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THINKING 
ABOUT A 

JOB CHANGE? 
Whether you' re a ctively job hunting, or iusl 

thinking abou t a change, 101L.\{,\JlL ca n 
help you . Twice a month for a period of 
three months we send you o comprehensive 
listina of ooeni,.,., io tf." Fl .. rt.- • -

MICROWAVE 
ENGINEER 

• 
STRIPUNE EXP . 

• 
Aggressive manufacturer located in me!· 
ropolitan M .Y. area requires a dyaa!1'1c 
engineer to develop new product hne. 
Excellent opportunity for a kaowled~ea
ble and productive i · · ca-

ELECTRONIC 
ENGINEERS 

:Jl{l'().}V\':f'()l..:is adding 

(;.7•1\.~ lPJ\.R.'~i l~ staff of it'> static power 
to the profess1ono . 
division in Irvine , Cohf. 

. d . ndustriol static power 
This &.ii5ion bu•~ ~~nt based on a novel 

conversion ~qu~ ital technique . 
potent-pending g 

s1curjc! oH rs on outstanding oppot · 

Aerospace engineers can find new jobs tod ay in other electronics fi elds. 

Testing complex MOS 
Optoelectronics course - applications 

Trimming hybrid resistors 



TELEDYNE SEMICONDUCTOR 
HAS A NEW LINE OF 100V 
HYBRID DRIVERS FOR YOUR 
TTL INTERFACE PROBLEMS 

Teledyne's new line of 100V Hybrid Microcircuit 
Drivers has been designed to solve all inter
face problems where output capabilities of 
standard TTL gates are exceeded. These 
drivers feature a maximum output break
down voltage of 100V with 250 mA current 
sink capability. Our 100V rating provides 
protection against voltage transients, result-

ing in increased reliability and elimination 
of protection circuitry. As a replace

ment for Discrete Components, the 
Hybrid Microcircuit Drivers reduce 

assembly problems, save space 
and optimize performance at a 
better price. 

