jlly introduced into the circuit, with or with­
out pretesting, as desired. The intrinsic failure mecha­
nisms of solid tantalum capacitors have received ex­
tensive study. These capacitors have no wear-out 
mechanism and exhibit a decreasing failure rate with 
time. Since the time element can be accelerated by 
applying voltages and temperatures above those for 
which the device is rated, burn-in can improve failure 
rate performance. Likewise, added reliability can be 
obtained in the circuit by appropriate voltage derating 
of the capacitor in the application. 

Chip devices, unlike their leaded counterparts, do 
not enjoy the built-in stress relief provided by lead 
wires. But fortunately, the coefficient of thermal ex­
pansion for tantalum (6.7 x 10- 6 I 0 c) is very low for 
a metal; it approximates that of ceramics, and so min­
imizes thermal stresses. 

The capacitor user is normally concerned as much 
with cost as with reliability-not just the cost of 
the component as delivered, but in-place on the hy-
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brid substrate. Here, the key is automatic handling, 
and for tantalum chips the approach differs slightly 
from ceramic capacitor methods. 

For ceramic chips a vibratory bowl feeder and 
chute are enough to establish the position and orien­
tation of the device, and the programed motion of 
say, a vacuum head, positions the chip correctly on 
the substrate. 

However, with tantalum chip capacitors, polarity 
is important, and a simple vibratory feed won't guar­
antee the right orientation-specially designed com­
ponent carriers, like the tantalum chip carriers shown 
in Fig. 6, must be used, that take advantage of the 
position of the nickel tabs on the chips. By programed 
motion of the carrier, the chips can be brought in 
sequence to a given location and there transferred 
to the substrate by a vacuum head (Fig. 3). This last 
step-transferring the part from a given location to the 
substrate-is the same for both ceramic and tantalum 
chips. 

At Union Carbide, a system has been developed 
for placing tantalum chips on hybrid substrates at a 
rate of 30 per minute. On command, the vacuum head 
lowers and places a chip on a prepositioned substrate. 
The vacuum head then returns to the carrier, picks up 
the next chip in sequence, and remains poised above 
the substrate awaiting the next command. It repeats 
these motions until all carriers have been emptied. 
If for any reason it fails to pick up a chip, it will au­
tomatically recycle. 

4. Into solution. Electrodes made of silver paint 
dissolve rapidly in molten solder,. whereas copper 
electrodes are essentially unaffected. 

Copper 
15 Second Exposure 

Copper er 
30 Second Exposure 30 Second Exposure 
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5. Thermal resistance. Lower portion of tantalum 
chip capacitor is immersed in molten solder. 
Silver coating on chip degrades at 225°C after only 5 
minutes. Copper coating has full integrity after 
l 0 minutes at 250° C. 

In addition to the "general-purpose" type designed 
primarily for thick film substrates and volume users, 
tantalum chips can be made in a variety of configura­
tions. An example is a disk-type tantalum chip with 
gold lands for attaochment of flying leads, intended 
for compact, thin film hybrid circuits. 

But regardless of their configuration, the various 
unencapsulated chip forms have certain characteris­
tics in common. First, they are thin film devices and 
require some care in handling, which the carrier and 
automatic handling system already described are 
specifically designed to provide. But if the devices 
have to be manipulated by hand, they should be 
picked up by the body with a vacuum pencil or non­
metallic tweezers. 

Second, although all tantalum capacitors not her­
metically sealed will show a slight variation in ca­
pacitance when subjected to moisture, chips show a 
faster rate of change of c~acitance and stabilize 
sooner than plastic encapsulated devices. Whereas a 
typical epoxy molded unit may take 50 to 100 hours 
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6. Carrier and dispenser. P~sition of tantalum chip 
is defined by its index tab and maintained by arrangement 
of slots and index teeth in the carrier (top ). As 
the carrier is moved by the dispenser (bottom), it 
brings each capacitor in sequence to the right position 
for placement on the substrate. The dispenser is 
programed to place, on demand, 30 tantalum chips 
a minute on the hybrid substrates. 

to become stable after a large change in relative 
humidity, an equivalent chip capacitor will require 
only 5 to 10 hours. An excursion of a few percent in 
capacitance must be expected with extreme changes 
in humidity. 

Third, though an entire hybrid circuit is often 
packaged by plastic encapsulation or conformal coat­
ing, the choice of materials usually disregards the 
special needs of the tantalum capacitor. For satisfac­
tory capacitor performance, the encapsulating ma­
terial should be as free as possible of ionic con­
taminants, which can create electrical leakage paths, 
and it also should be selected to minimize mechanical 
stresses after curing and during temperature excur­
sions. Alumina, barium titanate, silicon and tantalum 
have similar coefficients of thermal expansion that 
are much smaller than those of most encapsulants. 
Materials which remain flexible throughout the operat­
ing temperature range should be used, or, as a second 
choice, resins filled with low-expansion additives to 
reduce the apparent coefficient of expansion. O 
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You don't fix 'em like this, 
any more. 
Some time ago, when something 
went wrong with your scope, you 
could usually fix it just by pulling a 
tube or replacing a resistor. At 
worst, you'd have to call the fellow 
who sold it to you, and he'd come 
over and fix it on the spot. 

Unfortunately, things aren't that 
simple today. Scopes are required to 
do a lot more things, and to do 
them better. Today, you have better 
reliability, higher bandwidth, and 
faster rise times than you did 
ten years ago. 

Greater demands are made on 
the field engineer, too. In order to 
serve you properly, he has to work 
full-time at being a measurement 
expert. It's very difficult to be an 
authority on both measurement 
techniques and circuitry nowadays 

Furthermore, a field engineer 
today would be hard-pressed to 
carry around all the sophisticated 
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calibration equipment needed to 
service today's scopes. 

Hewlett-Packard realizes this. 
That's why we don't even pretend 
that our field engineers are one­
man roving repair services. Instead, 
we train your calibration and repair 
people to solve most problems. 

Also available to you are three levels 
of expertly staffed, fully- equipped 
HP service centers - local, 
regional, and national - to handle 
those rare problems you can't 
solve yourself. 

Changing times demand changing 
techniques - and HP understands 
this better than any other scope 
manufacturer. (After all , we are 
the world's largest manufacturer 
of electronic test instruments.) To 
find out all about the most exciting 
new developments in the rapidly­
changing world of oscilloscopes, 
contact your local HP field engineer. 

Or write to Hewlett-Packard, 
Palo Alto, California 94304. In 
Europe: 1217 Meyrin-Geneva, 
Switzerland. 

Scopes are changing. 
Are you? 

081 / 4 

HEWLETT f P] PACKARD 
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Designer's casebook 

Avalanching tran~istors 
speed up high-voltage pulses 
By Erwin A. Jung 
Argonne National Laboratory, Argonne, Ill. 

Many amperes of charging current are required to 
develop a pulse of a couple of hundred volts across a 
load with a capacitance of 100 picofarads in only a 
few nanoseconds. It's diffiicult to £nd such pulsers 
even though they're often necessary in such applica­
tions as nuclear instrumentation, cathode ray tUbe 
deflection, and photomultiplier tube drivers. How­
ever, teaming up a vacuum tube and transistor pro­
vides a variable pulse of 200-400 volts with rise and 
fall times of 30 ns. 

In the circuit, the load represents the dynode of a 
photomultiplier that is to be turned off during an 
intense illumination of its photocathode. The dynode 
impedance looks like about 25 kilohms paralleled by 
about 10 to 20 pF. 

The 2C39 .tube is biased at cutoff until the input 
blanking pulse appears ; the tube then begins to con­
duct. The input pulse also is applied ·to the base of 

transistor Qi, which goes into an avalanche mode. If 
the tube were acting alone, it would deliver an output 
pulse, but not fast enough. The avalanche-mode 
transistor helps· speed things up. When the transistor 
avalanches, it produces a pulse that would reach 600 
V at the output of step-up transformer Ti, if the plate 
voltage were not clamped at 200 V by diode D 6 • This 
high-current, negative-going pulse provides fast 
charging of the load capacitor (through D3 , the trans­
former secondary, and then to ground through the 
filter capacitor on the EP supply). 

During the flat-top portion of the input, the tube 
serves to clamp the plate voltage at 200 V. The larger 
output coupling capacitor prevents droop in the out­
put; the smaller assures fast rise •and fall times. 

At the .trailing edge of the input pulse, the opposite 
occurs : transistor Q2 avalanches and supplies a posi­
tive pulse at its secondary. (Note that the windings 
have reverse polarity.) 

Diodes Di and D2 prevent possible collector trig­
gering of Qi and Q2. Each of the six diodes {Di-D6) 

actually consists of six IN4148s in series. A Qi and Q2 
are selected for avalanche voltage greater than 250 
and avalanche current greater than 20 milliamperes. 
Each h·ansformer consists of 10 and 30 turns wound 
on ferrite toroidal cores. As shown, ~he circuit can 
handle a 2-kHz repetition rate at a 1 % duty cycle. 

Team work. Vacuum tube-transistor combination gives pulses of 200 to 400 volts w ith rise and fall times of 30 
nanoseconds. Input pulse turns on the tube and drives Qi into avalanche mode. High current pulse charges load 
capacitor through Ti secondary to provide a fast rise time. Similar action assures a fast fall time. 
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SCR crowbar circuit 
protects lmpatts 
By J. Nigrin 
Un iversity of Alberta, Edmonton , Canada 

A sudden surge of current to an Impatt diode from 
its bias supply can burn it out. Usually, commercially 
available power supplies don' t react fast enough to 
prevent such damage. Although a resistance higher 
than about 10 kilohms placed in series with the bias 
supply would help, it also would degrade an Impatt 
oscillator's performance. A better solution is to use 
an inexpensive SCR crowbar circuit that senses the 
current change and shunts the current around the 
Impatt before any damage is done due to excessive 
junction heating. 

In the circuit, the bias curren t is sensed by R0 • If 
it increases, speed-up capacitor Cs assures that this 
change quickly fires the SCR. Resis tor R2 sets the 
voltage and R1 sets the curren t, at which the SCR 
turns on. Since both these res istors influence the SCR 

gate current, they must be adjusted by a trial method. 
The sensing resistor R0 can be as much as a few 

thousand ohms since the output impedance of the 
bias circuit for Impatts should limit the peak current 
to a value a few times larger than its maximum 
de value. 

The circuit uses a 90-cent 2N5063, which will switch 
off less than 1 microsecond after the output leads 
have been shorted. A single 0.2-/ls current pulse 
through the sensing resistor, with an amplitude 1.5 
times larger than the switch-off current vaiue, will 
switch the supply from llO volts at 10 milliamperes 
to 0.5 V in less than 0.4 f.tS after the leading edge 
of the current pulse. 

The MR2066 SCR shorts the crowbar input terminals 
if incorrect polarity is applied to the circuit. The fus e 
at the input is not really necessary, since the voltage 
drop across a fired SCR is safe enough (about 0.5 V 
to 1.5 v) to be handled by the Impatt. However, 
the fuse does offer extra protection, and requires 
that the user identify the trouble before replacing it. 

The bias-lead capacitance, Cp, should be kept to a 
minimum because it will discharge directly through 
the diode. As such, it's best to mount the crowbar 
circuit inside the oscillator housing. 

Blowout-proof. The lmpatt diode is protected from current surges by the SCR. Resistor R0 senses any sudden change in 
current and couples the surge to the SCR gate through Cs. W hen the SCR fires, the lmpatt vo ltage drops from 
about 110 V to 1 V in a fraction of a microsecond. The MR2066 diode assures correct polarity for the lmpatt. 
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Wien bridge oscillator 
needs only one op amp 
By P.C. Lipoma 
Lockheed Electronics, Houston, Texas 

A simple Wien bridge oscillator, with good drive capa­
bility, can be built round a single operational amplifier 
for a cost of less than $5. The circuit consumes little 
power, and drives both low impedance and highly 
capacitive loads with low distortion. 

The operational amplifier used can drive 8- and 
10-ohm loads, and provides an output of from 2 to 
8 volts peak-to-peak across a 10-ohm load. Its har­
monic distortion is typically less than 0.5% over a 

frequency range of 1 hertz to 100 kilohertz. 
Automatic gain control is provided by the lamp, L 1 , 

which varies in resistance with changes in the output 
voltage. Resistor R3 provides the required negative 
feedback, and, to a limited degree, determines the 
output signal ~mplitude. Capacitors C1 and C2 form 
the reactive portion of the positive feedback loop, 
and are set equal in value. Resis tor R1 is selected so 
that it's equal in · value to the input impedance of 
the amplifi er, while R2 is half that value (R1 shunted 
by the amplifier input impedance). Since both the 
series and the parallel capacitors and resistors in the 
positive feedback loop are equal, the frequency of 
oscillation is simply 1127r R2C1 . High-frequency com­
pensation is provided by capacitor C3 . 

To turn this circuit into a signal generator, the only 
addition necessary is a switch section, to alter the 
values of C1 and C2. 

Compact. The single-stage Wien bridge oscillator delivers stable output frequencies from l Hz to l 00 kHz across loads 
as small as 8 ohms. The lamp, L1, provides automatic gain control by changing its resistance as the output signal 
amplitude varies. The chart deta ils the values of C1 and C2 required for circuit oscillation at specific frequencies. 

c, 

+ 6Vdc 

47pF 

-6Vdc 

270 
(TYPICAL) 

Sequential gate won't 
chop odd-length pulses 
By BjO'rn Kruse 
Stockholm, Sweden 
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FREQUENCY C1 , C2 

1 Hz 33/LF 

100 Hz 0.33/LF 

500 Hz 0.065/LF 

1 kHz 0.033/LF 

10 kHz 3,300pF 

50 kHz 650pF 

100 kHz 330pF 

ALL CAPACITORS ARE NON-
POLARIZED . 

L1 = #80 (LAMPS INC. OF 
GARDENA, CALIFORNIA) 

Digital systems that use varying pulse lengths re­
quire a gating circuit that won't transfer any part of 
a pulse unless it is enabled to transfer the whole pulse 
regardless of the state of the gating-control signal. 
The gate should turn on before a pulse arrives and 
not turn off until after it passes through completely. 

This type of application calls for an asynchronous, 
sequential circuit. Fortunately, enough logic to do 
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the job is contained in a quad NAND gate-one inte­
grated circuit package. Connected as two flip-fl.ops, 
the quad gate meets all the criteria except that it 
complements the data. An inverter-one-sixth of an 
IC-makes the output true. 

The first flip-flop is reset to Xi = 0 only if pulse 
P = 0 'and gating control G = 1. With Xi = 0, the 
second :flip-flop is set to X2 = 1. When X2 is in this 

true state, X3 = 1 also, unless both P and G are true. 
Then, X3 is false, but the data appears at output U. 

On the other hand, suppose P = 1 and G drops to 
logical 0. Since X3 = 0 from the previous input, X2 

is still 1. Not until P drops to 0 can X3 return to 1 
and make output U drop to O: 'Now the second :flip­
flop is reset to X2 = 0, so that no pulse can appear 
at the output unless the first :flip-:B.op is reset. 

Door, not gate. Instead of simply gating a pulse train on and off, the circuit lets the pulses hold the gate open. The gate 
must be enabled before a pulse arrives to transfer a pulse; once enabled, the circuit will not be disabled until a 
complete pulse is transferred. If used with relatively slow circuitry, the R-C network isn't necessary. 

GATING 
SIGNAL 11 

INPUT p 

OUTPUT u 

One-shot saves power 
without losing time 
By C.H. Doeller 3rd and Aaron Mall, 
Communications division, Bendix Corp., Baltimore, Md. 

About 99% of the power wasted by a conventional 
one-shot can be conserved by using a low-current 
design which also offers the advantage of timing 'that 
does not depend on transistor beta. What's more, 
two low-impedance outputs are available, one with 
a positive-going and the other with a ground-going 
edge. 

When a positive pulse is entered, transistors Q1 

and Q2 turn on, and Q3 is turned off through ca­
pacitor Ci. Ci and resistor Ri determine the time 
during which Qi is held on by Q2 through R2 and R3. 
At the end of the timing cycle, Q3 turns on again, 
turning off Qi and Q2. 

In the quiescent stage, Q3 can't waste collector 
current because Q2 is off. The only current that 
flows is that needed to keep Q3 saturated at the 
desired load, reducing standby power dissipation 
to about 1 % of the .figure for a conventional one-shot. 

Output pulse width is directly proportional to 
RiCi, sized here for 8.0 microseconds. Output rise 
times are l~ss than 20 nanoseconds. 
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51 

100k 
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Very quiescent. The only current flowing in the one­
shot's normal state is a low standby current through 
Q3 . Output pulse width is set by Ri and Ci. 

Designer's casebook is a regular feature in Electronics. Readers are 
invited to submit novel circuit ideas and solutions to design problems. 
Descriptions should be brief. We'll pay $50 for each item published. 
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The use and misuse of cores 
to suppress digital system noise 
Though ferrite cores are a convenient and inexpensive 
way of attenuating unwanted high frequency signals, 
they can compound the problem if not used properly 

By Peter W. Grant, International Business Machines Corp., Systems Development division, Kingston, N. Y. 

D Ferrite cores are becoming increasingly popular 
for transient suppression in digital systems-an exten­
sion of their use in radio equipment, where small 
ferrite beads are strung on signal wires to keep noise 
away from sensitive areas. 

However, they're often incorporated into a design 
on a go/no go basis: either they work or they don't. 
Worse, when misapplied, they may end up aggravat­
ing the problem they're meant to solve, and force the 
baffied design group to call in an electromagnetic 
compatibility engineer as a consultant. But if the 
circuit principles underlying the use of ferrite 
cores are understood, it's easy to apply them rationally 
and analytically. 

In the role of noise suppressor, ferrites-ceramic 
ferromagnetic materials-are best thought of as circuit 
impedances. A ferrite core places a frequency-depen­
dent impedance on a wire passing through its center, 
and the voltage drop created by the impedance attenu­
ates signals in the wire. The process is more compli­
cated, of course; the voltage drop idea is a condensa­
tion of waveguide theory and ignores microscopic 
magnetic effects within the ferrite. It is, nevertheless, 
a workable concept for design purposes. 

A core may vary from less than 1/4 inch in diam­
eter and 1/4 inch long, to up to 2 inches long. The 
impedance may be maximized by lengthening the 
core, reducing the diameter, or using more turns 
of wire; but it's not greatly affected by ferrite type, 
except that some types are more effective at the lower 
frequencies. 

Above about 100 MHz, domain-switching reluctance 
in the ferrite produces an imaginary component of 
flux density. This imaginary component manifests 
itself as a resistance or a real impedance, but long 
lead wires or winding capacity can make the device 
look reactive and lower ;its impedance. If care isn't 
taken, the cores could, in combination with stray 
capacitances and .other wiring, form an LC tank 
circuit that would greatly increase the noise on a 
line by permitting transients to induce ringing. 

At low frequencies the effect of a few microhen­
ries of wire inductance on the circuit is not very 
great. Usually, cores aren't too useful below 1 MHz. 

The principles of series impedance attenuation 
are illustrated by the simple, single-ended, closed-
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loop system shown in Fig. 1. In this case, the voltage 
across the load, V L. is given by 

v - ZL 
L - zg + z. + zL 

where Vg is the generator voltage (the signal or noise), 
Zg the generator impedance, ZL the load impedance, 
and z. the series impedance of the wire and core. 
In a single-ended system, the return may be in the 
form of a network, with no common-point grounding 
and with no single identifiable element that totally 
contains the current lg developed by the generator. 
When Vg and ZL are parts of a larger system, the 
return line contains current from sources other than 
V g, and such a system could no longer be consid­
ered single-ended. 

The equation shows how the circuit parameters 
can in general be varied to adjust signal or noise 
voltages across the load. The higher the core im­
pedance z. is, the lower the received voltage be­
comes. If V g is a noise source and it is desired to 
minimize noise across Zr,, then z. should be in­
creased and ZL reduced. If V g is a signal source 
and it's desired to maximize the signal, then z. 

1. Attenuation. Impedance z. of ferrite core 
in a simple single-ended system reduces voltage 
across the load. If the wanted signal is at a high 
frequency, as is usually the case in the latest 
generation of digital systems, it will be attenuated 
along with the noise. 

FERRITE 
SERIES IMPEDANCE 

TRANSMISSION LINE 

LOAD 
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should be reduced and ZL increased. 
Signals are usually transmitted in the differential 

mode (DM), in which they are described by the voltage 
difference between a pair of wires. The current in 
one member of a pair must be equal and exactly op­
posite in phase to that in the other. DM transmission 
is favored over common mode transmission, which is 
similar to the single-ended circuit, because noise is 
generally common mode. Since use of a receiver for 
the transmitted signal that rejects CM signals ideally 
eliminates noise, DM transmission should suppress 
noise even without ferrite cores; but in practice, as 
this article will show, ferrite cores are still needed. 

In the single-ended system of Fig. 1, the transmis­
sion line and the return line constitute a differential 
pair. In a typical system, however, the return current 
is divided among several elements or branches of a 
common return, no pair contains the total signal, 
and the arrangement is not a differential mode. In­
stead, the return elements comprise a CM system, in 
which the signal is common to two or more conductors. 

The double-ended circuit in Fig. 2 is preferable 
to a single-ended circuit (Fig. 1) because it insures 
that the wanted signals are always transmitted 
differentially. Here, currents from the differential 
mode generator Gu:u are contained only in lines C1 
and C 2 , which constitute a differential pair. In addi­
tion, C1 and C2 carry common mode current from 
the common mode generator Gm1• The total common 
mode current Imr is divided equally between C1 and 
C2 , flowing in the same direction, and is returned 
by a common line, C3 . 

Unfortunately, there is usually some mode transfer 
in this arrangement-that is, conversion of noise 
from CM to DM, in which state it can be sensed­
and this is where ferrite cores get into the act. 
Mode transfer, or conversion from common mode 
transmission to differential mode, and vice versa, 

2. DM and CM. In a double-ended system, a ferri te core 
(Zm1) reduces unwanted common mode signals, but 
does not affect the wanted differential mode signal 
carried in the twisted-pair transmission lines, C1 and C2. 

C1 
TRANSMISSION LINE loM 

loM ol~O 
EJ Cz 

lcM loM lcM 
-2-

'!., GcM 

C3 COMMON RETURN 
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results from imperfections in the transmission lines . 
Ideally, wire diameter and wire spacing are cons.tant. 
In reality, small changes in dimension or proximity 
to other metals occur, addling more inductance to one 
of the wires. These variables produce a phase shift 
in the. signal voltage, resulting in a real component 
and a quadrature component. A phase difference of 
only 1 ° in a CM signal along a pair of transmission 
lines induces a differential signal with 1/60 the 
CM amplitude on the pair. In this way, a IO-millivolt 
DM signal transmitted to a receiver having infinite 
common mode rejection could be completely hidden 
by mode conversion of an unwanted 5-volt CM signal 
on the same line, since 1/60, or 83 mV, would be 
converted to differential mode. 

From a point on an external ground or return 
path, the voltages on the two wires can seem to have 
the same absolute value, but slightly different phase 
angles. This change creates a difference in the 
real components of the voltages, which becomes a DM 
signal. If the voltage on line C1 is 1 V L 0° and the 
voltage on C2 is 1 V L 1 °, which equals {0.99985 -
j0.01745) V, then the resulting DM signal is the differ­
ence between these voltages, or (0.00015 - j0.01745) V 
= 0.017 V L 89.5°. An amplifier, even with infinite CM 
rejection, will see at least the 0.00015-volt real com­
ponent, and may see part of the j component. 

However, if a twisted pair carrying a DM signal 
is threaded through and wrapped around a ferrite 
core, any CM signal in the wires will be greatly 
reduced, whereas the DM signal will be unaffected, 
except by very small leakage inductance. Thus, if 
the transmission lines C1 and C2 in Fig. 2 were a 
twisted pair, and threaded through and wrapped 
around a ferrite core, represented by impedance ZcM, 
the common mode current Imr would be greatly 
reduced, but the load would see no change in GDM· 
For CM signals, the twisted pair can be treated as a 

3. Testing. The values in the tables were measured 
wi th this impedance probe. Wire lengths ranged from 
5 inches to 3 feet, and both a conventional ferrite core 
and a core specially designed for flat cable were used. 

5.- INCH LOOP OF WIRE 

INSULATOR 

HANDLE 

IMPEDANCE PROBE 
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single wire. The propagation delay would be increased 
proportionally to the longer wire lengths required 
to wrap the core. 

Currents traveling in the same direction at the 
same t.ime (that is, the CM currents) are reduced 
in proportion to the number of turns on the core­
though there's a limit to the effectiveness, for even­
tually the core-wire combination has less impedance 
than the wire alone. Differential mode currents, on · 
the other hand, are affected only by the much smaller 
leakage inductances of the circuit. This is because 
the magnetic field produced by DM current in one 
wire of the pair is opposed by the field from the other, 
making the net DM field in the core zero, and prevent-

TABLE I 
IMPEDANCE OF A WIRE PLUS CYLINDRICAL FERRITE CORE 

, ,,;,~ G _l 
~ ~ 0.62in. 

Frequency 
(MHz) 

0.5 

1.5 

4.5 

13.5 

35 

108 

Frequency 
(MHzJ 

0.5 

1.5 

4.5 

13.5 

35 

108 

5-inch wire, one turn: 

Z (Wire) 

Mag. Angle 

0.6 

1.2 

3.4 

10 

25 

82 

+45° 

+ 67° 

+so0 

+ 86° 

+ 88° 

+ 88° 

12-inch wire, five turns: 

Z (Wire) 

Mag. Angle 

2 + 75° 

6 + 830 

17 + 88° 

52 + ss0 

145 + 88° 

1,750 + s2° 
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l 
Z (Core & Wire) 

Mag. Angle 

11 

14 

12 

16 

32 

92 

+ 60° 

+ 10° 

+16° 

+45° 

+ 66° 

+75° 

Z (Core & Wire) 

Mag. Angle 

390 + 60° 

500 + go 

400 + 20 

420 + 14° 

680 + 18° 

700 - 64° 

ing the core from seeing differential mode current . 
As was mentioned earlier, the effect of a core is 

not predictable if a ground or part of the return net­
work constitutes one lead of a twisted pair. In these 
circumstances, the core could, as intended, reduce 
ground loop currents, or it could suppress' part of 
the desired signal. But if attention is paid to mode 
transfer and retaining the desired signal, the core 
will eliminate ground loops and not signals. 

Tables 1 and 2 are intended to help the designer 
select a core of the proper size for an application, 
so as to eliminate both unwanted CM signals and 
ground loops. They list impedances for various com­
binations of wire length, core size and shap e, wire 

TABLE II 
IMPEDANCES OF A WIRE PLUS FLAT FERRITE CORE 

.A~ 
2.50 in. 2.12 in. 

~ ~ 

o~ ~ 

Frequency 
!MHzJ 

0.5 

1.5 

4.5 

13.5 

35 

108 

Frequency 
!MHzJ 

0.5 

1.5 

4.5 

13.5 

35 

108 

7-inch wire, one turn: 

Z (Wire) 

Mag. Angle 

0.8 

2 

5.6 

16.3 

43 

150 

+so0 

+n o 

+ 830 

+ s7° 

+870 

+ 86° 

3-foot wire, five turns: 

Z !Wire) 

Mag. Angle 

9.2 +840 

27.5 +88° 

82 + 880 

275 +88° 

3,400 + 830 

204 -90° 

0.50 in. 

Z (Core & Wire) 

Mag. Angle 

15.5 

19 

25 

42 

78 

210 

+40° 

+ 28° 

+35° 

+ 50° 

+ 57° 

+ 54° 

Z (Core & Wire) 

Mag. Angle 

365 +40° 

440 + 25° 

600 +25° 

1,170 +12° 

830 - 70° 

176 -g50 
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4. Core va riety. Ferrite cores that suppress noise in digital equipment 
may be conventionally cylindrical, but the rectangular type at left 
was specially designed for use with flat cable. 

turns, and frequencies. Table 1 gives such data for a 
cylindrical ferrite, and Table 2 gives similar data 
for a new type of Bat ferrite core designed to be . 
clamped around a fl.at cable. 

The values in either table listed under the im­
pedances of the wire alone and of wire plus core 
indicate whether or not the core is useful. In general, 
if the magnitude of impedance of the wire isn't 
increased when the core is added, it not only won't 
help suppress noise, it may actually make things 
worse. Thus in Table 1 the chop in impedance of 
the 5-turn 12-inch coil of wire noted at 108 MHz 
indicates that adding the core brings the resonant 
frequency of the combination below 108 MHz and, 
in this case, the coil alone would have better noise 
rejection than coil and core together. 

The impedance measurements were made with the 
probe set up shown in Fig. 3. 

An example will illustrate both the use of the 
tables and the general principles of noise minimiza­
tion. A subassembly of a large electronic machine was 
found to be a serious generator of noise, causing fail­
ures in other parts of the machine. The first approach 
to co1Tecting the condition was to put a metal shield 
around the subassembly, and to use feedthrough 
capacitors for all wires entering the shield. However, 
the capacitors proved to be unacceptable because they 
cut down on the speed of data transmission to the 
subassembly. 

The data lines were then brought out of the box 
simply by passing them through a hole, without the 
feedthrough capacitors, and with a differential/mode 
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twisted pair for each signal line. The external re­
ceivers for these pairs had very high common mode 
rejection-good to several megahertz, where CMR 
dropped to a low value. Most of the noise (and signal) 
was well above several megahertz, but still below 
100 MHz. 

So noise was still a problem. Low-pass £1ters on 
the receivers were not a solution because they, too, 
slowed the data rate. Moreover, the designer wanted 
to keep down the cos.t of the receiver ampli£er. Ac­
cordingly, he placed round ferrite cores on the 
twisted pairs. As the requirement was that they pro­
vide a 10-to-l reduction in noise level, each core had 
to provide at least ten times the CM impedance of the 
transmission-line receiver. From Table 1, a core with 
£ve turns has inadequate impedance when the CM 
impedance of the receiver is below 100 ohms, in the 
13.5 to 108 MHz frequency range. So the cores re­
duced the problem but did not quite solve it. 

Further investigation showed that .the twisted pair 
did not constitute a true differential pair. Some of the 
information was carried on the system ground, and 
unwanted noise could easily be added to the signal 
after the receiver amplilier. To eliminate this noise 
path, the subassembly was suspended on insulators 
and kept at least 3 inches away from any other part 
of the machine to reduce capacitive coupling. In 
addition, all other wires in the system were run 
through cores to break the return path for CM noise. 
The core impedances on these other wires, added to 
the impedances of the cores on the twisted pairs, 
were enough to stop the noise problem. D 
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FET cascode technique optimizes 
differential amplifier performance 
Low-cost FETs afford breakdown voltage protection , while common mode 
rejection ratio and other circuit parameters can be improved by a factor of 100 
without closely matched bipolar transistors or expensive components 

By D. C. Wyland , International Business Machines Corp., San Jose, Calif. 

D The usual tradeoffs encountered in low-frequency 
linear circuit design often result .in less-than-satisfac­
tory overall performance. But a self-biasing cascade 
arrangement, in which an amplifier device is isolated 
from its load by a depletion-mode field effect tran­
sis tor, offers an improvement factor of up to 100 in 
many critical performance characteristics without ad­
versely affecting others. And best of all, the circuit 
can be cons tructed using an inexpensive, garden­
variety FET. 

In the cascade arrangement, the FET carries the 
burden of the breakdown voltage specification, while 
the amplifier device itself sees only the much lower 
operating gate-to-source voltage. The amplifier's out­
put admittance and its feedback ratio in this stage are 
reduced by a factor equal to the mu of the cascaded 
FET. 

The technique is based on the depletion-mode FET 
in a grounded gate circuit shown in Fig. 1. The n-chan­
nel junction FET, Q1 , is a depletion-mode device, so the 
source will be more positive than the gate if the 
current through the device is less than loss (drain 
current with the gate shorted to the source). With 
signal current I s on, the FET's gate-to-source voltage 
will stabilize at a potential between zero and pinch-off, 
usually 1 or 2 volts. 

A feature of the grounded-gate FET circuit is its pre­
cise unity current gain. With only a few nanoamperes 
of gate leakage current, I Gss, flowing through the gate 
electrode, nearly all the current from source I s flows 
through Qi into the load resistor, RL. The result: no 
error currents. The voltage appearing across the cur­
rent source is equal to the 1 or 2 volts of operating 
gate-to-source voltage. But the output voltage appears 
between the drain and gate of Qi; it's limited only 
by the drain-to-gate breakdown voltage of Qi, which 
can be as high as 300 V. 

Now it's evident that at the cost of introducing 
an error that is typically less than 1 part per million, 
the breakdown voltage applied to the current source, 
Is, has been reduced to a few volts, while the voltage 
breakdown capability of the composite current source 
of I s and Qi has been increased to the breakdown 
limit of Qi. 

Another advantage is a reduction in the voltage 
change seen by I s for a given change in output volt­
age. This reduction is expressed as 
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LiV GS 

Li Van 
Yos Y os 1 

1 ~ YFs = µ 
YFs + Rs 

provided that VoG > Vp, where VGs is gate-to-source 
voltage; V GD is drain-to-gate voltage; Y Fs is forward 
transconductance; Yos is output admittance; Rs is 
signal current source output impedanceµ = YFs/Yos, 
and RP is pinch-off voltage. 

The reduction factor, ~ V Gs/~ V Go, compares with 
the ratio of the FET's output admittance to trans­
conductance-typically a factor of 0.01. The result: the 
small-signal output impedance of the composite cur­
rent source of I s and Qi is at least 100 times larger 

1. Protection. Basis of cascode technique is the grounded­
gate FET. Current source Is is isolated from supply 
voltage by FET Qi. Operating gate-to-source vol tage of 
Qi usually amounts to only l or 2 vo lts and only 
voltage change felt by Is is (Y os/ Y Fs)V GD or V GD!µ. FET's 
output vo ltage is limited by its breakdown characteristics 
and appears between the gate and drain of Qi. Leakage 
current through FET, IGss. runs to only a few nanoamperes, 
so almost all the current from Is flows through Qi and RL. 

+Vee 

(Ios- !Gssli 

o, G 

-=- YFs -=-

Rs 
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2. Linear range. Characteristic of a typical FET shows 
that when drain-to-gate voltage, VGo, falls below 
pinch-off voltage, Vp, gate-to-source voltage decreases 
and FET appears as a series resistance. If FET is to act as 
a linear device and perform desired isolation function, 
operation must be set at point where slope isl/µ.= 0.01. 

+V 

(o) 

3. Three variations. Quasi-cascode circuit (a) has features 
of true cascade-bipolar transistor's output is isolated 
from load by FET. De characteristics of bipolar transistor 
are improved if loss of Gi exceeds maximum current 
through it. Bipolar / FET configuration (b) is true 
cascode-it has grounded-emitter input and grounded-gate 
output. Collector-to-base capacitance of Q2 is 
reduced by improvement factor, 1 / µ, of Gi, thereby 
improving bipolar's ac performance. FET/ FET cascade 
(c) is similar to bipolar / FET cascade since 
equivalent terminals are connected in a like manner. 

than that of Is alone. If Is is a FET or a bipolar tran­
sistor, the small-signal characteristics related to output 
voltage change, such as output admittance and feed­
back ratio, are effectively reduced by a factor of 100. 

However, as indicated in the equations, a practical 
limitation does exist. The de drain-to-gate voltage 
of Qi must at least equal the pinch-off voltage of Q1 

to achieve the small-signal parameter improvements 
shown in Fig. 2. If the output voltage falls below this 
value, Qi will enter the resistive region; and, as Qi 
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begins to look more like a switch than a linear FET, 
the improvement ratio will fall toward 1. 

The FET cascade technique may be applied to 
bipolar transistors and FETs, as shown in Fig. 3. 
The quasi-cascade approach {Fig. 3a) applied to a 
bipolar transistor with the FET in the gate-base mode 
works for any combination of bipolar transistor and 
FET. However, the FET's rated loss must exceed the 
maximum current passing through Q2. 

This method also can be used to improve the 
bipolar transistor's ac characteristics. Here the FET's 
gate-to-drain capacitance effectively replaces the bi­
polar' s collector-to-lbase capacitance. The transistor's 
actual collector-to-base capacitance is reduced by 
an amount equal to 1/ µ. This effect can be used in 
differential amplifiers to improve their high-frequency 
common-mode rejection ratio (CMRR). 

Similarly, with the true cascade circuit (Fig. 3b) 
the bipolar transistor's ac characteristics are further 

+V +V 

G G 

G 

(b) (c) 

improved, while the same de improvements are pro­
vided in the gate-base model. Likewise, the effective 
collector-to-base capacitance of the bipolar/FET cir­
cuit is reduced as before. There's one consideration, 
however: Qi must be selected for a gate-to-source 
voltage larger than the emitter-to-base voltage of the 
bipolar transistor, Q2, so that Q2 does not saturate. 

The quasi-cascode configurat ion provides a de bi­
asing advantage over its true cascade counterpart: 
in the quasi-cascade setup, any FET will work pro­
vided its loss is equal to or greater than the current 
through the bipolar transistor (without considerip.g 
the gate-to-drain voltage of the FET). In the true 
cascade circuit, the FET's gate-to-source voltage must 
be greater than the transistor's base-to-emitter volt­
age; otherwise the transistor will saturate. 

On the other hand, the true cascade circuit offers 
an ac signal advantage over the quasi-cascade con­
figuration , where a voltage swing across RL can be 
coupled through the FET's gate-to-drain capacitance, 
causing current to :flow in the transistor's base. High­
frequency gain is reduced because the direction of 
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4. Finding a FET. Cascade FET for a FET /FET circuit is selected from transfer characteristic curves. 
Amplifier FET's operating current is chosen first; pinch-off voltage, Vr, then is determined from 
IDs-VDs curves. Since cascade FET's operating current equals amplifier's, Vas of cascade FET is determined 
from its IDs-Vas curve; it should exceed pinch.-off determined from lns-VDs curves. 

current flow is opposite to that of circuit current. 
In the true cascode circuit, high-frequency current 
between the FET' s drain and gate flows directly to 
ground rather than to the transistor's base. What's 
more, adding the FET reduces the limiting effect of 
the collector-to-base capacitance of the transistor, 
resulting in improved high-frequency performance. 

The FET/FET cascode circuit (Fig. 3c) is equivalent 
to the bipolar/FET cascode model. The gate of FET Qi 
is connected to the source of FET Q2. Qi's gate-to­
source operating voltage should be equal to or greater 
than the operating pinch-off voltage of Q2 to assure 
that Q2 will remain in the pinch-off region. 

In the FET/ FET cascode setup, Qi can be selected 
for a given Q2 by using the voltage-current curves of 
Fig. 4 (shown here for a typical depletion-mode junc- · 
tion FET). First Q2's operating current is chosen ac­
cording to overall circuit requirements, then pinch-off 
voltage is determined from the IDs-VDs curve. Since 
Qi's and Q2's operating currents are equal, Qi's op­
erating gate-to-source voltage is determined from the 
IDs-Vas curves using the value of IDs· The resulting 
Qi gate-to-source voltage should exceed the previ­
ously determined Q2 pinch-off voltage. (It usually will, 
if the specified maximum VP or IDss for Qi exceeds 
those of Q2.) 

Applications, of course, are where circuit designs 
bear fruit. The differential amplifier circuit shown in 
Fig. 5 offers a good example. If the mu's of cascode 
FETs QiA and Qrn are 200, and they me approximately 
as well matched as the mu's of the differential ampli­
fier pair, Q2A and Q2n, the circuit CMRR will show an 
improvement of 40 dB. Even with a minimum ampli­
fication factor, (mu of 100 for QlA and 300 for Qrn) 
and an initial match of Q2A and Q2B to within 5%, 
the improvement will be 14 dB. 

In a second application shown in Fig. 5, FET Q3 has 
been added to the matched-pair bipolar transistor cur­
rent source Qu and Q4B. The current source's output 
impedance is increased by as much as 100. What's 
more, another source of common-mode error-effect 
of common-mode voltage on differential amplifier op-
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erating current-is greatly reduced by this method. 
If FETs QlA, Qrn, and Q3 are selected for high volt­

age (300 v), the differential amplifier can have a 
common-mode voltage range of ± 100 V with a CMRR 
typically 10 to 20 dB better than that from the Q2 pair 
alone in a conventional low-voltage circuit. 

In Fig. 6 a second cascode stage-Q5A, Q5n, and Q6 
-is added to the FET/FET cascode differential ampli­
fier shown in Fig. 5. The result: an additional 40 dB 
of CMRR. However, if FETs QlA and Qrn have 
been mismatched~ some degradation occurs . Thus, 
the net improvement is 14 dB from the unbalanced 
Qi and 40 dB from the added Q5 for a total gain of 54 
dB in CMRR over the plain differential amplifier. 

In this application transistor Q5 must be so chosen 
that its operating gate-to-source voltage exceeds the 
pinch-off voltage of Qi, as in the single FET cascode 
circuit (Fig. 5). In a typical high-voltage differential 
amplifier, Q5A and Q5n are high-breakdown-voltage 
FETs, usually with high pinch-off voltages. Thus, QlA 
and Qrn are chosen as intermediates between FETs 
Q5 and Q2. Bipolar transistors can be substituted for 
the differential pair, Q2A and Q2B, with similar re­
sults. Enhancement-mode metal oxide semiconductor 
FETs also can be used in place of Q2A and Q2n. 

With this approach, the problem of closely match­
ing transistors can be circumvented. But the improve­
ment has its limitations. For instance, a typical 
bipolar pair has a CMRR of 80 dB. Add a pair of cas­
coded FETs and the CMRR climbs to 120 dB; with 
another pair of FETs it's 160 dB. But at this point, 
other considerations, such as stray capacitance, be­
come limitations, so cascoded FETs cannot be added 
on indefinitely. 

The level converter shown in Fig. 7a is a digital ap­
plication of the FET cascode approach. Here, FET Qi 
is driven by the output of a logic gate and, in turn, 
drives a load referenced to a high-voltage supply. This 
arrangement can be used to interface straight logic with 
various power supply voltages simply and directly. 

Another advantage in this application is that current 
flow through Qi is automatically limited to a value 



+V +V 

5. Cascode applied. Differential amplifier pair, Q 2, 

and cascode FETs, Qi, for_m FET/ FET cascode differential 
amplifier. Circuit shows significant improvement 
in CMRR over conventional amplifier. Adding FET Q 3 

to matched pair current source Q 4 increases output 
impedance of Q 4 by a factor of l 00. Even if Qa and Qrn 
are unbalanced, CMRR still improves by an additional 
10 to 20 dB. 

6. Improvements. A second cascode stage, Q 5 and Q6, 

improves CMRR another 40 dB. In this multiple FET/ FET 
cascode circuit, Q5 must be chosen so its V GS exceeds the 
pinch-off of Qi; the same is true for Qc and Q 3 . Bipolar 
transistors or enhancement-mode MOSFETs can be 
substituted for Q 2 without affecting circuit performance. 

+V +V 
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+V 

RTL/DTL/TTL 

(a) 

RTL/DTL/TTL 

+V 

NIXIE 

(b) 

7. Digital cascode. FET cascode circuit (a) is level converter 
that interfaces logic circuits with power supply voltages. 
Cascode arrangement eliminates high-current spikes 
and controls peak currents. A varia tion of this circuit 
can drive a Nixie tube (b). When logic gate is on, 
both Qi and Q 2 are on, and total resistance is sum 
of resistances of both FETs. FET Q 2 is a high-voltage type; 
Qi protects logic from high pinch-off voltage of Q 2• 

equal to IDss, useful in interface circuitry to eliminate 
high-current spike~ and to control peak currents. The 
requirements on Qi are sufficient breakdown voltage, 
iDss larger than the expected load current, and Vv less 
than the off voltage of the driving gate. 

The technique can also be used to drive a cold­
cathode display tube such as the Nixie tube shown in 
Fig. 7b. Here the circuit calls for a second FET, Q2 , 

with a high pinch-off voltage. The circuit, in effect, 
is fail-safe-there is no secondary breakdown, but 
current Hmiting is available, an advantage over or­
dinary Nixie tube drivers. FET Qi interfaces between 
the gate and the high pinch-off voltage of Q2 • When 
the gate is on, both Qi and Q2 are on; total resistance 
equals the sum of the on resis tance of the two devices. 
Maximum current is determined by the device with 
the smallest IDss. 

The cascode technique needn't be costly, even 
when performance requirements are demanding. For 
example, in a differential amplifier where the design 
specifications called for a CMRR of 120 dB and low 
drift, cost restrictions precluded use of expensive 
components and trimmer potentiometers. But the cir­
cuit requirements were met handily with a pair of 
2N4340 FETs in cascade with a standard bipolar dual 
rated at 80 dB CMRR. 

Equally successful was the application to a high­
voltage design, With 2N4882s used as cascade FETs, 
the circuit's q.rnR jumped from 94 to 136 dB over a 
frequency range of de to 100 hertz. Common-mode 
voltage range_:_the maximum voltage that can be ap­
plied to the circuit to faithfully reproduce a signal­
was improved from -+- 20 V to ± 125 V, permitting 
amplification of small changes in a large voltage. O 
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Signetics announces third generation linears. 
The 531 is a high slew rate op amp. 

It is the first in a series of linear devices 
developed to solve functional problems 
without the usual penalties. So begins 
the third generation of linear circuits. 

Simplicity itself, the optimized 531 
combines high DC performance equal to 
the best general purpose op amp avail­
able, with unique large-signal AC 
response (35V /µSec typical slew rate, 
regardless of gain setting). Stability: 
extraordinary. With no special precau­
tions required in circuit board layout. 
Easy, single capacitor compensation. 

Refined but totally realistic. 531 
matches pin-outs with 741, 748, 101, etc. 
(Even uses a lOK offset null pot same as 
741.) Cost competitive, immediate deliv­
ery from stock. Just call your Signetics 
distributor or salesman. 

Third generation linears. IC's with­
out the crutches. And 531's only the first 
in Signetics' advanced 500 series. Look 

Electronics I January 18, 1971 

for three more new circuits on the shelves 
next month. We're committed to a com­
plete third generation line within the year. 
When you want to get more, Signetics' 
got more to give. 

SIGNETICS COUNTS IN LINEAR r---------------------1 
Signetics-Linear I 
811 E. Arques Ave., Sunnyvale, Calif. 94086 I 

I 
I 
I 
I 
I 

We need a better deal in linear. 