2050CE 
Dual Hybrid 
Microcircuit Driver 
D Separate or Parallel 

Operation 
D 500 mA current 

sink capability 

2051 BE 
Single Hybrid 
Microcircuit Driver 

~~~~,;~~, .. 
D Latching Capability • 
D Replacement for 

40V - 2001 Hybrid 
Lamp Driver ~-

4~TELEDYNE 
,.~ SEMICONDUCTOR 

1300 Terra Bella Ave. 
Mountain View 
Cal if. 94040 
Phone (415) 968-9241 
TWX : (910) 379-6494 

TELEDYNE FIELD SALES OFFICES: Palo Alto, California (415) 321-4681 • Hawthorne, California (213) 
772-4551 • Anaheim, California (714) 635-3171 • Dallas, Texas (214) 357-0259 • Des Plaines, Illinois 
{312) 299-6196 • Westwood, Massachusetts (617) 326-6600 • Lutherville, Maryland (301) 825-1920 • 
Little Falls, New Jersey (201) 256-8557 • Wappingers Falls, New York (914) 297-4316 • Winter Park, 
Florida (305) 647-7813 •Dayton, Ohio (513) 298-7207 •Liverpool, New York (315) 622-2021 •Wiesbaden, 
Germany 370243 • Hong Kong K 207764. 
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SOLID TANTALUM CAPACITORS 

I 

RIGHT ON THE MONEY 

FOR PRINTED WIRING BOARDS 

IN INDUSTRIAL, COMMERCIAL, 

AND ENTERTAINMENT 

ELECTRONICS 

Sprague Type 196D Dipped Solid-Electrolyte 

Tantalex® 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 
233 Marshall Street 
North Adams, Mass. 01247 I SPRAGUE" 

THE MARK OF RELIABILITY 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
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P.rotection 
n't 
umore ... -~r-

ahdit's nice to know its there. 
"'",,,.. ~ 0,,.. 
Unihode offers yot.J hermetically sealed SCRs in metal packages at 
plastic pric~s . The bonus in reliability you 'll get is performance 

..proteqtion in all types of environmental conditions, wherever your 
nd products may be used. Electrically, these SCRs are equivalent 

1.. the most widely used plastic devices, but none in this price range 
'"o ffer the high reliability and parameter stability made possible by 

Unitrode's un ique combination of ox ide passivated junctions in 
hermetic packages. Unitrode SC Rs range from low-voltage, low
current sensing models to high-voltage, medium current control 
types. All offer the versatil ity of lead-mounted design for easy 
interchangeability in hundreds of applications. The low-price, high 
reliability of ¢ -line SCRs make them ideal for lamp or re lay driving 
and as sensors, for use in pulse generators, timing circuits, motor 
controls and process controllers. (Sensing types are as low as 24¢ 
ea. in 100K lots.) They're in stock now, ready for immediate delivery. 
Can you afford not to use them? For fast action , call 
Sales Engineering collect at (617) 926-0404 
Unitrode Corporation, 
580 Pleasant Street , Watertown , Mass. 02172 
Send for your free samples and complete specs today. 

UN ITRODE quality takes the worry out of paying less. 

ID 100 Series ID 200 Series ID 300 Seties 

Anode current rating 500mA @ 100° c Case 1.6A @ 70 ° C Case 1.6A @ 70 ° C Case 
Voltage ratings to 200V to 200V to 400V 

Max. gate trigger current 200µa 200µa 200µa 
Peak On-voltage 1.7V max . @ 1 Amp. 2.2V max . @ 4 Amps . 2.SV max . @ 4 Amps . 

Package T0·18 can . 0.5'' leads T0-5 can . 0.5'' leads T0-5 can . 1.5" leads 
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This month's cover story t ells how 
three aerospace eng ineers fo und new 
jobs in othe r elect ron ics fields. In his 
interview, each man explains the 
situat ion he was caught in when try
ing to make the cha nge from aero
space . M edical elect ronics, eng ineer
ing consulti ng , and space tech nology 
products are t he new fields repre
sented. Each man expl ai ns t he ad
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Where are the new jobs for EEs? 
It's not easy, and they're not giving out medals, but it is possible to stay 
in the profession you were trained for. Here are three case histories of EEs 
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MOS integrated circuits-part 6 
Small users face the "unk-unks" (unknown unknowns), both financial and 
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interim solutions are offered. By Arthur J. Boyle 

Testing complex MOS: the how and why 
Smaller circuits mean bigger testing headaches for you. This report 
guides you through the basic ground ru les of MOS testing to memories, 
software, and hardware. By Don Danklefs and Homer Thornton 
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Starting with a basic premise that manufacturing film resistors is an in· 
herently inaccurate business (as much as ±20 %). pros and cons of air 
abrasive and laser trimming are given. By Stephen A. Thompson 
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is an opportunity to app ly your knowled ge. Stretch your design l.Q . with 
this variety of of app lications. By Jack Hickey 
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KEPCO TALKS 

POWER SUPPLY 
TECHNOLOGY: 

THE LINEAR REGULATOR 
Heat Removal vs. Dissipation Limiting vs. Derating 
To make a voltage or current oblivious to the effects of 
various bad influences, like a changing source, or a load 
that can't make up its mind, you have to either throw 
away a lot of energy in a continuous or linear regulator 
or resort to some pretty fancy switching to hold down 
the dissipation. 

Dissipation-limiting by switching action, whether it be 
primary or secondary, SCR or transistor, at the source 
frequency or higher , buffered or not, permits a given size 
box to regulate more power than it would linearly - but 
does so at the expense of: l. Circuit complexity; 
2. Slowed transient recovery; 3. Impaired program
ming speed and an unfortunate tendency to generate 
unwanted noise. 

If the performance of your power supply is more im
portant to you than efficiency, a linear regulator is the 
best bet. But, a linear regulator has to get rid of an awful 
lot of unwanted energy to do its job. 

Getting this heat out , without baking everything crisply, 
is a major aspect of power supply design. There are 
several a ppruaches. 

I. Require the use of an external "heat sink." 
2. Specify that a certain volume of air be moved past 

a radiator. 
3. Derate t he power supply as a function of tem

pera ture. 

All of these fa ll into the category of " let the customer 
worry about it." 

THIS PATENTED KEPCO HEAT REMOVER BEATS OTHER SO-CALLEO HEAT SINKS 
BY 500",(,+ MEASURED IN TERMS OF TEMPERATURE RISE PER WATT DISSIPATED. 

Fortunately, there is a fourth approach: Provide a 
built-in heat sink with its OWN SOURCE OF MOVING 
AIR right inside the box. This is the Kepco approach. 
Our object is to exhaust the waste heat · of a linear regu
lator before it can raise the temperature inside the box 
and cook its guts! 

Doing this we avoid the complexity , noise, slow response 
and unreliability of switching and accept the responsi
bility for proper thermal design ourse lves, leaving you 