0 Please rush data sheets and complete specs on the 
531 high slew rate op amp. 

0 Sneak me an inside look at the 3 new circuits I 
coming. 

Name _______ Title ____ _ 

Company ___________ _ 

Address. ____________ _ 

I 
I 
I 
I 
I 
I 
I City ______ State ___ Zip__ I 

Telephone ___________ _ 
SIG N ET!CS CORPO R ATION- " S U B SIDli\ RY OF CO RN ING GLASS WO R KS 

I 
I 

---------------------~ 
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When Honeywell 
guarantees 

a 20% savings, 
you can bet your budget 

, 0 

Honeywell 's nationwide Metrol­
ogy Servi ce repairs, maintains and 
calibrates all kinds of electronic 
test instruments, regardless of the 
make or model. And we can reduce 
your present in-house service costs 
by a guaranteed 20% while provid­
ing single source service responsi­
bility for every instrument you 
manufacture! 

HERE'S HOW: 
We have Metrology service cen­

ters in every major city. Each is 
staffed by instrument repair spe­
cialists and equipped with the lat­
est test equipment and measuring 

86 

standards. Which means that we 
can take 24-hour responsibility for 
all your service problems. What­
ever and wherever they happen 
to be . 

And , if you can tell us what your 
instrument repair and mainte­
nance costs are, we' ll show how 
we can actually reduce them by 
20%. If we can 't , we' ll give you a 
$25 savings bond. Just to show we 
mean business . 

Or if you don 't know what your 
costs are, we can help anyway. We 
feel that your instruments will sell 
a lot faster when there 's no prob-

o. 

!em getting service . And with 
Honeywel l Metrology, service is 
no problem at all! 

Cal l or write today. It cou ld save 
you a lot of sales. As we ! I as 20% 
of your service costs. Contact Ron 
Riegel , (301 ) 263-2661, Second Ave­
nue Extended, Greenwod Acres, 
Annapo lis, Maryland 21404. 

Honeywell 
The Automation Company 
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''Bigger and better ... this 
engineer's bible. '' • • 

-Electronics Magazine 

5th EDITION of a 
world-famous reference 

Now contains 50% MORE DATA 
to include major information de­
veloped over the past 12 years. Pre­
pared by an outstanding group of 
practicing engineers, professors, 
and industry and government ex­
perts, under the direction of the 
International Telephone and Tele­
graph Corporation staff. 

OVER 350,000 COPIES SOLD IN PRIOR EDITIONS 

Reference Data for Radio Engineers 
CHAPTER CONTENTS 

Frequency Data 
*International Telecommuni­

cation Recommendations 
Units, Constants, and 

Conversion Factors 
Properties of Materials 
Components or Parts 
Fundamentals of Networks 
Fi lters, Image-Parameter 

Design 
Filters, Modern-Network­

Theory Design 
Filters, Simple Bandpass 

Design 
Attenuators 

Transmission Lines 
Waveguides and Resonators 
Scattering Matrices 
Antennas 
Electromagnetic-Wave 

Propagation 
Radio Noise and Interference 

Broadcasting and Recording 
Radar Fundamentals 
Wire Transmission 

*Switching Networks and 
Traffic Concepts 

Digital Computers 
*Navigation Aids 

Bridges and Impedance •Space Communications 
Measurements 

Magnetic-Core Transformers Electroacoustics 
and Reactors Nuclear Physics 

Rectifiers and Filters *Quantum Electronics 
Magnetic Amplifiers Information Theory 
Feedback Control Systems Probability and Statistics 
Electron Tubes 
Electron-Tube Circu its 
Semiconductors and 

Transistors 
Transistor Circuits 

• Microminiature Electronics 
Modulation 

*Re liability and Life Testing 

Miscellaneous Data 
Fourier Waveform Analysis 

Maxwell 's Equations 

Mathematical Equations 
Mathematical Tables 

'New chapters on subjects not covered in 4th Edition 

1196 PAGES • 1350 ILLUSTRATIONS 
plus 41 page index 
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The FIFTH EDITION of this widely used refer­
ence work has been completely revised and up­
dated. It provides in a single volume comprehen­
sive data on a ll basic phases of electronics, includ­
ing tables, formulas, standards, and circuit infor­
mation-PLUS-all-new data on microminiature 
electronics, space communications, navigation aids, 
reliability and life testing, international telecom­
munication recommendations, switching net­
works and traffic concepts, and quantum electron­
ics. Includes over 1300 charts, nomographs, dia­
grams, tables, and illustrations. 45 data-packed 
chapters. 1196 pages of invaluable information for 
practicing radio and electronics engineers. 

r-----------~-----------, 

10-Day Free Examination 
HOWARD W. SAMS & CO., INC., Dept. EL·011 

A Subsidiary of In ternational Telephone & Telegraph Corporation 
4300 West 62nd Street, Indianapolis, Ind. 46268 

0 Send me REFERENCE DATA FOR RADIO ENGINEERS for 
10-day examination, without cost or obligation. If I decide 
to keep the volume, I will send $20.00 (plus postage) in 
10 days; otherwise, I will return the book within 10 days. 

O $20 payment enclosed. Send my copy postpaid with full 
10-day refund privilege. (Include sales tax where applicable.) 

Name 

Company 

Address 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

City State Zip I 

L-------------------------------------~ 
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Now almost 
double the power 

in "B" and "C" packages 

38 WIDE RANGE AND FIXED VOLTAGE 
SINGLE AND DUAL TRACKING OUTPUTS POWER SUPPLIES • 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. . . . . . . . . . . . . .. . . . . . . . . .. .. . . . . . . . . 

Built-in overvoltage protection in the 5 volt models. 

single output 

$125 
5 volts 

at 5.8 amps 
with overvoltage 
protection built-in 

TYPICAL B PACKAGE MODELS 

33/16" x 4 15/16" x 6 1/i" 
SINGLE OUTPUT 

DUAL OUTPUT 

single output 

$150 
5 volts 

at 9 .0 amps 
with overvoltage 
protection built-in 

TYPICAL C PACKAGE MODELS 

3 3/16" x 4 15/16" x 9 3/s" 
SINGLE OUTPUT 

DUAL OUTPUT 

Other models available in: 

Model 

LXS-B-5-0V 

('i LXD-B-152 

Model 

LXS-C-5-0V 

Pl LXD-C-152 

Single output wide range models 
0-7, 0-18, 0-32, 0-60, 0-120 volts - up to 4.5 amps 

Single output nxed voltage (:±:5%) models 

Voltage 
voe 

5:±:5% 

:±:15 to 

:±:12 

Voltage 
voe 

5:±:5% 

:±:15 to 
:±:12 

dual output 

$150 
-+- 12 to -+- 15 volts 
at 1 .6 amps each 

Max. Amps. ot Ambient of: 
40°C 5o ' c 60°C 71 °C Price <2> 

5.8 5.0 4.0 3.0 $125 

l.6 l.4 l.2 0.7 150 
l.4 l.3 l.l 0.6 

dual output 

$160 
-+- 12 to -+- 15 volts 
at 2.5 amps each 

Max. Amps. at Ambient of: 
40' C 50' c 60 ' C 71 ' C Price<2> 

9.0 8.0 6.8 5.3 $150 

2.5 2.3 l.9 l.5 160 
2.0 l.8 l.5 l.2 

5, 6, 12, 15, 20, 24 , 28, 36, 48, 100, 120, 150 volts-up to 9 omps 

NOTES , (l) Only one overvoltoge protector accessory is required for both outputs on LXD 
series power supplies. 
(2) Prices are USA list prices only . FOB Melville, N .Y.; North Hollywood, Calif.; Montreal, 
Canada. All prices and specifications are subject to change without notice . 

Outputs 
Single and dual tracking output models 

Wide range and fixed 
voltage models 

up to 150 V de, up to 9 amperes 

Regulation 
LC Series: 0.01 % + l mV line or load 
LX Series: 0.1 % line or load 

Ripple and noise 
LC Series: 250 µ.V RMS; l mV pk-pk 
LX Series: 1.5 mV RMS; 5 mV pk-pk 

Wide input voltage 
and frequency range 

LC Series: l 05-132 Voe, 47-440 Hz 
LX Series: l 05-132 Voe, 47-440 Hz 

Wide temperature range 
LC Series: -20°C to +71°C 
LXSeries: 0°Cto+71°C 

Temperature coefficient 
LC Series: (0.01 % + 300 µ.V)/°C external 

programming resistor 
(0.015% + 300 µ.V)/°C internal 
programming resistor 

LX Series: 0.03%/°C 

Convection cooled 
no heat sinking or forced air required 

Remotely programmable 
LC Series: l 000 ohms/V nomina l or volt/ volt 
LX Series: 200 ohms/volt, nominal 

5-year guarantee 
to full performance specifications, includes 
parts and labor 
Other LX / LC single outpu t, fixed voltage 
models avai lable: up to 150 Vdc, up to 9 
amps. 

Write for Lambda Catalog 

&LAMBDA 
ELECTRONICS CORP. 

A c8 Compony 

lambda's Distributor Division maintains a total inventory of over 10,000 power supply 
units located in Los Angeles, Montreal and New York for 1-day delivery-5 year guarantee. 

515 Broad Hollow Road, Melville, Long Island, New York 11746 ·Tel. 516-694-4200. •TWX 510-224-6484. 
North Hollywood, California 91605-Telephone: 213-877-0041; Pointe Claire, Quebec, Canada-Telephone: 514-697-6520. 
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SOLITRON DELIVERS 

I 

NPN SILICON POWER TRANSISTORS 

CHECK THESE OUTSTANDING FEATURES 

"' ~ 
Ft = 1.0 MHz typical 

150 MIL 2 Chip 

~ Passivated Chip for 
'TIT' Low Leakage Characteristics 

" Gain Selections to 5 Amps 

J;i;I 100% Power 
'TT!' Pulse Tested 

~ Tin Plated Leads provide 
'TT!' Optimum Solderability 

~ Permanent Contact 
"!'l"I' with 1-Piece Collector 

~60W@25°/C 

THIS PLASTIC POWER FAMILY INCLUDES: 

SOLITRON TYPE 
X-75 or T0-66 equiv . 

SPP101 
SPP102 
SPP103 
SPP104 

2N5490 
2N5491 
2N5492 
2N5493 
2N5494 
2N5495 
2N5496 
2N5497 

2NS293 
2NS294 
2NS29S 
2NS296 
2NS297 
2NS298 

VcEO 
Sustained 

70V 
60V 
50V 
40V 

40V 
40V 
SSV 
SSV 
40V 
40V 
70V 
70V 

70V 
70V 
40V 
40V 
60V 
60V 

HfE 
Vee= 4.ov 

5 min. 
10 min. 
1S min. 
1S min. 

20-100 
20-100 
20-100 
20-100 
20-100 
20-100 
20-100 
20-100 

30-120 
30-120 
30-120 
30-120 
20-80 
20-80 

IC 

5.0A 
S.OA 
S.OA 
S.OA 

2.0A 
2.0A 
2.SA 
2.SA 
3.0A 
3.0A 
3.SA 
3.SA 

0.5A 
O.SA 
1.0A 
1.0A 
1.SA 
1.SA 

Vee cs> 
le/I B = 10 

3.SV 
3.0V 
2.5V 
2.0V 

1.0V 
1.0V 
1.0V 
1.0V 
1.0V 
1.0V 
1.0V 
1.0V 

0.1V 
0.1V 
O.SV 
O.SV 
1.0V 
1.0V 

Pd 
@ 250/C 

60W 
60W 
60W 
60W 

sow 
sow 
SOW 
sow 
SOW 
SOW 
sow 
SOW 

36W 
36W 
36W 
36W 
36W 
36W 

••••••••••••••••••••••••••••••• 
Dial 1-800-327-3243 for a "No Charge" 
telephone call and further information 

E3olitron 
DEVICES, INC. 

1177 BLUE HERON BLVD. I RIVIERA BEACH, FLORIDA / (305) 848-4311 I TWX: (51 0) 952-6676 
Solitron is next door to you in Balt imore (30 1-243-006 0); Canoga Park, Ca li f . (21 3-883-3822); 

Chicago (312-824-8127); Dallas (2 14-341 -1180); Needham, M ass. (61 7-444- 1152); and Tappan, N.Y. (914-359-5050). 
• EUROPE : Sol idev Ltd ., Tubbs Hill House North Entrance . London Road , Sevenoa ks, Kent, Englond . TEL: (0732) 57541 -2-3 

• IS RAEL : A .E.L. Israe l Ltd ., 51 Hayarkon Street, Bene Baraq , TEL: 78 -21-41 
• JAPAN : Matsushi ta Elect ri c Trading , 5 Chrome Kawam achi , Hegashi - Ku , Osaka 

TEL : (06) 202-1221 or W orld Trad e Cen t re Bldg ., No. 5, 3-Chrome, Shibahamamats u-cho, M ina to-Ku , Tokyo, TEL : (03)435-4501 

Circle 89 on reader service card 



Respected the world over for ''leadership in the science of electron 
beam control". CELCO. 

CONSTANTINE ENGINEERING LABORATORIES COMPANY 

MAHWAH , N . J . 07430 TEL . 201-327 - 1123 TWX: 710- 988 - 1018 

UPLAND , CAL. 9 1786 TEL . 714 - 982-021& TWX : 9 10-581-3401 
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CELCO makes YOKES. 
They make them good. In fact , 
CELCO has been making 
the best CRT deflection yokes 
and focus coils in the industry 
for the past twenty years. 
CELCO makes yokes for precision 
displays when you must have 
the highest performance 
available. 
And CELCO makes yokes for 
computer terminal displays 
when you need reliable 
repetitive scan yokes for 
commercial purposes, at low cost. 
Not only does CELCO make 
good yokes, but they make sure 
you get the right yoke 
for your particular CRT display 
requirements. 
Call CELCO on your present display 
problem. A CELCO yoke will solve it. 
(It might even be one of the 
standard CELCO yokes listed below:) 

CELCO PRECISION DISPLAY YOKE$: 

DNA702 " superfastDYNAYOKE" 
(2 µsec recovery time to 0.1 % ) 

HDN428 Low-Zero Approach 
HDQ428 Mini-Spot, (CRT / Yoke matched) 

CELCO COMPUTER TERMINAL DISPLAY YOKES: 

PW Position-Write Yokes 
PWM Position-Write, with Pincushion Correction 
YA Resonant Drive , Hi-Q 
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Production people. 
Lab specialists. 
Q.C. technicians. 
Circuit designers. 
And researchers. 

There's a Krohn-Hite 
Function Generator to 
meet all their needs. 

Dependably. 
Accurately. 
Economically. 

Prices start at $295 and 
end at $550. 
Featuring solid versatility 
and down-to-earth 
performance. 

Models cover the 
frequency range of 0.002 
HZ to 5 MHz. Wavemak­
ing capability for sine, 
square, triangle, and 
plus or minus ramps; 
positive, negative pulses, 
and sawtooth outputs. 
And a host of other im­
portant features, too. 
Something for everyone. 

Learn more about 
the unique aspects of this 
Function Generator line, 
write: The Wavemakers, 
Krohn-Hite Corporation, 

Functions for 
everyone. 

D:::at fJ. nnl iorl ~,,,.. 

580 Massachusetts 
Avenue, Cambridge, 
Mass. 02.139. Phone: 
(617) 491-3211. 

TWX: 710-320-6583. 
Wavemakers par 

excellence. 

1..11...J KROHN - HITE nr-1 C::: C::J ~ ~ c::> ~~-,- I c::> r-J 

OSClll AIORS flllfRS I AC SOURCfS I FUNCTION CE NfRAIORS AMPtlflERS 

OV ERSEAS SALES OFFI CES: BELGIUM , C. N. 
Rood s. a.; DENMARK , SC Metdc A / S; FRANCE , 
Antares; GERMANY, Nucletron Vertriebs-GMBH; HOL­
LAND, C. N. Rood n. v.; ITALY, Dolt. I ng . Mario 
Vianello; SW EDEN, Teleinstru rn ent; ISRAEL, R. 0 . T. 
Elect. Eng . ltd .; JAPAN , Shoshin Shoji Kai sha , 
Ltd .; AUSTRALIA, Sample El ectronics (Vic.) Pty., 
ltd .; G. B., B & K Inst. Ltd . 
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AC/DC Model 

92 Circle 92 on reader service card 

portable 
from any viewpoint 

422 
Tektronix 

Osei I loscope 
The 422 isn't portable as an afterthought-it was designed that way for your 
convenience. It's designed to travel in your car, aboard airplanes and boats, 
in mobile electronic facilities-anywhere you have room for a small 22-pound 
package. When you reach your destination, simply remove the panel cover 
and the ruggedized 422 is ready to display waveforms with laboratory pre­
cision. Dual channel, 10 mV/div (ch 2 is 1 mV/div AC), 50 ns/div sweep 
rate with X10 mag, 15-MHz performance in a "portable designed" package. 
Take along a 422 when you need a truly portable, high-performance oscillo­
scope. 

The 422 is available in AC and AC/DC models. The AC model operates 
from 115 or 230 VAC, 45 to 440 Hz; the AC/DC model operates from AC, 
an internal rechargeable battery pack or from external 11.5 to 35 voe. 
For a demonstration of the 422 in your application call your Tektronix Field 
Engineer or write, Tektronix, Inc., P. 0. Box 500, Beaverton, Oregon 97005. 

422 AC Model $1500-422 AC/DC Model with batteries $1990, 
FOB Beaverton, Oregon . 

• Available in U.S. through the Tektronix lease plan 

TEKTRONIX@ 

-

committed to progresa 
in waveform measurement 
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CAD grows up- fast 
Designing custom LSI depends more and more on the computer, 

but the engineer is still crucial in the design loop 

by Lawrence Curran, Los Angeles bureau manager 

As computer-aided design usage 
becomes more widespread, hard­
ware and software limitations have 
surfaced that show the computer 
is no panacea. A man still must 
be plugged into the loop to do 
layout work that can't be translated 
into software. 

There's no question that CAD has 
proven it's the only way to go for 
fast des ign turnaround in custom 
LSI-10 to 14 weeks, instead of six 
months. Yet, since it is a relatively 
new tool, CAD has plenty of room 
for improvement. Companies still 
have to decide on the best method 
of mask preparation. And service 
charges for CAD work haven't 
changed much-they are still high, 
partly because the expensive facili­
ties required are a long way from 
paying for themselves. CAD invest­
ments range from $250,000 for in­
house work to $5 million or more 
for custom services. Yet companies 
haven' t hesitated to spend the 
money-CAD is simply too essential 
a design tool. 

"We couldn't be in the custom 
circuit business without CAD," 
sums up Howard Bobb, president 
of American Micro-systems Inc., 
Santa Clara, Calif. "We need it as 
an assist, but anyone who depends 
totally on it can't really be in the 
business, either." And W .W . Val­
landigham, AMI's senior vice presi­
dent, adds, "If we want minimum 
size in a volume-production chip, 
we use our CAD facility as an assist, 
but we can reduce the chip size by 
20% to 40% with human layout." 

Putting people back into the loop 
represents the biggest change in 
CAD philosophy to emerge with the 
vendor's maturity, notes Richard 
Perrin, manager of MOS/LSI design 
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engineering at General Digital 
Corp., Santa Ana, Calif. "Vendors 
realize they can't depend on the 
computer to do the whole design. 
They first thought the computer 
could do everything. But this 
change in philosophy has meant 
more efficient chip layouts to the 
user because the man can interface 

with the machine to get better cell 
placement," he says. · Himself a 
former CAD user, Perrin was man­
ager of array design at Viatron 
Computer Systems Corp., Bedford, 
Mass. 

The way in which designers or 
customers interact with the soft­
ware can vary. At Texas Instru-

National's CAD route 
With its emphasis on standard products rather than custom work, Na­
tional Semiconductor Corp., Santa Clara, Calif., has a different view of­
CAD than many of the obher semiconductor manufacturers. Floyd Kvamme, 
microcircuit product manager, emphasizes that "we're a component 
manufacturer, not a computer house, so we'd rather buy our CAD service 
outside. We think it's wiser for us to spend the money that might go into 
a CAD facility on component development, as long as ·the CAD tools are 
available outside." 

alional began working with Macrodata Co. in Chatsworth, Calif., last 
spring, using that firm's topographical LSI system, and also is working 
with other CAD companies on the San Francisco Peninsula. Most of its 
experience to da·te, however, is with Macrodata. 

In the National-Macrodata setup, designers at National create a com­
posite of the chip, usually 400X, and composite data is digitized and 
checked out by Macrodata for any gross digitizing or format errors . When 
National corrects the errors, Macrodata does a drum plot containing either 
its own shorthand symbols for featUres such as metal lines, transistors, 
feedthroughs or ou tput pads, or a dimensioned composite. The symbols 
allow a circuit feature to be located and described simply. National 
prefers to use the dimensioned composite, which is ·then overlaid on its 
own original 400X composite to guard against digitizing errors. 

The next step is a fea ture Macrodata caHs critical to the device manu­
facture-nodal analysis, showing precisely what features are intercon­
nected in the node list that results. Macrodata's software traces all hard­
wired connections, shows unconnected metal lines, and also checks that 
circuit feature spacing follows National's processing rules. 

From the nodal analysis, Macrodata creates logic equations taken from 
the actual circuit geometry-not from Na.tiona.J's own equations used to 
make its composite. This provides a check backward to National's equa­
tions, and assures that the digital data base Macrodata has generated 
thoroughly screens out any human error that may have cropped up in 
translating those equations into the original composi te National pro­
duced. 

From this data base, Macrodata also provides logic simulation, test 
sequence tapes, and lOOX Gerber-produced plates, from which National 
makes working pla.tes. 
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ments , Dallas, for instance, the 
computer has partner status with 
the man in designing small- and 
medium-scale circnits, according to 
John Hanne, manager of the design 
automation department. This setup 
is used mainly for TI circuits; cus­
tomers don't normally use this 
interactive system because it re­
quires extensive training and ex­
perience, and they don't want 
terminals, says Hanne. "They want 
reliable circuits at low cost." TI 
has other CAD systems-a separate 
one for discretionary wired LSI, 
and three others for MOS arrays. 
Hanne notes that there's no other 
practical way to make discretion­
ary-wired LSI. 

Hanne takes a dim view of trying 
to get the customer too greatly 
involved in layouts. The best ap­
proach, he feels, is for the customer 
and vendor to communicate ini­
tially via the customer's logic dia­
gram. After n's simulation pro­
grams check its performance, the 
company performs circuit layout 
and test sequence generation. 

"vVe've tried to allow the de­
signer to intervene throughout the 
design to improve it," says vVarren 
Crews, manager of training in the 
CAD group at Motorola's Semicon­
ductor Products division, Phoenix, 
Ariz. The polycell program for cus­
tom MOS/LSI went on line there 
last July [Electronics, Aug. 3, 1970, 
p. 26]. Crews says that, while 
adequate placement and routing 
programs exist, "the question is 
how good these programs are, 
and are they better th an doing 
it anotl1er way? We're flexible 
enough so that the designer stays 
in charge of the operation and can 
interrupt an automatic placement 
and routing program to modify 
placement," he says. 

Similarly, Signetics Corp., Sunny­
vale, Calif., is developing a new 
system that can be stopped to allow 
an engineer to modify a design. 
Watching the routing on a cathode 
ray tube, the engineer can stop the 
program and change the layout in 
a given area, and then direct the 
program to continue from that 
point. Since Signetics uses CAD 
primarily for its own standard prod-

ucts, its facility is modest in com­
parison to customer-oriented oper­
ations, consisting of two leased IBM 
1130 computers, a flatbed plotter, 
and a graphics terminal. If the com­
puters were owned, the facility 
would represent an investment of 
about $250,000, exclusive of the 
money spent on a man-year of 
graphic system development. 

By contrast, Fairchild's Semicon­
ductor division in Mountain View, 
Calif., estimates that tlrn inves t­
ment over about four years in its 
CAD facility, including software de­
velopment, amounts to between $3 
million and $5 million. The com­
pany recently started mask making 
on its lOOth chip design, all but 
one of which have been custom 
units. Most initial cell placemen t 
is done manually at the company, 
reports Robert Walker, manager of 
micromosaic engineering, but at a 
point beyond initial layout, hand 
optimization of the design becomes 
pointless, he notes. "With custom 
LSI," he reports, "we're typically 
in a package with 36 or more pins, 
so why should we spend much 
time optimizing the chip if it's only 
a tenth of the cost of the package?" 

At the opposite pole is Collins 
Radio Co., Newport Beach, Calif. 
George Grondin, assistant director 
of engineering in the Solid State 
Devices division, is still "quite 
sure" that totally computer-con­
trolled layouts will win out over 
manual methods, despite a setback 
Coll ins suffered in designing chips 
that were greatly oversize for Via­
tron more than a year ago. 

Using its old layout algorithm 
and automated techniques, reports 
Grondin , Coll ins made a chip that 
was 2.4 times larger than one made 
by a vendor to whom it had sent the 
chip specifications. "We worked 
on our algorithm for six months 
and went from a ratio of 2.4 to 1 
to 1.5 to 1 compared to the other 
vendor's chip," he adds. "And the 
chip we designed worked the firs t 
time. vVe've gone around three 
times with the other vendor's ch ip 
and it still doesn' t work. If you 
pack things in by hand design, 
you're going to reduce yields," as ­
serts Grondin, "There should b e 
no manual intervention." 

Collins also stands alone in ad­
vocating customer acceptance of 
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You can beat a silicon chip with the 
biggest whips you can find, and you 
won't improve it more than a few 
percent. Dope it, bake it, soak it, gas 
it, etch it-and all you get is metallur­
gical progress, an inch at a time. The 
giant chip mills have been proving that 
for five years. 

The only way to make real progress 
is to combine the talents of the best 
circuit men with those of creative 
processing engineers . . . preferably 
in a new facility, planned from the 
ground up to exploit that combination 
of talents. 

For almost three years , Analog Devices 
has been planning, building, staffing, 
and operating just such a program. 
The results? Seven spectacular new 
designs- a whole "fourth generation" 
of new IC devices, years ahead of the 
well-beaten chips you're being offered 
today by the flip-flop farms . 

Here's a perfect example of how a 
great circuit idea can liberate the imag­
ination of a great semiconductor team 
- and make genuine progress .. . the 
AD550. 

The AD550 is a Current-Switching 
Quad-four fast , near-ideal switches, 
which, combined with an appropriate 
resistor network, create an IC DI A 
converter of unprecedented accuracy, 
linearity, and stability. Why so accu­
rate? Check the diagram. 

By proportioning the number of junc­
tions to th e current switched, order-of­
magnitude improvements in accuracy 
and linearity are realized I And this is 
only one of five major improvements 
embodied in the AD550 Quad Switch 
. . . including a unique temperature­
compensating circuit. Using three such 
quads and a good (ADI) network, you 
have a solid 0.01 % DI A Converter 
over a wide temperature range, with­
out external trimming or selection . .. 
at a remarkably low price. 

There's a pair of engineering design 
publications that you ought to read. 
One describes our entire fourth-gen­
eration family of years-ahead IC's, and 
one tells you how to design DI A and 
A I D converters, using the AD550 and 
others. Write for them today. ANA­
LOG DEVICES, INC., 221 Fifth St., 
Cambridge, Mass . 02142. 

Evaluation units? Certainly! Immedi­
ately! Call Fred Molinari at: (617) 492-
6000 ; TWX : (710) 320-0326 ; and he' ll 
send you up to 5 - at th e 100-piece 
price ! 

ANALOG 
DEVICES 
Circuit Sp ecia l ists 
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The "C" 
in IC's 
stands for 
CIRCUITS 
-therefore the AD550 ... 

... a Quad current switch for 12-bit DI A accuracy. 

Logic Inputs "O" (switch on) O.SV max, - 1.&mA 
"1 " (switch off) 2.0V min, 10011A max 

Input Coding: Compl. Sinery 
Output Current (nom) MS8: 1.0mA, Sit 2: 0.5mA 

Sit 3: 0 .2SmA, Bit 4: 0.125mA 
Setting Time: (to ±lit L.58112 bits: l .lllls 

10 bits: o.e.is 
Absolute error (contributed when uted in the most sill' 
nificant position in a D/A eonv.ter with 10V Ref.I 

Types J and S ±1% 
Types K Ind T t 0.1% 
Types L and U ±0 01% 

Temp. Coefficient of error: t 5ppmfC max 
Power Supply: +5V, - 15V 
Operating Temperature Range: 

Types J, K, L o•c to 10°c 
Types s. T, u - 55°C to 125°c 

Specifications ti 25"C 

V+ 

A~tecl 
Output 
Current 
from 
other quads 
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OUTSTANDING 
THERMAL ENDURANCE 
RUNS IN THIS FAMILY: 

ELECTRICAL 
TEMP-R-TAPE 
OF KAPTON. 
Temp-R-Tape®of Kapton* is now avail­
able in a complete "family" of tapes­
all offering outstanding thermal en­
durance, retaining their excellent me­
chanical and electrical properties over 
an operating range from -lOOF to 
+500F. Available in thicknesses from 
.0025" to .0045 " with electric 
strengths up to 10,000 volts ... with a 
choice of pressure-sensitive silicone 
adhesive on one or both sides, or ther­
mosetting acrylic adhesive, or a flame 
retardant adhesive ... and in 1,4", Y2", 
%", l", !1/211

, and 2" widths, with spe­
cial widths slit to order. 

Find your CHR distributor in the Yel­
low Pages under "Tapes, Industrial" 
or in industrial directories. Or write for 
details and sample. The Connecticut 
Hard Rubber Company, 
New Haven, 
Connecticut 06509. 

. """ , .. ,. .. I c H R I. 

*T.M. of DuPont 
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MOS/LSi ldesign responsibility, even 
though it's modified that stance 
recently. After finding little initial 
enthusiasm for this tack r Electron­
ics, Nov. 23, 1970, p. 32], Collins 
a.greed to take on design respon­
sibility at the customer's request. 
But the company still basically 
holds with the original approach, 
maintaining that eventually the cus­
tomer will have to take on most 
of the design responsibility b ecause 
of the finite amount of work the 
manufacturers' design groups can 
handle. 

Another bone of contention is the 
case of correcting errors in mask 
artwork using rubyliths against the 
advantages of optical pattern gen­
erators-the large cameras that 
Rash rectangles onto plates to hirn 
out mask artwork, usually at 10 
times actual size. 

With rubyliths , changes or error 
corrections are simple, points out 
H. Clair Althouse, AMI's manager 
of computer systems. Only that 
part of the mask artwork that's 
incorrect need be changed, whereas 
a complete master reticle would 
have to be discarded with an opti­
cal pattern generator, he says 

Signetics' James Kane, head of 
MOS design, also opts for rubyliths , 
maintaining that with pattern gen­
erators, the plates must be exposed 
and processed. But with rubyliths, 
he says, "if there's a design viola­
tion, we can quickly alter the art­
work with an Xacto knife and a 
ruler." 

Fairchild does both rubylith cut­
ting and peeling, and optical pat­
tern generation. ·walker prefers the 
pattern generator because it elimi­
nates ruby stripping and checking, 
as well as the copy camera step 
needed to reduce the ruby artwork 
from 200 or 250 times actual size. 
With tl1ese s teps out of the way, 
he says, pattern generation can 
save up to a week 'in a design. 

Peeling of rubyliths is still a 
problem area because errors can 
creep into mask arl:\vork. Though 
ruby cutting is automated on so­
phisticated flatbed plotters in 
which cutting tools are substituted 
for ink pens to generate mask art­
work, peeling still must be done 

manually. Opting for pattern gen­
eration is General Digital Corp. 
Perrin says the newly formed com­
pany reiccted ruby cutting and 
peeling because "these arc ripe 
areas for mistakes," especially peel­
ing, where someone may forget to 
peel at some point or peel inad­
vertently. Collins uses only opti­
cal pattern generation to produce 
10-X phototools. Grondin says 
early problems have b een over­
come by extensively altering the 
software and interface electronics 
that join the camera with the PDP-8 
computer that drives it. But 
Grondin isn't fully satisfied be­
cause the optics are limited to 
chips with a maximum of 160 mils 
on a side. 

Another CAD limitation accord­
ing to Collins' Grondin is the lack 
of more varied standard logic cells. 
His computer designers would like 
to see more cell sets, Grondin re­
ports. "We should have a set for 
the minicomputer people, one for 
telemetry system builders, and an­
other for the telephone companies, 
for example. Each application area 
needs a cell set that emphasizes 
speed, low power, or whatever fea­
ture that user needs most." 

AMI's Althouse adds that no mat­
ter how many standard cells his 
company has in its catalog, "we 
always need more for a custom job. 
\Ve're always designing new cells 
and they're not standard ones in 
general logic." But Fairchild's 
\\Talker stresses that lack of cells 
isn't a problem at his division. "If 
it stands between us and getting a 
custom contract, we'll make new 
cells. \Ve usually don't charge for 
new cell designs." 

Grondin also feels his customers 
should have easy access to CoHins' 
service. One reason more customers 
haven't used the company's sys­
tem , he says, is that "we're not 
reaching the people in, say, Na­
shua, N.H. \Ve need a fast way of 
getting three minutes of data into 
the system." Grondin believes it 
can be achieved if the customer 
translates the card deck containing 
his logic equations into taped data, 
and then sends that over phone 
lines to one of six regional centers. 

Motorola also is expected to es­
tablish regional CAD centers in the 
U.S. and Europe [Electronics, 
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• 

With our 5120 Bit ROM 
upper and lowercase 

character generation 
is as easy as Abe 

•••• 
• • ••• 
• •• •• •• •• •• • ••• • • • • 

You can now generate an "a" or an "A" · 

• 
• 

• • • 
a "p" that looks like a "p" and pictori~I 

• • 
• 

representations of all 32 control codes 

• 
• 

using a single EA 4004 ROM . This new MOS 

• 
character generator is programmed to provide all 96 

• 

standard ASCII encoded, alphanumeric characters as 

• 

· well as all 32 control codes in a 5 x 7 horizontal scan 
display. The ROM is organized so that a few external 
components on the input provide character positioning 

• 

for the descending characters, g, j, p, q and y. 

The EA 4004 is another pattern programmed 
from the powerful, high performance, EA 4000, Read 
Only Memory-the highest density ROM available today. 
Its 5120 bits of memory offer a tremendous range of 
capability for special programming. It is organized as 
512 words, 10-Bits/word. Complete decoding is done 
on the chip through an address holding register that 
allows sampling and timing control of the input data. 

500 ns access time makes logic function gener­
ation and micro programming a snap. Look-up-table jobs 
can be accomplished with high accuracy and low cost 
per bit. It's easy to use. No clocks are required because 
it's static; it consumes only .06 mW I bit and one output 
resistor makes it bipolar compatible . Because it's 
an EA product, it's guaranteed reliable-and available. 
The EA 4004 is on your EA distributor's shelf now. 
$40 in 100 lot quantities. For custom patterns using the 
EA 4000 ROM , call or write your local EA representative 
or Electronic Arrays, Inc., 501 Ellis Street, Mountain 
View, California 94040. Telephone (415) 964-4321. 

electronic arrays, inc. [IB] 

Stocking Distributors: Computer Components Corp., Cramer, lntermark, K-tronics/Wesco, Schweber Electronics 
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In the United states 
there are two 

more possibilities 
how to make 

the coming decades 
your most 

successful ones. 
,....1st possibility 

To record 
measured 
values 
by means 
of Kienzle* 
Digital 
Printers 
Kienzle* 
Digital Printers 
offer considerable 
advantages. 
Parallel input, 
incorporated 
read-out unit 
for BCD outputs 
or 1-out-of 10 
information. 
Kienzle* 
Digital Printers 
are available as 
tape printers or 
with motor-returned 
carriage and, 
upon request, 
also with card and 
tape punching units. 

• pronounced 
Kinsler 
by the way 

2nd possibility 

To represent 
Kienzle* 
Digital 
Printers 
in 
the United 
States 
Kienzle* 
Digital Printers 
are a novelty 
on the U.S. market. 
For the distribution 
of our instruments 
we are looking 
for representatives 
who are well 
introduced, 
who know 
the market and who 
can provide 
technical service. 

Come 
to see us 
atthe 
IEEE-show 
Stand 
3737/3838 

You can see 
the Kienzle* 
Digital Printers 
on our stand at 
the IEEE-show and 
we can also 
discuss with you 
the possibility 
of cooperation. 
In any case you 
should write to us 
and ask for detailed 
information. 

• -
Digital_ 
technik 

Kienzle Apparate GmbH · 7730 Villingen/West Germany 
Postfach 1640 ·Telex 07-92838 
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Dec. 7, 1970, p. 26] , though officials 
won' t confirm it. However, most 
firms seem to shun the regional ap­
proach, preferring either to have 
the customer come to their facility, 
or send a team to his. 

Prices charged by semiconductor 
manufacturers for custom chip de­
velopment have changed little in 
the last year or so, ranging from 
nothing to about $40,000. Fair­
child's Schreiner says that typical 
chip development costs are $15,000 
to $20,000, "but the range is zero 
to $30,000. We may not want to 
quarrel about engineering charges 
if the customer is willing to make 
a large-volume production commit­
ment," h e explains. "But if there' s 
a high risk that the devices will not 
go into production, we've got to 
get our engineering costs back 
right now." 

At Motoroia, the price range is 
about $5,000 to $20,000, but the 
Semiconductor Products division 
may not make any identifiable en­
gineering charge for large-volume 
arrays. 

TI uses three sys tems for design­
ing MOS circuitry, each at a dif­
ferent cost. The simplest, for pro­
gramable logic, has a setup cost 
of only $5,000 to $10,000, but the 
circuits are quite limited. As for the 
other two systems, the row I cell 
se tup is highly automated, but al­
lows interaction as well. It offers 
low layout cost, $15,000 to $25,000, 
but not minimum silicon area. Thus 
it finds greatest use in low-pro­
duction runs. The manual/interac­
tive system is b etter for higher-pro­
duction runs b ecause it provides 
higher density at the expense of 
greater set-up charge, typically 
$20,000 to $40,000. 

Perhaps the best summation of 
LSI manufacturers' pricing views is 
provided by Faircl1ild's Walker 
and Motorola's Crews. Walker 
says, "If someone gave you the in­
tegrated circuits to make a calcu­
lator, for example, you still couldn't 
compete with the price of LSI for 
doing the same job." Crews com­
ments, "We're interested in the 
unit cost of the array, and the 
whole point of the design exercise 
is to minimize the cost." D 
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Buckbee-Mears 
has the world's 
fastest, most 
precise artist 
locked in a 
dark room. 

This artist 
even speaks 
EIA computer 
languages. 

We call the artist BMAPS. The initials stand for Buckbee­
Mears Automated Plotting System. It's rea lly a Gerber 532 
plotter directed by a Univac 418 Computer, and it can do 
things no artist or draftsman ever dreamt of. 

Designs impossible to achieve by hand , such as exoti c 
encoders or spiral patterns, can be drawn easily by BMAPS. 
The system is 20 times faster than a draftsman and draws 
three to four times as accurate. 

We use BMAPS to plot precision artwork directly onto 
photosensitized film or glass in the production of photo­
etched and electroformed parts. We also rent out BMAPS 
to firms who just want to use the artwork, making it the 
only precision plotter available on a commercial basis. 

Until recently BMAPS instructions had to be written in 
a special BMAPS language. Now we have a translator pro-

(:)'SmlON M ETAcL AND GLASS ETCHING. ELECTRO FORMING • AcUT

0
0MMATPE~:ENSIGYN 

BUCKBEE-MEARS 1-1\ 
SAINT PAUL, MIN N ESOTA 55101 
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Computer Microtechnology 
has RAMS, 

100 

CM 2150 If you 're looking to build a big fast main store or high speed 
cache or just want a huge hardworking scratch pad , design in our 

256 x 1 bipolar read / write memory, CM 2150. Here are four good reasons why: 

1 It's fully decoded. You don't need any extra decoder chips. If your memory 
has to be fast , this is the way to go. 

2 It's bipolar. TTL and DTL compatible. And , as we said , fast: 
74 nsec typ . access, (including the decoding time which is not part 

of the spec on some other RAMS) . 

3 It has three chip se lects: 2 active high , one active low. You can expand your memory 
up to 2048 words (of whatever length your system understands) without adding 

a single decoder; outputs are OR-tieable . And even if you add inverters, buffers, 
or decoders in you r chip select lines , any delay of up to 40 nsec will not slow down 

your address time. You can pre-address any of the bits in your chosen word and 
get all your data out in 74 nsec. There's no speed penalty in building a big random store. 

4 BONUS 1: The CM 2150 has a fan-in of% TTL unit load. Any standard buffer or inverter can drive 
twice as many 2150's, happi ly reducing your system package count. BONUS 2: Less power 

supply current is needed ; our spec is only 1.8 mW /bit. 

Circle 100 on reader service card 

ROMS, 
and 
REGISTERS 
Have we got RAMS! We haven 't even mentioned the CM 2100, our 

40 nsec 64-bit scratchpad ; our CM 2400 series 4096-bit hybrid memory module; 
or our new CM 1101 MOS 256-bit read / write memory that sells for less than 4¢ / bit 

in volume . If you want more data on these parts or on the CM 2150, circle the 
bingo card number or call us collect at (408) 736-0300, (617) 891-0002, 

or (714) 835-8323. For delivery, call our distributor in your area : 
Kierulff, K-Tronics, F-J-R Electron ics , or Schley Electronics. 

Computer Microtechnology Inc., 
P. 0. Box 7050, Sunnyvale , Calif. 94086 

,.. 
..... 

~ 
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Probing the news 

Memories 

Plated wire still holding on 
Wh ile no one feels the technology will dominate the memory market, some 

designers find it has its advantages for military, commercial applications 

Hailed only a few years ago as the 
new challenger that would finally 
dethrone core systems, plated wire 
memories haven't even become se­
rious contenders. And while cores 
have continued to hold their own, 
yet another contestant-semicon­
ductor memories-has come along 
faster than most believed. As a re­
sult, many companies, discouraged 
by continuing processing problems 
that have kept yields down and 
prices up, have scrapped all plated 
wire work and are ready to count 
it out. But other firms are insisting 
that the technology's far from fin­
ished ; indeed , they say it will 
eventually carve out a modes t but 
respectable niche in the memory 
market. 

·wherever low power dissipation 
or nonvolatility is important-in 
military or machine tool controller 
applications, for example-plated 
wire memories still are the b est 
choice, its backers maintain. And 
implementation continues to grow, 
albeit slowly, they add. One sup­
porter, Lockheed Electronics Co., 
es timates last year's plated wire 
marke t at 1.5 billion bits and the 
1971 market at 2 billion bits or 
more. In fact, Lockheed predicts 
that in the next four to five years 
the market will continue to expand 
to between 10 billion and 20 billion 
bits annually. 

To date, plated wire has 
achieved its greatest success in 
military applications. "You can't 
really question the technology," 
says Jerome Sallo, manager for 
magnetic films at Lockheed Elec­
tronics' Data Products division in 
Los Angeles . " Every Poseidon mis­
sile has a plated wire memory for 
the guidance computer, and so 
does the Minuteman 3. And plated 
wire is used in at leas t two or three 
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portions of the F -15. I t's under con­
sideration for use in the Mars 
lander in the Viking programs," 
he also notes . 

Plated wire memories offer sev­
eral advantages over other storage 
media, particularly for military ap­
plications , says Sallo. They're 
faster than cores, with access times 
of about 75 nanoseconds in read­
only memories, and feature a fac­
tor-of-two improvement in power 
dissipation he says. Plated wire 
also isn' t volatile or susceptible to 

radiation like semiconductor m em­
ories Sallo adds. 

For commercial applications, 
Lockheed and others see plated 
wire b eing used in electrically al­
terable read-only memories (Ear­
oms ), in computer peripheral con­
trollers , machine tool controllers , 
and microprogramable minicom­
puters. According to Ralph Gabai, 
the division's manager for data 
storage products, most plated wire 
ROMs can b e general-purpose de­
vices that can b e loaded to suit 

The outlook abroad: uncertain 

Computer makers and memory houses overseas, as in the U.S., disagree 
on plated wire's prognosis. Some foreign firms feel higher costs can be 
offset by performance advantages, but others say that plated wire h asn't 
and won't fulfill its promise. 

One firm that's hedging its bets .is England's Plessey Co. According to 
Patrick Calvert, technical executive of the Memories division, which is 
involved in an extensive plated wire effort , cos t and performance con­
sideration will continue to vary sufficiently through the next five years to 
maintain all three memory technologies. 

Right now, Plessey prices its 250-ns pla ted wire about 10 % to 20 % 
higher than its 500-ns cores, estimates Calvert, a small enough price dif­
ferential to make pla ted wire's speed a strong selhng point. "Plated wire 
will remain an attractive proposition for main memories for several years 
-until semiconductor memories really become economical and reliable,'' 
he maintains. 

In France, however, plated wire has been quietly dropped after sev­
eral years of a multi company research program a t the French Atomic 
Energy Commission's Grenoble Electronic Research Center. The reason: 
"Semiconductor memories are going to be cheaper two years from now, 
and we don't want to adopt one technology and then drop it for another,'' 
asserts Francois Gallet, direc tor of advanced development for Honeywell­
Bull, one of the companies involved in the program. 

In Japan, Tako Inc. is heavily involved in pJa.ted wire work and can 
produce some 20 million memory bits per month. By this time next year it 
expects to double this capacity, according to a company spokesman. Main 
markets are destructive-readout wire memories for minicomputers and 
control computers, and N DRO memories for ,tlrn Univac 9000 series me­
dium-scale computer produced by Oki Univac. 

The electrical communications operation of the ippon T elegraph 
and Telephone Public Corp. is still evaluating plated wire for electronic 
telephone exchanges [Electronics, Jan. 19, 1970, p. 65], and a decision 
is expected to be made in February. Hitachi Ltd. and Oki Electric In­
dustry Co. made the prototypes being evaluated. 
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the application, rather than having 
fixed programs, as with cores. 

Similarly, Bruce Kaufman, presi­
dent of Memory Systems Inc., 
Hawthorne, Calif., feels it's a mis­
take to consider only mainframe 
computer memory applications 
when comparing the various stor­
age technologies. "For us, the con­
trol market for plated wire is at­
tractive because those users are 
absolutely hysterical about volatil­
ity," he notes. 

Kaufman says a plated wire 
Earom would be well suited to 
communications controllers where 
the controller performs protocol 
and instruction routines in a net­
work with dissimilar terminals. 
"We see a significant multi.megabit 
volume in this kind of application 
-the relatively small memories, not 
the monsters," he notes. 

Other commercial applications 
could be for digitizing television 
data and for telephone switching 
systems. Nemonic Data Systems 
Inc., Denver, Colo., for example, is 
building an Earom that will store 
subscriber data in a Stromberg 
Carlson switching system. 

Far less optimistic about plated 
wire's future is another Hawthorne 
operation, the Electronic Memories 
division of Electronic Memories 
and Magnetics Corp., Los Angeles. 
The division dumped the technol­
ogy on the basis of market fore­
casts that prices were unlikely to 
come down sufficiently to compete 
with cores and semiconductors. 