only the pleasure of using our power supply, not the 
burden of finishing its thermal design . 

Check our Catalog B- 703 for hundreds of completely 
designed power supplies that' ll operate to 71°C without 
deratings while they regulate linearly . 

Write Dept. DN- 19 

KEPCO, INC. • 131-38 SANFORD AVENUE• FLUSHING, N.Y. 11352 
(212) 461-7000 •TWX # 710-582-2631 
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''LMI 
T.M. 

offers an 
opportunity 
that is truly 
unlimited'' 

"It's amazing what a man can accomplish when he 's doing something he really believes in. Every day 
I see absolutely profound effects that Leadership Motivation Institute programs have on both distributors 

and their customers. There is no ceiling here on a man's potential!" - Joe DiTorrice, WISCONSIN 

Joe DiTorrice is one of several hundred 
distributors for Leadership Motivation Institute. 
Joe not only enjoys independence and financial 
rewards, but he also provides a tremendous 
service in his community. As a distributor, he 
serves individuals, businesses and industries, and 
government agencies with leadership development, 
executive motivation, and management 
development programs. Among his many satisfied 
clients are auto and trucking firms, hospitals, 
schools, manufacturing companies, engineering 
consultants, and banks. 

Let's face it: Business has problems today. 
Most executive training methods simply haven't 
kept pace with the dynamic progress of the 
business and professional world during the last 
twenty years. Leadership Motivation Institute 
offers several comprehensive training programs 
designed to meet today's need for more capable 
and productive executives, managers, and 
supervisors. 

This is the business of Leadership Motivation 
Institute. Wouldn't you like to be a part of this 
challenging and rewarding field? 

Inquire today! If you qualify, Leadership 
Motivation Institu te offers you immediate 
opportunity to provide a most .needed service 
and to build your own independent business. 
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Even if you're not interested in the 
distributorship opportunity, inquire about the 
benefits that LM I training programs can provide 
for you and your business. 

Send this coupon today for complete 
information at no obligation to you. 

I-Trevor Witthite.=-Vice President ______ ____ ! 
I Leadership Motivation J.M. Institute I I Box 7614 Waco, Texas 76710 E E s-o j 
I Please provide information to: 

1 

I Name I 
I I 
I Address I 
I I 
I Phone rea Code I 

I City State Zip I 
I O Check here if you want on ly information about LM I I 
l_ _ _'.'._rogram s_!.~yo~~f..'.:_'..I_Ou~ompany's ~enefit:._ ___ I 

a Leadership 
• • TM Mot1vat1on · 

Institute 
A Division of Success Motivation "' Institute, Inc. 

An international publicly held corporation 
P.O. Box 7657 Waco, Texas 76710 817-752-9711 
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ED/lCRl/\L 

One would think that by 1970, the United States 
would know how to handle a crisis . . . especially 
a crisis of technology. Unfortunately, that's not the 
case. 

Today, the engineer is trapped in the vise of un
employment-one year after placing man on the 
moon. Harsh words, but true. The aerospace indus
try alone has laid off 25,000 engineers, 10,000 of 
them EEs. Will they get other jobs? And, those who 
do, will their jobs be in electronics? Unfortunately, 
only a relatively lucky few will-mostly in areas 
unrelated to defense and space. 

So what are we to do? Well, for one thing, don't 
look for another editorial complaining about layoffs 
in this issue of The Electronic Engineer. Instead, we 
have devoted the next four pages of this magazine 
to an analysis of the causes of the layoffs, a sugges
tion for a constructive program to solve this mess, 
and a call for action to authorize this (and other) 
editor(s) to speak on your behalf in Washington 
where it will do the most good. 

Unusual for a technical magazine? Perhaps. But 
no less important. After all , what good are articles 
on integrated circuits and computer-aided design for 
a man without a job? We editors of the electronic 
press have always tried to help you technically, by 
worrying about how you do your job. Today, it is 
even mo~e important for us to worry whether you 
have a job. 

Why the layoffs 
The Pentagon has cut the defense budget for 

Fiscal Year 1971 by $7 billion compared with FY 
1969. When you add the effect of inflation, which 
cheapens the remaining dollars, the effective cut 
(again compared with 1969) is almost $13 billion. 
Of this money, two-thirds will go for cancelled or 

aborted military contracts, which won't be replaced. 
If we assume a median annual income of $17 ,000 
for engineers and that engineering salaries amount 
to 5% of a contract price, we have a payroll cut 
of about $430 million, equivalent to the salaries of 
25,000 engineers. And that is just for defense and 
aerospace contractors. In addition, these cancella
tions have sent ripples of layoffs throughout the in
dustry. By the time we evaluate their impact, other 
contracts will have run out and there may be none 
to replace them. That is, we are only seeing the 
beginning of an employment crisis among engineers. 

For the more than 10,000 electronic engineers 
affected, and for the many more who will join their 
ranks in the next months, we see almost no chance 
for them to find jobs in electronics. At most, we esti
mate that the non-defense industry can absorb a few 
thousand, and that another two thousand or so will 
find openings in the new military contracts that have 
survived the cutbacks. For the others, for the six or 
seven thousand who will not find jobs, as well as for 
the many who will lose the ones they still have, 
there is nothing that suggests they will be able to 
find employment in the electronics industry. 

And their plight, a plight we believe affects not 
only their future but that of the nation, is what 
prompted our call for action. 

E pluribus unum 

Certainly we believe in free enterprise, and feel 
confident that the electronics industry in the United 
States will be in good shape five years from now 
but, what about the rest of 1970? Or, worse yet, 
next year? The immediate prospects are for more 
unemployment among engineers, scaring many away 
from technology, or making them look for greener 
pastures in Western Europe, where electronics is still 
booming. 
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Last month, I commented on an open letter to 
President Nixon, by Mr. Benjamin Friedman, Chair
man of the Board of Solitron Devices Inc. Mr. Fried
man called the President's attention to the engineers' 
plight, and to the great need the United States has 
for their talent if it intends to stay at the forefront 
of technology. In our editorial, The Electronic 
E ngineer .made a commitment to pick up the banner 
raised by Mr. Friedman. We also said that we in
tended to seek the cooperation of our editorial col
leagues from other magazines in the electronics field 
to draft an action plan which we would take to the 
government. 

While we are still holding preliminary meetings 
with other electronic editors, we editors are already 
compiling a list of specific proposals for us to take 
to Washington. The object of these proposals is to 
help the hard hit industry bridge the gap between 
the present slump and the time when it will be able, 
on its own, to absorb not only the talent available 
today, but also the new engineers who will be gradu
ating in the next few years. This can only be done by 
giving it the incentive to develop the technology and 
products that will maintain this country's leadership 
in electronics. 

What we propose 

Therefore, the following is the essence of the 
points we want to propose to President Nixon and 
to Congressional leaders in Washington : 
D That, in cooperation with industry representa
tives, the government identify a set of specific elec
tronic products and systems of immediate need
such as data terminals, video recorders, and equip
ment for data communications-for which it will 
sponsor industrial development, much as the J apa
nese government helps its electronics industry de
velop specific products with marketing and user 
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research, low cost loans, and help with exports. 
D That, in cooperation with professional groups 
from engineering, medicine and education, the gov
ernment draft standards for medical electronics and 
for educational equipment, which will foster the de
velopment of technologically sound equipment for 
such specialties over the next five years. 
D That, a similar cooperation and commitment be 
made to develop, over the next ten years, the instru
ments and systems necessary to control and combat 
environmental pollution . 

We are convinced that the country that produces 
the equipment for communications, medicine, and 
pollution control, to name but a few areas, will be 
ahead in the 70's. Hence, the government must take 
practical steps to encourage industry to employ our 
available engineering talent to develop such products. 

While we draft these proposals, we need your sup
port. If your editors are going to speak in your name 
and for your sake, we need to show a tangible proof 
that you approve of our actions. Turn the page, read 
and fill one of the coupons, and mail it to us. Pass 
the others to your fellow electronic engineers, and 
ask them to join in this crusade. 

There is nothing to lose, and much to gain. If we 
accomplish nothing, at least we would make your 
representatives in Washington aware of your col
leagues' plight. If we succeed in convincing the gov
ernment to endorse one or more of our proposals, 
our industry will be the better for it, and many jobs 
will be saved. One of them may be your own. 

Atbu+o Socolo11s'{ 
Editor 
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PI6Hr for your future 
... TODAY 

lf you agree with the editors of The Electronic Engineer that now-today-is the time to 
rally to the support of the tens of thousands of engineers who are unemployed because they 
have been separated from government-related electronics projects . .. 

AND, if you believe-as do the editors of The Electronic Engineer and of the cooperating 
magazines-that the technological superiority of the United States in the world marketplace 
is being jeopardized . . . 

AND, if you agree that the defense capability of this country may well be whittled back to 
the point where it will be regarded as a second-class power . . . 

AND, if you are convinced that the federal government should reorder national priorities 
and encourage and even subsidize the research and development and production that will 
employ scientists and engineers in such critical areas as communications, transportation, 
pollution, oceanography, nuclear power generation, defense, health and education ... 

THEN .. . Please fill in your name and address on just' one of these ballots, put it in a 
stamped envelope and mail it to the editors of The Electronic Engineer. When you do you 
will be not only helping your less fortunate colleagues, but also demonstrating your con
fidence that the American System of Free Enterprise can and will provide practical solu
tions to the critical problems it faces in this century. 

THEN pass along to your fellow engineers the extra ballots on this page. If they agree with 
your convictions-and this urgent need-ask them to sign up and send their ballots to the 
editors of The Electronic Engineer. 

You' II be glad you did. Because these ballots (the tens of thousands of them) will be taken 
to Washington aqd presented to President Nixon and to Congressional leaders as solid proof 
that electronic engineers speak with one voice at this critical time in our history. 

Thank you for your help. 

-------------------------------------------- ------- --------------------- -- ------------- -- ------;-- -----------------------------------------------------------------------------------------------------------

The Editor 
The Electronic Engineer 
One Decker Square 
Bala Cynwyd, Pa. 19004 

Yes, I endorse your program to help stabilize and insure the 
growth of the electronics industry while at the same time insuring 
the technological leadership of the United States. 

Name ____________ Title _______ _ 

Company ___________________ ~ 

Address ____________________ _ 

Please tear off and mail today! 
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IT HAPPENED LAST MONTH • • • 
The editors of THE ELECTRONIC ENGINEER have sifted through the various 
techn ical and significant happenings of the past month and selected the items 
that would be of the most interest or use to you. 

WESCON shows its strength . . . Attendance at 
WESCON dropped about 20% compared to the 
last Los Angeles showing in 1968. However, the 
consensus of the exhibitors was very definitely 
positive. Many expressed the opinion that those 
attending were the people they really wanted to 
reach. The quality of this year's WESCON 
and the favorable reaction of most exhibitors 
reflects the consistentl y good performance of 
the WESCON staff. 

Things look better . . . Many WESCON exhibitors 
claim that their component and equipment sales 
are increasing, leading to the conclusion that we 
have "bottomed out." Several companies inter
viewed said that foreign sales were good, thus 
acting as a buffer during the slowdown. 

Keyboa~d lights up ... There are snap switch, reed 
switch, mercury switch, magnetic and Hall effect 
keyboards. And now, there is also an optoelec
tronic keyboard. Developed by TEC, Inc., 