Plated wire "is the kind of tech­
nology in which you need a broad 
product base-a good proportion of 
the total memory market because 
a good deal of tooling and engi­
neering is involved," says Bryan 
Rickard, manager of product engi­
neering for magnetic products. As 
an example, he cites the consider­
able engineering required in the 
mechanical structures used to hold 
the plated wire as it's fabricated. 
What's more, because plated wire 
memories use a linear select tech­
nique, designers can't economize 
on drive switches and circuits, he 
adds. 

Even more pessimistic is X:erox 
Data Systems, which dropped its 
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two-year-old plated wire effort last 
November. "The trend toward 
semiconductor memories is build­
ing faster than expected," says \Vil­
liam Gable, vice president for cor­
porate planning at the El Segundo, 
Calif. , firm. "We surveyed semicon­
ductor manufacturers and found 
higher yields and more bits per 
chip than anticipated." Computer 
people generally regarded plated 
wire as a hedge against the onset 
of semiconductor memories, he 
adds; they felt that there was at 
least a small "window for its ex­
ploitation. But the plated wire win­
dow is closing," says Gable. 

But while Xerox was getting out 
of plated wire last November, Uni­
vac was getting in deeper. Univac, 
in fact, extended plated wire to 
large computers when it announced 
its 1110 processor. Minimum mem­
ory size of the 1110. is 98,304, 36-bit 
words expandable in 32,768-word 
increments to a maximum of 262,-
144 words. However, it should be 
noted that the Sperry Rand divi­
sion is unique in that it has a heavy 
investment in plated wire. Back in 
1966 it was the first to introduce 
the technology-in a general-pur­
pose business machine. 

As to whether the division stays 
with plated wire in the future, 
Frank Lexa, manager of product 
requirements for major systems, 
concedes "\Ve're not committed to 
plated wlres. We're committed to 
the best technology that meets the 
requirements for our systems. As 
far as semiconductor arrays are 
concerned, we can match their 
performance, and we're not both­
ered by volatility in the event of a 
power failure. 

Echoing Lexa, George Fedde, 
manager of Univac's data proces­
sing technology research labora­
tory, admits to the possibility that 
plated wire may after all be an 
interim system for main memory 
use between cores and semicon­
ductors. He stresses that while the 
nondestructive readout and non­
volatility aspects of plated wire 
are important, the u1ltimate decision 
rests on speed and cost effective­
ness. D 

Inputs for this article came from Lawrence 
Curran in Los Angeles, Peter Schuyten 1n New 
York Charles Cohen in Tokyo, Michael Payne 
in L~ndon, and Stewart Toy of McGraw·Hill 
World News in Paris. 
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Since Washington State is a known 
source for much of the advanced sys­
tems design, engineering and fabrica­
tion required by business and govern­
ment, you can see that the electronics 
industry is already very much at home 
here. One important reason for that 
is the skilled labor pool (25 % more 
productive than the national average) 
produced by Washington's superior 
and complete educational system . . . 
people whose abilities you can put to 
work now if you locate your new 
plant or expand facilities in the Ev­
ergreen State. Here are a few more 
good reasons: 

Markets. Washington is the sec­
ond largest and one of the most rap­
idly expanding consumer and indus­
trial markets in the West ... with 
1,000 new manufacturers in the last 
decade. Customers in all eleven West­
ern states and W. Canada are just 
hours away. And it's the most ideal 

location for shipping to Alaska and 
Pacific Rim markets. 

Tra n spo rt atio n. Washington 
State is served by three transcontinen­
tal rail lines, 30 steamship companies, 
11 airlines, 15 common carriers and 
numerous van and barge lines. The 
State has 12 superior water ports. 

Taxes. Real and personal prop­
erty taxes are among the lowest in the 
nation. There are no corporate, gen­
eral or individual state income taxes. 

Business Cl imate. Washington is 
responsive to the needs of industry 
seeking a quality location through the 
assistance of the full-time team our 
Economic Development Department 
can provide. 

Whether it's availability of talented 
people, investment opportunities, an 
abundance of sites - whatever your 
special needs, chances are Washing­
ton State has what you want. 

r------ - - - ------------ - --------- - - --1 
I ... I 

1.Washington, I'm interested! 1 I Mail coupon to Daniel B. Ward, Director . 
I Washington State Department of Commerce and Economic 
I Development, Olympia, Washington 98501 
I 
I Name _ _ _ ___ _ ___ ____ Titfe, ____________ _ I Company ______ _ __________________ _ 

I Address ____ _ ________ ______________ _ 

I City· __________ State / lip _________ ______ _ 

I I om interested in exploring Washington State business location possibilities 0 
I Our Company is planning to expand within l year 0 2 years 0 
I 
I 
I 
I 
I 

Please send me foct folders on: 

Economic Outlook 
Electronics Industry 

D 
D 

Community Colleges 

Economic Regions 

Taxes 

D 
D 
D 

T ro nsportation 

Labor 
D 
D 

I Other Information-------------------------

L- - - ----- - - - - - - --- - - - - - - - - - - - -- - - - - -~ 

Circle 103 on reader service card 103 



TRW Presents 
10 new RF power 
amplifier modules 

Po 
t 

Pin (MHZ) 

n.W} 
(Watts) 

150 175 
Pc:lf I :: 0 75 i 50 175 

iU 
' 5 150 \ 75 

MV 10 40 2 5 1 r,O 17 5 
t-..~v bO 7 5 150 75 
MV '' 0 

1>0 
MV 7 ') 1 )0 

MV \ 0 oo 5'\2 
00 :'.) 2 

It) OU~ ? 
\0 oo i:_, \' 

40\J ') 

16 to 21 dB gain ... 0. 75 to 12 W output ... 00 VSWR 

A new series of broadband 12-
volt amplifier modules devel­
oped by TRW covers the 150-175 
MHz and 400-512 MHz mobile 
bands. They provide from 0.75 to 
12 watts output power, and con­
tain the entire amplifier function 
in a single microelectronic 
module. They are capable of 16 
to 21 dB of gain , and can with­
stand infinite VSWR at 15 volts. 

Compared to discrete compo-

104 Circle 104 on reader service card 

nents, these new modules offer 
the designer significant savings 
in size as well as design and pro­
duction costs. They are stable 
under all operating conditions. 
and have a high level of harmonic 
rejection (-30 dB min.). 

Delivery is immediate on the 
standard units. Custom modules 
are also available for any band 
between 135 and 520 MHz. For 
complete information and tech-

nical data , contact TRW Semi­
conductor Div., 14520 Aviation 
Blvd. , Lawndale, Calif. 90260. 
Phone: (213) 679-4561, Ext. 631. 
TWX 910-325-6206. 

TRW 
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Military electronics 

Politics stalls post-attack system 
DOD decision on highly automated Advanced Airborne National Command Post 

is up in the air; SAC may lose program if it's upgraded to cover all forces 

by Ray Connolly, Wash ington bureau manager, and Herman Lowenhar, Military / Aerospace editor 

Declining military procurements 
and the politics of military priori­
ties are threatening furth er delays 
in the Air Force's Advanced Air­
borne National Command Post 
(AANCP). The Air Force already has 
spent over $2 million on studies 
and development for the highly 
automated post-attack system, pro­
posed as an invulnerable command 
and control center for retaliatory 
forces surviving an enemy first 
strike. But despite renewed military 
and industrial lobbying for the 
Defense Department to approve 
AANCP in the fiscal year beginning 
July 1, the go-ahead is considered 
a touch-and-go proposition. 

Proposed in 1967 as a follow-on 
to the Strategic Air Command's 
Post-Attack Command and Control 
System (PAACS), flown on the 
EC-135 "looking glass" aircraft, 
AANCP would rely extensively on 
computers, displays , and other 
electronic gear. The system could 
be worth an estimated $300 million, 
with much of the cost going for 
electronics. In the last three fiscal 
years, the Air Force says it has 
spent $890,000 with RCA and $998,-
000 with IBM for studies and 
development test hardware. In 
addition, it gave the Mitre Corp. 
some $150,000 last fiscal year and 
Hughes Aircraft $51,000. 

Some DOD staffers believe that 
internal approval is languishing 
because Louis DeRosa, assistant 
to the Secretary of Defense for 
Telecommunications, is restructur­
ing and consolidating military com­
munications at all levels-and this 
would include AANCP. Another 
impediment is the rising Congres­
sional opposition to large defense 
budgets. For example, one Senate 
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Appropriations Committee staffer , 
admittedly opposed to AANCP, 
notes, "It's not a new idea, and 
we've managed to get along with­
out it so far. What makes it so 
important now?" Observations like 
that leave officials of user com­
mands, such as the Strategic Air 
Command, speechless; they are 
dumbfounded that they should be 
expected to continue with the rap­
idly obsolescing PACCS (see panel, 
below). Ironically, a Washington 
representative of one prospective 
AANCP contractor sees such a state­
ment as a reflection of an industry­
created idea: because technology 
advances so rapidly, a three-ycar­
old program not yet out of develop­
ment can become "not a new idea." 

Air Force representatives are 
equally downcast by the failure of 
AANCP to win strong and unquali­
fied DOD support. The progress of 
an internal program hinges on the 
bless ing by the Secretary of De­
fense of a Development Concept 

Automating PACCS 

Paper, the policy document justify­
ing the need for a new system and 
its technological feasibility. Air 
Force sources say the paper for its 
new airborne command post is 
"currently being drafted" by the 
Directorate of Defense Research 
and Engineering; final action by the 
secretary's office "is not expected 
earlier than March l. " 

The probability that action will 
not come until much later is sug­
gested by Air Force officials' com­
ments that choice of an airframe for 
AANCP again is "being studied in 
the Office of the Secretary of De­
fense" on a broadened b asis. At the 
same time, the office is reviewing 
the possibility of making AANCP 
much more than just an upgraded 
SAC command and control system. 

This review indicates that the 
plans of Louis DeRosa's Telecom­
munications Office are being fac­
tored in. As one military source 
explain s, "Post-attack command, 
control, and communications is 

The Strategic Air Command has been flying its Ec-135 "looking glass" 
system for Post-Attack Command and Control for nine-and-a-half years, 
but though it includes 30,000 lb. of airborne PACCS elec tronics-mos t of it 
communications gear-the system is unautomated. The service now envi­
sions PAAcs' successor, the Advanced Airborne National Command Post 
(AANCP), as a self-contained package of computers, keyboards, and dis­
plays with a high degree of automation. 

Hight now, the Air Force is flight-testing an airborne data automation 
equipment package, which vastly upgrades the original PACCS system. 
Called PACCS-ADA, it is essentially a prototype to demonstrate feasibility 
of the more advanced AAl\CP concept. 

The proposed AANCP, for which PACCS-ADA tests are laying the ground­
work, now calls for up to 16 interactive displays, a 200- to 500-megabit 
mass memory, and a computer with a capacity at least double the current 
32,000 words. Other hardware envisioned includes several hard-copy 
printers , and more magnetic tape units, teleprinters, as well as military 
satellite communications links for worldwide command and control. 
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source 
yourself 

NORTEC will deliver 25 working LSI circuits 
to your completed custom design 

in less than 30 working days for $3450. 
What processes do you need? We can build MOS/LSI parts 

using PMOS hi or lo threshold, MNOS (Nitride), 
NMOS (N-channel), CMOS, or PSOS (silicon gate) for 

short trial runs or production quantities. 
And we also deliver you complete ownership 

of production masks and testing programs. You're 
your own second source at NORTEC. 

Ask our local office about our special trial offer. 
Phone, LA: (213) 541-1186; NY: (516) 997-9830; 

Santa Clara: (408) 732-2204. Or write: NORTEC Electronics, 
3697 Tahoe Way, Santa Clara, Calif. 95051. 
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more than a SAC problem. If we go 
with a big kluge for controlling all 
strike forces, not just SAC's, then 
we've got a whole new program, of 
course. If we upgrade SAC's ca­
pability alone, then it's not a major 
level of effort, and funding should 
be requested accordingly." In fact, 
the Air Force recognized the possi­
bility that it may lose AANCP to a 
broader program with its first 
acknowledgement that the SAC sys­
tem might be scrapped and a new 
effort started "if the program is 
halted for a period of more than a 
year." 

Selection of an AANCP airframe 
reportedly, was narrowed to the 
McDonnell Douglas "stretched" 
DC-8 and the Boeing 747. Now, 
however, the Air Force says DOD 
is ·considering nine aircraft. 

For the moment, the Air Force is 
continuing development flight tests 
of the airborne data automation 
version of PAACS, now known as 
PAACS-ADA [Electronics, March 31, 
1969, p. 45]. 

The ADA segment includes a 
chunky, 4-foot-high, variable in­
struction computer, developed by 
RCA under an earlier Air Force con­
tract. In addition, the ADA contains 
a real-time clock; five RCA data dis­
play and keyboard units; a 100-
megabit mass memory from General 
Instrument's Magnahead division; 
a 300-character thermal printer by 
National Cash Register ; a pair of 
Ampex magnetic tape units ; and a 
Mitre Corp. teleprinter. 

In operation, one of the tape 
units stores the executive program 
for the 11-man PACCS battle staff. 
The other unit stores mission his­
tory. Total tape carried on board 
contains the National War Plan 
encoded into 80 megabits, which 
are immediately loaded into the 
100-megabit mass memory. 

Though the PACCS data must 
now be manually updated using 
inputs transmitted via an ARC-89 
voice uplink, this is to be auto­
mated under a recent $575,000 con­
tract to RCA. The data link, to be 
flight tested in April, will store, 
format, and encrypt data for trans­
mission to ADA for automatic entry 
into the mass memory. O 
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QUAD RI • • • ON THE MOVE! 
MEMORIES? .. . At Quadri you ' ll find the most complete line of field-proven memories available. 

Quality, technology, and production " as you need it" in large or small quantities. More than 23 basic models 
have kept us M-0-V-l-N-G ! 

1970 Developments ... to name a few : 

Field Alterable PROM • Hi-Speed Bipolar Read/Write • Military Magnetic Read/Only • Dynamic MOS Read/Write 
• Magnetic Read/Only • Military Read/Wri te Stacks & Systems • Digital Function Verifier and associated 
test equipment PLUS - special order " toughies" to meet specific customer requirements. 

QUADRI can and will help you with your memory requirements. 

See us in BOOTH 418 
COMPUTER DESIGNERS' CONFERENCE & EXHIBITION 
January 19-21 , 1971 
Anaheim Convention Center, Anaheim, California 
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Call or write today: 

•·· ~~~~~! 
2950 WEST FAIRMON T 

• PHOENIX, ARIZONA 85017 

~ (602) 263-9555 
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For victory over multi-layer circuit problems ... 

Call on the Lint-Pickers! 

Multi-layer circuits can cause 
multi-layer headaches. But not 
when you bring your copper-clad 
laminate problems to the "Lint­
Pickers ". That's be ca use UOP 
Norplex is super-critical 
about quality. 

Ultra-thin laminates and prepreg 
are checked, rechecked, tested, 
retested ... all the way from raw 
material to finished product. In fact, 
Norplex quality is so well accepted 
that a number of customers no 
longer do their own in-coming 
product testing. 
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Main Office and Plant 
Norplex Drive 

LoCrosse, Wisconsin 54601 
608/ 784-6070 
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In addition, Norplex copper-clad 
laminates and bonding sheets are 
available in a wide variety of 
materials, sizes and thicknesses. 
And all from those most particular 
people, the "Lint-Pickers". 

UOP Norplex is a division of 
Universal Oil Products Company, 
a half-billion dollar company busy 
making life better through research 
and product innovation around 
the world. 

Write for our latest catalog. It's 
designed to help engineers select 
the right laminates for every need. 

Major Check Points In Norplex's 
Quality Assurance Program 
1. Evaluation of suppliers. 

2. Establishment of row materials 
specifications. 

3. Verification of suppliers' conformance 
to Norplex specifications. 

4. Inspection of incoming raw materials . 

5. Monitoring of critical processing steps. 

6. Accumulation of chemical, electrical 
and mechanical performance data for 
stati stical computer analyses . 

7. Laboratory testing to assure all MIL 
and NEMA speci ficati ons are met. 

8. Final examinations by inspection 
department to verify compliance to MIL, 
NEMA and customer requirements, 

Franklin Office and Plant 
P.O. Box 186-Route 31 North 
Franklin Industrial Park 
Franklin, Indiana 46131 
317 / 736-6106 
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LSI tester 
does all things 
to all arrays 
By Stephen Wm. Fields, San Francisco bureau manager 

Modular system handles 

functional , parametric tests 

of bipolar or MOS circuits 

under computer control 

To make its voice heard over the 
din surrounding commercial LSI 
testers [Electronics, Dec. 7, 1970, 
p. 107), E-H Research Laboratories 
Inc. decided its first move into the 
test systems business had to be an 
all-purpose unit, too. 

E-H feels that it will be heard 
because its model 4500 tester was 
designed to be more than a test 
system: it is a computer-controlled 
test facility. Therefore, officials of 
the West Coast instrument com­
pany say they will be marketing 
a system capability, not just a prod­
uct. The model 4500 is aimed at 
testing large-scale integrated cir­
cuits, either bipolar or MOS. It can 
handle all testing procedures in 
use-including de parameh·ic, dy­
namic parametric, functional, and 
real-time. 

Unlike most systems, which are 
task-oriented, the 4500 is modular 
in both hardware and software, 
employing standard E-H subsys­
tems that can be tailored to the ap-

plication and expanded to meet new 
requirements. William F. Boggs, 
systems marketing manager at E-H, 
says the company eventually would 
like to install custom-designed sys­
tems complete with on-line data 
analysis. The 4500, it is hoped, will 
demonstrate the company's capa­
bility of building such a system to 
do a specific test job. 

A bare-bones 4500 could make de 
measurements only. These tests 
would include de voltage from 1 
millivolt to 100 volts, and current 
from one nanoampere to 100 milli­
amperes. This capability could be 
extended to 1 A. To supply the de 
signal, a programable power supply 
module is available. It provides six 
sources, consisting of current sup­
plies, voltage supplies, and a com­
bination of both. Voltage supplies 
are fully programable, and are cur­
rent limited. Two types are offered: 
a dual range (0-2 and 0-20 v) with 
a 500-mA current capability, and a 
triple range (0-1, 0-10, and 0-100 v) 
unit, with a 100-mA rating. The 
current supply, also fully program­
able, can source or sink up to 100 
mA with 100-V compliance. 

For dynamic parametric testing, 
the 4500 employs an E-H 142 
switching time converter . and a 
153 sh·obing voltmeter. The 142 

We've put it a ll together-that's what its maker says about the LSI test sys­
tem featured on this page. And each fortnight Electronics puts all together 
in this section a showcase of new products, previewing and featuring those 
of more than routine significance. Among this issue's features, in addition 
to the LSI test system: a bipolar memory, which challenges MOS, and 
two power transistors (Semiconductors, p. 117); a thermal print head and 
a user-programable read-only memory (Data handling, p. 121 ); and a 
line-frequency monitor and a logic-card tester (Instruments, p. 113). 
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measures time interval between a 
programed voltage level on a 
waveform and a second p rogramed 
level on the same waveform. The 
153 checks instantaneous wave­
form amplitude a t programed times 
with respect to the sys tem clock. 
Both amplitude and time interval 
measurements are made on a single 
cycle of the waveform: instead of 
requiring 1,000 data samples to 
provide an accurate measurement, 
as is needed with sampling tech­
niques, only one sample is required. 
Boggs says that with the 142 and 
153, "we can get any information 
we want about an ac signal, such as 
propagation delays, rise times, and 
fall times." 

A word generator, a functional 
test fixture, and a parallel com­
parator are added for functional 
testing. This seh1p can measure 
not only time and amplitude para­
meters, but logic operation for 
proper function as well. Boggs says 
that while many systems perform 
functional tests, most are done un­
der static conditions-de voltages 
are applied to certain inputs, and 
de voltages at the outputs are com­
pared to programed 1 and 0 levels. 
But this setup doesn't measure out­
put skew at actual operating fre­
quencies, and it doesn't drive the 
device with signals typical of those 
encountered in actual use. 

"With the 4500," says Boggs, 
"real-time functional testing en­
sures that the devices are tested 
under conditions that approximate 
those found in actual operation." 
This functional testing subsystem 
includes a pulse driver, an imped­
ance converter and a level detector 
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HICKOK 
25 MHz Oscilloscopes 

Dual Channel , $995.00 Single Channel, $72 5.00 

These high-precision laboratory oscilloscopes equal the basic performance 
of higher priced, sophisticated 'scopes. Yet they meet the industry need 
for such performance in a lower price range. Emphasis has been placed 
mainly upon those characteristics most important in precise measure­
ments, eliminating some of the more exotic and somewhat superfluous 
functions found in higher priced instruments . The result is an all -solid 
state instrument in the medium price range with extraordinary stability, 
sensitivity, bandwidth, sweep-speed range , trigger capability , reliability, 
and ruggedness . Immediate delivery from stock . 

• 25 MHz vertical bandwidth ( to 3 dB down points ) 

• Stable triggeri ng beyond 50 MHz. 

• Fast, conven ient push-button select ion of t rigger modes 

• Calibra ted vertical attenuator ranges 
10 mV/ div to 50 volts / div , Model 5000 
10 mV/ div to 20 volts / div, Model 5002 

• 24 calibrated sweep ranges 
0.05 microseconds / d iv to 2 s/ d iv ( ± 3 .0% accuracy) 

• Vertical delay line assures view ing of full leading edge of 
pulses 

• Simplif ied " Sweep Delay" of up to 40 divi sions 

• X-axis channel bandwidth DC - 5 MHz 

• 4 " flat-faced CRT, 6 x 10 div ision , provides sharp, br ight 
t race 

• Vert ical amplif i er will handle over loads, with negligib le dis­
tortion of waveforms increased to 5 ti mes sc reen height 
( Model 5000), 3 times ( Model 5002 ) 

• Internal 1.0% calib ration squa r ewave 

• Small - 6 7/ s" H,ll1!.'' W, 19" D; 24 pounds 

• For fast response to your inqu iry, contact Hickok directly 
or your nearest Hickok rep resentative, listed in EEM or 
EBG. 

HI C Ko K 
INSTRUM ENTATION & 
CONT ROLS DIVISION 
10514 Dupont A ve. 
Cleveland, Ohio 44108 ················- Phone 216-541-8060 
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for each pin (up to 40 pins with a 
I-nanosecond bandwidth, or 80 or 
more pins with a 10-ns bandwidth). 
Pulse driver levels can be specified 
(by the computer controller) for 
either MOS or bipolar devices . This 
subsystem also allows de tes t­
ing and dynamic parametric meas­
urements. The word generator can 
put out words at a IO-megahertz 
rate-more than enough for MOS 
memory applications. 

The basic test fixture provided 
with the 4500 can handle 20 pins 
and is expandable to 40 pins. It 
includes both an ac and a de matrix, 
and employs fi eld effect transistor 
converters for true high-impedance 
testing of all device families. 

In the de matrix, each pin has a 
Kelvin capability which can be 
extended to a Kelvin socket on 
the device board. The de matrix 
allows each pin to be programed 
to any forcing function , external 
line, measurement line, or any com­
bination of these. It is designed 
to handle currents of approximately 
1 A, and signal path isolation is in 
the area of 1,000 megohms. 

The ac matrix is a 6 x 20 array 
structured with three rf inputs and 
three rf outputs. The input side 
of the rf matrix is expanded to 
accep t any three of 12 possible ac 
stimuli; its output side is expanded 
to 12 ports which can be either 
measurement modules or loads. The 
output matrix is furth er expanded 
to accept the FET impedance con­
verters for high-impedance tes ting. 

Tying the whole system together 
is an IBM 1130 computer, available 
with or without a disk drive, and a 
software package developed by 
E-H. 

The software is a three-level sys­
tem in itself. The first two, called 
the machine function assigner and 
the control program generator, al­
low the test writer to get the maxi­
mum out of the system. The test 
language, called SRV, combines 
Fortran with a group of special 
tes t commands. 

The price range is from about 
$175,000 to $750,000, depending on 
options. 

E-H Research Laboratories Inc., Box 
1289, Oakland, Calif. 94604 [338] 
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Georgia's computerized manpower matchmaker won't hand you any surprises. 
Choosing the plant site with 
the right workforce could be 
a lot like a blind date. You 
could be in for an unpleasant 
surprise. 

But not in Georgia. 
Just tell us your workforce 

requirements. In detail. 

Electronics [ January 18, 1971 

And we'll match you and 
your company with the 
Georgia community that has 
the workers you need. 

The information is 
accurate. And detailed. It's 
updated quarterly for over 
400 Georgia communities. 

It's computerized, to provide 
you with the facts you want 
without delay. 

And it's free for the asking. 
Just call us at 404-656-3572. 
Or send us the coupon. 

We'll give you all the facts. 
And none of the surprises. 

Georgia Department of Industry & Trade, 
Industry Division, Dept. EL-2 , P.O. Box 38097, 
Atlanta, Georgia 30334. 

Name ______ Title ___ _ 

____ State __ Zip __ 

Georgia, the unspoiled. 

Circle 111 on reader service card 111 



As you can see, we're 
not iust pussyfooting 
around in Tri•State logic: 

No~l970: 
DM 8551N Quad-D Flip-flop 
DM 8230N Bus Line Demultiplexer 
DM 8831N Party Line Driver 

Jan.1971: 
DM 8551N Quad-D Flip-flop 
DM 8230N Bus Line Demultiplexer 
DM 8831N Party Line Driver 
DM 8093N Tri-State Quad Buffer Gate 
DM 8094N Tri-State Quad Buffer Gate 
DM 8214N Dual 4-Line-to-1-Line Multiplexer 
DM 8598N 256 Bit Expandable ROM 

Soon: 
DM OOOON Decade Counter & Latch 
DM OOOON Hexadecimal Counter & Latch 
DM OOOON 8-Line-to-1-Line Multiplexer 
DM OOOON 2-Quad Input Multiplexer 
DM OOOON 64-BitRAM (16x4) 

With a total of seven off-the-shelf devices ready for 
immediate delivery (and five more on the boards), 
you might say we're firmly committed to Tri-State logic. 
But we don't mind one bit, because frankly we believe 
that Tri-State logic is a very good thing. With it, you 
get all the desirable features of TTL, plus the ability to 
interconnect outputs of similar devices. 

As you may recall from our November introductory 
ad, we said that Tri-State logic was a way to speed 
up bus-organized digital systems. We also mentioned 
that Tri-State logic allows you to work with fewer 
packages and without external open collector gates. 
And that with Tri-State, you can tie up to 128 outputs 
together while providing better wave form integrity 
than ever before possible. 

Circle 112 on reader service card 

Back then we introduced three devices. 
Now we have seven and we'd like to say a few more 

nice things about Tri-State logic devices. For instance: 
they can literally be attached to a bus line at will 
(which makes modular TTL systems a practicality) . 
Multiplexing can be performed right on the bus line. 

Some of the other marvelous feats performed 
by Tri-State include high speed time sharing of 
decoder-drivers, fast random-access (or sequential) 
memory arrays and bi-directional line-driving. 

The rest is all down in our handy Tri-State logic 
application notes. For your copy, write, call, TWX 
or cable us today. National Semiconductor Corporation, 
2900 Semiconductor Dr., Santa Clara, Calif. 95051/ 
(408) 732-5000/ TWX (910) 339-9240. Cable: NATSEMICON. 

National 



New products 

Instruments 

ICs monitor 
line frequency 

or L-C oscillator that serves as the 
frequency reference. To avoid the 
problems of bulkiness, environ­
mental effects, and cost that are 
characteristic of these monitors, 
Hi-G Inc. has developed a new 
family of frequency sensors. 

First unit of the new line, called 
the series 7000, is a compact sensor 
with an accuracy of -+-1 %, which 
it maintains over a temperature 
range of -55° to +125°C. Pack­
aged in a 2.1-inch cube are sensing 
circuits, a single-pole, double-throw 
output relay with 2 contacts, a time 
delay, and a power supply. 

cycle by cycle, whether a given 
input signal is within the desired 
frequency passband. W hen the fre­
quency deviates beyond preset lim­
its, a normally energized relay be­
comes de-energized. 

The upper frequency limit is 445 
hertz, ± 1 % , and the lower limit is 
375 Hz, -+- 1 %. Other frequencies 
and tolerances can be supplied. In­
put signal voltage of 95 to 135 volts 
rms also operates the built-in 
power supply. 

Compact sensing unit 

maintains -+- 1 % accuracy 

over temperature extremes 

The customary method of monitor­
ing the line frequency of an ac 
power sys tem is to combine a time 
reference, a counter, and a crystal 

Priced in the range of $75 to 
$120, the sensor uses integrated 
circuit digital logic to determine, 

Sensors without a built-in power 
supply or time delay are priced 
as low as $50 each. They require 
auxiliary power of 18 to 32 volts 
de at a maximum current of 100 
milliamperes. Size of the stud-

Digital panel meters for use with 
strain gage transducers are single­
range readouts that measure 
weight, pressure, force , thrust 
and torque . Transducers with 
sensitivities to 0.5 mV/ V can be 
used to make measurements with 
resolution up to 1/ 12,000 at ac­
curacies of 0.01 %. Prices range 
from $300 to $800. Electro-Nu­
merics Corp., 2961 Corvin Dr ., 
Santa Clara, Calif. [361] 

Sol id state thermistor thermom­
eters are designated models 251A/ 
551A-l and 251A/ 551A-2 . These 
are plug-in modules that combine 
with the model 251 main frame 
for temperature measurement us­
ing thermilinear thermistor probes. 
Complete system compatibility is 
obtained through the use of the 
251 main frame. United Systems 
Corp., 918 Woodley Rd ., Dayton, 
Ohio 45403 [365] 

Electronics \ January 18, 1971 

. ~· ~ ., ., ., ., ., 

. e ·o © - co -

Waveform generator called Mul­
tigenerator model 124 features 
dual output amplifiers-each with 
individual function selection-BO 
dB attenuation, two generators, 
1000:1 external voltage controlled 
frequency, and a frequency range 
from 0.1 Hz to 5 MHz on the pri­
mary generator (1 Hz to 1 MHz 
on the second generator). Exact 
Electronics Inc., Box 160, Hills­
boro, Ore. 97123 [362] 

Electronic integrator model 601 
is a high speed precision instru­
ment which integrates any voltage 
sig nal when applied to its input 
terminals. Its low cost makes it 
useful as a ftuxmeter, gaussmeter 
and voltage integrator . It is ac­
curate to 2 % of full scale. Its 
magnetic sensitivity is 300 Max­
well turns per division. LDJ 
Electronics Inc., 741 Owendale, 
Troy, Mich. 48084 [3661 

Spectrum analyzer model 8555A 
is for the range 10 MHz to 18 
GHz. It uses thin -film hybrid mi­
croc ircui try to attain absolute cali­
bration of the display, from -125 
to + 10 dBm, and to achieve reso­
lution of 100 Hz . It uses auto­
matic frequency stabilization to 
cut residual fm to less than 100 
Hz on fundamental mixing. Hew­
lett-Packard Co., 1601 Califor­
nia Ave., Palo Alto, Calif. [3631 

Signal source 7100-G is a pre­
cision generator that provides un­
modulated and pulse modulated 
output signals within the range of 
2,000 MHz to 2,300 MHz. A 
multiple front panel switching 
matrix offers instantaneous selec­
tion of up to 20 discrete operat­
ing channels and combinations of 
subcarrier modulation formats . 
Microdyne Corp ., Rockville, Md . 
20850 [3671 

Transient monitor model 5201C­
P-30A, utilizing a 30 kV vacuum 
capacitor divider probe, permits 
placement of the voltmeter up to 
100 feet from the signal measu re­
ment source. Bandwidth of the 
system is 30 Hz to 1 MHz. Tran­
sients as short as 1 JJ.S will be 
detected and peak amplitude held 
until the instrument is reset. Mi­
cro Instrument Co., Crenshaw 
Blvd., Hawthorne, Calif . [ 3641 
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Frequency selective voltmete r 
model 4200 is a completely por­
table unit with a six-digit fre­
quency display . A counter mode 
selector switch allows the user to 
monitor a tunable preset frequen­
cy, or restore the incoming signal 
to its absolute frequency . Fre­
quency ranges from 20 Hz to 200 
kHz. The distortion products are 
below -70 db . Harmon Electron­
ics Inc., Grain Valley, Mo. [368] 

113 



small wonders: big news 
Denser PC packaging at low cost is now possible ... thanks to 
CAMBION 's low-profile standard var iable inductors. They're 
wound on new, thin wall coil forms that allow higher Q's and 
inductance values. 
Ultra-reliable as well as min iature, these high performance. 
inductors are bu ilt for longer life . . . longer by a factor of ten 
in tuning torque. They have an operating temperature range of 
-55° to 125°C and a tuning range of ± 20% from the 
mean inductance. 
For total circuit rel iability - at a small price - it pays to choose 
CAMBION inductors. They're available in a wide choice of 
values, sizes, styles and finishes for immediate delivery. 
Cambridge Thermionic Corporation, 445 Concord Ave., Cambridge, 
Mass. 02138. Phone: (617) 491-5400. CAMBION Electronic 
Products, Ltd., Castleton, Near Sheffield, England. Phone: 
Hope 406/ 407. 

Standardize on 

. C.,._MBIO•® 
The Guaranteed Electronic Components 
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The WANG 
700 Series , · ----01 Now 

a calculator 
that lets you 

write your 
own programs 

and store them on a tape cassette 
It's easy to store, enter or change programs wi th a 700 Series 
and there are no language problems. You already have the knowl­
edge in the math steps you 're now using to solve your problems. 

With the Wang 700 you'll have more than a calcu lator. There are 
16 special function keys that make it personally yours - you can 
determine the function each performs . And a choice of typewriter 
or printer/ plotter output turns the 700 Series in to a fully prog ram­
mable calculating system . 
And to make it even easier. Wang offers a library of pre­
prog rammed cassettes fo r the many standard needs. Wan t a 
demonstration? Call Mr. Courtney co llect at 617-851-7211 or 
send us the coupon . 

r---------------------, 
I Wang Laboratori es, Inc. Dept. E-1 I 
I 836 North Street, Tewksbury, Mass. 01876 I 

I 
I'd like a 700 demonstrati on as soon as poss ibl e. Cal l me at I 
__________ for a date. 

I (Phone nu mber) I 
I Name I 
I com~~ I 
I Street I 
I Ci ty State Z ip _ _ _ I 
L---------------------~ 

114 Circle 114 on reader service card 

••• if you think that heart disease and stroke hit only 
the other fellow's family. No one is immune. Protect 
the hearts you love. For authoritative information, ask your 
Heart Association. For medical advice see your doctor. To 
safeguard your family . . . 

Contrih11trd hy the Publishrr 

GIVE ... 
so more will live 

HEARTm 
FUND \JJ 
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New products 

mounted enclosure for these units 
is 2.1 by 2.1 by 1.52 inches. 

Delivery time is 8 to 10 weeks. 

Hi-G Inc., Electronic Products division, 
Spring St. and Route 75, Windsor Locks, 
Conn. 06096 [369] 

Test station checks out 

logic modules in small lots 

Replacement of bench test rigs, 
widely used for checking and 
debugging logic cards in small 
quantities, is Automation Dynam­
ics' aim in marketing its logic 
module test station, the QC-560. 

The company says the system 
can reduce the setup and test time 
required with bench assemblies by 
as much as 50%. Priced at $14,000, 
the QC-560 can perform static and 
dynamic testing, plus waveform 
analysis, on most types of printed 
circuit logic cards. 

Automation Dynamics sees ap­
plications for the system as a single 
central test station in engineering 
departments; in maintenance de­
pots, where there is usually a large 
mix of logic modules in small lots ; 
and in medium- or small-lot pro­
duction-line testing. 

The QC-560 has programable 
power supplies for de tests, and a 
two-phase clock generator, two 
pulse sources, and a function gen­
erator for dynamic tests. 

Automation Dynamics, division of Resa­
lab Inc., 35 Industrial Parkway, North­
vale, N.J. [370] 
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the Giant Killer 
strikes again ... 

New Heath SM-105A 
s350.oo* 

• 10 Hz to over 
80 MHz range 

•Advanced design -
new Texas Instruments 
74S Series superspeed 
Schottky TTL 

ASSEMBLED 
& TESTED 

• 5-digit LED readout 

•Wide range input 
without adjustment 

• 1 megohm input 

• Crystal clock 

• Send for free SM-105A spec sheet ... -
and watch the giants fall! 

SM·105A SPECIFICATIONS - Sensitivity: 100 mV RMS to 50 MHz; 250 mV RMS, 50 MHz to 80 MHz. 
Frequency Range: 10 Hz to 80 MHz. Input Impedance : 1 Megohm shunted by less than 15 pF. 
Overload: 50 V RMS from 10 Hz to 15 MHz; from 15 MHz to 80 MHz derate linearly at 0.8 V RMS / 
MHz from 50 V RMS. Maximum DC input is ± 50 V. Ti-me Base : 1 MHz ± 2 Hz. 0° C to 40° Cam­
bient, ± 10 ppm. Readout: Five 7-segment light-emitt ing-diode displays. One single light-emitting­
diode for overrange. Overrange: Flashin g, 40 ms on, 60 ms off. Power Requirements: 120/ 240 VAC, 
12 watts. Dimensions: 9Y, 6" D x 63/4" W x 21/4'1 H. Net Weight : 3112 lbs. Shipping Weight: 6 lbs. 

FREE 
HEATH SCIENTIFIC 
INSTRUMENTATION 

CATALOG 

r--------------L~1frfSfihHM• 
I HEATH COMPANY, Dept. 520-28 I 
I Benton Harbor, Michigan 49022 a Schlumberger company I 
I O Please send free Heath Scientific Instrumentation Catalog I 
I Name I 

Investigate these and other I Address I 
new ideas in Spectroscopy , I 
Digital Instrumentation, Lab I City State Zip 
Equipment and Test Equip- I *Mail order prices; FOB factory. I 
ment. Send for your FREE I Pri ces & specifica tions sub1'ect to cha nge without notice. EK-296 I cata log now. 
~--------L-----·-------------------J 
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metamor­
phosis 

a great calculator 
becomes a computer. 
But you don' t have to become a com­
puter programmer! In fact, you can easily 
operate this Cintra Calculator and its new 
Programmer with no knowledge of com­
puter techniques. That's because Cintra 
instruments observe natural mathemati­
cal hierarchy. Operation is as straightfor­
ward as running an adding machine. 
The Cintra Programmer 926 has an inte­
gral storage of 512 steps. 10-block tape 
cartridges provide for storage of up to 
5120 steps. 
The combination of the Cintra Scientist 
909 or Statistician 911 and the Program­
mer lets you accomplish most tasks that 
a scientific computer can handle, unless 
you need extremely large data storage. 
The Programmer adds looping, branch­
ing, and un limited use of sub-routines 
(including nesting) to the calculator ' s 
capability. 

> ~ ~ ""' v ~ 

Unique Programmer features include a 
convenient EDIT key for making rapid 
program changes. The INDIRECT key al­
lows jumping to an address determined 
by the program. Any program on the tape 
can be located in a maximum of 27 sec­
onds; 2.7 seconds from one program to 
the next! Editable, programmable search 
permits " chaining" of programs which 
exceed 512 steps. Price* : Calculator 
$3,780; Pro-grammer $1 ,495. 
To learn more about the only truly sim­
ple, natural desktop computer ready for 
delivery now, contact : Cintra, Inc., 1089 
Morse Avenue, Sunnyvale, CA 94086. 
Phone (408) 734-3630. In Europe, con­
tact Cintra at Rue Leon Frederic, 30, 1040 
Brussels. Tel: 33 62 63. In Canada, contact 
Allan Crawford Associates, Ltd. 

'slightly higher outside the U.S. and Canada 

Cintra 
Physics International 

+ 7 8 I 3 3 5 9 I 8 8 XIO + ! 3 
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New products 

Semiconductors 

Memory draws 
little power 

MOS camps. MOS advocates pointed 
to lower power diss ipation and 
thus a greater packing density and 
a lower price. Bipolar proponents 
said that the world out there was 
TTL bipolar, and therefore mem­
ories should be bipolar, even if the 
bipolar speed advantage was offset 
by the need for b ig fans and larger 
power supplies. 

The memory is organized as 512 
words by 4 bits, and offers a typical 
access time of only 45 nanoseconds. 
It is a fully decoded memory and 
can be expanded in either the word 
or the bit dimension ; open collec­
tors are provided for word expan­
sion, and the chip-enable lines can 
be connected to increase the num­
ber of bits per word. Bipolar read-only unit 

dissipates 0.2 mW per bit , 

competes with MOS prices 

Now, however, there is another 
choice. Monolithic Memories Inc., 
Sunnyvale, Calif., has introduced a 
2,048-bit read-on ly memory that 
has a power dissipation of only 0.2 
milliwatt per bit-less than half that 
of other bipolar memories and only 
slightly more than MOS. And it's 
priced competitively with MOS. 

According to Zeev Drori, presi­
dent of Monolithic Memories, one 
of the bigges t advantages of the 
unit is that it fits in a standard 16-
pin dual in-line package. "This is 
important for volume users," he 
says. "They can install it with 
automatic insertion equip ment." 

Ever since the first few semicon­
ductor read-only memories were 
announced, there has been contro­
versy between the bipolar and the 

Voltage regulator LM376 fills 
the need for an economical and 
reliable IC regulator for con­
sumer product applications. It 
provides an output voltage range 
of 5 V to 25 V, output current 
to 25 mA, and load regulation to 
1 %. Its eight-pin silicone molded 
package has a 50% size advan­
tage over the standard 16-pin 
package. National Semiconductor 
Corp., Santa Clara, Calif. [436) 

MOS/ LSI ana log switch provides 
a TTL compatible dual input OR 
gate which toggles a dpdt low 
resistance MOS switch. Positive 
or negative analog signals up to 
10 V may be switched while main­
taining a low R0 8 . Operating 
temperature range is -55° to 
+ 125°C. Unit is available in 14-
lead ftatpack or dual in-line pack­
age. Collins Radio Co., Newport 
Beach, Calif. 92663 [ 440 ] 
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Single phase/controlled avalanche 
bridge rectifiers series BRE 300 
are 50-ampere forward surge cur­
rent devices. The series includes 
standard voltage types of 200, 
400, 600 and 800 V with a 
maximum avalanche peak rating 
of 1,000 W for 20 I'S. Price 
(500-999) ranges from 85 cents 
to $1. Rectifier Components Corp., 
124 Albany Ave ., Freeport, N.Y. 
11520 [437) 

Multip lexer 9322 is a quad 2-in­
put device. It consists of four in­
dividual multiplexing circuits with 
common select and enable logic. 
Parallel information is switched 
from one of the two sets of in­
puts to the outputs under control 
of the common select line. Unit 
offers sw itching speeds typically 
below 20 ns. Advanced Micro 
Devices Inc., 901 Thompson Pl. , 
Sunnyvale, Calif. [441] 

Drori says that one application 

J 
\ 

Fast switching, inverter type sili­
con controlled rectifiers series 
151RF meet industrial and com­
mercial demands for a 150 am­
pere average rated device with a 
voltage range from 50 to 600 V. 
Characteristics include di / dt of 
300 A/l's, dv/ dt of 200 V/ i;s, 
and 20 µ,s turn-off. Units come in 
JEDEC T0-93 cases. Interna­
tional Rectifier, 233 Kansas St., 
El Segundo, Calif. [ 438 ] 

Plast ic encapsu lated MTNS (metal 
thick-nitride silicon) !Cs are an­
nounced. Silicon nitride is virtu­
ally impervious to sodium ion 
migration, and thus maintains 
the parametric integrity of the 
circuit. The first devices avail­
able are two dynamic shift reg­
isters: the 512 bit BL-7-1512 
and the dual 256 bit DL-7-2256. 
General Instrument Corp ., John 
St., Hicksville, N.Y. [442 ) 

Two- phase MOS/ LSI dynamic 
shift register TMS3401 LC is for 
high-speed operation. It can be 
programed to accommodate any 
bit length from 233 t o 512 bits. 
Operat ing speed is up to 5 MH z. 
Un it may be used as a refresh 
memory in computer-termina l 
and calculator applications. Price 
(l00-249) is under 1 cent per bit. 
Texas Instruments Inc., Box 
5012, M/ S 308, Dallas [439) 

'":ff 
Stat ic read-only memories are 
designated 3507 and 3580. Each 
has a storage capability of 2048 
bits and a flexib il ity of desig n 
that al lows the cascadi ng of eight 
devices to form an expanded mem­
ory without adding external log ic 
components . The 3507 is organ­
ized as 256 words by 8 bits; t he 
3580, as 512 words by 4 bit s. 
Fairchi ld Sem iconducto r, Fair­
child Dr., Mtn. View, Ca lif. [ 443) 
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How Florida 
can put a big 

upward kink 
in your production 

curve 

Read about 

Here's what we can deliver when you 
come to Florida. 

a labor picture 
that can only 

spell prof its ... 
performance ... 

productivity 
for you. 

• We can out-recruit anyone for skilled 
labor. We'll show you proof of 10-to-1 
superiority in competitive recruitment. 

• Our skilled work force is growing 
faster than in any state in the 
Southeast. 

• We now have in Florida a larger 
working age population ( 18-65) than 
any other Southeastern state. 

118 

Dept. H-5 

Florida is a great place to live and work. 
Won't you let us reveal the hidden profit 
potential in Florida's remarkable labor 
picture? Just phone (904) 224-1215 
or write in confidence. 

Please send information about: Florida D Manufacturing plant 
D Headquarters office 
D Research 
D Warehouse 
OOther ____________ _ 

DEPARTMENT OF COMMERCE 
BUREAU OF INDUSTRIAL DEVELOPMEN1 
l07 V\'EST GAINES smeu 
TAUAHASSE.E. FLOAIDA Jn)4 

NAME -------------------------

TITLE -----------------------­

COMPANY -------------------- --­

ADDRESS ----------------------~ 
CITY _____________ STATE _____ ZI p _ __ _ 
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New products 

for the memory, which is the largest 
bipolar ROM available, is in micro­
programing. It could store look-up 
tables or even logic blocks and, 
since it operates at bipolar speeds, 
would keep in step with the proc­
essor. "Bipolar ROMs weren't used 
in this application before." says 
Drori, "because they just weren't 
available. Now, they are not only 
available, but their cost is down 
to that of ms units." 

For users who have bipolar sys­
tems but don't need bipolar speed 
in a read-only memory, Drori 
points out that the bipolar ROM 
interfaces easily with TTL systems. 
"You don't need the two power 
supplies that an MOS unit needs , 
and you get complete decoding on 
the chip," he adds. 

The memory is priced at $40 
each in quantities of 100 for the 
commercial temperature-range de­
vice in a ceramic package (model 
6205), and $60 for the military unit 
(model 5205). Delivery takes three 
weeks after receipt of the bit 
pattern. 

Monolithic Memories Inc .. 1165 East 
Arques Ave., Sunnyvale, Calif. [444] 

2-GHz transistor in stripline 

package handles 5 watts 

·with an eye toward microwave in­
tegrated circuit applications, RCA's 
Solid State division has redesigned 
two of its coaxial transistors into 
stripline packages. RCA says the 
new transistors are the first devices 
designed to operate at gigahertz 
frequencies that have emitter bal­
last resistors. This design allows 
output impedance mismatches as 
high as 10:1 at all phase angles at 
rated power and frequency. Speci­
fied for 2- and 5-watt operation at 
2 GHz, these cw transistors are 
exceptionally sma]l-0.20 by 0.17 
by 0.16 inch without the mounting 
flange. The transistors contain 
their own beryllium oxide heat 
sinks . 

Aimed at applications in tele­
metry, microwave relay links, 
phased array radars, aircraft colli­
sion avoidance equipment, and 
electronic countermeasure systems, 
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the transistors are available in two 
configurations- with or without a 
mounting flange. In the latter 
design, the BeO heat sink is metal­
ized, so it can be soldered directly 
to the circuit. Two flat tabs provide 
the input and output leads. 

Called the TA 7993 and TA 7994, 
the epitaxial npn planar overlay 
transistors, featuring emitter bal­
lasting, offer output powers of 2 
and 5 W , respectively. The ceramic­
metal construction offers low para­
sitic inductance providing stable 
operation in the common-base con­
figuration . Both units are hermeti­
cally sealed. 

The TA7994 has a power gain of 
7 decibels and delivers 5 W with 
1 W in at 2 GHz. Efficiency is 35% 
and input Q is 2 at 2 GHz; the 
device's impedance is 5 + j 10. The 
TA 7993 has a power gain of 8 dB 
and delivers 2 W out with an effi­
ciency of 35%; input impedance is 
5 + j 30. Both devices operate at 
supply voltages of 28 V de. Collec­
tor current of the TA7994 is 1 am­
pere while that of the TA 7993 is 
0.275 A. The TA 7993 can function 
as a driver for the TA 7994. 

While the transistors are speci­
fied at 2 GHz, they can operate from 
500 megahertz to 2.4 GHz, with 
some falloff in output power above 
2 GHz. For example, the TA7994 can 
be operated from 1.0 to 1.6 GHz 
with 10 W of output power. This 
should be valuable in aircraft dis ­
tance measuring equipment, which 
operates at 1.1 GHz, and collision 
avoidance systems, which perform 
at 1.6 GHz. 

Guaranteed output power, fre­
quency, and power gain are fea­
tures of the new RCA transistors . 
" Since the heat sink is an integral 
part of the package, we can test 
and guarantee p erformance of each 
unit before it's shipped ," says 
George Wood, marketing manager 
for high-power devices . 

The TA7993 is available in quan­
tities from 1 to 99 at a cost of 
$130.50 each, while the TA7994 
costs $181.25, also in small quanti­
ties. Both are available from stock. 

RCA Solid State division, Somerville, 
N.J. [445] 
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microelectronics 
cost reduction and 
quality assurance 
Now-speedily, surely-you can examine reflective 
micro-objects for the first time as they really are. 
Full-color definition. Without flare, glare, shadowy 
ambiguity. With image quality comparable to the 
best monobjective microscope . .. and in 3-D. 
One-step visual quality control is now possible , for 
example , in assembling microelectronics. And 
quality assurance checking of multi-layer elements 
is swift and conclusive. Results: significant time 
and cost reductions. 
New, unique, vertical illumination is the reason . The 
Bausch & Lomb StereoZoom 7 Coaxial llluminator 
supplies uniform-intensity, full-aperture , on-axis 
illumination to both sides of the optical system. Better 
than ring lighting. Better than ordinary vertical 
and incident light systems. 
But words can only hint. See it for yourself. Ask 
for Catalog 31-2368 and a demonstration of 
the Bausch & Lomb StereoZoom 7 Microscope 
with Coaxial Illumination ... now. 

BAUSCH & LOMB~ 
SCIENTIFIC INSTRUMENT DIVISION 



Avery uncomplicated 
new OEM recorder 

with just one thing going for it. .. 

You 'll like what you see in our new 
approach to dedicated OEM strip 
chart recorders. First, we eliminated 
all those complicated moving parts 
from the writing mechanisms. No 
more pulleys, cables and .slip clutches. 
Instead, there's just one simple 
moving part-the slider / pen assem bl)' · 
That's because a linear servo motor 
keeps the pen go ing magnetically 
.. . and very reliably. 

When you see the HP M odel 
7123, you'll notice how the low 
power servo system makes the 
recorder smooth , precise and 
trouble-free. You cou ld 
drive it off sca le around 
th e clock without 
noi se or danger. 
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Even w ith all that, you've got a 
!or more going for you with the 
7123. Like a swing-out chart paper 
dr ive for quick reload ing and 
reinking. The view ing/ writing area 
is slanred so you ca n make notes 
right at rhe disposable pen tip. And 
you can work withou t worrying 
about a lor of circu it ad justme nrs. 
They're simply nor needed anymore. 

Since it's an OEM machine from 
the gro und up , the 71 23 

has options 

fo r eve rybody. Select any chart speed 
and voltage span in English or 
Merrie sca ling. In all, near ly 50 
options wi ll customize the recorder 
exactly to a specific application. 

Y ou'll probably be most intrigued 
by an option we call electric writing. 
N orm all y. the ink system wo rks like a 
ca rtr idge fountain pen. But electric 
writing is des igned for people who 
don't eve n want to mess around with 
th at. A hi ghl y stable electrosensitive 
paper th at gives you a crisp, clear 

trace without ink. 
Available in full rack or 
hat f rack versions, the 
3 Y2 inch high 7123 
makes tota lly 
unattended operation 
a reality. Simplicity, 
reliabili ty, precision 

and even electric 
writing. With all that 
going for you, you can 
turn it on Friday and 

forget about your work 
all weekend. 

To see the uncompli­
cated new 71 23 and its 
matching price and OEM 

discount schedule, call 
your nearest HP sales 

office. Or write, 
Hewlett-Packard , Palo A lto, 
CA 94304; Europe: 1217 
Meyrin-Geneva, Switzerland. 

HEWLETT t:ft PACKARD 

GRAPHIC RECORDERS 
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New products 
-----

Data handling 

Print head is 
hot and quiet 

now flooding the market. Yet hard 
copy is often desired, and it is for 
this reason that Displaytek, a small 
company in Dallas, is marketing a 
thermal print head for use with 
heat-sensitive paper. 

The print head, which Displaytek 
president Ed Ruggiero expects to 
be designed into computer termi­
nals, electric typewriters , and strip 
printers, as well as calculators, is a 
150-mil chip mounted by Hip-chip 
techniques on a ceramic substrate. 
The chip is a silicon integrated cir­
cuit consisting of a five-by-seven 
matrix of dots formed by semicon­
ductor junctions. These can be 
heated in patterns to form standard 
ASCII characters 0.1 inch high. 

The dots heat in only 8 millisec­
onds, resulting in a print rate of 30 
characters per second. The print 
head operates from 16 volts, and 
each dot requires an average cur­
rent of 100 milliamperes. The sili­
con chip that contains the matrix, 
however, also includes drive ampli­
fiers for each dot so that only 1h 
milliampere of drive current is 
required, making the device com­
patible with MOS, as well as with 
bipolar, ICs. 

IC matrix provides hard copy 

on heat-sensitive paper 

for calculators, terminals 

Impact printers are generally con­
sidered too noisy, power-hungry, 
bulky, complicated, and slow for 
use in the electronic calculators 

High-speed plotter 230 is de­
signed for the time-share user. 
It is a self-contained desk-top 
unit that is capable of direct 
interface with most keyboard 
terminals and acoustic or direct 
couplers. Proprietary data com­
pression techniques allow for max­
imum plotting speeds in all direc­
tions, not limited by transmission 
rate. Zeta Research Corp., 1043 
Stuart St., Lafayette, Calif. [421] 

Digital multiplexer model 263 
provides an interface between the 
outputs of up to eight digital data 
sources and a single information 
handling system. It selectively and 
/ or repetitively samples the data 
present at its input channels and 
makes the resulting output avail­
able at a single connector. Price 
is $895. Princeton Applied Re­
search Corp., Box 565, Princeton, 
N.J. [425] 
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Digital cassette deck CAS-10 
features both variable speed and 
bidirectional read/write under 
dual capstan control to minimize 
inter-record gaps. Sensing is done 
optically, with separate sensors 
for beginning-of-tape and end-of­
tape. Cassette-in-place and file 
protect sensors are also featured . 
Auricord Division, Scovill Mfg., 
35-41 29th St., Long Island City, 
N.Y. 11106 [422] 

Vhf time code receiver model 
TCR-145 is designed to provide 
reliable data synchronization at 
facilities where standard time 
formats are transmitted. It is a 
solid state a-m receiver with fixed 
tuned, crystal controlled opera­
tion over the range from 30 to 
400 MHz. An age system provides 
an 80-dB dynamic range. Aero­
space Research Inc., 130 Lincoln 
St., Boston, Mass. 02135. [426] 

Though the heat-sensitive paper 
is in direct contact with the face of 
the silicon, Ruggiero says that wear 
on the print head is insignificant. 
He claims the device is good for 50 
million impressions-approximately 

Magnetic tape system model 2045 
offers industry-compatible tape 
recording at tape speeds to 45 in. 
/s and packing densities to 800 
b/s (non-return-to-zero, change 
on ones) and 1,600 b/s Cphase­
encodedl. It features IBM tape 
interchangeability for either 7-
or 9-track record ing. Price is 
between $3,000 and $4,500. 
Bucode Inc., 175 Engineers Rd., 
Hauppauge, N.Y. 11787 [423] 

Data collection terminal Syscom is 
a remote unit for job-cost ac­
counting applications. Incorpo­
rating a badge card reader, tab­
ulating card reader, matrix sl ide 
switch and matrix rotary switch 
as input devices, it provides capa­
bility of collecting information 
from badge and tabulating cards 
plus variable data from the slide 
switch. AMP Inc., Harrisburg, 
Pa. [427] 

Solid state keyboard CDK-3 is for 
use in applications such as TWX, 
TTY and other communications 
systems. It offers the ASR-33 
format. Low profile (3/4 in.) and 
light weight (1112 lbl are of 
particular advantage in portable 
systems and where it is desired to 
design the keyboard as an integral 
part of a work surface. Control 
Devices Inc., 204 New Boston St., 
Woburn, Mass. [424] 

Microfilm retrieval terminal can 
be used in almost-real-time ap­
plications. The device incorporates 
a new concept in microfilm-roll 
microfiche-which can carry as 
many as 45,000 page~ of comput­
er print-out on a 100-ft. roll of 
105-mm film. Prices will range 
from $3, 750 to $7,000, depend­
ing on options. Morgan Infor­
mation Systems Inc., 3197 Park 
Blvd ., Palo Alto, Calif. [428] 

l'?l 



MAGNETIC 
RELAY 

With 
.custom Features 
• Low Thermal EMF 
• / 5·60db Isolation 
• ow Contact Bou 

D [f 0 OU~~~~ 
• ff~capsulated Coif ce 

' urcated Contacts 

ONL!J&s IN 
5,ooo Lars 

Plugs into your PC board . .. mates with plated conductors 
The unique design concept of the Prin - Available with 6, 12 or 24 VDC coils (0.5 

tact magnetic latching and non-latching re- watt G series, 1.0 watt LD series) in 2, 3 and 
lays provides < 5.0lJV thermal EMF, 45-65 db 4 pole configuration . Series break swingers 
cross talk isolation , < 0.5ms contact bounce permit each pair of fixed contacts to be 
and other custom fea tures as standard at no etched with common (Form C) or isolated 
extra cost. The single moving part is the piv- (Form A plus Form B) switching between 
oting armature with series break contacts make and break circuits. 
held by a permanent magnet eliminating Send for catalog , 2X and 4X artwork 
return springs, mechanical linkage and pig- stick-on contact patterns and Technical Notes 
tail connections thus assuring reliable per- PR262-D , which assist in simplifying PC board 
formance for many millions of cycles. artwork, fabrication and procurement. 

For a sample and / or data, write or call 212-EX 2-4800 

Printact Relay Division , Executone, Inc ., Box 1430E, Long Island City, N. Y. 11101 

Ci rcle 154 on reader service card 

For furth er information, just call or writ e 

r ~~ ~ !~~:~;, 2-cl~~.~:s hi -Yu k i gaya, Oh ta· ku , To kyo, Japan I ~ ~ New Yo1k. Toko New York Inc. 

122 

350 Fift h Ave n ue, New Yo rk, N.Y. 10001 U.S.A. Te l: 565-3767 
Los Ange/cs: Toko, Inc. Los Angeles liaison Office 

1830 West O ly mpic Bl vd ., Los An ge les, 90006 Ca l. U.S. A. Te l: 380-0417 
Dusse /dorf: Toko, Inc. Europe Liaison Office 

4 Dusse ldo rf, Ko iner StraBe 246, Dusscldorf, W. Germany Tel: 78·7064 
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New products 

10 years in typical calculator ser­
vice or one year in computer print­
out-and he expects to double that 
figure in the future. The print oper­
ation is silent, but, of course, the 
paper or carriage drive mechanism 
may not be. 

Texas Instruments Incorporated 
also makes solid state thermal print 
heads, but they are being supplied 
only to Tl's equipment group for 
a computer terminal [Electronics, 
May 12, 1969, p. 178], and to Canon 
for its Pocketronic calculator. TI 
says it has no plans to market the 
print head separately. National 
Cash Register Co. has developed a 
thin-film print head that is used in 
some of its equipment. 

Price for the Displaytek print 
head, designated the DC-1157, is 
in the $20 to $30 range for quan­
tities of 10,000 per year. In the 
prototype stage is a head with the 
decoding on the same chip. 

Displaytek Corp., 4241 Sigma Road, 
Dallas, Texas 75240 [429] 

PROM uses Schottky diodes, 

provides three-state output 

Flexibility is the principal design 
feature of a programable read-only 
memory produced by Harris Semi­
conductor for use in microprogram­
ing computers and process conh·ol 
systems. 

Contributing to flexibility are the 
incorporation of Schottky diodes in 
the integrated circuit, called the 
HROM 1256, and provision for a 
three-state output. 

The Schottky diodes act as 
clamps on transistors in the IC, 
preventing them from going into 
saturation. The diodes thus provide 
a simple and economical way of 
achieving high speed; the address­
to-output propagation delay is at 
most 50 nanoseconds , and only 25 
ns when the chip-enable feature 
is used. 

The circuit has two enable in­
puts, which are inverted on the 
chip to give another level of ad­
dress decoding through the chip­
address circuitry. To enable the 
circuit, both inputs must be at 
logical 0. The chip-enable feature 
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The ELECTRONICS IN MEDICINE Conference & 
Exposition is different. Unlike every other medical show, 
it concentrates solely on medical electronics. It brings 
together only the manufacturers of medical electronics 
gear and the buyers and specifiers of such equipment­
physicians, hospital administrators, biomedical 
engineers, educators, researchers and system 
design engineers. 

Effective Sponsorship 
ELECTRONICS IN MEDICINE is co-sponsored by Medical 
World News, Modern Hospital, Postgraduate Medicine 
and Electronics. The combined know-how and circulation 
of these major publications assure exhibitors of a 
highly qualified national audience. 

On -Target Conference 
A carefully crafted series of sess ions, designed to attract 
only buyers and specifiers of medical electronics 
equipment and services, will be created by the editors 
of the co-sponsoring publications in conjunction with 
Dr. John Truxal , Institute Professor, Polytechnic 
Institute of Brooklyn . Dr. Truxal has long been con­
cerned with the inter-play of engineering with biology 
and medicine and chaired a committee of the National 
Academy of Engineering on that topic. 

Aggressive Promotion 
The conference and show will be broadly promoted by 
the co-sponsoring publications, which have a combined 

For space reservations, information: 

circulation of 400,000. A massive direct mail campaign 
and public relations campaign will be undertaken . Full 
page ads, well in advance of the event, will appear in all 
magazines. Direct mailers will repeatedly find buyers 
and specifiers wherever they work-hospital , private or 
group practice, clin ic , research lab, and university . 

Exhibitors Sell 
The 3rd National Conference & Exposition on 
ELECTRONICS IN MEDICINE will enable you to find and 
sell new customers, expose current customers to your 
new products, create impressive lists of new, valuable 
contacts and create significant penetration of this 
burgeoning multi $million market. 

Reserve Your Booths Today 
There is no premium on corner or upfront booths. 
Excellent locations, at no extra cost, will go to those 
firms which act promptly. 

3rd National Cont erence 
& Exoosition on Electronics 
in Medicine 

Sheraton Boston Hotel I John B. Hynes Civic Auditorium 
April 13·15, 1971 

Steve Miller, Exhibit Manager, National Expositions Company, Inc., 14 West 40th Street, New York, N. Y. 10018 • 212/564-8714. 
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No room for a 
digital panel meter? 

Actual size. 
Cut out and I 
use as a I 
template. I 

I 
I 
I 

If you've got space for a commemorative 
stamp, you've got room for our new 3 \/2-
digi t light-emitting diode meter , the 
world's smallest digital panel meter. It 's 
all-solid-state - an industry first - and 
reliability and ruggedness are practica lly 
MIL-spec so it's perfect for aircraft instru­
ment panels and mobile units. Brilliant 
red numbers make it easier to read - even 

Circle 155 on reader service card 

MICO 
WIDE·RANGE ENGRAVER 

NO. 885 

NEW FEATURES FOR 
HANDLING PANELS UP 

TO 23 x 25 INCHES 
FOR LONG AND 
MULTI-LINE WORK 

AMERICAN 
MADE 

• A time-saver for large plate work. 
• Engraver letters l/32"to3" high using standard masters. 
•Seven pantograph ratios-from I :5:1 to 6:1. 
• Choice of 3 ball-bearing spindle assemblles for Vs" 

3/ 16" or taper-shank cutters. 
• HSS, Cobalt and Solld Carbide Cutters. 
• Single and multl-llne copy carriers for holding 

blanks %"to 3\12" high. 
•Accommodates Mlco standard accessories. 

Send for bulletins and pr ices 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge, Mass. 02138 
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in direct sunlight. A dream for portable 
applications because of its small size, light 
weight and 5 volt power requirement. True 
floating differential input. Standard TTL­
compatible BCD output. Digilin auto-zero 
and constant high input impedance fea­
t1Jres are included, of course. Get all the 
details today. Digilin, Inc., 1007 Air Way, 
Glendale, Calif. 9120 I • (213) 240-1200. 

CLASSIFIED ADVERTISING 

CIRCLE 966 ON READER SERVICE CARD 

Don't forget 

THE BOX NUMBER 

when answering the classified ad-

vertisements in this magazine. It's 

our only means of identifying the 

advertisement you are answering. 

New products 

y 
ADDRESS 

BUFFER/INVERTER 

y 
DECODING 

MATRIX 

x 
DECODING 

MATRIX 

x 
ADDRESS 

BUFFER/INVERTER 

OUTPUT 

'----y---' 
ENABLE 

Custom-made. The user programs 
the memory with electrical pulses. 

OUT 

has a totem pole output, allowing 
both an OR-tied and an active 
pull-up output. This gives a wired­
OR connection without the degrada­
tion in system propagation delay 
that normally accompanies it. The 
configuration is similar to the three­
state output offered with logic cir­
cuits that are designed for bus­
oriented systems. 

The monolithic bipolar ROM is 
fully decoded and is organized as 
256 words by 1 bit. As in other 
elech·ically programable devices, a 
0 or 1 is programed into each bit, 
after the IC package has been her­
metically sealed, by applying elec­
trical pulses that fuse licl<s in the 
nichrome metalization pattern. 

The HROM 1256 comes in a her­
metically sealed, dual in-line pack­
age with 16 pins. Total operating 
power is 500 milliwatts at 25°C. 
The IC can sink up to 20 milliam­
peres of current and is compatible 
with standard DTL and TTL ICs. 
Price, in quantities of 100 to 999, 
is $30.75 for the military version 
and $23.50 for the commercial ver­
sion. 

Harris Semiconductor, division of Har­
ris-lntertype Corp., Melbourne, Florida 
32901 [430] 
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Money tight? Budgets cut? 
LSI Test need still growing? 

We're listening! And cutting prices. 
Let's start here. 

Our TC4100A MOS LSI Test System, $24,000 (original price: $49,800). 
Or 4100 components at 50% of list. 

Our TC4800 MOS LSI Test system $55,000 (original price: $78,000). 

Want more information? Write us. 
Want to talk business? Call Chris Raiser, Marketing Manager. 

North American Electronic Systems 
1540 Lancaster Avenue 
Paoli, Pennsylvania 19301 
(215) 687-2600 

A Division of Educational Computer Corporation 

Circle 156 on reader service card 

The power supply 
you plan to build 

is built! 

$125 each 

It's on the shelf, ready for immediate del ivery from Electrostatics. 
With specs proven in service. Low cost. 
Brief specs on our Model 503: 

• 3 DC Voltages 
• All in one DC power supply 
• + or - 4.5 to 6.5 at 5A 
• + 12 to 20V at 0.5A 
• -12 to 20V at 0.5A 
• Input 105-125V, 47-420 Hz 

($150 with overvoltage protection) 

• Regulation : Line 0.01 % 
Load 0.1 % 

• Ripple:500µVmax. 
•Temp: - 20to + 71°C 

operating 
• Foldback current limiting 
• Size: 8" W x 4" H x 8" L 

For full information call Robert McCartney, Manager of Application 
Engineering, (714) 279-1414. Or circle the number below for our 
latest data sheet. 

~leotmstatios.oooai 
7718 Clairemont Mesa Blvd., San Diego , California 92111 om. 121 
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Your chance to take 11p I 
one giant steP u . 

NEW home-study course in 
Electronics Engineering: 
O For the experienced elec tronics technic ian who 

w ants to qu alify for posi t ions normally f illed 
by college-graduate eng ineers. 

O For the career engineer who feels he needs to 
update his electronics knowledge. 

Send coupon below for complete information. or write: 
Cleveland Institute of Electronics. 1ns E. 17 th St.. Cleveland. Ohio 44114 r------------., @ . 

I CI E Cleveland Institute I 
of Electronics 

l"m interested . Please send me your 44 - page cata log with details abou t I Cl E's n ew advanced course in Electronics Engineering . 

I Name 
lol Pase printl 

Zip I City Sta te 

n Veterans & Servicemen, check here for G.I. Bill information. 

LL _J Accredited Member National Home Study Council. --------- --
Circle 125 on reader service card 125 



There is 
a difference in 
Heath Dynamics' 
Quartz Crystal Filters! 

Heath Dynamics specializes in the 
design and manufacture of the 
highest quality Quartz Crystal 
Filters and Discriminators for the 
Communications Industry. 

Our facility is completely new, 
inside and out, fully statted and 
equipped with the most modern 
mechanical and electronic test 
measuring devices. 

We employ the assistance of one of 
the largest time sharing 
computers available. 

Heath Dynamics' area of 
specialization includes the 
manufacture of miniature and 
sub-miniature filters in the range of 
1 O thru 32 Mhz. Bandwidths may 
be from .025% thru .35% in the 
smallest packages and may range 
up to 2.0% in the larger ones. 

We manufacture direct replacement 
filters for all the current monolithic 
designs using our half lattice 
configuration which yield lower 
insertion loss, lower ripple and 
greater ultimate rejection. Yet our 
filters cost less and faster 
delivery is guaranteed! 

All Heath Dynamics' crystal filters 
designed and manufactured to your 
particular specifications meet 
Mil F. 18327. 

In short, we want your business 
and we'll act like it. Do us both a 
favor and send us your print or 
specification for a quote If you 
have any questions just write or 
call us .. we're here to serve you. 

L heath 

ft_d_y_n_a_m_i_· c_s_, _in_c._ 
6050 n. 52nd avenue 

f?/endale, arizona 85301 
(602) 934-5234 

subsidiary of 
Heath Tnternational,lnc., Richmond,Mich . 
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New products-Materials 

Ceramacast 511 is a magnesium-oxide/ 
zircon formulation suitable to 2,300°F. 
It is a water-mix material which, after 
mixing, can be poured, dipped or 
sprayed around components to be pot· 
ted or end-sealed. The material will set 
up in 2 hours and is ready for use after 
a bakeout at 200°F. Dielectric strength 
is approximately 265 volts per mil at 
260°C. Resistivity up to 600°C is 10 x 
10• ohms; up to 900°C it is 3.7 x 107 

ohms. Aremco Products Inc., P.O. Box 
145, Briarcliff Manor, N.Y. 10510 [470] 

Silver-filled conductive epoxy AC·2H is 
designed for use in the 300° to 350°C 
temperature range. It is effective in 
replacing conventional soldering tech· 
niques in many advanced electronics 
applications. It has been used to attach 
transistor chips and leads in hybrid 
circuits which are exposed to extremely 
high temperatures. It 'has a pot life of 
three hours and will cure in 10 minutes 
at 120°C to 60 minutes at 80°C. It 
also has a high tensile shear strength 
and a shelf life of one year, unopened. 
Kenics Corp., 1 Southside Rd., Danvers, 
Mass. 01923 [471] 

Thin film etchants for processing ICs 
are offered for gold, nickel, nichrome 
and chromium, with etching rates of 28, 
30, 20 and 40 angstroms/s, respec· 
tively. Prices range between $7 and $22 
per quart, depending on application, 
and the etchants can be delivered from 
stock. Transene Co., Route 1, Turnpike, 
Rowley, Mass. 01969 [472] 

Soldasip resoldering flux is an activated 
rosin flux supplied in liquid form and 
formulated especially for the resolder­
ing of circuit components. Whether 
using the Soldasip resoldering tip or 
Soldapullt desoldering tool, the flux will 
allow faster and safer solder removal 
than with thicker paste-type fluxes. 
When resoldering a connection, Solda· 
sip resoldering flux is fast acting; resi­
due is noncorrosive, nonhygroscopic 
and nonconductive. It is supplied in 4· 
oz squeeze bottles with metal flux pot 
included at a price of $1.75, Edsyn Inc., 
15954 Arminta St., Van Nuys, Calif. 
91406 [473] 

Be on target with taster, automatically 
selected readings ... better accuracy ... 
greater stability . .. and more measure· 
ment capability. A// at the lowest available 
cost per measurement! 

. .. the DART IV, 
Digi ta I Au to· Ra n g i n g 

Tester ... available now! 

NON-LINEAR SYSTEMS, INC. 
DEL MAR, CALIFORNIA 
(714) 755-1134 I 
TWX 910-332-1132 
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New literature 
Avalanche diode. General Electric Co., 
316 E. 9th St. , Owensboro, Ky. 42301, 
has available a three-piece set of 
product evaluation and application 
literature on Y-2075 avalanche diode. 
Circle 446 on reader service card. 

Pc board power supplies. Power/Mate 
Corp., 514 S. River St. , Hackensack, 
N.J. 07601. A four-page folder illus­
trates and describes the Card-Pac series 
of plug- in de power supplies. [447] 

Rf sputtering. Precision Instrument Co. , 
3170 Porter Drive, Palo Alto, Calif. 
94304, has completed a four-page 
brochure describing its rf sputtering 
equipment and capabilities. [448] 

Time code generator. The A.W. Haydon 
Co., 232 N. Elm St., Waterbury, Conn. 
06720. The K35421 solid state, time 
code generator-decoder is the subject 
of a two-page bulletin. [449] 

Power supplies. Trygon Electronics Inc., 
111 Pleasant Ave., Roosevelt, N.Y. 
11575, offers a 64-page handbook of 
power supplies and power modules for 
systems, laboratory and OEM applica· 
tions. [450] 

Digital displays. Tung-Sol Division, 
Wagner Electric Corp., 1 Summer Ave., 
Newark, N.J. 07104, has publ ished a 
12-page catalog on optimum-contrast 
digital displays. [451] 

IC tester. Emcee Electronics Inc. , 173 
Old Churchman Rd. , New Castle, Del. 
19720. Technical data bulletin 100 de­
scribes a self-powered· IC tester with 
flexible cable design. [452] 

Fuse selection. Carbone-Ferraz Inc., 
P.O . Box 324, Rockaway, N.J. 07866. 
Twelve-page bulletin T2 contains tech­
nical aspects of fuse selection for semi­
conductor protection . Request a copy 
on company letterhead. 

Signal processing. Federal Scientific 
Corp., 615 W. 131st St., New York 
10027. Monograph No. 3 covers general 
and specific signal processing tech ­
niques and theoretical constraints. 
[453] 

Recording systems. Brush Division, 
Gould Inc., 3631 Perkins Ave. , Cleve· 
land, Ohio 44114, has available bulletin 
1250G, a six-page illustrated brochure 
on analog and digital recording systems 
for industrial, medical , military and 
scientific applications. [454] 

Silicon controlled rectifiers. Westing­
house Electric Corp., Pittsburgh, Pa. 
15222. Eight-page brochu re TD 54-564 
deals with the features, applications 
and performance characteristics of the 
T400 and T408 series silicon controlled 
rectifie rs. [455] 
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How Culligan Reverse Osmosis/Deionization System 
gives Teledyne quality water at less cost 

In the competitive electronics business, transistor yield 
rate can mean the difference between profit and loss. 
And the biggest cause of low yields is impurities in 
manufacturing. 

That's why Teledyne Semiconductor, Los Angeles, 
uses a Culligan Reverse Osmosis/Deionization System 
plus ozonation to insure that all water used in the manu­
facture of its transistors is of extremely high purity. The 
system provides Teledyne with water of 18 megohms 
resistivity and virtually zero bacteria count. This water 
is used to rinse transistor wafers after each photo resist 
and etching process. 

"Yield is strongly dependent on the quality of the rinse 
water," says Group Executive Dr. D. M. Van Winkle. 
"The plant would have to shut down without quality 
water. That's how important it is to us." 

Compare this to the situation before our system was 
installed. The plant bought distilled water at 2.7¢ per 
gallon; Culligan water costs 0.8¢ per gallon. Best quality 

of the distilled water was 2 megohms, compared to the 
present 18 megohms. 

The Culligan system meets all the plant's volume de­
mands, too. It is supplying Teledyne 20,000 gallons per 
day, which means savings of $380 per day! 

Supplying very high quality water at any volume 
is a Culligan specialty, and our RO/DI systems are 
available in a wide range of capacities: from 500 gal­
lons per day with packaged systems, to 60,000 gallons 
per day with customized installations built with modular 
components. 

In addition to conditioning process and production 
water, Culligan capability includes equipment for soft­
ening, filtration, boiler water, cooling towers, and waste 
water treatment. 

Call your local Culligan Man today for a consultation. 
He will evaluate your own specific water needs as to 
flow, quality, application, and complete treatment 
equipment requirements. 

THE WORLD-WIDE WATER CONDITIONING PEOPLE WHO SERVE YOU BETTER LOCALLY 

Franchised Dealers in the U.S. and 85 countries. Culligan International Headquarters, Northbrook, Illinois 60062. Franchises available. 
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AIR NAVIG ATION See Avionics; Navigation 
Systems 

AMPLIFIERS 
The almost-everything op amp IC 

NP p. 189 Mar. 2 
Amp has 11 settings NP p. 148 June 22 
Audio noise: why settle for more? 

p. 132 Sept. 28 
Differential amps speed computer input 

NP p. 109 Aug. 3 
Diodes eliminate crossover distortion In 

video amplifier p. 92 Jan. 19 
Ebird has virtues of semiconductor, tube 

ER p. 39 Oct. 26 
Feedback limits amplifier better than zeners 

can p. 78 Sept. 2B 
FET Input reduces IC op amp's bias and 

offset p. B5 Dec. 7 
Great Britain: Microwave effect from GaAs 

chip El p. 137 Aug. 31 
How to kill energy-sapping parasites­

microwave power-transistor structure 
USR p. 43 Mar. 16 

Hybrid buffer amp sharpens pulses 
NP p. 137 Dec. 7 

IC amplifier is a loner NP p. 16B Jan. 19 
IC op amp has FET Input stage 

NP p. 183 Jan. 5 
IC's save power, boost efficiency of regu-

lated power supplies p. 94 July 20 
A new phase-phased-array radar 

USR p. 44 Mar. 16 
Op amp draws l pA current 

NP p. 109 Nov. 23 
Op amps find values of buried resistors 

p. BO Sept. 2B 
Op amp's input bias current held to 10 

na NP p. 115 Aug. 3 
Op amps reject I ine noise in a-d con-

verter's input p. 96 Jan. 5 
Op amps' single element speeds settling 

NP p. 109 July 6 
Operational preamps help balance big sound 

system p. 7 4 Dec. 7 
Planar Darlingtons stress reliability 

NP p. 117 Sept. 2B 
Preamp built for radio navigation 

NP p. 112 July 6 
Rf linear IC squares high-frequency sine 

waves p. 99 Oct. 12 
Saturating operational amplifiers add up to 

a simple way to compress ac signals over 
many decades p. 105 Sept. 14 

Solid state amplifiers challenge TWTs 
NP p. 121 Dec. 7 

Symmetry principle eases design of sum-
ming op amp p. 7B Nov. 9 

Top performance from analog multipliers? 
Much depends on errors gauged in your 
circuit p. 114 Apr. 13 

2-chip op amp challenges 740 
NP p. 153 Oct. 12 

Two op amps simplify design of oscillator 
p. 92 Apr. 27 

2-watt JC amplifier fits any sound system 
NP p. llB Sept. 2B 

West Germany: Op amps aim at consumer 
product Jobs El p. 170 Oct. 12 

With some discrete aid IC op amp swings 
100 V p. 7B Sept. 2B 

Zener diode in op amp's loop enables sym· 
metrical clipping p. 105 Feb. 16 

Zener in bootstrap extends amp lifier's range 
to d-c p. BB Mar. 16 

ANALYZERS See Measurements 

ANTENNAS 
Dishing it out-h;gher resolution radar out 

of a moderate sized aperture 
USR p. 4B Apr. 27 

West Germany: Air power-world's largest 
and most powerful short·wave radio sta· 
lions El p. 74 Jan. 5 

ASTRONOMY 
H EAO: Something borrowed. 

p. 99 July 6 

AUTOMOTIVE 
AntihiJack system built around oscillators 

ER p. 40 Dec. 7 
Big squirt-auto fuel-Injection system 

USR p. 46 Jan. 5 
Fumes don't faze New York network 

p. 133 Sept. 14 
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Great Britain: GaAsed-up ignition 
El p. 67 Mar. 2 

Great Britain: Hub holds antilock brake 
El p. 130 Aug. 3 

Japan: Auto dashboard tv shows all the 
dials El p. 14E Nov. 23 

Japan: IC firm makes solid state brake 
control El p. 9E Oct. 26 

Radar braking is set for marke t debut 
p. 155 Jan . 5 

Sweden: Programed parking meter can 
change its rates to suit the traffic 

El p. 69 May 25 
Switzerland: Key to credit-electronic gas­

oline dispensing system 
El p. 12B July 

Traffic jams spur ERC's revival 
p. 97 July 

Vehicle locator systems are set to find a 
strong new market p. 148 Mar. 2 

West Germany: Auto maker watches ex­
hausts with computer 

El p. 13E Oct. 26 
West Germany: Headlights up 

El p. BE Apr. 13 
West Germany: Radio system for snarled 

motorists and traffic 
EI p. 65 May 11 

AVALANCHE EFFECT 
Avalanche diodes permit in-service measure­

ments of critical parameters in micro­
wave equipment p. 87 Jan. 19 

Japan: Now an avalanche and trap recovery 
diode El p. 130 Sept. 2B 

AVIONICS 
Air Force: AIM-B2 cancelled; Navy's AIM-

9H substituted ER p. 56 Sept . 14 
Air Force: Copter-borne radar could func­

tion as part of Awacs 
ER p. 31 Nov. 23 

Air Force: Will B-1 be one? 
USR p. 4B June B 

AF's F-15 avionics to have austere touch 
USR p. 37 Feb . 2 

Air' Force's Rassr: Radar of the fu ture? 
p. 121 Oct. 26 

Air traffic control-Associations count 
USR p. 40 July 6 

Air traffic control may gel off ground 
p. 152 Feb. 16 

Air' traffic control socked in 
p. 113 July 20 

ARTS 3 implementation stalled by budget 
shortages p. B7 Nov. 23 

AWACS avionics suppliers start waiting 
USR p. 45 Ju ly 20 

AWACS delayed, again 
USR p. 44 May 11 

B-1 makes a wave USR p. 42 June 22 
Canada: Digital computer is fallout of air­

borne navigation work 
El p. 204 Sept. 13 

CAS -ATC interaction tests-Pay off for 
CAS USR p. 46 Apr. 13 

Coast Guard contracts for airborne radar 
to spot small boats 

USR p. 29 Aug. 3 
Electronic flight control is getting set to 

take off p. B7 Nov. 9 
Fancy ftight data recorder developed by 

West Germany and Canada 
El p. 136 Aug. 31 

FAA \1buys11 Alexander Report calling for 
sweeping changes in air traffic control 
hardware p. 111 Aug. 17 

FAA testing farsighted system 
ER p. 3B Dec. 7 

France: Atomic clock takes wing 
El p. 10E Oct. 26 

France: Flight data display opens avionics 
battle El p. 9E Nov. 9 

France: New role for Aida-fire-control 
radar El p. 63 Mar. 16 

Great Britain: Avionics far from grounded 
by cloudy domestic future 

El p. 203 Sept. 14 
Great Britain: Color comes to the aid of 

ATC displays NPI p. 17E Dec. 7 
Great Britain: 747 comprehensive trouble-

shooter El p. 65 Apr. 27 
HDC-601: Shrink a computer for aviation 

market USR p. 3B Aug. 31 
l/C NI has changed now to U/CNI; U for 

Unified USR p. 52 May 25 

IBM looks to light pipes to move airplane 
data ER p. 33 Nov. 23 

Lockheed's C-5 woes come in nines 
USR p. 55 May 25 

Market pacesetters : 197() 
With increas ing air traffic and narrowing 

safety margins, airlines will be in­
vesting heavily in electronics systems 

Microwave 
group 

p. 120 J an . 5 
ILS asked by international 

ER p. 32 Dec. 21 
faces tough going NASA: Shuttle 

p. 94 Aug. 31 
Navy airborne processor turns to Ampex 

th in film ER p. 39 Sept. 2B 
Navy chief okays common avionics-Itacs 

prokct ER p. 29 Dec. 21 
Navy engineers break the rules with radical 

airborne EDP concept p. B9 Aug. 3 
North American Rockwell's Aerospace & 

Systems group .downgraded and top man­
agement reshuffled USR p. 51 Jan. 19 

RCA says it's selling Secant 
USR p. 56 May 25 

Satellites vs. superbeacons 
USR p. 39 Aug. 31 

Skyjackings spur detection work 
p. 93 Sept. 2B 

SST funding attack worries avionics firms 
ER p. 32 Dec. 21 

Traffic jams spur ERC's revival 
p. 97 July 6 

Twice the fight for half the pie-Report 
from the West p. 80 Aug. 17 

Vietnam report: Airborne command and 
control p. 72 Oct. 26 

West ·Germany: Flexible wavegu ide for pro­
duction model Concordes 

El p. 66 May 11 
West Germany: Hanover Air Show-Airbus 

A300B; VFW 614; multirole combat air­
craft El p. 66 May 11 

BUSINESS 
Ampex eyes semiconductor memories 

USR p. 44 Aug. 31 
Unveils semiconductor memories 

ER p. 36 Nov. 26 
Autonetics turns corner USR p. 50 May 25 
Contracts-\\Small business is gradually 

being squee2ed out of defense contract­
ing" USR p. 4B Mar. 2 

Draper Laboratory splits USR p. 44 June B 
Europe: Economic cooling puts chill on 

European electronics growth-market 
report p. 57 Dec . 21 
Four-page foldout gives breakdown of 

electronics markets in 11 European 
countries p. 77 Dec. 21 

Europe, West: Making U.S.-European trade 
a two-way street EI p. 16E Dec . 21 

European component standards accord la­
beled a thre·at to trade by U.S. 

El p. 69 Mar. 30 
Fairchild Camera and Instrument Corp: 

Still more tightening USR p. 46 Aug. 17 
Power struggle ER p. 50 Sept. 14 

Fairchild sets sights on Europe 
p. 111 Dec. 7 

GE-Honeywell merger USR p. 4B June B 
They' 11 have to try harder 

ER p. 55 Sept. 14 
GE strike impact widens-but EE's stay 

on the Job p. 133 Feb. 2 
Good new products: good fortune or good 

planning? ED p. 4 Mar. 2 
Government lining up against Japanese im-

ports ER p. 35 Nov. 23 
Hittinger may put RCA in the ballgame 

USR p. 46 Apr. 13 
Hong Kong outlook: sweet and sour 

p. 115 Dec . 
How to succeed in buying a business 

ER p. 38 Nov . 9 
Instrument rentals pick up speed 

p. 119 J une 22 
International: Tariffs and trade 

El p. 12B Aug. 3 
Italy: Sunny marketing prospects attract 

component maken to annual Milan show 
NPI p. 15E Sept. 14 

Japanese exports blasted by U.S. Treasury 
ER p. 30 Dec. 21 

Japanese markets-report 
Electronic equipment markets in Japan 

1970-1971 p. 85 Sept. 14 

Consumer electronics market still the 
strongest in J apan p. 89 Sept. 14 

L-Square·d Industries to acquire Monarch 
Enterprises USR p. 59 July 20 

Magnavox ordered to pay damages caused 
by a fatal tv-set fire USR p. 54 May 11 

- Market pacesetters: 1970 p. 10 1 Jan. 5 
Technol·ogy/70: Bold new inroads for 

the computer as the digital era gets 
unde r way p. 105 Jan. 5 

Mi litary electronics R&D will be feel ­
ing the pinch as tight budget squeezes 
major procurement runs p. 110 Jan. 5 

C/MOS and silicon-gate !C's, as we·ll as 
Schottky devices, cou ld come into 
their own in solid state technology 

p. 112 J an. 5 
Huge computer growth will sustain the 

demand for discrete components and 
denser packaging p. 116 Jan. 5 

Digital transmission will become the 
trigger for the communications ex­
plosion of the 1970's p. llB J an. 5 

With increasing air traffic and narrow-
ing safety margins, airl ines will be 
investing heavily in electroni c systems 

p. 120 Jan. 5 
Integrate d systems and LSI rate high 

in NASA interest as the space effort 
moves ahead despite fiscal uncertain­
ties p. 122 Jan. 5 

Computerized contro l of test instru· 
mentation is rapidly approaching 
n~ar-universal acceptance 

p. 124 Jan. 5 
Avalanche, Gunn diodes are coming on 

strongly in the quest for better micro­
wave power sources p. 128 Jan. 5 

Computer-aided manufacturing, particu­
larly of IC assemblies, will spur new 
applications for industria l-electronics 
gear p. 133 Jan . 5 

Minicomputers shakeout due p. 105 July 20 
Nemonic will offer plated-wire memories 

off the shelf USR p. 47 Mar. 30 
1970: a down year for the industry 

p. 85 Aug . 3 
NRMEC insists, no Sharp slowdown 

ER p, 34 Dec. 21 
Pakistan: government may give a major 

boost to electronics industry 
El p. 154 Aug. 17 

Philips Busine'Ss Systems Inc. new com-
pany USR p. 58 Feb. 16 

RCA looks for place in the IC sun 
ER p. 40 Sept . 2B 

Report from the West: The bumpiest year 
in a decade Jolts West's growth curve 

p. 70 Aug. 17 
MOS, linears bloom in a fl at land 

p. 71 Aug. 17 
New angles on old markets 

p. 76 Aug . 17 
EDP--Capital spending is comput er-shy 

p. 78 Aug. 17 
Twice the fight for half the pie 

p. 80 Aug . 17 
Sanders vs. Navy USR p. 44 June B 
Sarnoff, Robert: A new boss cuts a new 

groove at RCA-report p. BB Mar. 2 
Signetics: Riley's de'Parture 

ER p. 52 Sept. 14 
A silver lining-for those who want it 

ED p. 4 Mar. 16 
Singapore: Electronics in straits 

El p. 7E Aug . 31 
Singapore: Growth pains EI p. BE June 22 
Spain: General Telephone a nd Electronics 

acquires 50% of Investigaciones Elec­
tronicas SA EI p. 154 Aug. 17 

Sum of Sprague's parts equals new busi-
ness p. 109 Nov. 9 

Sylvania closes Semiconductor division 
ER p. 46 Oct. 12 

Microwave dept. sold to Alpha Industries 
ER p. 50 ,Oct. 26 

System Development Corp : Too small to 
share USR p. 56 Mar. 16 

SOC unfair competition claims association 
USR p. 5B Feb. 16 

There's more to product planning than the 
generation of new ideas p. B6 Mar. 30 

TRW Colorado Electronics lnc.-Road to 
the Rockies USR p. 4B July 20 

Used computer sales may go up 
p. 97 Aug. 31 
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Value-added tariff appears home safe 
USR p. 41 May 11 

Viatron: New team takes over 
p. 93 Aug. 3 

Westinghouse-why company quit the 
medical bus iness ER p. 33 Dec . 21 

CALCULATORS 
Calculator thinks math-Wescon preview 

NP p. 126 Aug. 17 
Deviation calculator: What's the differ­

ence between bed signals? 
NP p. 119 July 6 

Japan: Totab le toter-smallest full-func­
tion electro nic calculator 

El p. 12E May 11 
Japanese calculator not much larger than 

a paperback book USR p. 54 Apr. _27 
A multipurpose calculator 

NP p. 107 July 6 
Six MOS chips equal one calculator­

IC's are sold as standard products, 
but user builds proprietary machine 

NP p. 122 July 20 
U.S. firms gird for calculator battle 

p. 83 Nov. 23 

CAPACITORS 
Capacitors add up in '.'oltage mult iplier 

p. 104 Mar . 2 
Powder-on-foil process promises better tan-

talum capacitors USR p. 42 Aug. 17 
Sequential contacting extends range of 

var iable capacitor p. 108 Sept. 14 
System tests 100 capacitors 

NP p. 148 Feb . 
Tiny chips offer high capacitance 

NP p, 147 June 8 
Variab le capac itor with a wide range 

USR p, 40 June ~2 
Wei I stacked-high capacitance at low 

voltage USR p. 46 July 6 

COLOR TELEVISION 
Color tv recorder takes forward step back 

to fi lm ER p. 38 Sept. 28 
Consumer hazards-special report 

Why they happen p. 54 Aug . 3 
How they can be fixed p. 62 Aug. 3 

EVR: Taking a look at color EVR from 
the inside out p. 94 Apr. 27 

FCC ruling that cable tv operators origi­
nate programing as of Jan. 1, 1970, 
spurs makers to rush inexpensive color 
cameras to the market 

USR p. 50 July 6 
Great Britain: Tv camera checks itself out 

El p. 135 Aug. 31 
Home enterta inment manufacturers opti-

mistic ER p. 47 Oct. 12 
Japan: Auto dashboard tv shows all the 

dia ls El p. l4E Nov. 23 
Japan: Smile , you're on colorphone 

El p. 66 Mar. 16 
Japan : Tv guide-quarter pi phase shift 

for millimeter-wave pcm system 
El p. 152 Aug . 17 

Japanese color tv cameras grow simpler 
and simpler NPI p. 23E Nov. 9 

Japanese exports blasted by U.S. Treasury 
ER p. 30 Dec . 21 

Netherlands: Beating the heat in 110° 
technology NPI p. 28E Nov . 23 

Netherlands: Smaller Plumbicons point to 
still lighter tv cameras 

NPI p. 7E Ju ly 20 
Remote control for color tv goes the all-

electronic route p. 102 May 25 
Solid state contro ls head new co lor-tv 

lineup p. 102 June 22 
Surface acoustic waves may get on tv as 

integrated intermediate-frequency fi lter 
in color sets USR p. 50 Jan. 5 

COMMMUNICATION SATELLITES 
AT&T sweetens satellite plan 

p. 112 Nov . 9 
ATS fingerprint fax ER p. 42 Sept. 28 
ATS setback USR p. 56 Ju ly 20 
ATS-F: Fi nding a place-millimtter-wave 

experiment for ATS-F 
USR p. 44 Feb. 16 

ATS-F: Lased words-C02 laser for ATS-F 
satel lite USR p. 42 Jan. 19 

ATS-F laser canceled as Aorojet fails spec 
ER p, 31 Dec. 21 

ATS-5 millimeter-wave experiments show 
good results ER p. 35 Nov. 23 

ATS-F and G contracts award•d 
USR p. 42 Apr. 27 

Billion-bit satellite uplink 
USR p. 42 May 11 

Canada: domestic communications satellite 
El p. 152 Aug. 17 

DSCS: Coding, self-test k•ys to new 
Sat com modem ER p. 34 Dec. 21 

Domestic communications satellite deci-
sion USR p. 48 Apr. 30 

France: Trial bal loons for transmitting 
weather data will transmit data to 
satellite EI p. 71 Mar. 30 

Inte rnational: What's your attitude?-to 
succeed in space, everyone agrees, you 
have to nave the r ight attitude 

El p. 65 Mar . 16 
MIT radar uses cw carbon dioxide system 

ER p. 46 Oct. 26 
Satellites vs. superbeacons 

USR p. 39 Aug. 31 
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Sermon on the launchpad ED p. 4 F•b. 16 
Technology may be used to salvo policy 

problems ER p. 46 Sept. 14 
U.S. communications satellites: Tests in­

crease, but still no go-ahead 
p. 125 Feb . 2 

U.S. to seek compromise on spectrum allo­
cation at 1971 worl d parley 

ER p. 45 Sept. 14 

COMMUNICATIONS 
AT&T: Pressuring AT&T-FCC wants free 

competition USR p. 39 Aug . 3 
AT&T digital net draws caustic comme nts 

ER p. 46 Sept. 14 
AT & T's petition raises eyebrows 

p. 91 Nov. 23 
AT&T's petition-Johnson declines 

ER p. 45 Dec. 7 
Army: Mallard a phoenix? 