Eden Prairie, Minn ., the new bounce-free key
board works with light for code generation. 
Physically, the keyboard looks and feels like any 
other one, but works with a light beam and 
shutter. 

Metric system in the United States • • • Increased 
use of the metric system in the United States is 
inevitable, claims the Electronic Industries As
sociation. Based on a membership survey, EIA 
said a majority would favor a conversion plan 
that called for government legislation with tar
getted changeover dates and voluntary partici
pation. However, the survey also indicated that 
there is no great enthusiasm among electronic 
companies for or against establishment of the 
metric system in this country. A majority of 
those responding indicated they have stepped 
up their use of the system over the past 10 
years, but 90% said they have no plans to make 
more changes toward its use. There was unani
mous agreement that without a coordinated pro
gram or encouragement from the Federal gov
ernment no siglllificant change toward metrica
tion would ever occur. 

Computer surge predicted .. . A recent Department 
of Commerce survey predicted domestic elec
~ronic computer shipments would rise by 15 % 
in 1971 to $4.6 billion. In addition, it noted 
that gr~ater emphasis than ever would be put 
on foreign markets as a last frontier for sizable 
computer and peripherals sales. This emphasis 
would result in more exports and the setting up 
of overseas subsidiaries. Sales for 1970 were 
pegged a $4 billion, down 5 % from 1969. Sec-
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retary of Commerce Maurice Stans forecasts "a 
renewed upswing in business activity" for the 
entire economy. 

A mighty foundation? . . . Dr. C. Lester Hogan, 
president of Fairchild Camera and Instrument 
Corp., called for the formation of an industry
supported "foundation for human survival. " 
Speaking at a WESCON symposium on "Apply
ing Technology to Public Problems," Dr. 
Hogan enumerated the following functions for 
the proposed foundation: a clearinghouse for 
problems of the day, a data base for indiviidual 
busi ness responses, and an interface with gov
ernment agencies. "It is time that business 
ceased pushing the burden of responsibility off 
on government or individual enterprises alone 
and shoulder the responsibilities as one " said 
Fairchild 's spokesman. In addition to ~nlarg
ing indus~ry's activity in social problems, he 
called for increased Federal Government action, 
particularly against pollu tion of air and water, 
and the " terrible environment of the ghettos." 
The Fairchild president stated that " these com
mitments are more important than the space 
program and they will have more far-reach ing 
significance." 

Improved graphics . .. Following a 1-year feasibility 
study for NASA, CBS Labs. recommended the 
use of electron beam recording (EBR ) wherever 
computer-processed information is called for , 
such as the Earth Resources Technical Satellite 
program in NASA's case. Capable of generat
ing. 20,000 TV lines on 70-mm film from mag
netic t~pe or computer output, the E B recorder, 
according to CBS representative Robert Ruth
erford , makes it unnecessary " to make com
promises for optical and film grain size varia
tions." 

"House of Wax," revisited . . . Unlike a few bad 
movies made in the 1950s, a new movie project 
is in the offing to make a truly three-dimen
sional movie that will be viewed without the 
funny glasses. Joseph Strick, producer of the 
movie versions of James Joyce's "Ulysses" and 
!fenry Miller's "Tropic of Cancer," has entered 
into a 5-year licensing agreement with Holotron 
Corp. to make commercial movie holograms, 
using lens-less, three-dimensional photography 
by laser beams. There are, however, several ob
stacles to this first non-laboratory making of 
moving holograms. The showing of a holo
graphic movie uses a behind-the-screen projec
tion system that limits an audience to less than 
100 viewers. Also, because of the demands of 
laser light, filming has to be within the confines 
of a studio. 
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The MAN 1: 

A seven-segment light-emitting all-semiconductor 
a lphanumeric readout. 
Put the attent ion-demandi ng red li ght from electri ca lly 
excited GaAsP to work in your digital disp lays fo r industry, 
computer peripheral s, o r avionic/ marine instrumentation. 
Our MAN 1 is shock-resistant and long- l ived. O ffers styling 
advantages because it's flat, parallax-free and visib le w ithin 
150°. Reads out all numbers plus A, C, E, F, H, J, L, 0 , P 
and U. Ava ilab le now. Any quantity. 

• Brightness: 350 foot- Lamberts @ 1•=20 mA, 3.4V, per 
segment. 

• Pul sed forward current=100mA, 10% duty cycle/per 
segment. 

• Compatibility: directly interfaces w ith off-the-shelf IC 
decoder/dri ve rs. 

• Pri ce: 1,000 quantities, $11 .00 (al l prices are suggested 
resa le figures). 

The MAN 2: 

An alphanumeric display made up of 36 discrete 
LEDs which can form 64 ASCII characters and a 
decimal point. 

Th e IC-compatib le 5 x 7 X-Y array gives you a br ight red 
(peak emission 6500A), high contrast disp lay sui table for 
keyboard ve rif iers, avioni cs or computer termina ls or other 
displays. Since the 36 dots can make 2'• bits ava ilable, the 
MAN 2 can be very usefu l in film annotation work. 

• Per-diode brightness: 300 foot- Lamberts @ l,= 10 mA, 
1.7 vo lt per diode. 

• Pulsed forwa rd current (SO µsec 20% duty cycl e) 100 mA 

• Light turn-on and turn-off 5 ns typ ica l 

• New red uced price: 1-9 quantities, $40.00. 

GaAsLITEs are in stock world wide. 

You know that all of ou r products are availab le in the U.S. 
thro ugh Schweber (516) 334-7474; Sem iconductor Specia l
ists (312) 279-1000; K-Troni cs (213) 685-5888 ; or Kieru lff. 
You can get them overseas as eas ily: 

United Kingdom : SEM ICONDUCTOR SPECIA LI STS, W es t 
Drayton 6415 

France: YOUNG ELECTRONIC, 604-10-50 
West Germany: A lfred Neye, ENATECHNIK, (04106) 4022 
Denmark: SCANSUPPLY, AEG IR 5090 
Be lgi um : TECHMATION, 384078 
Netherlands: TECHMATION, 020-173727 
Norway: A RTHUR F. ULRI CHSEN A/S, 21 6510 
Switzerland: OMN I RAY A.G., 051-478200 
Italy : SILVERSTA R LTD. , 46.96.551 
Sweden: GP-INGENJOERSFIRMAN, 08/930280 
Japan: NEW METALS AND CHEMICALS LTD . CO RP., (201) 

6585-7 
Australia: HAWKER DE HAVILLAND AUSTRA LI A PTY. , 

LTD., 93-0221 
Israe l : MONSEL 
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GaAsLITE Update 
Being a quick and thorough survey of what's 

ava ilab le in so lid state di spl ays. 

The MAN 3: 

The world's first 
commercially avai lable 
planar monolithic displav. 
Low cost, besides! 
The MAN 3 is a small (.125" high) bright red GaAsP seven
segment display that gives you extremely good visibility 
with high densi ty pack ing ; 16 digits need only 3 inches on 