USR p. 41 Mar. 2 
Austral ia: show features data communi­

cations and graphic systems 
El p. 154 Aug. 17 

Banks moving on paperless payments 
p. 122 Oct. 26 

radio signals through the 
El p. 16E Nov. 23 

valve is bright spot for 
ER p. 33 Nov. 9 

at room temperatures 
USR p. 37 Aug. 31 

Capacitive keys, simpler circuits add up 

Belgium : Push ing 
ground 

Be ll Labs' light 
liquid crystals 

C-w diode laser 

to re liable keyboard p. 68 Dec. 7 
Coupler runs on line that is 31 db down 

NP p. 155 Jan. 19 
Couplers: Add ing third harmonic cancels 

acoustic coupler's distortion 
p. 124 Apr. 13 

Couplers: Hybrid couplers cover 30 Mhz-2 
Ghz NP p. 182 Apr . 13 

Data bund les-70-foot fiber-opt ic bundles 
USR p. 52 Jan. 5 

Dye laser puts out over wide band 
USR p. 40 Aug. 31 

Facs imile machine doubles as an office 
copier USR p. 49 Aug. 31 

FCC's pragmati c boss: Dean Burch 
p. 85 Sept. 28 

Federal Reserve net speeds check clear-
ing ER p. 41 Sept. 28 

France: Acoustic fallout-small electret 
microphone offers new solutions to sound 
reproduc tion problems El p. 68 May 11 

Germany, West: Air power-world's larg­
est and most -powerful short-wave rad io 
stat ions El p. 74 Jan. 5 

Germany, West: Gunn-oscillator microwave 
link intended for video telephone trans­
missions El p. 66 May 11 

Germany, West: Measuring setup offers 
synchro-tuning over a frequency range 
of 1,000-to- l NP! p. l3 E Feb. 16 

Germany, West: Microphone which com-
bines a piezoelectric transducer and a 
monolithic IC El p. llE Dec . 7 

Germany, West: Pulsed i-r link 
El p. 68 Mar. 2 

Germany, West: Radio system for snarled 
motorists and traffic El p. 65 May 11 

Germany, West: Radio tuning display 
El p. 12E Oct. 26 

Germany, West: Traveli ng wave tube to 
reflect advances at Paris exhibit 

NP! p, 39E Mar. 16 
Great Britian: Frequency sleuth-fast-

readout wavemeter El p. 66 Feb. 2 
Great Br itain: Glass breakthrough 

El p. 148 July 20 
Great Br itain: Mixer in modular form 

aimed for radar, slated for Paris 
NP! p. 31E Mar. 16 

Great Britai n: Mobile rad io best-path se­
lector finds its way into market 

NP! p. 15E June 22 
Great Britain: Netting data 

El p. 153 Aug. 17 
Great Britain: Scale for speech--military 

delta-sigma modulated speech digitizer 
El p. 64 June 8 

Great Brita in: Self-contained data line 
analyzer spots and pinpoints troubles 

NPI p. 6E Jan. 5 
Great Britain: Signal generator hits the 

tune El p. 151 Aug. 17 
Great Britain: Thin silicon matrix ad­

dresses light-emittil')g diode array 
EI p. 206 Sept. 14 

Her Majesty, Elizabeth 2 has a collision-
avoidance system, sate I lite-navigat ion 
system and central computer 

p. 104 Feb . 2 
Hybrid frequency synthesizer saves p-c 

cards USR p. 39 Aug . 31 
I / CNI has changed now to U/ CNI; U for 

Unified USR p. 52 May 25 
IC line-receiver converts pulses to logic 

levels p. 94 Jan. 19 
IBM looks to light pipes to move air-

plane data ER p. 33 Nov. 23 
Japan: Emergency communications NTT 

system uses a double-wall helium-neon 
laser El p. 187 June 22 

Japan: Glass laser fibers help transmit 
and amplify beams El p. 129 Sept. 28 

Japan: Listening to Big Brother 
El p. 9E Mar. 16 

Japan: Repeat ing at 20 Ghz 
El p. 130 Ju ly 6 

Japan: 60-Mhz coaxia l cable t ransm ission 
system El p. 66 Apr. 27 

Japan: Stereo radios with matrix speaker 
system El p. 186 June 22 

Land -mobile action USR p. 47 Apr. 30 
Lasers' use in h-f multichannel data re-

cord ing USR p. 44 May 11 
Lightguide can direct or man ipulate laser 

light USR p. 52 Mar. 16 
Low-cost voice digitizer push is on 

p. 136 Sept. 14 
Mariner Mars-Sticky business : problem 

with tape recorder USR p. 46 Jan. 19 
Market pacesetters: 1970 

Avalanche, Gunn diodes are coming on 
strongly in the quest for better micro­
wave power sources p. 128 Jan. 5 

Microwave, Millimeter Waves see Micro­
wave 

Modem race-react io n to low-cost Bell 
modem USR p. 42 Aug. 31 

Modem tester offers variety of patterns 
NP p, 155 Apr. 13 

Mode·ms: cod ing, se lf-test keys to new 
Satcom modem ER p. 34 Dec. 21 

Modems: Design pruning trims costs of 
data modems p. 99 July 20 

Modems talk to computers by wire or i-r 
NP p. 145 Mar . 30 

Modulator combines with a synthesizer 
NP p. 178 Feb. 16 

Next, computer-aided firemen : L.A . and 
San Diego pioneer ing introduction of 
city-wide command and control systems 
for police, fire and ambulance services 

p. 113 Dec . 7 
Noise- loading method simpl i fies SSB t ests 

NP p. 137 Aug. 17 
OTP's charter erodes FCC's primacy 

ER p. 38 Sept. 28 
Optical link firms see wide horizons 

p. 91 Dec. 21 
Optical waveguides bring laser communi-

cation closer p. 60 Aug. 31 
Picturephone: CCDs saving bandwidth 

USR p. 39 Aug. 17 
Picturephone: Mass production of silicon 

vidicons holds key to Picturephone's 
future p. 131 Jan. 19 

Picturephone makes commercial debut in 
Pittsburgh USR p. 40 July 6 

Picturepnone plagued by spot problems 
ER p. 34 Dec. 7 

Police electronics-Can you hear me? 
Police seek transceivers tailored to their 
needs USR p. 45 Mar. 16 

Police electronics-E lectronic systems to 
strengthen the long arm of the law 

p. 115 Apr. 27 
Communications is top police priority 

p. 121 Apr. 27 
Police electronics-Headset in a helmet 

for police departments 
USR p. 52 July 20 

Police electronics-Los Angeles Police De­
partment to install voice privacy devices 

USR p. 40 Aug. 17 
Portable optical communicator rides laser 

for secure voice transmissions 
p. 92 Mar. 16 

Prairie Star shines fitfu lly over Pentagon 
ER p. 38 Nov. 23 

Programable digital filter performs multi-
ple functions p. 78 Oct. 26 

PCM: Great Britai n-On some research 
into pcm converters EI p. llE Oct. 26 

PCM: IEEE SHOW-Pcm setup is de­
signed for the commercia l user 

p. 118 Mar. 2 
PCM: Japan-a common bit rate unifies 

three separate pcm systems into a na­
tional network p. 86 May 25 

PCM: Japan-PCM laser link hits the 
market El p. 15 E Nov. 23 

PCM: Japan-Rapid pulse rate-dual-mode 
for pcm transmissions 

El p. 9E Jan. 19 
PCM: Japan-TV guide-quarter pi phase 

shift fo r millimeter-wave pcm system 
El p. 152 Aug. 17 

Q-multiplier analyzes audio-frequency tones 
p. 94 May 25 

Relaying video signa ls using digital tech-
niques USR p. 54 Ju ly 20 

Sarnoff, Robert: A new boss cuts a new 
groove at RCA-report p. 88 Mar. 2 

Single-crystal materials spur device gains 
NP p. 111 Ju ly 6 

Surface waves pick up speed p. 93 Nov. 23 
Sweden: Nation's telecommunications sys-

t em EI p. 12E May 11 
Switching problems USR p. 42 Aug. 31 
Talking computers grow up; system uses 

2,000-word vocabulary 
NP p. 145 Sept. 14 

Technology may be used to solve policy 
problems ER p. 46 Sept. 14 

Telephone: Austr ia's push-button telephone 
exchange El p. 68 Apr. 27 

Telephone: Automatic mechanical telephone 
dialer USR p. 50 June 8 

Telephone: Germany, East-Pay telephone 
calls on electronics El p. 7E Oct. 12 

Telephone: Japan-Smile, you're on color-
phone El p. 66 Mar . 16 

Telephone: Japanese telepho ne system uses 
plated-wire memory El p. 65 Jan. 19 

Telephone: Phone lines concentrated to 
save copper ER p. 55 Sept 14 

Telephone: Phone multiplexing-time and 
frequency ER p. 48 Oct. 26 

Top performance from analog multi pliers? 
Much depends on errors gauged in your 
circuit p. 114 Apr. 13 

Transistors aim at communicatio ns bands 
NP p. 160 May 25 

Transm it data at double the speed with 
new wideband system 

USR p. 54 Ju ly 20 
U.S. to seek compromise on spectrum al­

location at 1971 world parley 
ER p. 45 Sept. 14 

Vehicle locator systems are set to find 
a strong new market p. 148 Mar. 2 

Vietnam report 
Pt I Air Force plans with computers, 

Army sees by starlight 
p. 70 Oct. 26 

Pt II Armed forces rely on communi­
cations to light o.nd survive in Viet­
nam p. 70 Nov. 9 

White House urges reorganization of tele­
communications management 

USR p. 45 Jan. 5 

COMPUTERS 
Active fi l ters see Filters 
Air traffic control-Associations count 

USR p. 40 Ju ly 
As computers go, so goes electron ics 

ED p. 4 Jan. 5 
terminal, portable, from 

USR p. 46 Feb . 16 
suppl iers start waiting 

USR p. 45 July 20 
Banks moving on paperle'Ss payments 

Audio computer 
IBM 

AWACS avionics 

p. 122 Oct. 26 
Boeing seeks time-sharing customers 

USR p. 50 June 8 
Building-block digital modu les - Just 

enough logic to suit the Job 
USR p. 37 Aug. 17 

Burroughs introduces three new computers 
ER p. 58 Oct. 12 

Canada: Digital computer is fallout of air­
borne navigation work 

El p. 204 Sept. 14 
CAD: AMCAP (for advance d microwave 

circuit analysis program) 
USR p. 39 Aug . 17 

CAD: Circus means versatility as a CAD 
program p. 86 Feb. 2 

CAD: Collins makes changes in data-entry 
approach ER p. 32 Nov. 23 

CAD: ELECTRONICS' guide to CAD pro­
grams--CAD goes beyond first-genera ­
tion program to capabilities of a second 
generation p. 109 Apr. 13 

CAD: France- Untangl ing the wires 
EI p. 72 Jan . 5 

CAD: Modified CAD device models can cut 
down circuit analysis costs 

p. 90 July 20 
CAD: Thinking of gett ing into CAD? You 

don't have to go far to find a program 
p. 98 Mar. 30 

CAD: Two-in-one design program offe rs 
big -system flex ibility with small -Job 
costs p. 7 4 June 22 

CAO: Viatron says Collins approach wastes 
real estate USR p, 58 Mar. 16 

Computer clocks at 10 me-gahertz 
NP p. 159 Mar. 2 

Computer-controlled testing can be fast 
and reliable and econom ical without ex­
tensive operator training p. 82 Jan. 19 

Computer has calculator price tag 
NP p. 141 Feb. 2 

Computer output microfilm 
USR p. 51 June 22 

Compute·r, software, p-c cards match up 
to cut costs in an automatic test system 

p. 71 July 6 
Computer tests I inear I C's 

NP p. 129 Nov. 9 
Computerized disp lay aimed at end ing ship 

collisions ER p. 39 Sept . 28 
Computerized termina ls ring up sales in 

cash reg ister territory p. 52 Nov. 23 
CompuTerm inal out to replace small in­

house computer installations with a 
single central system USR p. 58 Mar. 30 

Congressional computer system 
USR p. 41 Aug. 31 

CDC's new super STAR USR p. 52 Mar. 30 
Co-op graphic termina ls display t hrift 

USR p. 37 June 8 
Data terminal runs the show 

NP p. 138 Mar, 30 
Delicatessen department: computerized deli 

scale ends expensive problem 
ER p. 31 Dec. 21 

DOD computer waste: 1$500 million 
p. 109 Oct. 26 

Design prun ing trims costs of data modem 
p. 99 July 20 

Diffe rential amps speed computer input 
NP p. 109 Aug . 3 

Digita l cassettes overcome their past 
p. 129 June 8 

Digitize and conquer-tag reader 
USR p. 46 June 22 

Digitizer traces at speed of 300 inches/ 
sec NP p. 157 May 25 

Diodes tested, matched by computer sys-
tem ER p. 42 Nov. 9 

EDP-<:apital spending is computer-shy-
Report from the West p, 78 Aug. 17 
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EDP-Modules making waves in EDP mar-
ket p. 121 Oct. 12 

EDP for ABM USR p . 47 July 20 
Europe, Western : Pressure grows for start 

of giant computer project 
EI p. SE Sept. 14 

Fall Joint Computer Conference---maX!i ac-
tivity marks minis ER p. 34 Dec. 7 

Federal Reserve net spe·eds check clearing 
ER p. 41 Sept. 2S 

Fluidics in direct digital control 
USR p. 48 May 2S 

France: Computer for the lycee teaches 
computing classes EI p. 170 Oct. 12 

France: Puller turns out 4-inch si I icon 
crystals with diameter variations of 
only l % NP! p. 13E Jan. 19 

Friden System 10 in the battle for the 
smal I-computer market 

USR p. bO Apr. 13 
GE and Honeywell: They'll have to try 

harder ER p. SS Sept. 14 
Germany, West: Auto maker watches ex­

haust with computer EI p. 13E Oct. 2b 
Germany, West: Joint computation-Sie­

mens, AEG-Tele fu nken EI p. bS Apr. 27 
Great Britain: Argus-eyed computer 

EI p. b7 Jan. 19 
Great Britain: Cassette-loaded machine 

produces p-c board artwork under normal 
o!ight NP! p. 17E Mar. 2 

Great Britain: Netting data 
EI p . 1S3 Aug . 17 

Great Britain: Operational computer does 
simulations now largely confined to ana­
log units EI p. 71 Apr. 13 

Great Britain : packing dens ities of 10,000 
bits per inch EI p. b7 May 11 

HOC-bOl: Shrink a computer for aviation 
market USR p. 38 Aug . 31 

Hard-copy display terminal makers start­
ing to probe wide-open market 

NP p. 143 May 11 
He·r Majesty, Elizabeth 2 has a collision-

avoidance system, satellite-navigation 
system and central computer 

P. 104 Feb. 2 
Honeywell wins contract for information­

handling equipment USR p. Sl June 22 
ILLIAC 4 enters the home stretch 

p. 123 June B 
In- house design yields compact machine 

ER p . S2 Sept. 14 
IEA exhibit: Mi nic computer 

NP! p. 12E Apr. 27 
I BM series comes on soft-' 1evolutionary11 

new 370 line p. 109 July 20 
IBM's new 4 Pi ER p. SB Oct. 12 
In terface pact gains mom entum 

p. llS Oct. 2b 
Italy : Stepping-stone computer 

El p. bS Feb. 2 
Japan: Card and code number unlock cash 

dispenser El p. llE Dec . 21 
Japan: Down with rice, up with computers 

ED p. 4 Fe·b. lb 
Japan: Hitachi set to go with a new com-

puter EI p . llE Nov. 23 
Key-to-disk: $100 million market 

Linear IC model 
computer 

NP p. lOS Aug . 3 
takes to analysis by 

p. 7B Aug. 31 
Market pacesetters: l 970 

Technology/ 70: Bold new inroads for the 
computer as the digital era gets under 
way p. lOS Jan. S 

Huge computer growth will sustain the 
demand for discrete components and 
denser packaging p. llb Jan. S 

Computer-aided manufacturing, partic­
ularly of IC assemblies, will spur 
new applicati ons for industrial-elec­
tronics gear p. 133 Jan. S 

Memories 
Amorphous semiconductors Pt. 1 Non­

volatile and reprogramable, the read­
mostly memory is here p. Sb Sept. 2B 

Ampex eyes semiconductor memories 
USR p . 44 Aug . 31 

Unveils semiconductor memories 
ER p. 3b Nov. 2b 

An nsec saved-optical ROM as a micro-
programer USR p. S4 Jan. S 

Associative memory chips: fast, versa-
tile--and here p. % Aug. 17 

C/MOS means cheaper ROMs 
USR p . 34 Aug. 3 

Core pattern makes stack more versatile 
NP p. 119 Nov. 9 

Death of SK stack boos ts MOS backers 
ER p. 3b Dec. 7 

Design aid speeds layout of !C's 
NP p. l b9 June 22 

Design house rfinds 'one for all ' can 
apply to custom memories, too 

p. 12B June 22 
ECO not deliquen t on RM-2Sb deliveries 

ER p. 3b Dec. 21 
Etching memories in batches 

p. 94 May 11 
Fast random memory includes full de-

coding NP p. 1S9 Oct. 12 
France: Handyman' microprogram for 

read-only waffie·-iron memory 
EI p. 129 July b 

French components for Paris Show indi­
cate technology gap is closing 

NP! p. 23E Mar. lb 
Gate code-technique for encoding In-
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formation USR p. 4S Feb. lb 
GE's secret project yields random-access 

hybrid memory ER p. 33 Dec. 7 
Germ_cviY, We'St: Cemented cores 

Y EI p. 12B July b 
Great Britain: Plessey develops. MNOS 

read-mostly memory EI p. 9E Dec. 7 
Illiac gets laser memory 

USR p. Sl J une 2 
I BM goes all out for IC memory 

p. 12S Oct. 12 
IM series fr om Honeywell 

ER p. 3b Dec. 21 
Ion implantation gives MOS ROM bi-

polar speed ER p. 33 Dec. 7 
Ion implants spe·ed memory 

NP p. l2B Dec. 7 
Japan: Plated-wire memory tapped for 

Japanese telephone system 
EI p. bS Jan. 19 

Japan: Radiation and electricity can 
alter MAS read-only memory 

EI p. 71 Feb. lb 
Magic cent . .-memory that uses a 

magneto-acoustic effect to store data 
for less than cent a bit ... attracts 
Navy US R p. 49 July 6 

Mak ing small ROM 's do math quickly, 
cheaply and easily p. 104 May 11 

Massive core memory is fast, inexpensive 
NP p. 173 Jan. s 

May Co. will install Credifier 3300 
credit-ve·rification system 

USR p. SO June B 
Medium-sized memory fills market gap 

NP p. lb7 Sept. 14 
Memory cycles in 650 nsec 

NP P. lSB Jan. 19 
Memory expandable without adding logic 

NP p. lSl June 22 
Memory hops one step past mainframe 

USR p. 43 Fe·b. lb 
Minicomputer has 300-ns IC memory­

desktop Supernova NP p. 137 Oct. 12 
MNOS in bipolar device could increase 

speed ER p. 44 Oct. 2b 
MOS memory has 800-nsec access time 

NP p. lBl Mar. 2 
MOS memory is bipolar-compatible 

NP P. lBl Feb. lb 
MO S memory travels in fast bipo lar 

crowd-Si I icon-on-sapphire technol ogy 
p. S2 July 20 

Minding the store-point-of-sale systems 
for inventory control and credit-verifi­
cation USR p. SO Mar. 30 

N-channel MOS memory has 2SO ns 
access time NP p. 110 Dec . 21 

NCR shilfts to cores for memory of Cen-
tury giant NP p. 97 Sept. 2B 

N RM EC set for market 
USR p. 44 Aug. 31 

Navy airborne processor turns to Ampex 
thin film ER p. 39 Sept. 28 

Nem onlc will offer plated-wire memories 
off the shelf USR p. 47 Mar. 30 

Netherlands: Two cores per bit memory 
EI p. 138 Aug. 31 

Plated wire bids for mainframe memory 
NP p. 109 Sept. 2S 

Pos t-and-film memory delivers N ORO 
capability, low noise, high speed, but 
avoids problem of cree'P 

p. 102 Jan . l 9 
RAM's design aims at mainframes 

ER p. 54 Oct. 12 
Random-access MOS memory packs more 

bits to the chip p. 109 Feb . lb 
ROM expands throughout 

NP p. lSO Apr. 27 
ROM is fi eld-programable 

NP p. 179 May 11 
ROM programed by forging link 

ER p. so Oct. 12 
ROM programer saves time and mask 

cost NP p. 134 Nov. 4 
Scratching the surface-b ipolar Scram; 

a scratchable read only memory 
USR p. 40 Aug. 17 

Scratchpad memory is TTL-compatibl e 
NP p. 1S4 Feb. l b 

Semiconductor memories at a glance : 
What's here now, what's on the way 

p. 143 Mar. 2 
Semiconductor memory systems: How 

much do they really cos t? 
p. 94 Oct. 12 

Silicon and sapphire· getting t oge ther for 
a comeback p. SB June B 

Silicon-gate dynam ic MOS crams 1,024 
bits on a chip p. b8 Aug. 3 

There's a better way to design a char-
acter generator p. 107 Apr. 27 

Memory technology-special report 
14. Standard read-only memories sim­

plify complex logic design 
p. BS Jan. S 

15. Simple electroplating process allows 
high-density waffle-Iron memory to be 
built easily, inexpensively 

p. 107 Jan. l 9 
lb. Backward step opens up route t o 

new products and new markets 
p. 109 Mar. 2 

17 . Four-wire performance from a 
three-wire memory is a valuable, at­
tainable, but demand ing goal for de­
signers of 3-0 arrays 

p. 104 Mar. 16 

r 

The·re's a read-only memory that's 
sure to fill your needs 

p. 112 Mar. lb 
18. Etching memories in batcties 

p. 94 May 11 
19. With associative memory, speed lim-

it is no barrier p. 96 June 22 
Minicomputers 

Cores take orders from minicomputer 
NP p. 174 Sept. 14 

DCC-112 minicomputers 
USR p. SS Mar. lb 

Disks expand minicomputers 
NP p. 122 Nov. 9 

Foldover cuts size of plug-in core stack 
for minicomputers NP p. 118 Nov. 23 

Great Britain: Minicomputers assist 
Concorde engine program 

EI p. 13E Nov. 23 
I BM minis to hasten shakeout 

ER p. 3S Nov. 9 
Minicomputer cal Is signals for testing 

circuits, cards, LSI 
NP p. 100 Sept. 2B 

Minicomputer, now an analog 
NP P. 117 Nov. 23 

Minicomputer sells for $2,500 
NP p. lb8 May 11 

Minicompu ters penetrate N/C field 
NP p . 103 Aug . 31 

Minicomputers shakeout due· 
p. lOS July 20 

Standard LSI chips breed a fast new 
series of minicomputers 

p. b4 Nov. 9 
Minuteman 1 machines get another life 

USR p. 39 Ju ly 
Mixed bag: Project APE USR p. 39 Mar . 2 
Navy: 150-foot-accuracy integrated Trans­

it navigation satellite receiver/computer 
USR p. Sl May 11 

Navy engineers break the rules with radi­
cal airborne EDP concept p. B9 Aug. 3 

Not -so-special-purpose 16-bit machine 
USR p . 44 Feb. 2 

Oil field computer control grows 
p. 127 Oct. 12 

Old reliables find new takers p. 97 Aug. 31 
Parallel multiplier gets boost from IC 

iterative logic p. B9 Oct. 12 
PDP-11 rides on a unibus 

NP p. lbl Jan . s 
Phoneme phenom- voice-response system 

USR p. 42 June B 
Photochromic glass for computer graphics 

USR p . 4S Apr . 13 
Plotter interacts wit h computer 

NP p. lSb J une B 
Plug-ins expand oscilloscope into general­

purpose test station NP p. 101 Aug. 3 
Poland: Computer on fishing ship will pull 

all the strings El p. 7E Se·pt. 14 
Poland: Reckoning on computers 

EI p. 74 Feb. lb 
Police electronics: Electronic systems to 

strengthen the long arm of the law 
p. llS Apr . 27 

Postal automation outlook brightens 
p. 12S Sept. 14 

Postal system automates parcel post 
ER p. 42 Nov. 9 

Printout-quick fingerprint ide·ntification 
USR p. S2 Mar. 30 

Program refines circuit from rough design 
data p. SB Nov. 23 

Pulses synchronize coil winder-Wescon 
preview NP p. 12S Aug. 17 

RCA's new line compatible with existing 
systems ER p.4b Sept. 2S 

RCA's Robe·rt Sarnoff see Sarnoff, Robert 
RCA to separate computer hardware and 

software prices USR p. bO Mar. 30 
Russia: ls market ready to boom for com­

puters, periphe·ral equipment? 
EI p. 137 J an. 19 

Sanders Data Systems organized 
USR p. SS Mar. 30 

Sarnoff, Robe·rt: A new boss cuts a new 
groove at RCA-report p. BB Mar. 2 

Saving interface-standard periphera l in-
terface sought USR p. 4B July 20 

Serial conversion knocks some stuff out of 
dvm's p. 97 May 2S 

Simple, so called universal black box com­
puter has four LSI circuits 

USR p. 3S July b 
Single-crystal mate·rials spur device gains 

NP p. 111 July b 
Software: Enabling computer to form ab-

stract concepts USR p. 31 Aug . 3 
Spectrum analyzer run by computer 

NP p. 12S Dec. 7 
Stock quotes available in home or office 

with Marketline system 
ER p. 33 Dec. 21 

Surface wave del ay Jines promise filters for 
radar, flat tubes for tv, and faster com­
puters p. 110 Jan. 19 

Sweden: Computer's impact grows on 
Swedes: Medical histories, financial 
status will Join census data on every 
Swede, but invasion-of-privacy issue 
cou ld threaten wide-scale projects 

System 
share 

p. llS Aug . 17 
Development Corp: Too small to 

Take a card- I BM 
USR p. Sb Mar. lb 

sorter also reads 
USR p. 47 May 2S 

Talking compute-rs grow up; system uses 

2,00 0-word vocabulary 
NP p. 14S Sept. 1 4 

Terminal rents at $39 a month 
N? p. l2b Nov. 9 

TI computer comi ng on ER p. SO Oct. 26 
TI markets DDC computer 

NP p. 1S9 May 25 
Three-state switching brings wired OR t o 

TTL p. 7B Sept. 14 
TraCom system for fast-food shops 

ER p. 39 Nov. 23 
12-bit computer priced as low as $2,S3S 

NP p . lOS July b 
Unified bus max imizes minicom puter fl exi-

bility p. 47 Dec . 21 
Univac joins new-machine list 

ER p. 3b Nov. 23 
Viatron: New team takes over p. 93 Aug .3 
Vietnam report 

Part 1 Air Force plans with computers, 
Army sees by starlight p. 70 Oct. 2b 

Vote snarl in Detroit ER p. 38 Nov. 23 
Voting system for the House of Represen­

tat ives being held up 
USR p . 49 Aug. 17 

Wired OR circuit simplifies binary num-
ber comparison p. bb Nov. 23 

Xerox announces Sigma 9 ER p. 38 Nov. 23 

CON FERENCES 
Eascon Conference-lonely 

ER p. 4S Nov. 9 
Electron Devices sessions feature light 

valve, charge-coup led device, re liabl e 
plastic transistor package, Gunn diodes 
in local oscillators ER p. 33 Nov. 9 

Electronica: Europe's electronics future ls 
bright NP! p. 2S E Oct. 2b 
Reflects trend toward instrument pack-

ages EI p. 11 E Nov. 23 
Electronica: Parts parvenu 

El p. 12E Mar. l b 
Fal I J oint Computer Conference-maxi 

activity marks minis ER p. 34 Dec. 7 
Fal I J oint Computer show preview 

NP p . 119 Nov. 9 
Fr3nce: Symposium on Advanced Micro-

electronics EI p. 72 Apr. 13 
French components for Paris Show indicate 

technology gap is closing 
NP! p . 23E Mar . 16 

Germany: Hanover Fair EI p. 66 May 11 
Germany: Leipzig fair-East German elec­

tronics push pays off 
EI p. 143 Apr. 13 

Great Britain: London I EA exhibit offers 
viewers jolly good show, but little that's 
new NP! p. llE Apr. 27 

IE EE SHOW: In-depth product-planning 
bears fruit in electronics bowing at the 
IEEE Show p. 112 Mar. 2 

Mesucora: instrument makers gear up for 
show NP! p. 13E May 2S 

Milan's Eleventh International Automation 
and Instrumentation Conference and Ex­
hibition: U.S. firms out in force 

El p. 7E Dec. 7 
Spring Joint Computer Conference 

NP p. 143 May 11 
Sub-millimeter-wave symposium 

USR p. S4 Mar. 16 
WESCON: Eastern firms bearish on WES-

CON USR p. S2 July 20 
Wescon harvest: a lean crop 

NP p. 12S Aug. 17 

CONSUM ER ELECTRONICS 
Antihi jac k system built around oscillators 

ER p. 40 Dec. 7 
Cassettes: Digital cassettes overcome their 

past p. 129 June B 
Consumer hazards-spec ial repor t 

Why they happen p. S4 Aug. 3 
How they can be fixed p. b2 Aug . 3 

Cores take orders from minicomputer 
NP p. 174 Sept. 14 

Credit card uses hologram 
ER p. S2 Oct. 12 

EIA's inte rnal feud breaks loose 
USR p. 47 Jan. S 

Europe: Economic cooling puts chill on 
European electronics growth--market 
report p. S7 Dec. 21 
Four-page foldout gives breakdown of 

electronics markets in 11 European 
countries p. 77 D~c . 21 

Fire safety proposals burn tv set makers 
p. llS Nov. 9 

France: Strain-gage car tridge tracks wi th 
a brace of MOS FET's 

EI p . 63 Mar. lb 
Germany, West: Op amps aim at consumer 

product Jobs EI p. 170 Oct. 12 
Government lining up against Japanese Im -

ports ER p. 3S Nov. 23 
Hi-fi: Sweden's Carlsson sound making 

noises across Europe EI p. 7E Nov. 9 
Home entertainment manufacturers optimis-

tic ER p. 47 Oct . 12 
Japan: Consumer electronics market still 

the strongest in Japan p. B9 Sept. 14 
Japan: Stereo radios with matrix speaker 

system EI p. 1B6 June 22 
Japan: Tuned-in stereo IC's 

EI p. 73 Apr. 13 
Music: Great Britain-MOS for organs 

El p. 72 Jan . S 
Music: MOS arrays remember organist's 

stop ER p . 54 Oct. 12 
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Music: Synthesizers tune up for market 
push p. 96 Nov. 23 

1970: a down year for the industry 
p. B5 Aug. 3 

Toys: Santa is packing few electronic toys 
for European kids El p. 9E Dec. 21 

CONSUMER ELECTRON'ICS See also Auto ­
mot ive; Color Television; Television; 
Video Recorders 

COIVVERTERS 
A-d converters resolve 15 bits 

NP p. 133 Nov. 9 
Buil.ding-bl ock converters-Wescon pre-

view NP p. 130 Aug. 17 
D-a converter fits in ll/4-inch flat pack 

NP p. 160 Sept. 14 
0-a converter gives 12-bit resolu t ion 

NP p. 134 Aug. 17 
0-a converter is all integrated 

NP p. 167 May 11 
0-c-to-d-c converter offers positive or neg-

ative bias p. 95 May 25 
Diodes prevent power loss and burnout in 

conver t ers p. 103 Sept . 14 
Help yourse lf to a good de-to-de converter 

design p. 102 Oct. 12 
Hybrid converters aimed at MOS systems 

NP p. 135 July 20 
IEEE Show: new, small d-a converter is 

entirely self-contained p. 117 Mar. 2 
Putting d-a converters to work: 10 exam-

ples show versatility p. 91 Oct. 26 
Synchro-to-digital converters: Pick the one 

t hat fits the j ob p. 116 Mar. 30 

COUNTERMEASURES 
AWACS avionics suppliers start waiting 

USR p. 45 July 20 
AWACS delayed-again USR p. 44 May 11 
Beam-steering technique for better an ti­

ballistic-missile radars 
USR p. 3B June 22 

EDP for ABM USR p. 47 July 20 
Hard Site pushed as replacement for Safe­

guard ABM program 
USR p. 42 Aug. 17 

Navy: Contract settlement over AL0-100 
countermeasure equipment used on air­
craft ER p. 60 Sept. 14 

Navy names RCA prime contractor for its 
AEGIS antiaircraft missile system 

USR p. 57 Jan. 5 
Navy's AN/ ALQ-100 program-Sanders vs. 

Navy USR p. 44 June B 
Radiation detection with diode system 

USR p. 46 Aug. 31 

COUNTERS See Instruments 

COUPLERS See Communications 

CRYSTALS 
France: Pul le r turns out 4-inch silicon 

crystals with diameter variations of 
only 1% NP! p. l3E Jan. 19 

GaP enters bat lgame against cold cathodes 
ER p. 42 Oct. 26 

Japan: Floating bubbles----floating zone 
process produces single crystals 

El p. 150 July 20 
Japan: Optical deflection addressing moves 

holographic memory ·closer to reality 
El p. 71 Jan. 5 

Lightguide can direct or manipu late laser 
light USR p. 52 Mar. 16 

Liquid crystals: Light valve is bright spot 
for liquid crystals ER p. 33 Nov. 9 

Liquid crysta ls: Now that the heat is off, 
liquid crystals can show their colors 
everywhere p. 64 July 6 

PLZT device stores images 
USR p. 36 Aug . 3 

Single-crysta l materials spur device ga ins 
NP p. 111 July 6 

Skylab 2 materials sought 
USR p. 54 Apr. 13 

Spine! bids to replace sapphire In SOS 
USR p. 44 July 6 

CYBERNETICS 
Japan: Diagram reading robot figures out 

assembly steps El p. 172 Oct. 12 
Software to enable computer to form ab-

st ract concepts USR p. 31 Aug. 3 

DETECTION 
All-weather eye opens up with millimeter 

wave imaging p. 82 Aug. 17 
Analyzer uncovers junct ions' secrets 

NP p. 157 Feb . 16 
Correlator cools hotbox problems 

ER p. 34 Dec. 7 
Detector sounds off to warn of leakage 

currents NP p. 151 June B 
Digita l bidirect ional detector keeps the 

count honest p. 55 Dec. 21 
Fail -safe flame sensor provides control 

functions p. 6B Aug. 31 
FB I wants to spend more on fingerprint 

automation research USR p. 40 J une 8 
FET phase detector can be fre quency-

voltage converter p. B7 July 20 
GE's threshold detector USR p. 47 June B 
Great Britain: Electrometer tube chal ­

le·nged by MOS transistor device 
El p. 12E Dec. 21 

Great Britain: Pewter power-Lead-tin tel-
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luride infrared radiatio n detector 
El p. 65 Mar. 

IR scanner detects flaws in microcircuits 

Market for 
off 

Mental 

NP p. 99 Nov. 23 
detectors beginning to take­

ER p. 52 Oct. 12 
ward adapts space age sensor 

ER p. 38 Dec. 7 
Netherlands: A glowing complexion-ther­

mograms, or heat pictUres 
El p. 149 July 20 

Optoelectronic switch monitors line power 
p. 6B Nov. 23 

Perimeter detection: Vietnam to the White 
House p. 124 Apr. 27 

Radiation detection with diode system 
USR p. 46 Aug. 31 

Signal detector operates from 5-volt supply 
p. 95 Mar. 30 

Skyjackings spur detection work 
p. 93 Sept. 2B 

Sweden: Fix on bearings-SK F electronic 
shock-pUlse measuring device 

El p. 16E May 11 
Tester tracks down digital-cassette errors 

NP p. 155 June B 
Vietnam report 

Part 1 Air Force plans with computers, 
Army sees by starlight 

p. 70 Oct. 26 

OIOOES 
Avalanche diodes get big boost 

p. 103 Nov. 9 
Avalanche diodes permit in-service meas­

urements of critical parameters in 
microwave equipment p. 87 Jan. 19 

Bell's money is riding on millimeter waves 
for future communications 

p. 96 Apr. 13 
The blues-efficient blue emission for 

diodes USR p. 41 May 11 
C-w diode laser at room temperatures 

USR p. 37 Aug . 31 
Computer system tests, matches diodes 

ER p. 42 Nov. 9 
Detector diode with wide temperature 

range USR p. 54 Feb 16 
Diode -switched FET's rectify the full wave 

p. 76 Aug . 3 
Diodes eliminate crossover distortion in 

video amplifier p. 92 Jan. 19 
Diodes prevent power loss and burnout in 

converters p. 103 Sept. 14 
Feedback limits ampli fi er better than 

zeners can p. 7B Sept. 2B 
GaAs, glass in sea ER p. 50 Oct. 26 
Great Britain: Light-emitti ng diodes ride 

the rails El p. BE Nov. q 
Great Britain: Pressure bonding 

El p. 7E Apr. 13 
Great Britain: Thin silicon matrix addresses 

light-emitting diode array 
El p. 206 Sept. 14 

!EA exhibit: GaP diode lamps 
NP! p. llE Apr. 27 

Japan: Curved Schottky electrode handles 
high forward current El p. lOE Nov. 9 

Japan: Dividing LED output gives larger 
characters El p. l OE Dec. 21 

Japan: Now an avalanche and trap re-
covery diode El p, 130 Sept. 28 

Japan: Red-light-emitting d iode will bright­
en faces on lots of electronics equipment 

NP! p. 15E Mar. 30 
Japan: Two negative-resistance light-emit­

ting diodes developed El p. 67 Apr. 27 
Light-emitting diode has built-i n memory 

US R p. 3B June B 
Optical link firms see wide horizons 

p. 91 Dec. 21 
Photodiode sharpens machi ne-tool precision 

NP p. 160 Mar. 16 
P-i-n diode T switch consumes litt le power 

p. 99 Feb . 2 
Radiation detection with diode system 

USR p. 46 Aug . 31 
Rectifier diodes become Trapatt oscillator 

source 
Schottky diode has 

amps 
Schottky diode test 

ER p. 29 Dec . 21 
0.5-volt drop at 50 

NP p. IBO Jan. 5 
results 

USR p. 52 Apr. 30 
Seeing red, yellow and green in a semi­

conductor alphanumeric display 
p. BB May 11 

Segmented array simplifies external ad­
dress circuitry required fo r numer ic dis­
play, strobing permits time-sharing of 
logic and drive p. 132 Mar. 2 

Semiconductor lasers: 'Discipli ning' pho­
tons boosts the efficiency p. 7B Mar. 16 

Strobing makes longer LED alphanumeric 
displays practical p. 126 Mar. 2 

Ten-volt reference zeroes in on zener jobs 
NP p. 146 June 22 

Zene r diode in op amp's loop enables sym-
metrical clippi ng p. 105 Feb. 16 

Zener diodes reset sampling gate automa-
. tically p. BO Nov. 9 

Zener in bootstrap extends amplifier's range 
to d-c p. BB Mar. 16 

Zeners cut corners in MOS gate drivt r 
p. B2 June 22 

DISPLAYS 
All-weather eye opens up with millimeter 

wave imag ing p. B2 Aug. 17 

At-a-glance digital monitoring 

Brighter digita l 
matrix tube 

Cathodoch romics 

NP p. 151 Feb. 2 
readoµt with new dot­

p. 9B Mar. 16 
offer permanent storage 

ER p. 33 Nov. 23 
Computerized displ ay aimed at ending ship 

collisions ER p. 39 Sept. 2B 
Co-o)> graphic terminals display thrift 

USR p. 37 June 8 
Dot-display unit challenges scopes in digit­

al-circuit checkout field 
NP p. 107 Aug. 31 

Dot matrix display features inherent scan-
ning ability p. 120 Mar. 2 

Elegantly flat-new flat-screen approach 
USR p. 46 Mar. 30 

Flat-screen tv takes two giant steps for-
ward p. 112 May 25 

Flow chart-ftuidic controls fo r plasma 
screen USR p. 46 Feb. 2 

France: Flight data display opens avionics 
battle El p. 9 E Nov. 9 

French terminal is interactive 
NP p. 122 Nov. 9 

GaP enters ballgame aga inst cold cathodes 
ER p. 42 Oct. 26 

Great Britain: Color comes to the aid of 
ATC displays NPI p. 17E Dec. 7 

Hard-copy display terminal makers starting 
to probe wide-open market 

NP p. 143 May 11 
High-voltt:1ge MOS drives display 

NP p. 163 June B 
JR scanner detects flaws in microcircuits 

NP p. 99 Nov. 23 
Japan: Analog-to-digital circuitry is out 

with new display tube 
El p. 61 June B 

Japan : Auto dashboard tv shows all the 
dia ls El p. l4E Nov. 23 

Japan: Divid ing LED output gives larger 
characters El p. l OE Dec. 21 

Japan: Low-cost display El p. 12B Aug. 3 
Light-emitting diode has built-in memory 

USR p. 38 June B 
Light gating brightens CRT image for 

large projection displays p. 7B Dec . 7 
Monolithic numerics go to market 

NP p. 134 Mar . 30 
Motorola's cathode-ray tube display, Total­

scope, seeks buyers 
USR p. 3B June B 

Multidigit display has single-unit construc-
tion NP p. 129 July 20 

New MOS technique points way to junction-
less devi ces p. 112 May 11 

New perspective sought for displays 
p. 130 Oct. 12 

Photochromic glass for computer graphics 
USR p. 45 Apr. 13 

Photo-quality crt displays find new jobs 
NP p. 137 June B 

Resistors come to light in dig ital display 
system p. 97 Jan. 5 

Seei ng red, yellow and green in a semi­
conductor alphanumeric display 

p. BB May 11 
Segmented array simplifies external ad­

dress circuitry required for numeric dis­
play, strobing permits time-sharing of 
logic and drive p. 132 Mar . 2 

Single chip for LED disp lays holds counter, 
latch, decoder NP p. 146 Oct. 26 

Straight faced-circuit ry for flat-faced 
cathode-ray tube USR p. 50 Feb. 16 

Strobing makes longer LED alphanumeric 
displays practical p. 126 Mar. 2 

West Germany: Display draws chemical 
structure for fast storage 

El p. 7E Sept. 2B 
West Germany: Radio tuning display 

El p. IE Oct. 26 

EDITORIALS 
As computers go, so goes electronics 

p. 4 Jan. 
Confrontation on independent R&D 

p. 4 May 25 
Cushioning the cutback crash p. 4 Feb. 2 
Good new products: good fortune or good 

planning? p. 4 Mar . 2 
Japan : Down with rice, up with computers 

p. 4 Feb. 16 
Japan's tight labor market-a blessing in 

disguise p. 4 Mar. 30 
NASA's closing of ERC-why now? 

p. 4 Jan. 19 
Russia 's uphill road to Western markets 

p. 4 Apr. 27 
Sermon on the launchpad p. 4 Feb . 16 
A silve r lining-for those who want it 

p. 4 Mar. 16 
Technology and a volunteer army 

p. 4 Apr. 13 
Where Swedish engineers shop 

p. 4 May 11 

EDUCATION 
EE stude nts' new thing : 'relevance' 

p. 101 Dec. 7 
France : Computer for the lycee tcJches 

computing classes El p. 170 Oct. 12 
French educators cast appreciative eye on 

sophisticated audio-visual systems 
El p. 65 Mar . 2 

Teach-in needed?~lectronics industry is 
essenti ally ignorant of the needs of the 
education market USR p. 44 Aug. 17 