you r display. A nd since the MAN 3 interfaces w ith our 
standard IC drivers and uses as littl e as 10 mW per seg
ment, it's si mple to des ign numeri ca l readouts into desk 
ca lculators, truly portable battery-operated instruments, 
even timepieces. 
• Brightness : 200 foot-Lamberts @ l,=S mA, 1.7 vo lt, per 

segment. 

• Total cont. forwa rd cu rrent: 80 mA. 

• Pulsed forward current=SO mA, 10% duty cycle per 
segment. 

• Pri ce: 1,000 quantiti es, $7.55. 

0 0 0 0 
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MPC 1 MPC 2 MPC 3 

We've mounted the MAN 3 for you 

O ur MPC-series are simply the new MAN 3 numerics 
carefully soldered to NEMA-grade G-10 copper-clad 
glass/epoxy laminate pc boards. 

The MPC 1 and MPC 2 boards let you address each seg
ment of the numeri c independently. The MPC 3 ho lds six 
MAN 3's w hi ch are multiplexable (X-Y addressab le). There 
are two major benef its in do ing your proto type wo rk with 
our MPC units: 
1) they' re a heck of a lo t eas ier to breadboard and 2) you 
ca n use them fo r fast turnaround into full production. Send 
for complete detai ls. Fast! Pri ce, MPC 2: 1 to 9, $35.80 ea. 

Monsanto 
For addi t ional tech nica l information w rite Monsanto 

Electronic Special Products, 10131 Bubb Road, Cupertino, 
Ca l ifo rnia 95014. (408) 257-2140. 
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UP TO DATE 

Alloys make conductors super 
Almost simultaneously two companies announced the 
development of multifilament superconducting wires for 
commercial applications. Whittaker Corporation's Nu
clear Metals Division and Norton Company's Supercon 
Division are both making round conductors that can 
handle pulsed de and low frequency ac for magnetic 
applications. Previously, superconductors were flat-rib
bon-like conductors limited to direct current applica
tions. 

Superconductivity implies the ability to conduct elec
trical current without resistance, greatly increasing, 
therefore, the conducting efficiency of circuits. This 
phenomenon occurs when the temperature of the con
ducting material approaches absolute zero (0 °K). 

Whittaker's wire consists of an intermetallic com
pound, Nb3Sn, in a copper matrix. Norton's is niobium
titanium alloy filaments also embedded in a copper 
matrix. To cite one application, these superconductors 
extend the advantages of superconductors in nuclear re
search by allowing varying magnetic fields up to 100 
kG with negligible losses. 

Since practical applications have been limited by the 
low temperatures required, a superconductor must meet 
certain basic criteria for broad commercial significance. 
It should operate at sufficiently high temperatures
generally around 10 °K-so that added efficiency more 
than compensates for super-cooling cost. These new 
wires, again, are attractive for magnetic fields up to at 
least 100 kilogauss. 

Superconducting wire by Whittaker, 0.002-in. diameter, 
looks something like a pancake on a griddle when mag· 
nified 638 times (top). What appear to be "bubbles in 
the batter" are actually the ends of individual niobium· 
tin filaments in the wire's copper matrix. At bottom 
is a microscopic view of Norton 's multifilament super· 
conductor containing more than 400 highly stable . ni· 
obium·titanium alloy filaments, each only 0.007 in. in 
diameter, embedded in a copper matrix. 

For more information contact Nuclear Metal Div., 
Whittaker Corp., Box 125, West Concord, Mass. 01781 
or Circle No. 225, and Supercon Div., Norton Co., 
Natick, Mass. 01760 or Circle No. 226. 

This laser keeps its cool 
Scientists at Bell Labs in Murray Hill, N J. have suc
cessfully produced a semiconductor laser that will 
operate continuously at room temperature. Previous 
semiconductor lasers, because of the large amount of 
heat generated during the lasing process, had required 
extensive cooling systems for anything that even ap
proached continuous operation. 

Basically a double heterostructure diode, the laser is 
grown by liquid phase epitaxy. Using this construction 
process, Bell Labs has produced a laser with a current 

Ga As 

threshold (the current density required to start lasing 
activity) of about 270 A/ cm2 • This contrasts with 
thresholds of about 20,000 A l cm2 for other types of 
semiconductor lasers . When operated at 30% above 
threshold, the laser has a power output of about 2 mW 
with a power efficiency of lV2-2%. The wavelength of 
the emitted light is about 8500 A. 

The heart of the new laser is a sandwich of a very 
thin layer of gallium arsenide (GaAs) between two 
layers of gallium aluminum arsenide (A 1 xGa1_xAs). 
Because the gallium arsenide has a larger index of 
refraction than the gallium aluminum arsenide, light 
emitted during the lasing process is confined to the 
thin GaAs active region. The ability to confine the light 
in this manner enables Bell Labs to reach the lasing 
threshold with a much lower current density than would 
otherwise be necessary. This, of course, reduces the 
power generated within the device and permits a much 
cooler operation. 
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INTG.RCONN~CrtoN PACK.AGING 

'STAR/ F!NISJ/-

"J:b We have 
·1if!1'1, ~le, 
and-fJJdlitie> -j,--
-IJr J95eln/J/y'f . 

~ .. 

II\ 

The sooner you say no, 
the more time and money 

you save. 
Take the high road all the way, and 
you'll be done in six weeks. 

The high road is our "Total 
Packaging Service": complete inter
connection system packaging from 
design to wire termination. 

It's saved a lot of our customers 
a lot of time and money. (And helped 
make us the largest manufacturer of 
metal-plate back-panel interconnection 
systems.) 

But maybe that's more than you 
need. 

All right. 
Start at the last decision point, 

for instance: Should you have your 
production people making terminal 
interconnections, when they could 
be making something more profitable? 

We think not. 
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Send us your back panels and wire 
list. We'll tie everything together for 
you. By hand, semi-automatically, 
or automatically with our Gardner
Denver think-and-do machines. You'll 
get an accurate job, with minimum 
wire lengths and densities. 

Or start back a little further in 
the process-at the point where you 
have to get and assemble your con
nectors and back plates. We'll save you 
some time and money there, too. 

Because. 
We've got several hundred 

thousand standard connectors to work 
with. For square or offset grids. On 
.100", .125", .150", or .200" centers. 
And the plates to assemble them on. 
And the people to assemble them 
with. You can buy from us either 

El.Jc 0 Interconnection 
Systems 

way. With savings, either way. 
But what if your requirements 

are definitely not standard? 
Ah. 
That brings us back to the 

beginning. Where our designers can 