Technology enters the science class-"The 
Man-Made World" project 

ER p. 42 Oct. 26 

ELECTRON BEAMS 
Crt's beam is pencil-thin 

NP p. 144 June 22 
Ebird has virtues of semiconducto r, tube 

ER p. 39 Oct. 26 
EVR: Taking a look at color EVR from the 

inside out p. 94 Apr. 27 
Great Britain: Pl aner Ltd . zeros in on th in 

films NP! p. 19E Oct. 12 
Japan : Glass laser fibers help transmit 

and amplify beams El p. 129 Sept. 2B 
Microwave switch: combine electron-beam 

mask exposure, ion-beam machining, and 
ion implantation techniques 

USR p. 37 July 6 

ENVIRONMENT 
Can smog cause shorts? ITT seeks the 

answer ER p. 42 Dec. 7 
Electronic sensors to measure wate r po llu-

tio n USR p. 4B Feb . 16 
Environmental Protection Agency proposed 

USR p. 51 June 22 
ERTS satellites may be used in inter­

national effort to fight pollution 
USR p. 56 Apr. 27 

Fumes don't faze New York network 
p. 133 Sept. 14 

High noise immunity runs in family of IC's 
developed in West Germany 

NP! p. 23 E Apr. 13 
Mapping without pollution 

USR p. 59 Apr. 13 
Reorganization of the myriad Federal en­

vironmental programs 
USR p. 5B Mar. 30 

Ultraviolet photometric detector to measure 
mercury contamination 

USR p. 49 Aug. 31 

FIELD EFFECT TRA NSISTORS 
Capacitive key enters data 

NP p. 120 Nov. 9 
DTL/TTL controls large signals in com -

mutator p. 90 Mar . 16 
Diode-switched FET' s rectify the full wave 

p. 76 Aug. 3 
FET converts triangles to sines 

p. 69 Aug. 31 
FET input reduces IC op amp's bias and 

offset p. B5 Dec. 7 
FET phase detector can be frequency-

voltage converter p. B7 July 20 
FETs in RC network tune active filter 

p. 76 Dec. 7 
France: Strain-gage cartridge tracks with a 

brace of MOS FET 's El p. 63 Mar. 16 
IC op amp has FET input stage 

NP p. 1B3 Jan. 5 
IC's gate FET's for roll rate data 

p. 105 Feb. 16 
Japan: FET power El p. 64 Feb . 2 
Japan: MOS FET process offers high speed 

or low power El p. BE Dec. 7 
Japan: More MAOS FETs El p. 9E Oct. 26 
'Make-before-break' mode improves FET 

switch p. 90 Apr. 27 
Matched FET's stabilize ampli fier's band-

width p. 93 May 25 
Slight change increases breakdown voltage 

ER p. 36 Nov. 9 
Transistors live- gallium-arsenide FET 

USR p. 44 Mar. 16 
Two MOS FETs form transient-free linear 

gate p. B9 Mar . 16 
Variable FET resistance gives 90° phase 

shifts p. BB July 20 

FILTERS 
Active-filter line is semi-custom 

NP p. 166 Apr. 13 
Bandpass filter shapes up from a low-pass 

network p. BO July 6 
Digital filter can be mul tiplexed 

NP p. 15B June B 
Digital filter is programable 

NP p. 163 May 11 
FETs in RC network tune active filter 

p. 76 Dec. 7 
Japan: Ceramic filters operate at 30 -200 

MHz El p. 127 Sept. 2B 
Japan lays claim to the first commercial 

filterless synthesizer NP! p. 19E Sept. 2B 
Lightguide can direct or manipu late laser 

light USR p. 52 Mar. 16 
Programable digital fi lter performs multi-

ple functions p. 7B Oct. 26 
Q-multiplier analyzes audio-frequency tones 

p. 94 May 25 
Surface acoustic waves may get on tv as 

integrated inte rmediate-frequency filters 
in color sets USR p, 50 Jan. 5 

Surface wave delay lines promise filters 
for radar, fl at tu bes for tv, and faster 
compute rs p. 110 Jan. 19 

Variable capacitor with a wide range 
USR p, 40 June 22 

GENERATORS 
Accurate marke rs made anywhere 

NP p. 150 May 25 
France: Seine is se t for Mesucora: Inst ru­

ment makers gear up fo r show 
NP! p. 13E May 25 
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Great Britain: Sweep generator 
El p. 66 May 11 

IEEE Show: Pulse generator fits in where 
time Is money p. 116 Mar. 2 

IEEE Show Product Preview: Sweeper hits 
2.35 Ghz without plug-ins 

NP p. 164 Mar. 2 
Japan: 1-gigahertz pulse generator seeks 

work as pcm tester 
NP! p. 13E July 6 

One-shot generates wide range of periods 
p. 102 May 11 

Pulse generator uses digital ICs 
p. 86 Oct. 26 

R-f plasma generator- low-vol tage source 
trims stripper NP p. 115 July 6 

A staircase and a ramp yield multiple 
sawtooths p. 105 Mar . 2 

Variab le d-c input adjusts pulse width over 
wide range p. 106 Mar. 2 

GUIDED MISSILES 
Air Force : AIM-82 cancelled; Navy's AIM-

9H substituted ER p. 56 Sept. 14 
Crossbow checks out miss-distance indicator 

ER p. 42 Sept. 28 
Laser triggers missile batteries 

USR p. 42 June 22 
Navy: Phoenix missile 

USR p. 49 Aug. 31 
Navy names RCA prime contractor for its 

AEGIS antiaircraft missile systems 
USR p. 57 Jan. 5 

Norway: Kongsberg's latest weapon-ship-
to-ship missile El p. 9E Dec. 7 

GUNN EFFECT 
Gunn ifights way into local oscillator 

ER p. 34 Nov. 9 
Gunn unit shoots for millimeter-wave jobs 

NP p. 133 July 20 
Solid state ampli fiers challenge TWTs 

NP p. 121 Dec. 7 
Thermistor stabilizes Gunn osci llator 

West Germany: 
link intended 
missions 

HALL EFFECT 

p. 88 Oct. 26 
Gunn-oscillator microwave 
for video telephone trans­

EI p. 66 May 11 

Versatile keyboard has light touch 
NP p. 139 Apr. 27 

INDUSTRIAL ELECTRONICS 
Banks moving on paperless payments 

p. 122 Oct. 26 
Calculators see Calculators 
Computer control grows in nation's oil 

fields p. 127 Oct. 12 
Computerized terminals ring up sales in 

cash register territory 
p. 52 Nov. 23 

Computers replace clerks in parcel post 
prototype ER p. 42 Nov. 9 

Copier: Photocathode matrix puts copier in 
a new light ER p. 41 Oct. 26 

Digitized thermocouple compensation yields 
direct reading for data logger 

p. 116 Feb. 2 
East Germany: Electronics push pays off 

p. 143 Apr. 13 
East Germany: N/ C machine tool coded 

from data sent from Moscow over 1,600-
mlle link with Leipzig , 

EI p. 69 Mar. 3 
Europe: Economic cooling puts chill on 

European electronics growth--market 
report p. 57 Dec. 21 
Four-page foldout gives breakdown of 

electronics markets in 11 European 
countries p. 77 Dec. 21 

Facsimile machine doubles as an office 
copier USR p. 49 Aug. 31 

Federal Reserve net speeds check clearing 
ER p. 41 Sept. 28 

Fluidics in direct digital control 
USR p. 48 May 25 

France: Warming up a market for indus-
trial las•rs El p. 13E Dec . 21 

Great Britain : Post Office's multifont 
optical character reader under study 

El p. 9E June 8 
Heat pipes-a cool way to cool circuitry 

p. 94 Feb. 16 
Hong Kong outlook: sweet and sour 

p. 115 Dec. 7 
Instrument rentals pick up speed 

p. 119 June 22 
Japan: Card and code number unlock cash 

dispenser El p. llE Dec . 21 
Japanese markets report- Electronic equip­

ment markets in Japan 197C>-l971 
p. 85 Sept. 14 

Laser system calibrates tools 
NP p. 163 Apr. 13 

Law enforcement: ATS fingerprint fax 
ER p. 42 Sept. 28 

Law enforcement : Electronic systems to 
strengthen the long arm of the law 

p. 115 Apr. 27 
Law enforcement: FBI wants to spend more 

on fingerprint automation research 
USR p. 40 June 8 

Law enforcement: LEAA-A silver lining­
for those who want it 

ED p. 4 Mar. 16 
Law enforcement : LEAA to be reduced to 

a one-man show 
USR p. 59 July 20 
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Law enforcement: Nixon seen doubling 
LEAA budget to $1 billion 

ER p. 41 Sept. 28 
Law enforcement: Quick fingerprint identi-

fication USR p. 52 Mar. 30 
Law enforcement See also Comml''lications 

-Police electronics 
Little push--Mylar-coated keyboard 

USR p. 44 Mar. 2 
Market pacesetter: 1970 

Computer-aided manufacturing, particu­
larly of IC assemblies, will spur new 
applications for industrial.electronics 
gear p. 133 Jan. 5 

May Co. will install credit-verification sys­
tem in department stores 

USR p. 50 June 8 
Minding the store----point-of-sale systems 

for inventory control and credit-verifica­
tion USR p. 50 Mar. 30 

Minicomputers penetrate N/C field 
NP p. 103 Aug. 31 

Minicomputers shakeout due 
p. 105 July 20 

Mixed bag: Project APE 
USR p. 39 Mar. 2 

NCR's point-of-sale information system 
ER p. 37 Sept. 28 

Netherlands: Electronic faucet 
El p. 74 Apr. 13 

Next, Computer-aided firemen: L.A. and 
San Die.go pioneering introduction of 
city-wide command and control systems 
for police, fire and ambulance services 

p. 113 Dec. 7 
1970: a down year for the Industry 

p. 85 Aug. 3 
Oscilloscopes: Scope firms ride high-fre-

quency wave p. 121 Aug. 17 
Photodiode sharpens machine-tool precis ion 

NP p. 160 Mar. 16 
Printers see Printers & Printing 
Process instruments keep the operator in 

mind NP p. 177 Jan. 5 
Rent-a-laser USR p. 52 July 20 
Report from the West: The bumpiest year 

in a decade jolts West's growth curve 
p. 70 Aug . 17 

MOS, linears bloom in a flat land 
p. 71 Aug . 17 

New angles on old markets 
p. 76 Aug . 17 

EDP- Capital spending is computer-shy 
p. 78 Aug 17 

Twice the fight for half the pie 
p. 80 Aug. 17 

Russia's uphill road to Western markets 
ED p. 4 Apr. 27 

Sarnoff, Robert: A new boss cuts a new 
groove at RCA--report 

p. 88 Mar. 2 
Servo controls gas-flow rate 

NP p. 165 Apr. 13 
Slow-scan tv---quicker pace? 

ER p. 36 Dec. 7 
Stock quotes available in home or office 

with Marketline system 
ER p. 33 Dec. 21 

Sweden: Computer's impact grows on 
Swedes: Medical histories, financial 
status will Join census data on every 
Swede, but Invasion-of-privacy Issue 
could threaten wide-scale projects 

p. 115 Aug. 17 
Switzerland: Key to credit-electronic 

gasoline dispensing system 
El p. 128 July 6 

TraCom system for fast-food shops 
ER p. 39 Nov. 23 

Vote snarl in Detroit 
ER p. 38 Nov. 23 

Voting system for the House of Represent­
atives being held up 

USR p. 49 Aug . 17 
Weighing: Computerize·d de li scale ends 

expensive problem ER p. 31 De·c. 21 
Weighing system features 0.05% accuracy 

NP p. 155 June 22 
A widening market for MOS: Industrial 

monitoring and control 
NP p. 135 June 22 

INDUSTRIAL ELECTRONICS See also 
Automotive; Railroads 

INFORMATION RETRIEVAL 
Capacitive key enters data 

NP p. 120 Nov. 
Chip contains keyboard code 

NP p. 124 Nov. 
Code your own keyboard 

NP p. 114 Aug. 31 
Controller runs 9 disk drives 

NP p. 136 Apr. 27 
International: feasibility of a worldwide 

information retrieval system demon­
strated EI p. 154 Aug. 17 

Key-to-disk: $100 million market 
NP p. 105 Aug . 3 

Laser recorders pick up where magnetic 
machines leave off in speed, capacity 

p. 101 Feb 16 
Plotter interacts with computer 

NP p 156 June 8 
Punched cards alive and well 

NP p. 140 Oct. 12 
Shift register Is programable 

NP p. 141 Oct. 26 

Unified bus 
bllity 

maximizes minicomputer flexi­

Varian Adco 626 
retrieval system 

p. 47 Dec. 21 
microfilm storage and 

USR p. 40 June 22 
Versatile keyboard has a light touch 

NP p. 139 Apr. 27 
Versatile terminal is simple to use 

NP p. 117 Aug. 31 
Word generator has 48 outputs 

NP p. 141 Jan. 19 

INSTRUMENTS 
Accurate markers made anywhere 

NP p. 150 May 25 
Computer, software, p-c cards match up to 

cut costs in an automatic test system 
p. 71 July 6 

Counters: Binary counter can be preset 
NP p. 141 Aug . 17 

Build ring counters with standard 
p. 96 June 8 

Counter counts on Its thin figure 
NP p. 111 Aug. 3 

Counters: Counter handles odd waveforms 
NP p. 146 Feb. 2 

Counters : Counter I ine measures up to 500 

Counters: 
MS! 

Counters: 

Mhz NP p. 175 Feb. 16 
Counters: Digital counter is simple and 

inexpensive NP p. 137 Mar 30 
Counters: No-fr ills counter has low price 

NP p. 112 Aug. 31 
Counters: Sonic cells do counting jobs 

NP p. 104 Nov. 23 
Data terminal runs the show 

NP p. 138 Mar. 30 
Dot-display unit challenges scopes in digi­

tal-circuit checkout field 
NP p. 107 Aug. 31 

Encoder senses 5 min of arc 
NP p. 141 Dec. 7 

France: Seine is set for Mesucora: Instru­
ment makers gear up for show 

NP! p. 13E May 25 
Great Britain: Planer Ltd. zeros in on thin 

films NP! p. 19E Oct. 12 
Image intensifier holds its ground 

ER p. 44 Sept. 28 
IR. scanner detects flaws in microcircuits 

NP p. 99 Nov. 23 
IE EE Show Product Preview 

Sampling-scope rate Is tunable 
NP p. 166 Mar. 

Telling all the angles 
NP p. 168 Mar. 

Market pacesetters: 1970 
Computerized control of test instrumen­

tation is rapidly approaching near­
universal acceptance 

p. 124 Jan. 5 
Modulator combines with a synthesizer 

NP p. 178 Feb. 16 
Multiplexer counts and decodes, too 

NP p. 184 Sept. 14 
Need accurate recordings of fast trans-

ients? Try disks p. 82 Nov. 9 
New angles on old markets-Report from 

the West p. 76 Aug. 17 
Optical encoder; Precise at a low price-

Wescon preview NP p. 128 Aug. 17 
Oscllloscopes: France-JD oscilloscope 

EI p. 129 Aug. 3 
Oscilloscopes: Netherlar.ids' super-sensitive 

plug.in oscilloscope combination 
El p. SE Mar. 2 

Oscilloscopes: plug-ins expand oscilloscope 
into general-purpose test station 

NP p. 101 Aug. 3 
Oscilloscopes: Scope firms ride high-fre-

quency wave p. 121 Aug. 17 
Probe station troubleshoots !Cs 

NP p. 149 Sept. 14 
Process instruments keep the operator In 

mind NP p. 177 Jan. 5 
Rentals pick up speed p. 119 June 22 
Resistors designed for MOS impedances 

NP p. 132 Aug . 17 
Silicon technology simplifies devices 

USR p. 45 Mar. 30 
Skyjackings spur detection work 

p. 93 Sept. 28 
Strain-gage transducer does 15 jobs 

USR p. 48 May 11 
Sul Irate · flatness, thickness checked 

NP p. 168 Feb. 16 
Sweeper tries to · plug Into wide market 

NP p. 145 J an. 19 
Synthesizer sheds spurious signals 

NP p. 146 Apr. 27 
Ten-volt reference zeroes In on zener jobs 

NP p. 146 June 22 
Thickness monitor has 0.05% accuracy 

NP p. 168 Jan. 5 
Transducer senses load without cutt ing 

connection NP p. 106 Nov. 23 
Voltage source boasts 0.0015% accuracy 

NP p. 145 Apr. 27 
West Germany: Burst-gate unit sounds new 

note In low-frequency audio testing 
NP! p. llE Feb. 2 

West Germany: Electronlca reflects trend 
toward instrument packages 

El p. llE Nov. 23 
Writing a check-Cutting calibration time 

USR p. 54 Mar. 30 

INSTRUMENTS See also Measurements; 
Testing 

INTEG RATED ELECTRONICS 
Add-on tester speeds IC production line 

NP p. 153 May 25 
The almost-everything op amp JC 

NP p. 189 Mar. 2 
Amorphous semiconductors see Semiconduc­

tors 
Arc-plasma deposits may yield some big 

microwave dividends p. 108 Feb. 2 
Associative memory chips: fast, versatile· 

and here p. 96 Aug. 17 
Automatic mask aligner is accurate to 1 

micron NP p. 170 Feb. 16 
Backplane can handle 101 wire-wrapped IC 

sockets NP p. 178 Sept. 14 
Bell bipolar process ready to go 

p. 87 Aug. 31 
Better beam leads and laser scribing 

USR p. 37 Aug . 31 
Carrier gets a good grip on IC 

NP p. 113 Aug. 3 
Charts speed the designing of constant 

current sources p. 92 Aug . 17 
Checking out !Cs in their real world 

NP p. 119 Aug. 31 
Computer tests linear ICs 

NP p. 129 Nov. 9 
CDC's new super STAR 

USR p. 52 Mar. 30 
Coping with feedthrough in ECL !Cs 
. p. 98 Oct. 26 
D-a converter is all in tegrated 

NP p. 167 May 11 
Design aid speeds layout of !C's 

NP p. 169 June 22 
Electronic watches: new IC market 

p. 83 Dec. 21 
Exclusive-OR !C's serve for phase-locking 

tasks p. 83 June 22 
Five bits and five !Cs switch 32 analog 

signals p. 75 Dee. 7 
France: IC breadboard El p. 72 Mar. 30 
GE's secret project yields two devices-IC 

packaging concept and random-access 
hybrid memory ER p. 33 Dec. 7 

Heat-dissipating metal-core circuit board 
ER p. 48 Oct . 12 

Hybrid circuit packs power In 
ER p. 47 Sept. 14 

!EA exhibit: monolithic-IC-on-thick film 
technology NP! p. llE Apr. 27 

IC amplifier is a loner 
NP p. 168 Jan. 19 

IC handler speeds testing 
NP p. 137 Mar. 16 

IC is building block for d-a converters 
NP p. 141 Mar. 16 

IC limiter preserves phase over 50-dB 
dynamic range p. 67 Nov. 23 

IC line-receiver converts pulses to logic 
levels p. 94 Jan. 19 

IC printing projections p. 90 Aug . 31 
IC provides parallel-serial link 

NP p. 116 Aug. 3 
!C's gate FET's for roll rate data 

p. 105 Feb. 16 
IC's save power, boost efficiency of regu-

lated power swpplies p. 94 July 20 
IC wafers probed at 2 GHz and beyond 

ER p. 48 Oct. 26 
IEEE Show Product Preview: Logic on the 

quiet side NP p. 172 Mar. 2 
Ion implantation offers a bagful of benefits 

for MOS p. 86 June 22 
Japan: IC firm makes solid state brake 

control El p. 9E Oct. 26 
Japan: Ion implantation and silicon gates 

improve !Cs El p. 169 Oct. 12 
Japan : Ringing a change on discretionary 

wiring El p. 7E Dec. 7 
Japan: Tuned-in stereo IC's 

El p. 73 Apr. 13 
Japan: Vertical pnp for !Cs 

Linear IC model 
computer 

Logic interface IC 

El p. 136 Aug. 31 
takes to analysis by 

p. 78 Aug. 31 
is multipurpose 

NP p. 165 Mar. 16 
Low-cost digital !Cs prevent operator errors 

p. 89 Aug. 17 
Low voltage offers new Jobs for MOS com-

mutators p. 82 June 8 
Modules simplify linear-IC testing 

NP p. 171 Sept. 14 
N- or p-channel MOS: take your pick ••. 

p. 79 Aug. 3 
Netherlands: Tv !Cs bring all Integrated 

signal handling NP! p. 27E Nov. 23 
New MOS technique points way to )unc-

tionless devices p. 112 May 11 
On-card regulator dissipates 5 watts 

NP p. 176 Mar. 2 
Parallel multiplier gets boost from IC 

iterative logic p. 89 Oct. 12 
Plastic !C's get foot in military door 

p. 127 May 11 
Po int-to-point wiring gains new popularity 

among DIP users p. 56 Aug. 31 
Probe station troubleshoots !Cs 

NP p. 149 Sept. 14 
RCA looks for place in the IC sun 

ER p. 40 Sept. 28 
Silicon and sapphire getting together for 

a comeback p. 88 June 8 
Silkon gate Joins C/MOS for wristwatch 

ER p. 40 Oct. 26 
Single IC pulser eliminates contact bounce 

p. 79 Nov. 9 
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Slight change increases breakdown voltage 
ER p. 36 Nov. 9 

Soviet Union : Behind the curtain-IC's 
displayed EI p. 149 July 20 

Spine/ bids to replace sapphire in SOS 
USR p. 44 J uly 6 

Symmetrical ECL doubles IC NOR function 
efficiently p. 142 Jan . S 

Thin-film cermet solves resistor problems 
ER p. 39 Oct. 26 

2-watt IC amplifier fits any sound system 
NP p. 118 Sept. 28 

West Germany: High noise immunity runs 
in family of !C's NPI p. 23E Apr. 13 

West Germany: Spinning glass plate ends 
alignment blurs EI p. 12E Nov. 23 

What level of LSI is best for you? 
p. 126 Feb. 16 

LARGE SCALE INTEGRATION 
The broken promise of LSI: packaging 

p. 123 Mar. 30 
Chip contains keyboard code 

NP p. 124 Nov. 9 
IEEE SHOW: Oirect tie to output pins 

speeds up LSI tester p. 114 Mar. 2 
Ion implantation goes to market 

p. 12S May 25 
Japan: On the threshold-prototype bi ­

polar LSI devices feature nQn-thres­
hold logic EI p. 7E July 6. 

Japan: Ringing a change on discretionary 
wiring EI p. 7E Dec. 7 

LSI makers pick up the pieces 
p. 126 Mar. 30 

LSI starts to go standard p. 119 Oct. 26 
LSI tester Spectrum 1 ER p. 39 Nov. 23 
LSI testers: still a hard sell? 

p. 107 Dec. 7 
Leadless package, called the edge mount, 

may overcome LSI problems 
ER p. 48 Oct. 12 

Low-cost voice digitizer push is on 
p. 136 Sept. 14 

MOS LSI production tester runs at 2 Mhz 
NP p. lSS Feb. 2 

Minicomputer calls signals for testing cir-
cuits, cards, LSI NP p, 100 Sept. 28 

Modules making waves in EDP market 
p. 121 Oct. 12 

Navy engineers break the rules with radi­
cal airborne EDP concept p. 89 Aug. 3 

Plotter in teracts with computer 
NP p. 1S6 June 8 

Position scaler shifts data 
NP p. 167 June 22 

Standard LSI chips breed a fast new series 
of minicomputers p. 64 Nov. 9 

U.S. firms gird for calculator battle 
p. 83 Nov. 23 

Viatron deliveries of System 21 data-entry 
conso les-It can be done 

USR p. 42 Feb . 2 
What level of LSI is best for you? 

p. 126 Feb. 16 
A widening market for MOS: Industrial 

monitoring and control 
NP p. 135 June 22 

Word generator has 48 outputs 
NP p. 141 Jan. 19 

LASERS 
Altimeter for Apollo 
ATS-F laser canceled 

USR p. 49 Aug . 17 
as Aerojet fails spec 

ER p. 31 Dec . 21 
Better beam leads and laser scribing 

USR p. 37 Aug. 31 
C-w diode laser at room temperatures 

USR p. 37 Aug . 31 
Crt typesetter handles art 

USR p. 32 Aug. 3 
Clean cut-laser scribing of silicon wafers 

growing USR p. 42 Mar. 2 
C02 laser for ATS-F sate II ite 

USR p. 42 Jan . 19 
Compact C02 laser puts out 300 watt. 

NP p. 163 Feb . 16 
Diamond scribers st~rt to give way to 

laser machines, slurry saws, new etch 
methods p. 70 Nov. 23 

Dye laser puts out over wide band 
USR p. 40 Aug. 31 

Fr~nce: Warming up a market for indus-
trial lasers EI p. 13E Dec. 21 

Germany, West: Laser keeps track of earth-
orbiting satellites EI _p. 63 Jun" 8 

Germany, West : Pliot.ochromk layer holds 
data In laser-based store 

EI p. lOE Dec. 7 
Germany, West: rzeeman effect gives highly 

stabilized helium-neon laser 
El p. 1B5 J une 22 

Great Britain : Masking by hologram 
El p. 64 Mar. 16 

Hologram credit card ER p. 52 Oct. 12 
Holographic test for honeycomb structure 

USR p. 44 Apr. 27 
11/iac gets laser memory 

USR p. Sl June 22 
Interferometer goes right to work 

NP p. 175 May 11 
Japan: Emergency communications NTT 

system uses a double-wall helium-neon 
laser EI p. 187 June 22 

Japan: ,Glass laser fibers help transmit and 
amplify beams EI p. 129 Sept. 28 

Japan: Optical deflection addressing moves 
holographic memory closer to reality 

EI p. 71 Jan . s 
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Japan: PCM laser link hits the market 
EI p. 15E Nov. 23 

Laser meets ul t rasound ER p. 45 Nov. 9 
Laser recorders pick up where magneti c 

machines leave off in speed, capacity 
p. 101 Feb . 16 

Laser system calibrates tools 
NP p. 163 Apr . 13 

Lightguide can direct or manipulate laser 
light USR p. S2 Mar. 16 

Making the scene- infrared lasers fo r the 
upconversion method USR p. 30 Aug. 3 

MIT radar uses cw carbon d ioxide system 
ER p. 46 Oct . 26 

Missile magic- laser triggers missile 
batteries USR p. 42 June 22 

Opening the window-laser system for 
multichannel h-f data recording, called 
Resacord USR p. 44 May 11 

Optical link firms see wide horizons 
p. 91 Dec. 21 

Optical wavegu ides bring laser communica-
tion closer p. 60 Aug. 31 

Portable optical communicator rides laser 
for secure voice transmissions 

p. 92 Mar. 16 
Rent-a-laser USR p. S2 July 20 
Semiconductor lasers: 'Disciplining' photons 

boosts the efficiency p. 78 Mar. 16 
Sensitivity training-thin-film thermo-

couples for measuring fast-pulsed i-r 
laser USR p. 41 Jan . 19 

Soviet Union: Lasers for sale 
El p. 5E Aug. 17 

System for microwave satellite downlinks 
USR p. 51 June 22 

Ungimbaled laser radar for docking space 
shuttles USR p. 30 Aug. 3 

MAGNETICS 
DASA wants tubes to counter EMP 

ER p. 36 Nov. 9 
Four-wire performance from a three-wire 

memory is a valuable, attainable, but 
demanding goal for desig ners of 3-D ar­
rays p. 104 Mar. 16 

Garnet• used for bubbles 
USR p. 47 July 20 

Great Britai n: Drum helps magnetic printer 
put out 30 lines per second 

El p. 13E Nov. 23 
Japan: Floati ng bubbles-floating zone 

process produces single crystals 
El p. lSO July 20 

The magnetic-oxide road for bubbles 
USR p. 39 June 8 

Netherlands: Magnetic loop 
EI p. SE Mar. 30 

PLZT device stores images 
USR p, 36 Aug . 3 

Post-and-film memory delivers NDRO cap­
ability, low noise, high speed, but avoids 
problem of creep p. 102 Jan. 19 

Reed relay contacts are magnetized 
NP p. 101 Dec. 21 

Switzerland: Rare earths attract magnet 
researchers EI p. 130 Sept. 28 

West Germany: Ferrite core tester auto­
matically che_c.ks 25 co.res a second 

MAINTENANC E 
Safety in numbers 

MANPOWE R 
Bay State woes 
EE students' new 

NP! p. 35E D<e. 21 

USR p. 34 Aug . 3 

ER p. 46 Oct . 26 
thing: 'relevance' 

p. 101 Dec . 7 
EIA's in ternal feud breaks loose 

USR p. 47 Jan . 5 
Engineers find recession hits them where it 

hurts p. 122 June 22 
GE strik• impact widens-but EE's stay on 

the Job p. 133 F•b. 2 
Great Britain: task-team system results in 

increased productivity and consistent 
cost savings EI p. 70 Mar. 30 

IE EE: crisis of identity p. lOS Nov. 9 
Japan's tight labor market-a blessing in 

disguise ED p. 4 Mar. 30 
Layoffs reduce thin job marktt 

p. 137 Apr. 13 
Little report recommends Massachusetts 

should ac tively court IBM and RCA to 
create jobs for unemployed ae·rospate 
W<>f'kers ER p. 45 Dec. 7 

Technol ogy and a volunteer army 
ED p. 4 Apr. 13 

There's more to product planning than the 
generation of new ideas p. 86 Mar. 30 

Women in engineering-She's come a long 
way p. 129 Sept. 14 

MARINE ELECTRONICS 
Airborne radar to SROt small boats 

USR p. 29 Aug. 3 
Computerized display aimed at ending ship 

collisions ER p. 39 Sept. 28 
Her Majesty, Elizabeth 2 has a collision-

avoidance system, satellite-navigation 
system and central computer 

p. 104 Feb. 2 
Poland: Computer on fishing ship will pull 

all the strings EI p. 7E Sept. 14 
Traffic Jams spur ERC's revival 

p. 97 July 6 

MEASUREMENTS 
Analyzers: Analyzer rides wide ranges 

NP p. 102 Nov. 23 

Analyzers: Analyz~ r . uncovers junct ional 
secrets NP p. 1S7 Feb. 16 

Analyzers : Differential oxygen analyzer 
eliminates dangerous \'ground loops" 

USR p. 46 July 20 
Analyzers: France-Spectral analysis-

revolutionary advance In molecular in­
frared; absorption spectrometry technol-
ogy EI p. 72 May 2S 

Analyzers: Spectrum analyzer-plug-in 
boosts resolution NP p. 120 July 6 

Analyzers: Spectrum analyzer run by com-
pute·r NP p. 125 Dec. 7 

Analyzers: Spectrum measuring unit; old 
analyzer looks like new 

NP p. 126 July 20 
Analyzers: Texscan enters analyzer field 

NP p. 134 Dec . 7 
Analyzers: West Germany-freque·ncy an­

alyzers shown at Hanover fair 
EI p. 66 May 11 

Analyzers: West Germany-low-frequency 
wave analyzer has 100-db dynami c range 

NP! p. SE Aug. 3 
At-a-glance digital monitoring 

Comparator 
sponse 

NP p. lSl Feb. 2 
increases rate meter's re-

Data terminal 
p. 100 May 11 

runs the show 
NP p. 138 Mar. 30 

Digital meter is versatile 
NP p. 137 Oct. 26 

Digital meters priced to vie with anal og 
units NP p. lSl Oct. 12 

Dig ital voltmeter cali brates itself 
NP p. 150 May 11 

Digitized thermocouple compensation yields 
direct reading for data logger 

p. 116 Feb. 2 
A dynamic load tester for regulated power 

supplies p. 98 Feb. 2 
Electronics sensors to measure water pol-

lution USR p. 48 Feb . 16 
Ellipsometer gives reading in less than two 

minutes NP p. 114 Sept. 28 
Fast logic extends range of high-frequency 

counters p. 62 Dec. 7 
Feedback circuit checks thermal resis-

tance p. 104 Feb. 16 
Frequency meter, comparator, phase meter, 

three in one p. 122 Feb. 16 
Germany, West: Babies' breath alarm 

EI p. 7E Mar. 2 
Germany, West: Measuring setup offers 

synchro-tuning over a frequency of 
1,000-to-l NPI p. 13E Feb . 16 

Great Britain: Electrometer tube chal­
lenged by MOS transistor device 

EI P. 12E Dec. 21 
Great Britain: Frequency sleuth-fast~ 

readout wavemeter EI p. 66 Feb. 2 
Great Britai n: Lateral transistors assist 

rad iation measuring EI p, 188 June 22 
Great Britain: Planer ltd . zeroes in on 

thin films NP/ p. 19E Oct. 12 
lnfrare·d probe reaches the untouchable 

NP p. 105 Sept. 2ll 
IEEE Show Product Preview: Low-priced 

dvm's entered NP p. 164 Mar 2 
Interferometer goes right to work 

NP p. 17S May 11 
Japan: On Q-meters EI p, 7E Feb. 16 
Laser system calibrate'S tools 

NP p. 163 Apr. 13 
Metor finds phase angle automatically 

NP p. 148 May 2S 
Meter with 2 3/ 4 digits 

NP p. 138 Dec . 7 
Microscopy helps refine lC tests, processing 

NP p, 176 Apr . 13 
Modulator combines with a synthesizer 

NP p. 178 Fe'b. 16 
Mon itor measures how thin is thin 1ilm? 

NP p. 103 Dec . 21 
Multimettr puts the emphasis on multi­

NP p. 145 Mar. 16 
Netherlands : Magnetic loop 

El p. SE Mar. 30 
Noise-loading method simplifies SSB tests 

NP p. 137 Aug 17 
Op amps find values of buried resistos 

p. 80 Sept. 28 
Optical encoder : Precise at a low price-

Wescon preview NP p. 128 Aug 17 
Potentiom eter: Trimm ing dev ice 

Q meters- something 
NP p. 130 July 30 

new 
NP p. 148 Mar. 16 

Res istance probe has gentle touch 
ER p. 44 Oct. 26 

Sensing tiny heat flow-.-Wescon preview 
NP p. 127 Aug 17 

Se'nsitivity tra ini,,g...-thin-film thermo-
couples for measuring fast-pulsed i-r 
laser USR p. 41 Jan. 19 

Serial conversion knocks some stuff out of 
dvm's p. 97 May 2S 

Sweden: Programed parking meter can 
change its rates to suit the traffic 

EI p. 69 May 2S 
Sweden: shock-oulse measuring device 

El p. 16E May 11 
Tachometer comes in kit 

NP p. 107 Dec . 21 
Top performance from analog multip liers? 

Much depends on errors gauged in your 
circuit p. 114 Apr. 13 

Transducer senses load without cutting con-
nection NP p. 106 Nov. 23 

Ul t raviolet photometric detector to me'a­
sure mercury contamination 

USR p. 49 Aug. 13 
Variable FET resistance gives 90° phase 

shifts p. 88 July 20 
Weighing system features 0.05% accuracy 

NP p. lSS June 22 

MEDICAL ELECTRONI CS 
Biomedical gear gets a watchdog 

p. 121 Sept. 14 
Blood power-use a person's own blood as 

an energy source USR p. 4S J uly 20 
Boston Arm gets ar tificial kinesthetic sense 

USR p. 48 May 11 
DOD increasing computerized planning and 

diagnostic automation ER p. 4S Dec . 7 
Device regulation action unlikely 

ER p. 46 Oct 12 
Diffenntial oxygen analyzer eliminates 

dangerous \'g round loops" 
USR p. 46 July 20 

A digital advance in patient monitoring 
ER p. 42 Nov. q 

EIA conference told hospital equipment has 
distressingly high failure rates 

ER p. 34 Nov. 23 
Great Britain: Velocity of blood-ultra 

sonic probe and dopple·r processing com­
bines with printer EI p. 147 July 20 

Italy: Lockable knee is key to artificial leg 
control EI p. 204 Sept. 14 

Liability of engineers ER p. 36 Dec. 21 
Mental ward adapts space age sensor 

ER p. 38 Dec . 7 
Modular moinitor ER p. S7 Oct. 12 
Monostable protected against 60-hertz 

pickup p. 101 May 11 
Sound of a hole-ultrasonic tooth decay 

detector USR p. 46 Feb. 16 
Study to find out how much emission a 

pacemaker can handle 
USR p. SO July 6 70 

West Germany: Babies' breath alarm' 
El p. 7E Mar 2 

West Germany: Blood chilling-Electronic 
cooler to keep blood temperature within 
close limits dur ing operations 

EI p. llE Jan. 19 
Westinghouse- why company quit t he 

medical busi ness ER p, 33 Dec. 21 
Xe rox drops automated blood-analysis in-

strument USR p. Sl Jan. 19 

METEROLOGY 
Air-dropped weather station under develop-

ment for the AF USR p. 42 July 6 
Doing something about the weather 

p. 1S4 Feb. 16 
!=AA adding radar weather reporting units 

USR p, S8 May 2S 
France·: Trial balloons for transmitting 

weather data EI p. 71 Mar. 30 
Geostationary satellite to chart clouds 

USR p. 39 Mar. 2 
HEW's big ticket: Air-pollution control 

p. 152 Feb . 16 
Synchronous meteorological satellite con-

tract USR p. 49 Aug. 17 
Weather eye- radar system employs a 

central computer to predict rainfal l 
USR p. 42 June 8 

MICROELECTRONICS 
Autonetics turns corner 

USR p. 50 May 2S 
France: Advancing microelectronics 

EI p, 72 Apr. 13 
France: Spectral analysis--revolutionary 

advance in molecular infrared; absorp­
tion spectrometry technology 

El p. 72 May 2S 
Low-power des ign is he·art of penlight-

powered mini-tv p. 106 J une 8 
NRMEC insists, no Sharp slowdown 

ER p. 34 Dec. 21 
Thin-film cermet solves resistor problems 

ER p. 39 Oct. 26 

MICROWAVE 
ATS-s millimeter-wave experiments show 

good results ER p. 35 Nov. 23 
Adapter turns detector into lmpatt oscil-

lator NP p. 161 Jan. 19 
Air traffic control: microwave JLS aske·d 

by international group ER p. 32 Dec. 21 
All-weather eye opens up with millimeter 

wave imaging p, 82 Aug. 17 
All-Weather view- imaging te·chnlque im­

proves target visi bility through atmos­
pheric conditions USR p. 4S May 2S 

AMCAP 1(for advanced microwave circuit 
analysis program) USR p. 39 Aug . 17 

Arc-plasma deposits may yield some big 
microwave dividends p, 108 Feb . 2 

Avalanche diodes get big boost 
p. 103 Nov. 9 

Avalanche diodes Pf'rmit in-service meas­
urements of critical parameters in mi­
crowave equipment p. 87 Jan. 19 

Bell hopes mm waveguides will break Jam 
USR p. 38 Feb. 2 

Bell's money is riding on millimeter wave'S 
for future communications p 96 Apr . 13 

Cathode design lengthens magnetron's life 
NP p. 143 June 8 

Central America: Missing I ink-microwave 
network in operation by 1971 

EI p. 68 Jan. 19 
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Consumer hazards-special re·port 
Why they happen p. 54 Aug. 3 
How they can be fixed p. 62 Aug. 3 

FAA program for a scanning microwave 
instrument landing system 

p. 112 Aug. 17 
Great Britain: Microwave effect from GaAs 

chip El p. 137 Aug. 31 
Great Britain: Mixer in modular form 

a imed for radar, slated for Paris 
NP! p. JlE Mar. 16 

Gunn unit shoots for mlllimete·r-wave jobs 
NP p. 133 July 20 

Holography can help radar find new per-
formance horizons p. 80 Oct. 12 

How to kill energy-sapping parasites­
microwave power-transistor structure 

USR p. 43 Mar. 16 
IEEE Show: Pcm setup is designed for the 

commercial user p. 118 Mar. 2 
Japan: A common bit rate unifies thre·e 

separate Japanese pcm systems into a 
nat ional network p. 86 May 25 

Japan: Tv guide-quarter pi phase shift 
for millimeter-wave pcm system 

El p. 152 Aug . 17 
Laser system for microwave satelli te· down-

li nks USR p. 51 June 22 
Load leveler carries power1 contro l sig­

nals on one cable NP p. 115 Nov. 23 
Market pacesetters: 1970 

Digital transmiss ion will become the 
trigge·r for the communications ex­
plosion of the 1970's p. 118 J an. 5 

MCI prepares first special service common 
carrier linking Chicago and St. Louis 

USR p. 52 Apr. 27 
Microwave service for about 85% of the 

nation's colleges and universities 
USR p. 59 July 20 

Microwave switch: combine electron-be·am 
mask exposure, ion-beam machining, and 
ion-implantation techniques 

USR p. 37 July 6 
Microwaves in a can USR p. 51 June 22 
Preamp built for radio navigation 

NP p. 112 July 6 
Radar limiter is solid state 

NP p. 112 Nov. 23 
Radiati on detection with diode system 

USR p. 46 Aug. 31 
Single-crystal mate·rials spur device gains 

NP p. 111 July 6 
35-city microwave data network new de-

sign scheme USR p. 59 July 20 
Su bmill imeter spectrum, waves of the fu-

ture? p. 135 May 11 
Sub-millimeter-wave symposium 

USR p. 54 Mar. 16 
Surface acoustic waves curl into radar 

USR p. 45 May 25 
Surface wave·s pick up speed 

p. 93 Nov. 23 
Tiny analog phase shi fte rs fit onto cir-

cuit board NP p. 135 Oct. 26 
Transistors are Job-specified 

NP p. 130 Oct. 26 
Trans is tors live- gallium-arsenide FET 

USR P. 44 Mar . 16 
Versatility is designed into dual-band 

module for phased array systems 

West Germany: 
link intende·d 
missions 

West Germany: 
system 

p. 78 July 20 
Gunn-oscillator microwave 
for video telephone trans­

El p. 66 May 11 
Portable, microwave relay 

El p. 151 Aug. 17 

MILITARY ELECTRONI CS 
Aerospace Corp.'s road widens 

p. 91 Sept . 28 
AF about t o dismantle the Office of Aero-

space Research USR p. 51 Apr. 27 
Air Force: Air-droppe·d weather station 

under development USR p. 42 July 6 
Air Force: B-1-Wil l B-1 be one? 

USR p. 48 June B 
B-1 makes a wave USR p.-42 June 22 

Air Force: Copter-borne radar ·could func­
t ion as part of Awacs ER p. 31 Nov. 23 

Air Force : Northrop's F-5-21 selected as 
inte·rnational fighter aircraft 

ER p. 42 Dec. 7 
Air Force's F-15 avionics to have austere 

touch USR p. 37 Feb . 2 
ER p. 57 Oct. 12 

Air Force's Rassr: Radar of the future? 
p. 121 Oct. 26 

Air Force's Sadfrad, dual-frequency radar 
USR p. 57 Apr . 13 

Army: Hard Site pushed as replacement 
for Safeguard A BM program 

USR p. 42 Aug. 17 
Army: Image inte·nsifier holds its ground 

ER p. 44 Sept. 28 
Army: Tacfire has Litton looking overseas 

ER p. 48 Sept. 14 
Army test program trying to find out Just 

what information helicopter pilots need 
to make successful instrument landings 

USR p. 58 Mar. 30 
Coast Guard: Contracts for airborne radar 

to spot small boats USR p. 29 Aug . 3 
Coast Guard: Keeping afloat-National 

Data Buoy competition starts 
USR p. 46 Apr. 27 

USR p. 49 Aug. 17 
Crossbow checks out miss-distance indi-

cat or ER p. 42 Sept, 26 
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DASA wants tubes to counter EMP 
ER p. 36 Nov. 9 

Fitzhugh Panel recommendations could 
radically alter DOD's R&D approach, but 
electronics industry could benefi t 

p. 109 Aug. 17 
Flux monitoring boosts accuracy of phased 

array radar systems p. 77 Nov. 23 
HDC-601: Shrink a computer for aviation 

market USR p. 38 Aug. 31 
Low-cost voice digitizer push ls on 

p. 136 Sept. 14 
Mallard a phoe·nix? USR p. 41 Mar . 2 
Marine Corps: Find the enemy with H-445 

Navsat locator ER p. 38 Nov. 23 
Market pacesetters: 1970 

Military electronics R&D will be fee l­
ing the pinch as tight budget squeezes 
major procureme·nt runs p. 110 Jan . 5 

Naval destroyer contract will hare the 
wealth p. 102 July 6 

Navy: Contract settlement over AL0-100 
countermeasure equipment used on air­
craft ER p. 60 Sept. 14 

Navy: 5-pound strapdown guidance system 
ER p. JS Nov. 23 

Navy: Om•ga AN / SEN-12 shipboard re-
ceiver contract USR p. 40 Aug. 3 

Navy: Omega's receiver contract 
USR p. 40 Mar. 2 

Navy: Phoenix missile . USR p. 49 Aug. 31 
Navy airborne processor turns to Ampex 

thin film ER p. 39 Sept. 28 
Navy chief okays common avionics-Itacs 

project ER p. 29 Dec. 21 
Navy engineers break the rules with radic:al 

airborne EDP conce·pt p. 69 Aug. 3 
Navy names RCA prime contractor for its 

AEGIS antiaircraft missile systems 
USR p. 57 Jan . 5 

Navy's AN / ALQ-100 program-Sanders vs. 
Navy USR p. 44 June B 

Navy's DSRV: Pentagon vs. Lockheed 
USR p. 54 Mar. 16 

1970: a down year for the Industry 
p. 85 Aug. 3 

Plastic IC's get foot in military door 
p. 127 May 11 

Politi cs, inflation taking a heavy toll in 
defense spending p. 142 Fe·b. 16 

Technology and a volunteer army 
ED p. 4 Apr. 13 

Twice the fight for half the pie-Report 
from the West p. BO Aug. 17 

Vietnam report 
Part 1 Air Force plans with computers, 

Army se"5 by starlight p. 70 Oct. 26 
Part 2 Armed forces rely on communi­

cations to fight and survive In Viet­
nam p. 70 Nov. 9 

MULTIVIBRATORS 
Comparator and multivibrator add up to a 

linear VCO p. 90 Aug . 17 
Monostable protected against 60-hertz 

pickup p. 101 May 11 
Multivibrator draws 14 mA 

NP p. 109 Dec. 21 
Single hex inverter picks data signals from 

noise p. 69 Aug . 31 

NAVIGATION SYSTEMS 
Canada: Digital computer is fallout of air­

borne navigation work 
El p. 204 Sept. 14 

Computerized display aimed at ending ship 
collisions ER p. 39 Sept. 28 

Her Majesty, Elizabeth 2 has collision-
avoidance system, satellite-navigation 
system and a central computer 

l / CN! has 
Unified 

Lockheed's 

p. 104 Feb. 2 
changed now to U/CNI; U for 

USR p. 52 May 25 
C-5 woes come in nines 

USR p. 55 May 25 
Lunar Rover guidance system 

USR p. 40 Aug . 31 
Navy : 5-pound strapdown guidance system 

ER p. 38 Nov. 23 
Navy: 150-foot-accuracy integrated Transit 

navigation satellite receiver/ computer 
USR p. 51 May 11 

Omega'& receiver contract 
USR p. 40 Mar. 2 

RCA says it's selling Secant 
USR p. 56 May 25 

Satellites vs. superbeacons 
USR p. 39 Aug. 31 

Traffic jams spur ERC's revival 
p. 97 July 6 

OCEANOGRAPHY 
Keeping afloat-National Data Bouy compe-

tition starts USR p. 46 Apr. 27 
USR p. 49 Aug . 17 

OPTOELECTRONICS 
All-solid tv path open USR p. 41 Apr. 27 
CdS photocells yield high output 

NP p. 170 Apr. 13 
Data bund les-70-foot fiber-optic bundles 

USR p. 52 Jan. 5 
Germany, West: Photochromic layer holds 

data in laser-based store 
El p. lOE Dec. 7 

Germany, West: Radio tuning display 
El p. 12E Oct. 26 

Great Britain: Post Office's multifont opti­
cal character reader under study 

El p. 9E June B 

Holography can help radar find new per-
formance horizons p. BO Oct. 12 

Image intensifier holds its ground 
ER p. 44 Sept. 28 

IC printing projections p. 90 Aug . 31 
IBM looks to light pipes to move airplane 

data ER p. 33 Nov. 23 
Japan: Optical deflection addressing mOves 

holographic memory close r to reality 
EI p. 71 Jan. 5 

Japanese color tv came ras grow simpler 
and simpler NP! p. 23E Nov. 9 

Liquid crystals: Now that the heat is off, 
liguid crystals can show their colors 
everywhere p. 64 July 6 

Making the scene-infrared lasers for up­
conversion method USR p. 30 Aug. 3 

Microscopy helps refine IC tests, process-
ing NP p. 176 Apr. 13 

Netherlan9s: A glowing camplexion-ther­
mograms, or heat pictures 

El p. 149 July 20 
N ight-vlewing device Owl Eye 

USR p. 46 Aug. 31 
Optical bi asing maintains phototransistor 

sensitivity p. 87 Oct. 26 
Optica l character readers finding favor with 

smaller firms USR p. 57 Feb . 16 
Optical link firms see wide horizons 

p. 91 Dec. 21 
Optical waveguides bring laser communica-

tion closer p. 60 Aug. 31 
Optoelectronic switch monitors line power 

p. 68 Nov. 23 
Postal automation outlook brightens 

p. 125 Sept. 14 
Precision scriber reduces waste 

NP p. 122 Aug. 31 
Scope plug-in provides isolation 

NP p. 145 Feb. 2 
Solid-state diode cathode may take heat off 

more tubes ER p. 45 Oct. 12 
Varian Adco 626 microfilm storage and re-

trieval system USR p. 40 June 22 

OSCILLATORS 
Adapter turns detector into lmpatt 

NP p. 161 Jan . 19 
Antihijack system built around osci llators 

ER p. 40 Dec. 7 
Comparator and multivibrator add up t o 

a linear VCO p. 90 Aug. 17 
Great Britain: Microwave effect from 

GaAs chip El p. 137 Aug. 31 
Great Britain: Signal qenerator hits the 

tune EI p. 151 Aug. 17 
Gunn fights way into loca l oscillator 

ER p. 34 Nov. 9 
Rectifier di odes become Trapatt osc illator 

source ER p. 29 Dec . 21 
Stable unijunctio n VCO needs no critical 

components p. 100 Oct. 12 
Switched osci I la tor cont rols four ~wire re-

sistance checks p. 78 July 6 
Thermistor stabilizes Gunn osci I la tor 

p. BB Oct. 26 
Two op amps sim plify design of oscillator 

p. 92 Apr. 27 
Unijunction controls oscillator in simple 

underwater pinger p. 98 Jan. 5 
West Germany: Gunn-osci Ila tor microwave 

link intended for video telephone tra11_s­
missions El p. 66 May 11 

OSCILLOSCO PES See Instruments 

PACKAGING 
Backplane can handle 101 wire-wrapped 

IC sockets NP p. 178 Sept. 14 
The broken promise of LSI: packaging 

p. 123 Mar. 30 
Carrier gets a good grip on IC 

NP p. 113 Aug. 3 
DIP-Point-to-point wiring gains new 

popularity among DIP users 
p. 56 Aug. 31 

DIP-Reed relay make·rs swing to dual-in-
line NP p. 127 Oct. 26 

DIP-Swing to passive D!Ps looks like a 
stampede NP p. 97 Dec. 21 

Dual in-line packages incorporate trimmers 
and resistors ER p. 50 Oct. 12 

GE's secret project yields IC packaging 
concept ER p. 33 Dec . 7 

Great Britain: packing densities of 10,000 
bits p.r inch EI p. 67 May 11 

Great Britain : Pre-packed specialized 
functions zero in on specialized mar­
kets NP! p. 7E Aug. 17 

Hybrid circuit packs power in 
ER p. 47 Sept. 14 

lmbedded wire for "printed1
' circuit 

USR p. 39 June 22 
LSI makers pick up the piece; 

p. 126 Mar. 30 
Leadless package, called the edge mount, 

may overcome LSI problems 
ER p. 46 Oct. 12 

Market pacesetters: 1970 
Huge computer growth will sustain the 

demand for discrete components and 
denser packaging p. 116 Jan. 5 

Modules simpli fy linear-IC testing 
NP p. 171 Sept. 14 

Multilayer p-c boards are both rigid and 
flexible in all the right places 

p. 116 Feb. 16 
Paryle·ne from Union Carbide hits the 

market USR p. 39 June 22 

Parylenes for hig h-re liability applications 
USR p. 50 Mar. 16 

Plastic !C's get foot in military door 
p. 127 May 11 

Plastic MOS is off and running 
p. 93 Aug. 31 

Plastic package called better than T0-18 
ER p. 34 Nov. 9 

Random-access MOS memory packs more 
bits to the chip p. 109 Feb. 16 

Relay boasts low profile NP p. 110 Aug. 3 
Semiconductor memory systems: How much 

do they really cost? p. 94 Oct. 12 
A stable, field-replaceable strapdown gyro 

-in a can p. 106 May 25 
Triac isolated by substrate 

NP p. 166 Jan. 5 
Wafer rinser cuts breakage 

NP p. 144 Dec. 7 
West Germany: Electronica re·flects trend 

toward instrument packages 
El p. llE Nov. 23 

West Germany: Self-regu lated heating 
eases chip bonding El p. llE Dec. 21 

PATENTS 
International : Treaty to standardi ze world­

wide patent procedures still faces some 
major problems EI p. 186 June 22 

IBM vs. Xerox USR p. 52 May 11 

PATIERN RECOGNITION SYSTEMS 
Crt typesette·r handles art 

USR p. 32 Aug. 3 
Computerized terminals ring up sales In 

cash register territory p. 52 Nov. 23 
Credit card reader-where cred it's due 

USR p. 50 Mar. 16 
Data terminal is fast printer 

NP p. 161 Apr. 13 
Dot matrix displ ay fe ature·s inherent scan -

ning ability p. 120 Mar. 2 
Germany, West: Printer- Head start 

El p. 73 Feb. 16 
Great Brita in: Electronic letters shape up 

for tv EI p. 127 July 6 
Great Britain: Post Office shou ld have 

multifont optical character reader 
El p. 9E June B 

Japan: Low-cost d isp lay EI p. 128 Aug . .3 
Low-cost alphanumeric te·rminal pr ints all 

NP p. 149 Apr. 27 
OC R fits minicomputer size and price 

NP p. 131 Apr. 27 
Optical character readers finding favor 

with sma ller firms USR p. 57 Feb. 16 
Postal automation outlook brightens 

p. 125 Sept. 14 
Pri ntout-quick fingerprint identification 

USR p. 52 Mar. 30 
Putting d-a converters t o work: 10 ex­

amples show versa til ity p. 91 Oct. 26 
Segme·nted array simplifies external ad· 

dress circuitry required for numeric dis­
play, strobing permits time-sharing of 
logic and drive p. 132 Mar. 2 

Strobing makes longer LED alphanumeric 
displays practical p. 126 Mar. 2 

Take a card-I BM sorter also reads 
USR p. 47 May 25 

Word generator has 48 outputs 
NP p. 141 Jan. 19 

PHOTOGRAP HY 
Adding a dimension- \\3-D" picture of 

micro-circuits USR P. 48 Mar. 16 
Camera's infrared eye focuses on new 

vistas for ranging p. 102 Apr. 27 
France : Fleeting image-two new elec-

tronic cameras El p. 73 Jan . 5 
Germany: Flash exposure control 

El p. 74 Jan. 5 
Great Britain: Masking by hologram 

El p. 64 Mar. 16 
Gre·at Britain: Seeing stars-computer­

controlled analyzer pinpoints and meas­
ures the brightness of 1,000 stars an 
hour EI p. 73 Feb. 16 

Holography can help radar find new per-
formance horizons p. BO Oct . 12 

Light-beam control triples plotter speed 
NP p. 142 May 25 

Making the scene-infrare·d lasers for the 
upconversion method USR p. 30 Aug. 3 

Ovonic imaging ER p. 36 D•c. 21 
Photocathode matrix puts copier Jn new 

light ER p. 41 Oct. 26 
Photoplotter has built-in developer 

NP p. 141 May 25 
Photo-quality crt displays find new Jobs 

NP p. 137 June B 
Semiconductor lasers: 'Disciplining' pho­

tons boosts the efficiency p. 78 Mar. 16 

POLICE ELECTRONICS See Communica-
tions-Police electronics; l ndus!rlal 
Electronics-Law enforcement 

POWER SUPPLIES 
C/ MOS circuit uses 1.5-v supply 

Charts speed the 
current sources 

Compact COo laser 

NP P. 162 June 22 
designing of constant 

p. 92 Aug. 17 
puts out 300 wat ts 

NP p. 16.3 Feb. 16 
Comparator and a-c coupl ing provide d-c 

transformer action p. 98 Jun• B 
Connector has up to 155 pins 

NP p. 145 Oct. ,12 
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Dynamic braking emf signals motor to 
reverse p. 84 June 22 

A dynami c load tester for regulated power 
supplles p. 98 Feb. 2 

Flashlight helps monitor voltage levels 
P. 88 Aug . 17 

Hybrid voltage re·gulators stand alone 
NP p. 1S9 Feb. 2 

IC oscillation sets up a mini-sized bias 
supply p. 76 July 6 

IC's save power, boost efficiency of regu-
lated power supplies p. 94 July 20 

International: Thin film in the sun­
symposium on solar energy 

El p. SE July 20 
Japan: FET power El p. 64 Feb. 2 
Josephson effect for voltage standard 

USR p, 46 May 2S 
Laminated bus bar eliminates noise 

NP p. 139 June 22 
Monitor teams spare gates and solid state 

lamps p. 79 Sept. 28 
Negative impedance stabilizes motor's 

speed p. 94 Mar. 30 
On-card regulator disstpate·s S watts 

NP p. 176 Mar. 2 
One-shot generates wide range of periods 

p. 102 May 11 
Power supply elim inates switching regula-

tor NP p. lSS May 11 
Regulator holds temperature of chip 's sub-

strate constant p. 100 Feb , 2 
Short-circuit protection for voltag• regu-

lators p. 91 Apr . 27 
A staircase and a ramp yield multiple 

sawtooths p. lOS Mar. 2 
Switch's color, intensity change with on-

off state NP p. 147 Oct. 12 
Switching regulator dr ives I C's and N ixies 

off batterr p. 76 July 6 
TTL MS! offers attractive tradeoff 

NP p. 16S Jan. 19 
Voltage mon itor is e·asy on both battery 

and budget p. 87 Oct. 26 
Voltage source boasts 0.0015°/o accuracy 

NP p. 14S Apr. 27 
West Germany: Roller power-solar-eel I 

arrays retract El p. 70 May 2S 

PRINTED WIRING 
Code your own keyboard 

DIP : Swing to 
a stampede 

Dry photoresists 

NP p. 114 Aug. 31 
passive ·DIPs looks like 

NP p. 97 Dec. 21 
gain ground 

p. 9S Dec . 21 
Great Britain : Cassette-loaded machine 

produce·s p-c board artwork under normal 
. light NP! p. 17E Mar. 2 

Great Britain: Pre-packed specialized 
functi ons zero in on specialized markets 

NPI p. 7E Aug , 17 
Heat-d issipating metal-core circuit board 

ER p. 48 Oct. 12 
lmbedded wire for \\printed" circuit 

USR p. 39 June 22 
Infrared p-c board trouble shooter 

USR p. 46 July 6 
Institute of Printed Circuits issues pro­

posed standard covering formats for 
descript ive data ER p. 46 Sept. 28 

IEEE Show Product Preview: Logic on the 
quiet side NP p. 172 Mar . 2 

Leadless package, called the· edge mount, 
may overcome LSI problems 

ER p. 48 Oct . 12 
Multilayer p-c boards are both r igid and 

flexi ble in all the right places 
p. 11&. Feb. 16 

Pc board connections move in from edge 
NP p. 113 Sept. 28 

Tiny analog phase' shifters fit onto circuit 
board NP p. l3S Oct. 26 

PRINTERS & PRINTING 
Crt typesetter handles art 

USR p. 32 Aug. 3 
Data term inal is fast printer 

NP p. 161 Apr , 13 
Great Britain : Drum helps magnetic printer 

·put out 30 lines per second 
EI p. 13E Nov. 23 

Low-cost alphanumeric terminal prints all 
NP p. 149 Apr. 27 

Midispeed pr inter is minipriced 
NP p. 1S8 May 11 

Printe·r priced under ·$&,000 
NP p. 124 Nov. 9 

Printing punch-impact printer at lower 
price USR p. 47 May 2S 

West Germany: Head start 
El p. 73 Feb . 16 

PROCUREMENT 
ARTS 3 Implementation stalled by budget 

shortages p. 87 Nov. 23 
Air t raffic control socked in 

p. 113 July 20 
Austere system for intelligence data 

USR p. 49 Jun• 22 
Contracts-"Small business is gradually 

belng squeezed out of defense contract­
ing" USR p. 48 Mar. 2 

DO D computer waste : $SOO million 
p. 109 Oct. 26 

EIA sees two more years of defense cuts 
ER p. 41 Nov. 9 

ERC stays alive USR p. 48 Apr. 30 
Fitzhugh Panel re·commendatlons could rad-
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ically alter DOD's Rl& D approach, but 
electronics industry could benefit 

p. 109 Aug . 17 
NASA: Shuttle faces tough going 

p. 94 Aug . 31 
NASA slips and stretches to make ends 

meet USR p. 39 Feb. 2 
Nixon's budget scalpel cuts electronics 

d•eply p. 141 Feb. 16 
Politics, inflation taking a heavy toll in 

defense spendi ng p. 142 Feb. 16 
Space age shifts into a lower gear 

p. 146 Feb. 16 
Bleak budget's best bets: Police, air 

traffic control . p. 149 Feb. 16 
Air traffic control m'ay get off ground 

p. 1S2 Feb. 16 
HEW's big ticket : Air-pollution control 

p. 1S2 Feb. 16 
Doing something about the weather 

p. 1S4 Feb . 16 
Packard, David : How Packard prevails at 

the Pentagon p. 117 Oct. 12 
Pentagon vs Lockheed USR p. S4 Mar. 16 
Prairie Star shines fitfully over Pentagon 

ER p. 38 Nov. 23 
R&D spending levels off 

USR p, 48 Mar. 30 
SST funding attack worries avionics firms 

ER p. 32 Dec. 21 
Uniform cost accounting for contracts 

USR p. 44 Jan. 19 

PRODUCT PLANNING 
There's more to product planning than the 

generation of new ideas p. 86 Mar. 30 

PRODUCTION TECHNIQUES 
Adding a dimension-\\3 -D" pic ture of 

micro-circuits USR p. 48 Mar. 16 
Add-on tester speeds IC production line 

NP p. 1S3 May 2S 
All-solid tv path open USR p. 41 Apr. 27 
Arc-plasma deposits may yield som• big 

microwave dividends P. 108 Feb. 2 
Assembler does all but mount units 

NP p. 116 July 6 
Automated assembly line for power trans­

istors-Easing bonding jams 
- USR p. 38 Aug. 17 

Automatic mas.k aligner is accurate to 1 
micron NP p. 170 Feb . 16 

Backward step opens up route to new 
products and new markets 

p. 108 Mar. 2 
Bell bipolar process ready to go 

p. 87 Aug . 31 
Better beam leads and laser scribing 

USR p. 37 Aug . 31 
Bonder indexes automatically 

NP p. 141 Mar. 30 
Circuit-stik assembles network directly 

from sketch NP p. 141 Apr. 27 
Clean cut-lase·r scribing of silicon wafers 

growing USR p. 42 Mar. 2 
Complementary MOS and bipolar make it 

together on a single chip 
p. 72 Aug. 31 

CAD: Collins makes changes in data-
entry approach ER p. 32 Nov. 23 

Com puter pulses synchronize coil winder-
Wescon preview NP p. 125 Aug . 17 

Consumer hazards-special re-port 
Why they happen p. S4 Aug. 3 
How they can be fixed p. 62 Aug . 3 

Core pattern makes stack more versatile 
NP p. 119 Nov. 9 

Deposition-rate accuracy reaches 0.1% 
NP p. 18S Mar. 2 

Diamond scribers start to give way to 
laser machine·s, slurry saws, new etch 
methods p. 70 Nov. 23 

Die bonder gives accuracy of 1 mil 
. NP p. 120 Aug , 31 

Dry photoresists gain ground 
p. 9S Dec , 21 

DIP- Point-to-point wiring gains new pop­
ularity· ,'iimOng D1P USef-5 

p. S6 Aug. 31 
DIP-Ree d relay makers swing to dual-In-

line NP p. 127 Oct. 26 
Dual in-line packages incorporate tr im ­

mers and resistors ER p. SO Oct . 12 
Electron ic watches : new IC market 

p. 83 Dec . 21 
Etching memories in batche'S 

p, 94 May 11 
Fast logic extends range of high-frequency 

counters p. 62 Dec . 7 
France: Machine promises assembly-line 

ease for ion-implantation doping proc­
ess El p. 63 Feb. 2 

France: Pulle·r turns out 4·1nch silicon 
crystals with diameter variations of 
only 1 % NP! p. 13E Jan . 19 

France: Soldering machine : maker tries 
both sides of the process 

NP! p. 11E Aug . 31 
France: Untangling the wires~omputer-

aided wiring El p. 72 Jan. S 
Gate code--technique· for encoding Infor-

mation USR P. 45 Feb. 16 
Great Britain : Camp followers-programed 

mask making El p. 66 Jan . 19 
Great Britain: Cassette-loaded .. machine 

produces p-c board artwork under normal 
light NPI p. 17E Mar. 2 

Great Britain: Color comes to the aid of 
ATC displays NPI p. 17E Dec. 7 

Great Britain: Ion implant machine' aims 
at assembly-line Job El p. 128 Sept . 28 

Great Britain: Masking by hologram 
El p. 64 Mar. 16 

Great Britain: Minicomputers assist Con­
corde engine program El p. BE Nov. 23 

Great Britain: Pressure bonding 
EI p. 7E Apr. 13 

Great Britain: Task-team system results 
in increased productivity and consiste·nt 
cost savings El p. 70 Mar. 30 

Holographic test for honeycomb structure 
USR p. 44 Apr. 27 

Infrared p-c board trouble shooter 
USR p. 46 July 6 

IC printing project ions p. 90 Aug. 31 
Ion imp lantation goes to market 

p. 12S May 25 
Ion implantation gives MOS ROM bipolar 

speed ER P. 33 Dec. 7 
Ion implantat ion offers a bagful of bene-

fits for MO S p. 86 June 22 
Ion implants spe·ed memory 

NP p. 128 Dec. 7 
Japan: Alumina replaces aluminum in mul­

tilayer wiring method 
EI p. 11E Nov. 9 

Japan: Diagram reading robot figures out 
assembly steps EI p. 172 Oct. 1 2 

Japan: Floating bubbles-fl oat ing zone 
process produces single crystals 

El p. ISO July 20 
Japan: Jon implantation and silicon gates 

improve !Cs El p. 169 Oct. 12 
Japan: Low-d islocation process promises 

low-noise devices El P. 171 Oct. 12 
Japan: More MAOS FETs El p. 9E Oct. 26 
Japan: MOS FET process offers high speed 

or low power EI p. SE Dec . 7 
Japan: Radiation and electricity can alter 

MAS read-only memory 
El p. 71 Feb. 16 

Japan: Ringing a change on discretionary 
wir ing EI p. 7E Dec. 7 

Little push- Mylar-coated keyboard 
USR p. 44 Mar. 2 

Magic cent . . .--memory that uses a 
magneto-acoustic effect to store data 
for less than cent a bit . . attrac ts 
Navy USR p. 49 July 6 

Magnetic-oxide road for bubbles 
USR p. 39 June 8 

Market pacesetter: 1970 
Compute·r-aided manufacturing, particu­

larly of IC assem blies, will spur new 
applications for industrial-electronics 
gear p. 133 Jan. S 

Memorr techno logy- special report lS 
Simple electroplating process allows 

high-densi ty waffie·iron memory to be 
built easily, inexpensively 

p. 107 Jan. 19 
Mesa process widens Dari ington market 

NP p. 137 July 20 
Microwave switch : combine electron- beam 

mask exposure, ion-beam machining, and 
ion-implantat ion techniques 

USR P. 37 July 6 
Modular asse·mbly turns out hordes of 

trans istors ER p. 37 Sept. 28 
Mul tilayer p-c boards are both r igid and 

fle~ i ble in all the right places 
p. 116 Feb . 16 

New MOS technique points way to junc-
tionless devices p. 112 May 11 

Parylene AF-4 USR p. S2 Mar. 16 
Parylenes for high·reliability applications 

USR p. SO Mar . 16 
Photodiode sharpens machine·tool precision 

NP p. 160 Mar. 16 
Picturephones: Mass production of silicon 

vidicons holds key to Pi cturephone's fu­
ture p. 131 Jan. 19 

Post-and-film memory de livers NDRO capa-
bility, low noise, high speed, but avoids 
problem of creep p. 102 J an . 19 

Powder-on-foil process promises bette·r 
tantalum capacitors USR p. 42 Aug . 17 

Power trans istors aimed at mass markets 
NP p. 139 Aug . 17 

Precision scriber reduces waste 
NP p. 122 Aug, 31 

R-f plasma generator-low·voltage source 
tr ims stripper NP p. llS July 6 

SEMI all the way- automated semicon-
ductor-memory line USR p. 40 Feb. 2 

Semiconductor memory systems: How much 
do they really cost? p. 94 Oct. 12 

Servo controls batch sputtering system-
Wescon preview NP p. 127 Aug. 17 

Servo controls gas-flow rate 
NP p. 16S Apr. 13 

Silicon and sapphire gett ing together for 
a comeback p. 88 J une 8 

Silicon-gate dynam ic MOS crams 1,024 
bits on a chip p. 68 Aug . 3 

Silicon-on-sapphire technology-MOS mem­
ory travels in fast bipolar crowd 

p. 82 J uly 20 
Step-repeat unit trims resistors 

NP p. 18S Apr. 13 
Substrate flatness , thickness checked 

NP p. 168 Feb. 16 
Thre• ways to bui Id low-threshold MOS 

p. 118 Apr. 13 
Vacuum holds circuit probe in place 

NP p. 1S7 Mar, 16 
Wafer rinser cuts breakage 

NP p. 144 Dec. 7 

West Germany: Cemented cores 
El p. 128 July 6 

West Germany: Circuit -board plating 
El p. SE June 22 

West Germany: Self -regulated heating 
eases chip bonding El p. 11E Dec . 21 

West Germany: Spinning glass plate ends 
alignment ,blurs EI p. 12E Nov. 23 

PULSE CODE MODULATION See Com· 
municat ions 

PULSE TECHNIQUES 
Comparator and multivibrator add up to 

a linear VCO p. 90 Aug. 17 
Contro l voltage resets logic at power 

turn-on p. 101 Sept. 14 
Divider splits frequency into any ratio 

from 1 to 99 p. 107 Apr. 13 
Great Britai n: On some research into 

pcm conve·rters El p. llE Oct. 26 
Great Brita in : Se lf-contained data line 

analyzer spots and pinpoints troubles 
NP! p. 6E J an. S 

IEEE Show: Pcm setup is designed for 
the commercial user p. 118 Mar. 2 

IE EE Show: Pulse generator fits in where 
time i.s money p. 116 Mar. 2 

IC line·-receiver converts pulses to loQic 
levels p. 94 Jan. 19 

Japan: A common bit rate unifies three 
separate Japanese pcm systems into a 
national network p. 86 May 25 

Japan: I-g igaher tz pulse generator seeks 
wor k as pcm teste·r NP! p. 13E July 6 

J apan: Rapid pulse rate-dual-mode for 
pulse-code modulation transmissions 

El p. 9E Jan. 19 
New MOS techn ique p.1llnl~ way to junc-

tionless devices p. 112 May 11 
Preset pulse train checks sequentia l logic 

p. 86 July 20 
Pulse ge·nerator uses digita l ICs 

p. 86 Oct. 26 
Share d on-shot simplifies pulse width con-

verte r p. 102 Sept. 14 
Shift register simpli fie s design of phaS< 

comparator p. 93 Jan . 19 
Si ngle hex inverte r picks data sig nals from 

noise p. 69 Aug. 31 
Si ngle IC pulser eliminates contact bounce 

p. 79 Nov. 9 
Variable d-c input adjusts pulse width 

over wide range p. 106 Mar. 2 
Wave squarer shifts phase as much as 

360° p. 75 Aug. 3 

RADAR 
Air Force: Copter-borne radar could func­

t ion as part of Awacs ER p. 31 Nov. 3 
Air Force's Rassr: Radar of the future? 

p. 121 Oct. 26 
Air Force's Sadfrad, dual-frequency radar 

USR p. S7 Apr. 13 
Airborne radar to spot small boats 

USR p. 29 Aug . 3 
All-weather view-imagins technique Im· 

proves target visibility 
USR p. 4S May 2S 

ARTS 3 implementation stalled by budget 
shortages p. 87 Nov. 23 

AWACS avionics suppliers start waiting 
USR p. 45 July 20 

Beam-steering techni que for better anti­
ballistic-missile radars 

USR p. 38 June 22 
Computerized display aimed at endi ng sh ip 

collisions ER p. 39 Sept. 28 
Dishing it out-higher resolution radar 

out of a moderate sized aperture 
USR p. 48 Apr. 27 

FAA's program to develop a phased-array 
secondary radar dubbed Superbeacon 

p. 112 Aug. 17 
Flux monitoring boosts accuracy of phased 

array radar systems p. 77 Nov. 23 
France: New role for Aida-fire-control 

radar El p. 63 Mar. 16 
Great Britai n: Mixer in modular form 

aimed fo r radar, slated for Paris 
NPI p. 31E Mar. 16 

Hazards of radar exposure 
USR p. 46 Aug . 31 

Holography can help radar find new per-
formance horizons p. 80 Oct. 12 

Japan: Bandwidth-time control varies ra­
dar's gain with distance 

El p. 20S Sept . 14 
MIT radar uses cw carbon dioxide sys-

tem ER p. 46 Oct. 26 
A new phase-phased-array radar 

USR p. 44 Mar. 16 
Practica l smaH "radar two steps closer 

ER p. 34 Nov. 23 
Putt ing d-a conve rters to work: 10 ex­

amples show versatility p. 91 Oct. 26 
Radar braking is set for market debut 

p. lSS Jan. s 
Radar limiter is solid stale 

NP p. 112 Nov. 23 
Satellites vs . superbeacons 

USR p. 39 Aug . 31 
S ingle-crystal materials spur device gains 

NP p. 111 July 6 
Solid state, coherent-pulse doppler radar 

al timeter USR p. S6 Apr. 27 
Surface acoustic waves curl into radar 

USR p. 4S May 2S 
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Surface wave delay lines promise fi lte rs 
fo r radar·, flat tubes for tv, and faste r 
computer.; p. 110 Jan. 19 

Ung imba led laser radar for docking space 
shuttles USR p. 30 Aug. 3 

Versatile r:rw radar is no pipe dream 
USR p. 37 June 22 

Vers.:J ility is des igned into dual-band 
module for phased array systems 

p. 78 July 20 
Vietnam report: Night vision gear guides 

firepower for Army's air armada; per­
sonnel radar secures ground perimeters 

p. 70 Oct. 26 
Weather eye-radar system that employs 

a central computer to predict rainfall 
USR p. 42 June 8 

RAILROADS 
Correlator cools hotbox problems 

ER p. 34 Dec . 7 
Great Britain: light-emitting diodes ride 

the rails El p. BE Nov. 9 

RECEIVERS 
Headset in a he lmet for police depart-

ments USR p. 52 July 20 
Navy: 150-foot-accuracy integrated Tran­

sit navigation satellite receiver/com­
puter USR p. 51 May 11 

Netherlands: Tv ICs bring all integrated 
signal handling NP! p. 27E Nov. 23 

Omega's receiver contract 
USR p. 40 Mar. 

RECORDERS 
Cassette deck tailored to data storage 

NP p. 149 Jan. 19 
Cassette drive for digital jobs 

NP p. 132 Apr. 27 
Consumer hazards-special report 

Why they happen p. 54 Aug. 3 
How they can be fixed p. 62 Aug. 3 

Digital cassettes overcome thei r past 
p. 129 June 8 

Fancy flight data recorder developed by 
West Germany and Canada 

El p. 136 Aug . 31 
Germany, West: Photochromic layer holds 

data in laser-based store 
El p. lOE Dec. 7 

Home enterta inment manufacturers opti-
mistic ER p. 47 Oct. 12 

Laser recorders pick up where magnetic 
machines leave off in speed , capacity 

p. 101 Feb . 16 
Lasers' use in h-f multichanne t data re-

cording USR p. 44 May 11 
Low-cost stereo recorders can adapt to 

digital data p. 90 July 6 
Need accurate recordings of fast transients? 

Try disks p. 82 Nov. 9 
Norwegi an firm invades industrial recorder 

fie ld NP p. 106 Sept. 28 
· Packing it on-getting more data onto a 

given length of tape 
USR p. 46 Aug. 17 

West Germany: Photoresistor controls audio 
tape tension El p. lOE Nov. 9 

Wideband recorder fits in attache case 
NP p. 111 Aug . 31 

RECTIFIERS 
Op amps form 

Rectifier diodes 
tor source 

RELAYS 

self-buffered rectifier 
p. 98 Oct. 12 

become Trapatt oscilla­
ER p. 29 Dec . 21 

Bounce-back relay in a DIP-Wescon pre-
view NP p. 129 Aug. 17 

Miniaturizing relays--only 130 milliwatts 
needed NP p. 102 Dec . 21 

Photore lay dr ives JC directly 
NP p. 165 Jan . 5 

Reed relay contacts are magnet ized 
NP p. 101 Dec. 21 

Reed relay makers swing to dual in-line 
NP p. 127 Oct. 26 

Relay boasts low profile 
NP p. 110 Aug . 3 

Re lay matrix switches 1.5 Ghz 
NP p. 142 June 22 

Relay rejects plant noise 
NP p. 131 Dec. 7 

RELIABILITY 
Consumer hazards-spe cial report 

Why they happen p. 54 Aug. 3 
How they can be fixed p. 62 Aug . 3 

Hydrogen causes electronic failures 
USR p. 52 Apr. 13 

Parylene AF-4 USR p. 52 Mar. 16 
Parylenes for high-rel iability applications 

USR p. 50 Mar. 16 
Planar Darlingtons stress reliability 

NP p. 117 Sept. 28 
Plastic !C's get foot in military door 

p. 127 May 11 
Plastic MOS is off and running 

p. 93 Aug. 31 
Plast ic package called better than T0-18 

ER p. 34 Nov. 9 
Safety in numbers USR p. 34 Aug. 3 
TOPS' trails to outer planets map a new 

route to reliability p. 108 Mar. 30 

RESEARCH & DEVELOPMENT 
AF about to dismantle the Office of Aero-

space Research USR p. 51 Apr. 27 
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Blood power-use a persons own blood as 
an energy source USR p. 45 July 20 

Confrontation on independent R&D 
ED p. 4 May 25 

Draper, Charles S.-Finding a FIT 
USR p. 44 Feb. 2 

FAA \\buys" Alexander Report calli ng for 
sweeping changes in air traffic control 
hardware p. 111 Aug. 17 

Fitzhugh Panel recommendations could 
r.dically alter DOD' s R&D approach, 
but electronics industrv could benefit 

·· p. 109 ·Aug . 17 
Garnet used for bubbles 

USR p. 46 July 20 
Government: R&D spending leve.4 off 

USR p. 48 Mar. 30 
Mixed bag: Project AP E 

NASA: Budget 
through 

USR p. 39 Mar. 2 
punch . . . and follow­

USR p. 40 Jan. l 9 
ERC- why now? NASA 's closing of 

ED p. 4 Jan. 19 
NASA' s ERC stays alive 

USR p. 48 Apr. 13 
NASA prepares for ERC surgery 

USR p. 39 Jan. 19 
New realism pervades R&D p. 87 Dec . 21 
Ovshinsky effect research 

USR p. 46 Mar. 16 
Sarnoff, Robert : A new boss cuts a new 

groove at RCA-report p. 88 Mar. 2 
Shaping scie nce-agency proposed for basic 

research USR p. 46 May 11 
Switzerland: Rare earths attract magnet 

researchers El p. 130 Sept. 28 
There's more to product planning than the 

generation of new ideas p. 86 Mar. 30 
Traffic jams spur ERC's revival 

p. 97 Ju ly 6 

SATELLITES 
Bal loon missions for L-band 

USR p. 50 Ju ly 20 
ERTS-GAP wil l get its data from ERTS-4 

satellite USR p. 44 June 22 
ERTS contract USR p. 40 Aug. 3 
ERTS is alive and on schedule 

p. 133 May 25 
ERTS satellites may be used in inter­

national effort to fight pollution 
USR p. 56 Apr. 27 

Exper imental satellite called OFO (orbit-
ing frog otol ith) USR p. 50 July 6 

Geostationary satellite to chart clouds 
USR p. 39 Mar. 2 

Germany and NASA paired for probes : 
projects HELIOS and A EROS 

El p. SE Apr. 27 
H EAO : Somethinq borrowed p. 99 July 6 
International: What's your attitude?-to 

succeed in space, everyone agrees, you 
h•ve to have the right attitude 

El p. 65 Mar. 16 
Lunar satellites for Apollo 

USR p. 49 Aug . 17 
Mapping without pollution 

USR p. 59 Apr. 13 
Satallites vs . beacons 

US R p. 39. Aug. 31 
Symphonie satellite stabilization system 

El p. 67 May 11 
Synchronous meteorological satellite con-

tract USR p. 49 Aug. 17 
West Germany : Lase r keeps t race of earth-

orbiting sate llites El p. 63 June 8 
West Germany: Roller power-solar-cell 

arrays retract El p. 70 May . 25 

SEMICONDUCTORS 
All-weather eye opens up with millimeter 

wave imaging p. 82 Aug . 17 
Amorphous semiconductors 

Pt. 1 Nonvolatile and reprogramable1 
the read-mostly memory is he re 

p. 56 Sept. 28 
Pt. 2 Theory gives shape to amorphous 

materia ls p. 61 Sept. 28 
Pt. 3 Industry's verdict still a long way 

from unanimous p. 74 Sept. 28 
Ampex Corp. eyes semiconductor memories 

USR p. 44 Aug. 31 
Unveils semiconductor memories 

ER p. 36 Nov. 23 
CCDs saving bandwidth in Picturephone 

USR p. 39 Aug. 17 
Complementary MOS and bipolar make it 

together on a single chip 
p. 72 Aug. 31 

C/ MOS circuit uses 1.5-v supply 
NP p. 162 June 22 

C/ MOS means cheaper ROMs 
USR p. 34 Aug . 3 

C/ MOS shift "gister clocks at 25 MHz 
NP p. 180' Sept. 14 

C/ MOS sh ift reg ister runs at 10 Mhz 
NP p. 117 J uly 6 

Death of 8K stack boosts MOS backers 
ER p, 36 Dec. 7 

Diamond scribers start to give way to 
laser machines, slurry saws, new etch 
methods p. 70 Nov. 23 

Dual-polarity IC regulator 
NP p. 145 Oct. 26 

Ebird has virtues of semiconductor1 tube 
ER p. 39 Oct. 26 

ECL, slumberi.ng speedster, wakes up 
p. 121 Mar. 16 

Five bits and five !Cs swi tch 32 analog 
signals p, 75 Dec. 7 

France: The inside story-mathematical 
models of transistors El p. 72 Feb. 16 

France: Strain-gage cartridge tracks with 
a brace of MOS FET's 

El p. 63 Mar . 16 
French components for Paris Show indi-

cate technology gap is closing . 
NP! p. 23E Mar. 16 

Great Britain : Elect rometer tube chal­
lenged by MOS transistor device 

El p. 12E Dec . 21 
Great Britain: MOS for organs 

El p. 72 Jan . 5 
Great Britain: Plessey develops MNOS 

read-mostly memory El p. 9 E Dec. 7 
High -voltage MOS drives disp lay 

NP p. 163 June 8 
Hybrid current regulators provide 1 to 

400 ma NP p. 149 Mar. 30 
Hybrid voltage reg ulators stand alone 

NP p. 159 Feb. 
Hybrids reduce board densi ty 

NP p. 139 Nov. 
IC provides parallel-serial link 

NP p. 116 Aug. 
I BM goes al I out for IC memory 

Jon implantation 
speed 

Ion impl antation 

Ion implantation 
fits for MOS 

p. 125 Oct. 12 
gives MOS ROM bipolar 

ER p. 33 Dec. 7 
goes to market 

p. 125 May 25 
offers a bagful of bene­

p. 86 June 22 
Ion implants speed memory 

NP p. 128 Dec . 7 
Japan: More MAOS FETs 

El p. lOE Oct. 26 
Japan: MOS FET process offers high speed 

or low power El p. 8E Dec. 7 
Japan : Radia t ion and electricity can alter 

MAS read-only memory 
El p. 71 Feb . 16 

Logic interface IC is multipurpose 
NP p. 165 Mar. 16 

Low voltage offers new jobs for MOS 
commutators p. 82 June 8 

MS! multiplexer added to standard prod-
uct li ne NP p. 148 Oct. :Z6 

Memory hops one step past mainframe 
USR p. 43 Feb. 16 

Mesa process widens Darlington market 
NP p. 13~ July 20 

MOS array is custom -programable 
NP p. 133 Mar . 30 

MOS LSI production tester runs at 2 Mhz 

MOS, linears bloom 
from the West 

MOS memory has 

NP p. 155 Feb. ? 
in a flat land-Report 

p. 71 Aug. 17 
800-nsec access time 

NP p. 181 Mar. 2 
MOS memory is bipo lar-compatible 

NP p. 181 Feb . 16 
MOS memory travels in fast bipolar crowd 

-Silicon-on-sapphire technology 
p. 82 July 20 

MOS reg isters have 3 states 
NP p. 121 Nov. 23 

MOS technique points way to junctionless 
devices p. 112 May 11 

Multiplexer counts and decodes, too 
NP p. 184 Sept. 14 

N-channel MOS memory has 250 ns ac-
cess 1ime NP p. 110 Dec . 21 

N- or p-channel MOS: Take your pick .. 
p. 79 Aug . 3 

NCR shifts to cores for memory of Century 
giant NP p. 97 Sept. 28 

Once pet of military and NASA , C/ MOS 
is now wearing ciwies p. 147 Jan . 5 

Overlap key to GE's charge-coup led device 
ER p. 33 Nov. 9 

Ovsh i nsky effe ct research 
USR p. 46 Mar. 16 

Parylene AF-4 USR p. 52 Mar. 16 
Pary1enes for high-reliability applications 

USR p. 50 Mar. 16 
Plastic MOS is off and running 

p, 93 Aug . 31 
Plated wire bids for mainframe memory 

NP p. 109 Sept. 28 
Random -access MOS memory packs more 

bits to the chip p. 109 Feb. 16 
Resistors des igned for MOS impedances 

NP p. 132 Aug. 17 
Scratching the surface-bipolar Scram, a 

scratchable read only memory 
USR p. 40 Aug. 17 

Scratchpad memory is TTL-compatible 
NP p. 184 Feb . 16 

Seeing red, yellow and gree n in a semi· 
conductor alphanumeric display 

p. 88 May 11 
SEMI all the way-automated semicon­

ductor-memory line USR p. 40 Feb. 2 
Semiconductor lasers: \Disciplining' pho­

tons boosts the efficiency 
p. 78 Mar. 16 

Semiconductor memories at a glance: 
What's here now, what's on the way 

p. 143 Mar. 2 
Semiconductor memory systems: How much 

do they really cost? p. 94 Oct. 12 
Silicon and sapphire getting together for 

a comeback p. 88 June 8 
Silicon-gate dynam ic MOS crams 1,024 

bits on a chip p. 68 Aug. 3 

Silicon gate joins C/M OS fo r wristwatch 
ER p. 40 Oct. 26 

Silicon technology simpli fies devices 
USR p. 45 Mar. 30 

Six MOS chips equal one calculator­
IC ' s are sold as standard products, but 
user bui lds proprietary machine 

NP p. 122 J uly 20 
3-state ·TTL line expanded 

NP p. 157 Oct . 12 
Three ways to bui ld low-threshold MOS 

p. 118 Apr. 13 
Thyristor controls 2,000 volts 

NP p. 182 Jan. 5 
Tw9 MOS FET1s form transient·free linear 

gate p, 89 Mar. 16 
Viatron deliveries of System 21 data­

entry consoles-It can be done 
USR p. 42 Feb . 2 

A widening market for MOS: industrial 
monitoring and control 

NP p. 135 June 22 

SILI CON CON TROLLED RECTIFIERS 
High-frequency SCR acts like two·in-one 

NP p. 159 Ju ne 22 

SIMU LATORS 
Digitized thermocouple compensation yields 

direct reading for data logger 
p. 116 Feb. 2 

Great Britain: Operational computer does 
simulations now largely confined to 
analog units El p. 71 Apr. 13 

SOLI D STATE DEVICES 
Air-dropped weather station under de ­

velopment for the AF 
USR p. 42 J uly 6 

All-solid tv path ope n USR p. 41 Apr. 27 
Another zapable ROM- C/MOS means 

cheaper ROMs USR p. 34 Aug. 3 
Associative memory chips: fast, versatile 

-and here p. 96 Aug. 17 
Avalanche diodes get big boost 

p. 103 Nov. 9 
Bel l bipolar process ready to go 

p. 87 Aug . 31 
Can smog cause shorts? ITT seeks the 

answer ER p. 42 Dec. 7 
Complementary MOS and bipolar make it 

together on a single chip 
p. 72 Aug. 31 

C/ MOS shift register clocks at 25 MHz 
NP p. 180 Sept. 14 

Cop ing with feedthrough in ECL !Cs 
p. 98 Oct. 26 

Diode cathode may take heat off more 
tubes ER p. 45 Oct. 12 

ECL, slumbering speedster, wakes up 
p. 121 Mar. 16 

French com ponents for Par is Show indi­
cates techAology gap is closing 

NP! p. 23E Mar. 16 
Hitti n3er may put RCA in tho ballgame 

Hybrid frequency 
cards 

!EA exhibit: GaP 

USR p. 46 Apr. 13 
synthesizer saves P·C 

USR p. 39 Aug. 31 
diode lamps 

NP! p. ll E Apr_ 27 
IC is building block for d-a converters 

NP p. 141 Mar . 16 
Ion implantation goes to market 

p. 125 May 25 
J•oan: On Q-meters El p. 7 E Feb. 16 
LS I starts to go standard 

p. 119 Oct. 26 
M;irket oacesetters: 1970 

C/ MOS and sil ico n-gate IC's as well as 
Schottky devices, could come into 
their own in solid state technology 

p. 112 Jan. 5 
Monitor teams spare gates and solid state 

lamps p. 79 Sept. 28 
Monolithic numerics go to market 

p. 134 Mar. 30 
Music: MOS arrays remember organist's 

stop ER p. 54 Oct. 12 
N- or p-channel MOS: take your pick ... 

p. 79 Aug. 3 
Once pet of military and NASA, C/MOS 

Is now wearing ciwies p. 147 Jan. 5 
Picturephones: Mass production of silicon 

vidicons holds key to Picturephone's fu­
ture p. 131 Jan . 19 

Plastic !C's get feat in military door 
p. 127 May 11 

Practical small radar two steps closer 
ER p. 34 Nov. 23 

Radar limiter is solid state 
NP p. 112 Nov. 23 

Res istance probe has gentle touch 
ER p. 44 Oct. 26 

Seeing red, yellow and gree n in a seml­
conductor alphanumeric display 

p. 88 May 11 
Segmented array simplifies external ad· 

dress circuitry reauired for numeric dis­
play, strobing permits time·sharing of 
log ic and drive p, 132 Mar. 2 

Sensitivity training-thin-film thermocou­
ples for measuring fast-pulsed 1-r laser 

USR p. 41 Jan. 19 
Solid state amplifiers challenge TWTs 

Solid state, 
altimeter 

Solid state 
lineup 

NP p. 121 Dec . 7 
coherent-pulse doppler radar 

US R p. 56 Apr. 27 
controls head new color· tv 

p. 102 June 22 
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Try the monolithic multiplier as a versa-
tile a-c design tool p. 100 June s 

United Techno logy t o offer high-current 
soli d state switch ER p. 36 Dec. 21 

Ve rsa tility is des igned into dual - ba nd 
module for phased array systems 

p. 7S July 20 

SPACE ELECTRONICS 
ATS See Communication Sate II ites 
Apollo changes: laser altimeter and a 

lunar orbiting satellite 
US R p. 49 Aug . 17 

Apollo 13: How the Apollo 13 affects 
the program USR p. 43 Apr. 27 

Bal loon missions for L-band 
USR p. 50 July 20 

ERTS-Geographic Applications Program 
will gets its data from ERTS-4 satel-
lite USR p. 44 J une 22 

ERTS contract USR p. 40 Aug . 3 
ERTS is alive a nd on schedule 

p. 133 May 25 
ERTS satellites may be used in interna­

tional effort to fight pollution 
USR p. 56 Apr. 27 

Europe's space effort rides on imminent 
go/no-go decision El p. 147 Ju ly 20 

H EAO: Something borrowed • . • 
p. 99 Jul y 6 

International : What's your atti tude?-to 
succeed in space, everyone agrees, you 
have to have the right attitude 

El p. 65 Mar. 16 
Lased words-C02 lase r for ATS-F sate l-

lite USR p. 42 J an. 19 
Laser may help dock space shuttle 

USR p. 30 Aug . 3 
Lunar Rover guidance system 

USR p. 40 Aug . 31 
Mari ner Mars: Sticky business-problem 

with tape recorder USR p. 46 J an. 19 
Market pacesetters: 1970 

Integrated systems and LSI rate high 
in NASA interest as the space effort 
moves ahead despite fiscal uncertaini­
ties p. 122 J an. 5 

Minuteman 1 machines get another li fe 

NASA: Budget 
through 

NASA : Shuttle 

USR p. 39 Jul y 6 
punch . . . and follow­

USR p. 40 J an. 19 
faces tough goi ng 

p. 94 Aug. 31 
NASA contract to determi ne the best dam­

age-control system for a manned space 
station USR p. 60 Mar. 30 

NASA issues requests for quotations for 
studies on potential nuclear hazards of 
the proposed space base and on future 
lunar explorations USR p. 54 May 11 

NASA prepares for ERC surgery 
USR p. 39 J an. 19 

NASA slips a nd stretches to make ends 
meet USR p. 39 Feb. 2 

NASA's closing of ERC-why now? 
ED p. 4 J an. 19 

ERC stays alive US R p. 4S Apr . 13 
NASA's magnetic-tape program at God-

dard USR p. 52 May 11 
Relaying video signals using dig ital tech-

niques USR p. 54 July 20 
Skylab 2 materials sought 

USR p, 54 Apr. 13 
Space age shifts into a lower gear 

p. 146 Feb . 16 
Space shuttle awards USR p. SS May 25 
A stable, fi<!ld - replaceab le strapdown gyro, 

in a can p. 106 May 25 
TOPS' trails to outer planets map a new 

route to reliability p. lOS Mar. 30 
TWICE the fight for half t he pie-Report 

from the West p. SO Aug. 17 
Unmanned fl ight : NASA economy model 

p. 131 Mar. 16 
West Germany: Roller power-solar-cell 

a rrays retract EI p. 70 May 25 
West Germany and NASA paired for 

probes: projects HELIOS and AEROS 
EI p. SE Apr. 27 

STA NDARDIZATION 
Consumer hazards-special report 

Why t hey ha ppen p. 54 Aug. 3 
How they can be <fixed p. 62 Aug. 3 

Effort to standardize MOS packaging 
ER p. 50 Oct. 26 

Europe : Tv-se t des ign bridges markets and 
broadcast standards El p. 27E May 11 

European component standards accord lab­
eled a threat to trade by U.S. 