(a) help you avoid non-standard 
connectors or (b) design, quickly, 
those that can ' t be avoided. Big 
savings there. 

Whichever decision (crisis?) you 're 
facing, between design and production, 
give Elco a call. Call Jim Scaminaci 
direct : he's our interconnections man. 
You can reach him at (213) 675-3311, 
Ext. 235. Collect. Or call, write, or 
TWX Joe Roos, Product Manager at 
Elco Corporation, Willow Grove, Pa. 
19090. (215) 659-7000.~ 
TWX 510-665-5573. ~=-_; 
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What do we mean by popular? 
We mean popular: National makes all the 
bipolar digitals, linears, hybrids, 
transistors and J-FETS most companies 
use most of the time. And we make them 
in all the popular packages. 

Who determines our line? Our 
customers. Primarily systems designers. 
Guys with common needs and custom 
needs. We fill the common needs with the 
devices we all know and love. And, 
we find a way to turn custom problems 

0 

• cs 

into more common solutions. Which 
means we wind up with most of the 
devices you're most likely to put on your 
own parts list. 

Which makes us the logical first stop 
when you've got a new list of parts to buy. 

Or, if you already have a good first 
source, give us a shot at seconds. 

When you N 1• . I 
use National a IORG e 
as a second source, you don't have to 
shop around for a third source. 
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To be a good second source, you 
have to be a good first source. 



the Giant Killer . •• 

New Heath EU-70A ... 
s555.oo* ASSEMBLED& 

TESTED 

• Solid-state 
• Triggered 

•Dual trace 
•DC-15 MHz 

• X-Y •15" deep 
• 8x10 cm flat face CRT 
•Send for the free EU-70A spec sheet ... 

and watch the giants fall 
EU-70A PAR TIAL SPEC IFICATIONS: Frequency Respon se: DC-15 MHz, down 3 dB. Rise Time: 
24 nsec. Time Base: Triggered with 18 calibrated rates, 0.2 usec/ div to 100 msec/ d iv in l , 2, 5 
sequence. Sweep Magnifier: XS, acc uracy ± 5%. Triggering: Internal - Channel l; Chan nel 2; 
Channels l / 2. External. Line. Adjustable. + or - slope. AC or DC coupled. Triggering Requ i re
ments: Internal - triggers from Channel 1, Channel 2 or Channels l / 2 X-Y mode capability. Sxl O 
cm grid, edge lighted. Dimensions: l0•/2" W x 121/2" H x 15" D. 

------------.-------------IE ~ iif:fiiif.*FW I 

NEW FREE 1971 CATALOG I I HEATH COMPANY, Dept. 520-25 
• Benton Harbor, Michigan 49022 • S<hlum•"•" Company 

The latest edition, with 1
1 

D Rush my new Heathkit Cata log 
many new, exci ting kit· D Enclosed is $-------. plus shipping. 
building projects . . . I 
over 300 kit s for I Please send model(s) _________ _ 
stereo/ hi-ti, color TV, I Name ______________ _ 
electronic organs, gui-
tar amplifiers, ham ra - I Address. _____________ _ 
dio , marine , educa-
tional , CB , home & I City State Zip __ 

hobby. Mail coupon or write Heath Com- I Pri ces & specifications subject to change without notice. 
pany, Benton Harbor, Michigan 49022. * Mail Order Prices; F.O.B. Factory EK-290 _______________________________ _ _J 
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Here is your 
copy of a brand new 

reference chart 
sponsored by 

JUDD WIRE 

WIRE & CABLE 
REFERENCE 

CHART 

Tear it out, 

NOW 

. . . and 
mount it on 

your wall 

If the chart has been 
removed, Circle Num
ber 41 on the Inquiry 

Card for a copy. 
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THE WESTERN COLUMN 

The courage of convictions 
At a crowded luncheon sponsored 
by IEEE's Electromagnetic Compati
bility Symposium in Anaheim, Ralph 
Nader demonstrated a great insight 
into both the problems and challenges 
facing today's engineers. 

Nader believes the crisis facing 
engineers today is more serious than 
they realize. Though they focus their 
time on tasks at hand, they have the 
burden of knowledge. If they are the 
first to see social cost implications, 
shouldn't they sound the alert? But 
they don't, because their energies are 
absorbed in a system with no status 
incentive to sound alarms. Could an 
automobile designer tell his employer 
he wants to make the internal com
bustion engine obsolete? A blue collar 
worker has more freedom because 
his contract protects him from ar
bitrary dismissal. Still, the engineer 
must view himself as the trustee of 
the future and future generations. 

Nader advocates a consumer pro
tection agency, partly staffed with 
competent engineers and with powers 
to act. I asked how he would attract 
engineering quality when industry 
could always bid higher. The first 
members, he replied, would have to 
be pioneers. An initial source might 
be the older engineers with valuable 
experience, but little market value. 

An association funded by its en
gineering members is another idea he 
supports. It could act as arbiter in 
disputes involving potential engineer
ing contributions. He credits the suc
cess of the AMA, for instance, to its 
annual $30 million budget and its 
small, effective AMA-funded staff. 
And two-thirds of the country's doc
tors belong. 

Imagine the existence of an asso
ciation that could back an engineer in 
a legitimate dispute with an employer. 
Or one that could back its members 
in such areas as medical electronics, 
where the recognition of engineers as 
equals and contributors could end a 
lot of squabbling and clear the decks 
for progress. How about promoting 
the concept of EEs as hospital staff 
members dedicated to saving lives? 
Such challenges are backed by Nader. 

Who but engineers restrict en
gineers from becoming professionals 
in the most expanded sense of the 
word? Does anyone think the task of 
defining and protecting our environ
ment is anything short of herculean? 
And who thinks he can do it alone? 
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Now he's the free-wheeling 
hero of the eompany. 

And why not. All his 
youngideaseverneeded 
was the right kind of support 
when it came time to package. 
At Scanbe he gets it. In spades. 
With solid, imaginative and prac
tical solutions. 

Like our five basic card pack
aging models. They offer over a 
million possible combinations. 
From card guides, card files and 
equipment drawers, to complex 
system-size configurations. We 
provide all accessories, too. 
Including card ejectors, drawer 
slides and card position identifi 
cation. Plus all the trimmings 
you'll need to make the perfect 
package out of a great idea-at 

a cost no boss could 
complain about. 

So, if you're ready for the best 
packaging support available, get 
in touch with us. We'll send you a 
brochure, or get right into you r 
packaging problems. The choice 
is yours. 

r::t.::::1 MANUFACTURING CORP. 
~ A canc:>Ga COM PANY 

3445 Fletcher Avenue • El Monte, California 91731 
Ph. : (213) 579-2300/686-1202 ·TWX: 910-587-3437 
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Matrix Rotary Switches 