El p. 69 Mar. 30 
Fire safety proposals burn tv set makers 

p. 115 Nov. 9 
Institute of Printed Circuits issues pro­

posed standard covering formats for de­
scriptive data ER p. 46 Sept. 2S 

Interface pact gains momentum 
p. 115 Oct. 26 

International: Radiation rule-standards 
for safety of household and similar elec­
trical appliances El p. 63 June 8 

LS I starts to go standard 
p. 119 Oct. 26 

Pate nts: Treaty to standardize worldwide 
procedures sti II faces some major prob­
lems El p. 1S6 J une 22 

Saving interface-standard peripheral In-
terface sought USR p. 4S July 20 
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Top performance from analog multipliers? 
Much depends on errors gauged in your 
circuit p. 114 Apr. 13 

SYSTEMS ENGIN EERING 
Safety in numbers USR p. 34 Aug. 3 

TELEM ETRY 
Telemetry signal 

slicing leve-1 
condition er centers its 

p. 97 June s 

TELEVISION 
All-solid tv path open USR p. 41 Apr. 27 
ATS-F laser canceled as AeroJe t fails 

spec ER p. 31 Dec . 21 
CATV-FCC ruling boon t o pr ivate CATV 

operators USR p. 52 Feb . 16 
Consumer hazards- special report 

Why they happen p. 54 Aug. 3 
How they can be fixed p, 62 Aug . 3 

EVR programs USR p. 49 Aug. 31 
Europe: Tv-set design bridges Europe's 

markets and broadcast standards 
NPJ p. 27E May 11 

Flat-screen television takes two giant steps 
forward p. 112 May 25 

Fire safety proposals burn tv set makers 
p. 115 Nov. 9 

Great Brita in : Bright ideas-low- light­
leve l tv duo viewing El p. 71 May 25 

Great Britain: Electronic letters shape up 
for tv El p. 127 July 6 

Great Britain: Pyroelectric target tried 
for IR TV tube- El p, SE Nov. 9 

Great Britain: Stop-action tv 
El P. 3E Aug . 3 

Home entertainment manufacturers opti-
mistic ER p. 47 Oct. 12 

Japan : Lighting up time-low- light -level-
tv tube EI p. 7E Jan. 19 

Japanese exports blasted by U.S. Treas-
ury ER p. 30 Dec. 21 

Low-light-level tube is supersensitive 
NP p. 155 Apr. 27 

Low-power des ign is heart of penlight-
powered mini-tv p, 106 June 8 

Magnavox ordered to pay damages caused 
by a fatal tv-set fire USR p. 54 May 11 

Netherlands: Tv ICs bring all integrated 
signal handling NPI p. 27E Nov. 23 

~Path open to all-solid tv 
USR p. 41 Apr. 27 

Recorde·r bu i It for automated tv nets 
NP p. 151 Apr. 13 

Slow-scan tv--qu icker pace? 
ER p. 36 Dec. 7 

2-watt IC amplifie r fits any sound system 
NP p. llS Sept. 2S 

Video switches- Padd le wheel design ends 
switcher problems ER p. 40 Dec. 7 

West Germany: Compre·ssing audio chan­
nels for multilingual tv 

El p, 61 June S 
West Germany: IC ' s bring back parallel 

sound-system processing for tv 

West Germany: 
system 

West Germany: 
tv playback 

EI p. SE Feb . 2 
Portable, microwave re lay 

El p. 151 Aug. 17 
Video disks look good for 

El p. 127 Aug . 3 

TELEVISION See also Color Television 

TESTING 
Add-on tester speeds IC production line 

NP p. 153 May 25 
Checking out ICs in their real world 

NP p, 119 Aug . 31 
Computer-controlled testing can be fast 

and reliable and economical without 
extensive ope·rator tra ini ng 

p. S2 Jan. 19 
Computer, software, p-c cards match up 

to cut costs in an automatic test sys­
t em p. 71 J uly 6 

Computer system tests, matches diodes 
ER p. 42 Nov. 9 

Computer tests linear ICs 
NP p. 129 Nov. 9 

Cores takei orders from minicomputer 
NP p. 174 Sept . 14 

Crossbow checks out miss-distance indi-
cator ER p. 42 Sept. 2S 

Data terminal runs the show 
NP p. 13S Mar. 30 

Dot-display unit challenges scopes in digi­
tal-circuit checkout field 

NP p. 107 Aug. 31 
A dynamic load tester for regulated power 

supplies p. 9S Feb . 2 
Fast logic extends range of high-frequency 

counters p. 62 Dec. 7 
FAA tes ting farsighted system 

ER p. 3S Dec. 7 
IC handler speeds testing 

NP p. 137 Mar. 16 
IC wafers probed at 2G Hz and beyond 

ER p. 4S Oct. 26 
Great Brita in: 747 comprehens ive trouble-

shooter EI p. 65 Apr. 27 
Holographic te·st for honeycomb structure 

USR p. 44 Apr, 27 
IEEE SHOW 

Digital tester handles 
t est set 

Direct tie to output 
LSI tester 

Analysis sets guidelines 
machine 

2J JC's on one 
p. 112 Mar. 2 

pins speeds up 
p. 114 Mar. 2 
for new \SLOT' 
p. 115 Mar. 2 

Japan: 1-gigahertz pulse ge·nerator seeks 
work as pcm tester NPI p. 13E July 6 

LSI tester Spectrum 1 ER p. 39 Nov. 23 
LSI testers: still a hard sell? 

P. 107 Dec. 7 
Loop tracer's accurate to 0.5% 

NP p. 127 July 20 
MOS LSI production tes t er runs at 2 Mhz 

NP p. 155 Feb. 2 
Microscopy helps refine IC te'Sts, proc-

essing NP p. 176 Apr. 13 
Minicomputer calls signals for test ing cir-

cuits, cards, LSI NP p. 100 Sept. 2S 
M initester seeks low-volume work 

NP p. 125 J uly 20 
Modem tester offers variety of patterns 

NP p. 155 Apr , 13 
Modulator combines with a synthe'Sizer 

NP p. 17S Feb. 16 
Modules simplify linear-IC testing 

NP p. 171 Sept. 14 
Noise-loading method simplifies SSB tests 

NP p. 137 Aug. 17 
Plug-ins expand oscilloscope into general­

purpose test station NP p. 101 Aug. 3 
Printed circuit card test system checks 

ICs in 10s NP p. 149 Oct. 12 
Probe station trou bleshoots JCs 

NP p. 149 Sept. 14 
System tests 100 capacitors 

NP p. 14S Feb. 2 
Tester outraces JC memories 

NP p. 119 July 20 
Tester tracks down digi tal-cassette errors 

NP p. 155 J une S 
Top performance from analog multipliers? 

Much depends on errors gauged in your 
circuit p. 114 Apr. 13 

Vacuum holds circuit probe in place 
NP p. 157 Mar. 16 

West Germany : Burst-gate unit sounds new 
note in low-frequency audio test ing 

NPJ p. llE Feb. 2 
West Germany: Ferrite core tester auto­

matically checks 25 cores a se·cond 
NP! p. 35E Dec . 21 

West Germany: Manual prober meets high­
speed demands at a low price 

NP! p. 19E June S 
West Germany: Measuring setup offers 

synchro-tuning over a frequency range 
of 1,000-to-l N PI p. 13E Feb. 16 

Word ge·nerator has 48 outputs 
NP p. 141 J an. 19 

THIN FILMS 
AeroJet-General will not market thin film 

ICs ER p. 57 Oct. 12 
Great Britain: Planer Ltd zeros in on 

thin films NPI p. 19E Oct. 12 
How th in is th in film? NP p. 103 Dec . 21 
Hybrid buffer amp sharpens pulses 

NP p. 137 Dec. 7 
International: Thin film in the sun- sym­

posium on solar energy 
El p. SE Ju ly 20 

Josephson effect for voltage· standard 
USR p. 46 May 25 70 

Laminated bus bar eliminates noise 

Lightguide can 
NP p. 139 June 22 

direct or manipulate laser 
USR p. 52 Mar. 16 

for bubbles 
light 

Magnetic-oxide road 
USR p. 39 June S 

NCR shifts to cores for memory of Cen-
tury giant NP P. 97 Sept. 2S 

Navy airborne processor turns to Ampex 
th in film ER p. 39 Sept. 2S 

Optical waveguides bring laser communi-
cation closer p. 60 Aug . 31 

Post-and-film memory delivers ND RO cap­
ability, low noise, hig h speed. but 
avoids problem of creep p. 102 Jan. 19 

Preamp built for radio navigation 
NP p. 112 July 6 

Se·rvo controls batch sputtering system-
Wescon preview NP p. 127 Aug. 17 

Step-repeat unit trims resistors 
NP p. lSS Apr. 13 

Thin-film cermet solves resistor problems 
ER p. 39 Oct. 26 

West Germany: Roller power-solar-eel I 
arrays retract EI p. 70 May 25 

TIMERS 
Bulova's quartz crystal wristwatch 

USR p. 56 Apr. 27 
Electronic watches: new IC market 

P. 83 Dec. 21 
Fee-dback tr iggers one-shot from both 

polarity edges p. S7 July 20 
France: Atomic clock takes wing 

El p. lOE Oct. 26 
France: World's first mul t ip le-interval 

timer EI p. 6S May 11 
Japan : Quartz controls for wristwatches 

EI p. 66 J an. 19 
Silicon gate joins C/MOS for wris twatch 

ER p. 40 Oct. 26 

TRANSDUCERS See Instruments 

TRANSISTORS 
Audio noise: why settle for more? 

p. S2 Sept. 2s 
Automated assembly I ine fo r power trans­

istors-Easing bonding Jams 
USR p. 3S Aug. 17 

Bipolar transistor reaches 15 Ghz 
NP p. 173 Apr. 13 

Bridge circuit relies on common ground 
p. 107 Apr. 30 

Charts speed the designing of constant 
current sources p, 92 Aug . 17 

Comp lementary MOS and bipo lar make it 
together on a single chip 

p. 72 Aug . 31 
France: The' inside story-mathematical 

models of t ransistors EI p. 72 Feb . 16 
Great Britain: Electrometer tube chal­

lenged by MOS transist or device 
EI p. 12E Dec. 21 

H-P pushing components ER p. 50 Oct. 26 
High-voltage MOS drives d isplay 

NP p. 163 June S 
How to kil I energy-sapping parasites­

microwave power-transistor structure 
USR p. 43 Mar. 16 

Inverted -mode transi stors give chopper low 
offse t p. 96 Mar. 30 

Japan: Ion implantation and silicon gates 
improve ICs EI p. 169 Oct. 12 

Japan: Low-dislocation process promises 
low-noise devices EI p. 171 Oct. 12 

Japan: Radiat ion and electricity can alter 
MAS read-only memory 

EI p. 71 Feb . 16 
Japan: 3/4-watt flip-chip trans istor 

El p. 66 Apr. 27 
Japan: Vertical pnp for !Cs 

El p. 136 Aug . 31 
MNOS in bipolar device could Increase 

speed ER p. 44 Oct. 26 
Modular asse-mb ly turns out hordes of 

transistors ER p. 37 Sept. 2S 
A new phase-phase-array radar 

USR p. 44 Mar. 16 
Optica l biasing maintains phototransistor 

sens it ivity p. S7 Oct. 26 
Optoiso lator DIPs into market 

p. 145 May 25 
Plastic package called better than TO-lS 

ER p. 34 Nov. 9 
Power transistors aimed at mass markets 

NP p. 139 Aug. 17 
RCA power thermal-cycl e rating chart 

USR p. 44 July 6 
Regulator gives overvoltage protection for 

TTL p. 54 ·Dec. 21 
Sig nal detector operate-s from 5-volt sup-

ply p. 95 Mar. 30 
Three-state switching brings wired OR t o 

TTL p. 7S Sept . 14 
3-state TTL line expanded 

NP p. 157 Od. 12 
TTL MSJ offers attract ive tradeoff 

NP p. 165 Jan . 19 
Transistors aim at communications bands 

NP p. 160 May 25 
Transistors are job-specified 

NP p. 130 Oct. 26 
Unijunction device· elimi nates contact 

bounce p. 106 Apr. 13 
Watt-megahertz rati ngs run second to high 

reliability in foreign r-f power tran­
sistors P. SO Apr. 27 

West Germany: High noise immunity runs 
in fami ly of IC's NPI p. 23E Apr. 13 

TUBES 
Brighter dig ital readout with new dot-

matrix tube p. 9S Mar. 1 6 
CRT data un it designed for on- line opera-

ti on NP p. 126 Nov. 9 
Crt's be·am ls pencil-thin 

NP p. 144 June 22 
Crt typesetter hand les art 

USR p. 32 Aug. 3 
Circuitry for flat-face d cathode-ray tube 

USR p. 50 Feb. 16 
DASA wants tubes to counter EM P 

ER p. 36 Nov. 9 
Ebird has vir tues of semiconductor, t ube 

ER p. 39 Oct . 26 
GaAs, glass in sea ER p. 50 Oct . 26 
Great Britain: Bright ideas-low-light­
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With the Marine Corps starting the ball rolling on a purchase of 30 
more Hawker Siddeley Harrier VTOL fighters, British avionics makers 
could achieve a sizable penetration of the U.S. military market. With 
spares, each aircraft costs about $2 million, of which around 20% is 
avionics. The Marine Corps, which already has 30 Harriers on order, 
has indicated it would like to have 114 of the aircraft. The initial 30 
planes-the first was handed over Jan. 6-will be British-built and vir­
tually identical to RAF Harriers, including British avionics, apart from 
a Tacan by Hoffman Electronics Corp. 

Subsequent aircraft may be built by McDonnell- Douglas under 
license, in which case some of the British avionics makers also would 
license U.S. manufacturers. In fact, Ferranti Ltd. already has licensed 
Northrop Corp. to make the combined inertial navigation and weapon­
aiming system. Other equipment includes a head-up display and air 
data computer by Smiths Industries Ltd.; three-axis stabilizer by Elliott 
Flight Automation Ltd.; IFF by Cossor Electronics Ltd.; vhf and uhf 
radio equipment by Plessey Co. Ltd., Ultra Electronics Ltd., and Mar­
coni Co. Ltd.; navigation data converter by EMI ElectronicS' Ltd.; and 
an engine life recorder by Kollsman Instruments Ltd. 

For West Germany's electronics industry, the new year started out on 
a discordant note: curtailments in production have resulted in reduced 
working hours and nonrenewal of labor contracts with foreign personnel. 
For many sectors it's business as usual, but for components makers 
the immediate outlook is bleak. For example, at Valvo GmbH, a Philips 
subsidiary and Germany's largest components producer, some employees 
on the Hamburg IC lines are on a reduced workday basis, while others 
are being asked to take extended vacations. Intermetall, an ITT sub- • 
sidiary, has considerably reduced the workday for about 12% of the 
labor force involved in making discrete components. AEG-Telefunken 
has done the same for more than one-third of its 2,600 employees at 
the Heilbronn semiconductor plant. 

At the German facility of SGS, the Italian components maker, work 
contracts for many Yugoslav and Turkish girls-roughly 10% of the labor 
force-haven't been renewed, while Siemens AG has cut out all overtime 
at its components plants. Reason for the industry's current doldrums is 
overproduction last year coupled with the increased selling efforts of 
U.S. semiconductor firms in European markets. However, most industry 
people believe production will pick up again within the next six months. 

Mullard Ltd. is extending its pulse duration modulation technique for 
amplification at audio frequencies [Electronics, May 12, 1969, p. 240] 
to radio frequencies as well. So far, experimental equipment has yielded 
4 to 5 watts output at 1- to 2-megahertz radiated carrier frequency, with 
90% efficiency. 

Mullard's goal is 20 W at 4 to 5 MHz with no sacrifice in efficiency. 
This should make possible 50% reductions in the size and weight of 
batteries for military radio manpacks and similar equipment. The PDM 
amplifiers would replace the class A or AB amplifiers now in use; these 
have efficiencies of up to only 50%, and hence use more power. Standard 
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two-tone tests on the experimental PDM amplifier circuits have demon­
strated intermodulation product levels as low as -36 dB. The main 
immediate problem is development of output power transistors that will 
switch at 20 MHz, the pulse frequency necessary for a 4-MHz carrier. 

Business machine people in Japan expect Sharp Corp. to put a hand-size 
calculator on the market soon-perhaps immediately. The new calculator, 
industry sources say, will be about hall the size of Sharp's current Micro­
compet, but will have the same calculating capabilities. For the new 
machine's circuits, Sharp has stuck with the North American Rockwell 
LSI arrays used in the Microcompet. The new unit runs three hours on 
a built-in, rechargeable nickel cadmium battery. It can also be run 
off a line-operated power pack that recharges the cells. 

Fretting over increasing competition from foreign quartz watches, West 
Germany's watch industry is getting set to fight back. Being readied 
for introduction, possibly at this spring's Hanover fair, is a German 
quartz model that's likely to sell for as little as $220. Swiss and American 
quartz types announced in Europe last year are priced at between $450 
and $1,900, depending on exterior design. Thus far, only the Japanese 
have come close to the German price, with a quartz watch that's retailing 
for around $275, according to industry spokesmen. 

The German timepiece will be marketed jointly by four fums-Jung­
hans GmbH, Wehner KG, Paul Raff GmbH, and Bidlingmaier GmbH, 
but Junghans will be the only one producing it. The German watch will 
be smaller than most others, but it will feature the same level of accu­
racy-deviation of less than 0.1 second per day. 

France's electronic car is picking up speed: the government is buying 
a share of La Voiture Electronique S.A., the firm that unveiled an 
electronically controlled, electric utility vehicle at the Paris auto show 
two years ago and marketed it this fall. The state-backed industrial 
development institute and the nationalized utility Electricite de France 
each will own 9% of the company. Cic. Generale 'd'Electricite and othe; 
firms also will buy small shares. La Voiture Electronique now will have 
about $800,000 in new working capital to transform its present model­
a $900 vehicle designed for enclosed industrial complexes and airports­
into a minicar for city streets. The company aims to complete a proto­
type by 1973 and market it by 1975. 

The video tape recorder technical committee of the Electronic Indus­
tries Association of Japan is pushing hard to achieve its end-of-March 
goal for selection of a color standard based on Japan's hall-inch video 
tape format [Electronics, Sept. 29, 1970, p. 197]. The new standard prob­
ably will have a stereo audio track, with the 1-mm audio track used 
in the black-and-white version split into two 0.35-mm tracks separated 
by a 0.3-mm space. Several Japanese companies already are marketing 
hall-inch color video tape recorders with their own unofficial modifica­
tion of the B&W standard. In addition, Matsushita, Sony, and Victor 
of Japan have proposed a three-quarter-inch cassette tape. 
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How electronics is 
gradually invadi·ng 
Europe's classrooms 
Manufacturers are still more 

interested than teachers in 

computerized education; but 

video cassettes show promise 

Computer-aided education may be 
one of the in-words of electronics, 
but the big market for instructional 
gear in Europe is the factory and 
the office, not the classroom. And 
the big emphasis is still on tradi­
tional audio-visual tools-projec­
tors, recording machines, and the 
like. 

Yet the advances in electronics 
hardware are having their impact 
on both teaching and training. 
Computer-based sys tems, once re­
jected as too expensive or too im­
personal, are at leas t getting a 
hearing. What's more, the arrival of 
video tape cassettes promises to 
open plant gates and school doors 
to electronics companies. 

That's the view from Paris as the 
second annual Audio-Visual Show, 
being held from January 14 to 20, 
fills the Porte de Versailles exposi­
tion hall. vVith education represent­
ing only 10% of the French market 
for audio-visual equipment, in­
dustry offers the most potential , 
says Yves Serant, manager of the 
trade association that sponsors the 
show. "The term 'audio-visual' is 
starting to bother me-'communica­
tions' is a better word," he says, re­
ferring to the growing role of elec­
tronics in instruction. 

Serant believes that the video 
cassette, for example, is likely to 
revolutionize personnel communi-
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cations and training programs in 
industry. Philips, the Dutch elec­
tronics giant, will have its cassette 
sys tem on the market in about a 
year and is aiming at educational 
and industrial users first. But the 
problem of conflicting systems and 
standards may put buyers off. 

Furthermore, it's not at all cer­
tain that educators will be ready 
for video cassettes. For example, 
the use of all electronic audio­
visual equipment in public educa­
tion is lagging in France. Although 
the showcase university at Vincen­
nes, outside Paris, has a costly new 
closed-circuit TV system, it is little 
used-and there are no signs other 
French universities are any more 
convinced of TV's value. 

Yet, this year's Paris show­
which includes 160 hardware and 
software exhibitors , 45 of them 
non-French-reflects a growing 
audio-visual market. Though the 
show has dropped strictly acoustic 
equipment, which will be shown 
instead at the Paris Hi-Fi Show in 
March, exhibition space has grown 
to almost 200,000 square feet from 
last year's 160,000 square feet. 

The accent this year is on soft­
ware. "A problem for the moment 
is how to use existing equipment," 
says Serant. France's SEMA, for ex­
ample, is launching a new program 
to teach data processing using 
various teaching machines . Cie. 
Internationale pour l'Informatique, 
France's major native computer 
maker, is introducing software per­
mitting its computers to be used as 
teaching machines . Cegos and 
Data Communications, both French 
Rrms, are showing new teaching 
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programs for video tape recorders. 
Not all of this year's new de­

velopments are on display at the 
show, however. In Germany, which 
has its own biennial "Didacta" 
audio-visual show, the chronic 
shortage of qualified teachers is 
spurring the demand for electronic 
audio-visual equipment. A number 
of big companies, like Siemens and 
BASF, are trying to meet the de­
mand with new products. 

The total German market for 
electronic audio-visual sys tems is 
difficult to pin down, but . if just 
the basic individualized sys tems­
the kind which use elecfronics for 
sound and picture presentation to a 
single student-are considered, this 
year's market should hover around 
$25 million, states one industry 
source. As for computer-aided in­
struction, there's big disagreement 
among the experts. Some don't see 
a sizeable market shaping up b efore 
1980. Others see a demand for a 
$250 million worth of computers for 
teaching purposes by 1977. 

BASF, one of Germany's three big 
chemical producers, has entered the 
field through its expertise in mag­
netic tapes. The BASF systems 
2800, 3400 and 5600, to hit the 
market this year, are designed for 
both linear programs, where the 
student advances in step-by-step 
fashion, and branched ones, where 
he can backtrack to any previous 
step if he encounters difficulties. 
These systems all use special end­
less Super-8 film cassettes and 
compact audio cassettes. Philips 
and others have similar cassette­
based sys tems. 

The 3400, however, can be hooked 
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to a computer, which stores student 
responses and records them in 
tabular form. The computer types 
out the program and lecture num­
ber, the number of right and wrong 
answers, and program throughput 
rate in minutes and seconds , as well 
as the class average based on per­
formance of individual students. 
The computer also furnish es the 
basis for grading students and for 
producing certifica tes . 

Siemens also has a computer­
b ased system, which works on a 
free-choice response basis. It rec­
ognizes a correct or incorrect solu­
tion to problems no matter how the 
s tudent phrases his answer. For the 
system to be practical, Siemens 
envisions a large setup, with dis­
plays units in many classes, even 
many schools, time-sharin g a cen­
tral computer. 

These systems are ambitious, but 
their makers hope they will escape 

the fate of the equally ambitious 
Tutorivac, a feedback classroom 
marketed by Brussels-based Inter­
national Visual Aid Center (IVAC), 
part of the ITT group. The Tutor­
ivac uses a tape recorder and slide 
projector to impart information and 
ask questions. Students answer by 
pressing one of four buttons on a 
hand-held keyboard. Up to 40 key­
boards feed into an electronic 
analyzer on the teacher's desk, 
where details on how many stu­
dents answered correctly, which 
answer any student gives, and each 
student's cumulative score are dis ­
played. 

The Tutorivac proved too ex­
pensive for Britain's school offi cials 
and most Continential buyers as 
well. This spring, IVAC will intro­
duce a lower priced Mini-Tutorivac, 
which can handle 36 studen ts and 
has no electronic analyzer-the in­
structor has to keep count. 

Swedes lead in audio-visual 
Sweden is probably the best audio­
visual market in Europe, when it 
comes to school and uni versity use. 
A law passed 10 years ago required 
that all newly built schools and re­
modelled schools have at least 
$400 worth of audio-visual equip­
ment in each classroom. The equip­
ment includes a tape recorder, pro­
jector, loudspeaker sys tem. and 
room darkening equipment. 

In addition, the Swedes are 
teaching English in all schools, new 
and old , starting at the ·third grade, 
using a system known as "English 
without books"-which means us­
ing a tape recorder. What's more, 
French and German are taught the 
same way in the junior high classes. 
Multiply all that by 5,000 schools 
to get the educational .tape record­
er market. 

The Royal School Board's expert 
on audio-visual equipmen t, Aake 
Anderson, admits the market figure 
is extremely hard to pin down, but 
es timates it at $100 million a year. 
That's for both hardware and soft­
ware, with software the major 
part. H e said a report from deal­
ers recently showed that Sweden 
has in operation today 1,100 out of 
the total 1,400 video tape record-

ers used in all four Scandinavian 
countries. TV receivers are not too 
common in classes-only about one 
to every five classrooms or so-due 
to difficulty fitting the school pro­
grams that are broadcast into 
teaching schedules. But video re­
corders should change that as they 
enter more schools. 

Sweden's schools have four dif­
ferent types of language lab . The 
most complica ted-with a teacher 
console and individual booths for 
the students- are found in 250 
schools up to the ninth grade. In 
addition, there are about 50 such 
labs in the high school level "Gym­
nasium". Then there are about 400 
other such labs for teaching various 
subjec ts, so "language labs" is 
something of a misnomer in Swe­
den. 

Anderson says the school system 
is just starting ·to test and follow 
developmen ts for using computers. 
Only about 10 schools have mini­
computers with student terminals­
mainly to teach students how com­
puters operate. Anderson is some­
what skeptical about any big imme­
diate breakthroughs for computer­
aided instruction : "It will probably 
come in about 10 years." 

In Britain , where the electronic 
content of the educational audio­
visual market is about $8 million, 
the emphasis is still on traditional 
equipment. Michael Grant, an 
official of Rank Audio Visual Ltd. , 
believes sales will remain concen­
trated in audio and TV systems. 
"Sophistica ted elec tronic aids, such 
as feedback classrooms and com­
puter-aided instruction, are not 
really suitable for school instruc­
tion at the present time." Grant 
should know: before joining Rank 
he was manager of the now-defunct 
British ITT-IVAC Tutorivac opera­
tion. 

Among the less sophisticated 
aids, the most interes tin g develop­
ments are the CCTV links b eing 
es tablished by the larger local 
edu cation authorities. The bigges t, 
opened in 1969 in London, takes in 
1,000 schools and 130 higher educa­
tion es tablishments. Programs are 
transmitted by cable from central 
studios to all schools in the area 
that want th em. Similar systems are 
or will be opera ting in Glasgow, 
Cambridge, Hull an d Plymouth . 

Th e Italian audio-visual market 
is also slowed b y a " traditional" 
approach to edu cation. There's 
even a law that obliges a teacher to 
pay for any damage he may cause 
to school apparatus, putting a real 
damper on buying and using 
sophisticated equipment. One man­
ufacturer says that a t the present 
rate of growth it would b e another 
IO years b efore a sufficient accu­
mulation of hardware in the schools 
really begins to affect the way 
teaching is carried out. Then, too , 
the government has no plan to set 
up special audio-visual centers or 
expand audio-visual training. And, 
point out industry observers, very 
little software is perfectly suited to 
Italy; most is American, and not 
well translated or adapted to the 
Italian market. 

Besides th e expected lan guage 
labs and tape recorders, there is 
one fairly good seller in Italy-an 
electronics trainer made by Philips . 
It resembles a blackboard but 
has eight removable panels into 
which des igns for different elec­
tronic circuits can b e set. The stu-
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dent inserts a component into the 
correct p.lace in the -panel , con­
structing a range of electronic 
circuits from logical circuits to 
oscillators and radios. Already 150 
have been sold in Italy-even 
though a trainer with a full set of 
panels costs $9,600. 

West Germany 

Laser speeds automatic 

testing of IC masks 

Checking IC masks for accuracy of 
geometry is a time-consuming pro­
cedure even when it's automated. 
Up to 30 seconds may be required 
to define the coordinate points of a 
particular edge on the mask 

Mask inspection at such slow 
rates , however, is a thing of the 
past for International Business 
Machines Corp. Researchers at 
IBM's German facilities have devel­
oped a new photoelectric micro­
scope which, with table movements 
at rates of up to 100 millimeters per 
second, gives a speed improve­
ment of 1,000. Even at that high 
table speed, IBM's new instrument 
yields an edge detection repeata­
bility of ± 0.03 micron , compara­
ble with that of the slower tech­
niques. 

Essentially, the new photoelec­
tric microscope uses a helium-neon 
laser to generate an intense light 
spot on the mask surface. This spot 
alternates between two adjacent 
positions, producing an ac output 
at a photodetector when an edge 
passes under the microscope. 

Developed by Franz Schedewie 
of IBM's Manufacturing Research 
Laboratories in Sindelfingen, near 
Stuttgart, the new microscope is 
being used at the measuring and 
tes t faciliti es of the firm's parent 
company in the U.S. Schedewie 
says the microscope will b e used 
for wafer inspection as well. 

The new instrument is similar to 
conventional photoelectric micro­
scopes in that it's based on modu­
lated carrier frequency techniques. 
The big difference, however, is that 
this carrier is produced by electro­
optics. The much higher carrier 
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frequencies thus produced give 
higher table speeds. The IBM in­
strument uses a 1.6-megahertz 
signal with an amplitude of ±900 
volts. 

The instrument essentially con­
sists of the helium-neon laser, an 
electro-optical polarization modula­
tor, a set of prisms and lenses, and 
the photodetector. The laser b eam 
passes through the polarization 
modulator and then is focused by 
an eyepiece lens. Depending on 
how the light is polarized, a sub­
sequent 'i\Tollaston prism deflects 
the laser beam in two different 
directions. A beam splitter and a 
microscope objective focus the 
light on the mask The IBM instru­
ment produces spots with a diame­
ter of about 2 microns. Separation 
between spots is 1 micron. The 
smallest line width that can b e 
detected is roughly 2.5 microns. 

Great Brita in 

Small computer outlook: 

bleak future for U.K. makers 

Remembering the disarray in its 
large computer industry b efore In ­
ternational Computers Ltd. was 
established, the British government 
is anxious to avoid a repeat per­
formance in the fast-growing small 
computer fi eld. And the results of 
a recent government-ordered stu­
vcy show there are good reasons 
to be anxious. 

Britain's Department of Trade 
and Indush·y-the new name for 
the Ministry of Technology-last 
year commissioned Urwick Dynam­
ics Ltd ., industrial consultants, to 
look into the small computer mar­
ket and predict the growth trends 
over the nex t decade. The informa­
tion would serve as a guide should 
the department decide to pump 
public money in to support the 
small computer industry. Urwick 
completed its fi eld work last sum­
mer and the department is now 
lifting the lid on the generally pes­
simistic finding. 

Urwick defin es a small computer 
system as an installation costing 
up to about $120,000 in Britain. 

That definition covers a very wide 
range, from F erranti's small Argus 
600 process controller costing $4,-
100 in its simples t form up to NCR's 
Century 100 punched-card com­
mercial machin e at nearly $120,000 
in its basic form. On the way, it 
takes in many terminals , minicom­
puters, small conventional com­
puters , accounting machines, and 
visible record systems. Urwick es ti­
mates that about 1,250 such sys­
tems, worth about $30 million, were 
delivered in Britain in 1969. In 
1975, Urwick believes, the figures 
will climb to 3,750 units with a 
value of nearly $90 million, for a 
growth rate of 20% a year. 

Confronted with Urwick's es ti­
mates, officials all across the field 
called the 20% growth rate es ti­
mate too low. "If that's all it is , 
a lot of companies will go out of 
business," notes a Digital Equip­
ment Co. Ltd. man. "Very conser­
vative," says Clifford Cundall, 
Ferranti's automation systems sales 
manager; "I'd say around 30%." 
"Extremely pess imistic," comments 
Carl Noble, vice chairman of Com­
puter Technology Ltd. ; "I think it 
will be nearer 40%." 

"Within the general expansion , 
Urwick picks out process control 
and edu cation as likely to show the 
greatest proportional growth. Edu­
cation might take 100 installations 
in 1975 against 10 in 1969, and 
process control 370 against 50 
in 1969. Communications network 
control, traffic control, machine and 
instrumentation control, and medi­
cal and commercial usage might 
multiply three or four times. Of 
these, only commercial applications 
get out of small figures, to 2,500 
installations in 1975. 

Yet the Urwick researchers are 
pessimistic about what the future 
holds for small British computer 
makers. Remarking on the heavy 
development and production costs 
involved, they say "the depth of 
advanced and proven American 
minicomputer equipment could 
prove too great a force with which 
to compete." 

Th e report rams home another 
point: "Although the level of com­
petence of British engineers is not 
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considered to be significantly lower 
than in the U.S., the way in which 
it is exploited is reportedly far less 
effective. Opinion was expressed 
that most projects devised and 
put into production within three 
months in the U.S. would take 
perhaps one to two years in the 
U.K. Turnover per head in an 
American company is also of the 
order of twice that of a European 
manufacturer." 

However, Urwick is even tougher 
on computer users. "There is gross 
ignorance of the potential of small 
computers, and the costs involved, 
at all levels of management. In 
particular, computers are more 
usually thougl1t of as an entitity 
separate from the business and 
which must fit in with old, es tab­
lished methods and precedures. 
Also, in many cases, there is a 
vast gap in comprehension of 
what a computer can do between 
the higher-educated employees and 
those of lesser academic attainment 
who are responsible for providing 
data input from all levels of the 
business ." 

As a result, according to Un,,,ick, 
computer installations are often not 
achieving the expected level of per­
formance, and even large organi­
zations are unable to discuss their 
computer requirements clearly. To 
overcome this , there must be a 
great increase in training programs 
for computer personnel, and on the 
manufacturer's side there must 
be development of a "satisfactory 
man/machine interface to cater for 
low-skilled operators." 

Korea 

Elect ron ics helps boost 

Korea's economic growth 

The new skyline of Seoul, punctu­
ated by 30-story buildings and 
elevated expressways, would sur­
prise many Korean War veterans. 
Even more impressive, perhaps , is 
the soaring economic growth curve 
that backs up the outward symbols 
of South Korean prosperity. The 
products exported by foreign in­
vestors from the U.S. , Japan, and 

other nations, including electronics 
companies, are one of the main rea­
sons for the growth spurt. 

Korean government offices 
abound with blackboards and 
charts showing a gross national 
product increasing by 15% a year, 
bolstered by exports growing by 
40% annually. In 1970, the coun­
try's exports hit the $I-billion mark, 
an increase of $300 million over 
1969 shipments. In 1976, when 
Korea completes her third five-year 
economic plan, exports are es ti­
mated at $3.5 billion, one-third of 
the gross national product. 

To maintain such heady growth, 
the government is engaged in a 
vigorous campaign to attract even 
more foreign inves tors-especially 
in high-productivity fi elds. Elec­
tronics makers stand tall on the 
most-wanted list. 

In the electronics fi eld, a number 
of U.S . and Japanese firms have 
already put in about $20 million 
to es tablish Korean ventures, and 
other makers. are expected to fol ­
low. Exports of electronics equip­
ment liave been rising 120% a year 
for the past five years , although 
electronics still represents only 
about 6% of Korea's total export 
volume. Some 71 % of the elec­
tronics goods go to the U.S. 

Korea's attractions for U.S. com­
panies are manifold. For one, the 
government's foreign inves tment 
inducements offer foreign ven­
tures a five-year tax holiday and 
a 50% tax redu ction for an addi­
tional three years. Further, remit­
tance of profits is guaranteed. Then, 
too, Korea has set up or is es tab­
lishing for export industries a num­
ber of industrial parks where low­
cost facilities or land may either 
be purchased ouh·ight or leased on 
long-term contracts . So far, 14 in­
dustrial areas have been se t aside, 
and seven are operational. In ad­
dition, the government is construct­
ing a free export zone at Masan, 
where it hopes 100 light industrial 
plants will be operational by 1975. 

Yoon Sae Yang, director of the 
government's Office of Inves tment 
Promotion, says that it is the Ko­
rean government's attitude toward 
foreign investors , rather than the 

formal inducements they are of­
fered, which prove most attractive 
to overseas businessmen. 

"Korea's future is as a trading 
nation," says Yang, "but we have 
limited capital. Thus, to get the 
funds we need, we must rely largely 
on foreign investment." 

The government has established 
a special organization, The Korea 
Electronics Industry Information 
Office, to assist foreign elech·onics 
firms , as it has formed similar units 
for other sectors of industry. The 
office has branches in New York 
and Tokyo, and offers a wide num­
ber of investor advisory services. 

Yang says that the government 
engages in little advertising to at­
tract foreigners , however. "We've 
found that the businessmen who 
have to be told about Korea before 
they are interested are not gen­
erally the bes t businessmen." 

Currently, some 215 foreign 
firms , including 18 electronics man­
ufacturers , have been granted per­
mission to operate in Korea. The 
larges t electronics company is Mo­
torola, which operates a wholly 
owned venture, Motorola Korea Co. 
Formed in 1967, the firm manufac­
tures integrated circuits and tran­
sistors. Sales in 1969 totaled $12.4 
million , making the firm Korea's 
ninth-largest exporter. Other elec­
tronics firms that have located in 
Korea include Signetics Corp. , Ap­
plied Magnetics Corp., and Ameri­
can Micro-Systems Inc. , all of the 
U.S. , and Japan's Toshiba, Sanyo 
Electric, and Nippon Electric. 

For the most part, the foreign 
companies are barred from selling 
their products in Korea. vVhat's 
more, sky-high tariffs are placed on 
imported goods, unless they are 
imported solely for inclusion in 
export products. In that case they 
can be imported duty-free. This 
closing of the domestic market to 
foreign companies is a sore point 
with many. Although they won't 
talk about it openly, company of­
ficials privately say that the do­
mestic market is an attractive one, 
and that by allowing sales by over­
seas investors the Koreans would 
pay less for consumer electronic 
products. 
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System Designers ... 
Make your move to MOSTEK for 

MO 
statics ift 
registers 

If you 're in the market for MOS static 
shift registers, your best move is to MOSTEK. 
Our only products are MOS . .. engineered to 
give you outstanding performance and 
economy. Want proof? Check these features: 

MK 1002P. Dual 128-bit static shift 
register. Full DTL/TIL compatibility. Single­
phase, independent clocks (capacitance less 
than 5 pF) can be driven directly by a single 
TTL or DTL gate. High speed (DC to 1 MHz 
selectable to 2MHz) clock rates. Recirculate 
logic built-in. Sixteen-pin ceramic dual in-line 
package. 
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MK 1002L. Virtually the same features 
as the MK 1002P except package is the 
economical 10-lead T0-5 can. Same full 
DTL/TILcompatibility; single-phase DTL/ TIL 
compatible clocks. 

Check the advantages of MOSTEK static 
shift registers. Like no need for external. 
components or interface circuitry (not even 
a resistor!) . Like all inputs-data, recirculate 
and clock (yes, clock too) -driven directly by 
TIL or DTL gates. Finally, like nobody makes 
MOS as fully compatible with TTL as ours! 

'Nuff said? Then contact our home office 
in Dallas at (214) 242-1494 and ask Gordon 
Hoffman for information and fast delivery of 
MOS shift registers . . . plus ROMs and RAMs. 
Or call your nearest Sprague Electric 
Company office or representative. 

Make a smart move . . . to MOSTEK. 

An affiliate of Sprague Electric Company. 
1400 Upfield Drive 
Carrollton, Texas 75006 
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DEPARTMENT OF ECONOMIC 
PLANNING AND 
DEVELOPMENT 

Dept. P-1, 
3003 N. Central Ave. 

Phoenix, Arizona 85012 
Phone: (602) 271-5371 

I NAME 

I 
POSITION 

FIRM 

I ADDRESS 

CITY STATE ZIP 

~-----ii 
Return this bit 
of sunshine to us. 

We'll send you 
a lot more! 
Arizona has it to spare - the 
best of both climates: business 
and weather. Business, sup­
ported by a good, skilled labor 
pool, a friendly state govern­
ment that imposes no inventory 
taxes, excel lent location and 
transportation, plenty of room 
to grow; and weather that 
makes recruiting easy - people 
like to work where it's fun to 
live! Lowered absenteeism and 
increased productivity, too. 

Sound good? Clip the coupon. 
Let us send you our new book­
let, "Profile For Profit," in con­
fidence of course. It'll help put 
more sunshine in your com­
pany's future. (Yours, too I) 
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What price 
real estate ? 

Complete HF Receive Antenna 
capability 
only 50 metres in diameter 

One metre diameter loops 4 metres 
apart form a broad-band directional 
receiving array covering 2-32 MHz, with 
optimum beam characteristics for both 
long and short range communication. 

Rosette configurations of linear arrays 
provide complete azimuth coverage , in 
a number of overlapping high gain 
beams all available simultaneously. 
Rosette Loop Systems replace vast 
Rh ombic or Log-periodic antenna 
farms , and require less than one 
hundredth of the real estate . 

Ap eriodic Loop Systems are ideal for 
applicat ions in areas of restricted 
space or when quick set up is import­
ant , and are small enough to mount on 
a roof or conceal just below ground 
level. 

Aperiodic Loop Systems are currently 
in use around the world by numerous 
Military and Governmental Agencies. 
Send for detailed Antenna Brochure: 

Hermes Electronics Limited 

P.O. Box 1005 
Dartmouth 
Nova Scotia 
Canada 
Telex : 014-422744 
TWX 610-271-1973 
Telephone 902466-7491 

Washington 

Apartment 315 
2020 F Street N.W. 
Washington 
D.C. 20006 
U.S.A. 
Tel ephone 202 296-2978 
TWX 710-822-1106 
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Our UNIVERSAL 
COMPONENT 
EL SOCKET® 
will make 
breadboarding 
a pleasure ! 

EL INSTRUMENTS, INC. 
6 1 First Street 
Derby, Conn . 0641 8 

only 

$18. 
each 

EL SOCKET® 

SK-10 

• Exclusive mounting feature enable you to 
mount unit with common No. 4 screws. 

• Vertical as well as horizontal intercon ­
necting matrices. 

• Designed specifically for ease of inser­
tion of multi-pin components. 

• r.uaranteed to maintain initial contact 
characteristics beyond 10,000 insertions. 

• Unique design will accommodate wide 
range of wire or component leads, from 
.015 to .032 inches. 

• Connect more wire . Wider fan -out 
capabilities. 

• No-solder holding power. 
Each EL SOCKET® is ready to use. You build 
your circuit by plu gg ing the components ( i .e., '!. 
watt resi stors, ceramic capaci tors , diodes, tran ­
si stors, l.C .'s, etc .) into the EL SOCKET® . The 
components are interconnected with any solid wire 
# 22 gua ge - # 26 gua ge. No spe c ia l pat ch 
cords required . 

DI STRIBUTOR INQUIRIES WELCOMED 

ORDER DIRECT USING COUPON BELOW FOR 
_9U~K~EL_!YER.:!,; - · _____ _ 

,- EL INSTRUMENTS, INC. j 
61 First Stree t 

I Derby. Conn . 0641 8 
Dept . EEJ 270 

I 
PLEASE SHIP THE FOLLOWING : 

EL SOCKETS@ @ $1 8. 00 each 

D Check enclosed in the amount $ 

D Our purchase order No . 

CO MPANY 

ADDRE SS 

CITY 

STATE & ZIP 

i ATI OF: 

'--- - -

is enclosed . 

Circle 159 on reader service card 