Designed for low-cost infre
quently changed programming. 
Small, rugged, ideal for behind 
panel applications. Switch to 
switch wiring integral part of 
assembly to achieve maximum 
density. Printed circuit edge 
connectors make external wir
ing connections easy, fast and 
economical. Knobs position with 
positi ve detent action , eliminate 
contact bridging and clearly re
veal numerical readout. Contact 
surfaces fully protected, self
wiping for high reliability. De
signed to cover wide variety of 
digital memory, sequencing , X-Y 
coordinate and input-output 
sw itching applications. 

Card Readers 
The most complete line of Card 
Readers available anywhere. A 
w ide variety of types and sizes 
-manual , solenoid and motor 
driven-to accept standard tab 
cards and plastic credit and 
badge type cards. Contact ar
rangements include either 
bussed rows or bussed columns 
with isolated outputs or bussed 
matrix types up to 12 rows and 
22 columns . Self-wiping con
tacts. Lifetime bearings. Com
p 1 ete I y solderless wiring 
interface. Model 161 i llustrated 
especially designed for use with 
badge cards. 
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Reader Imprinters 
Designed for credit validation 
terminals and other terminals 
using input data from th e 
credit card and imprinting on 
command. Imprints from em
bossed information on credit 
card and from any fixed data 
onto manifold forms. Cycles 

Matrix Slide Switches 
Here's reliable matrix switch
ing for applications requiring 
manual data entry operations. 
Standard switch offers 5 slides, 
10 positions, 5 x 6, 10 x 10 and 
1 O x 16-special sizes also 
available. Positive slide loca
tion assured by detented slide 
positions. 

In-line visual readouts verify 
data entered. Unit is easily 
mounted . Ideally suited for 
data entry, test equipment pro
gramming, machine tool con
trol and collection of fixed and 
variable transaction data. 

Input/ Output Connectors 
" M " Series co nnectors are 
available in wide variety of 
sizes and configurations . 
Standard miniature and sub
miniature pin and socket con
tacts are crimp snap-in and 
posted for machine wiring . 
All contacts terminated with 
AMP's automated tooling for 
lowest applied cost. Connec
tors also accommodate mix of 
standard and coaxial type con
nections. 

are: read and imprint, or read 
and refrain from imprinting, as 
selected by external command 
to denote valid or invalid 
credit. Accepts plastic credit 
or badge type cards. Com
pletely solderless wiring inter
face . Designed for long life 
and easy serviceability. 
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With AMP you can go either way: 

Choose from virtually all components 
necessary for any function you can 
name; or buy the complete terminal 
packaged to your specifications. 
Components include slide switches, 
card readers, rotary matrix switches 
... everything from serial scanners 
and electronic logic to indicator 
lights and connectors of every type. 
Because of the flexibility of our com-
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ponentdesigns we can build portions 
or complete terminals to be com
patible with your system's interface 
requirements. Either way, when it 
comes to low-cost input terminals, 

only AMP has a ful l-choice offering 
for the OEM. 

For more on AMP's make or buy 
input terminal line write to 

Industrial Division, 
AMP Incorporated, Harrisburg, Pa. 

17105. 

AIVIP 
INCORPORATED 
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(FOR ONE THING, 
IT GOES TO +1200°F.) 

That's hot enough for heat-treating 
and annealing . Solid-state instrumen

tation with built-in time proportioning 
offers performance to meet the strictest 

requirements . .. makes this Blue M 
Ultra-Temp Oven suitable for research 
and pilot plant work as well as for 

production applications. 

If you're after even better perform
ance, need absolute control reliability, 
and don't find these extremely high 
temperatures essential, then consider 
the Blue M Ultra-Temp Ovens equip
ped with the patented POWER-0-
MATIC 60® Saturable Reactor Pro

portioning Control. These go to 
+ 1050°F. ( +565°C.), yet offer ac
curacy so exacting that they are 
especially recommended for process
ing resistors, transistors, rectifiers, and 

diodes. 

If you have thought that all ovens 
are alike, remember the Blue M Ultra
Temp. We'l l even help remind you . 
Write: Blue M Engineering Company , 
A Division of Blue M Electric Company, 
Corporate Headquarters , Blue Island, 
Illinois 60406. 

l®-1 BLUE M 
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CALENDAR 

OCTOBER 
11 12 13 14 

18 19 20 21 

25 I 26 27 28 

15 16 17 

22 23 24 

29 [ 30 31 

Oct. 16-17: 25th Midwest Conf., Amer
ican Society for Quality Control, Min 
nesota Section-Region 12, Minneapo
lis, Minnesota. Addtl. lnfo.-Roger 
Lundmark, 4700-76th Avenue North, 
Minneapolis, Minn. 55429. 

Oct. 21-22: Third Annual Connector 
Symp., Cherry Hill Inn, Cherry Hill, 
N.J. Addtl . lnfo.-Ed Brautigan, Pro
gram Chairman, Third Annual Con
nector Symp., Box 3104, Phila., Pa. 
19105. 

Oct. 21 -23: 1970 IEEE Ultrasonics Sym
posium, San Francisco, Calif. Mail 
an original and one good copy of 
your paper by August 1 to: Dr. W. J. 
Spencer, Bell Telephone Labs, Inc., 
555 Union Blvd., Allentown, Pa . 
18103. 

Oct. 26-28: Electronic & Aerospace 
Systems Convention (EASCO N), 
Sheraton Park Hotel, Washington, 
D.C. Addtl. lnfo.-Richard Marsten, 
NASA Hdqrs., Code SC, Washington, 
D.C. 20546. 

Oct. 26-29; 25th Annual ISA Conf., 
Civic Center in Philadelphia, Pa. 
Addtl. lnfo.-Daniel R. Stearn, Public 
Relations Mgr., ISA, 530 William 
Penn Place, Pittsburgh , Pa. 15219. 

Oct. 28-30: lnt'I Electronic Devices 
Meeting, Sheraton Park Hotel, 
Washington, D.C. Addtl. lnfo.-E. 0. 
Johnson, RCA, 415 S. 5th St., Har
rison, N.J. 07029. 

Oct. 29-30: Joint Engineering Manage
ment Conf., Drake Hotel, Chicago, 
Ill. Addtl. lnfo.-AIEE Hdqrs., 345 
E. 47th St., New York, N.Y. 10017. 

NOVEMBER 
1 2 3 14 5 6 7 

8 9 10 11 12 13 14 

15 16 / 17 18 19 i 20 21 

22 23 24 25 26 27 28 

29 30 

Nov. 4-6: IEEE Northeast Electronics 
Research and Engineering Meeting 
(NEREM) Sheraton-Boston Hotel, 

Boston, Mass. Addtl. lnfo.-IEEE 
Boston Office, 31 Channing St .. New
ton , Mass. 02158. 

Nov. 15-19: Magnetism & Magnetic 
Materials Conf., Diplomat Hotel, 
Hollywood Beach, Fla. Addt l. lnfo.
J. K. Watson, Univ. of Fla., Gaines
ville, Fla . 72601. 

Nov. 16-18: 1970 Hybrid Microelectron
ics Symp., Century Plaza, Beverly 
Hills, Calif. Addtl. lnfo.-Ronald A. 
Delaney, Alloys Unlimited, 320 L.I. 
Expressway So., Melville, N.Y. 

Nov. 17-19: Fall Joint Computer Conf., 
Astro Hall, Houston , Texas. Addtl. 
lnfo.-L. E. Axsom, IBM Scientific 
Ctr., 6900 Fannin , Houston, Texas 
77025. 

DECEMBER 
1 2 3 

~----~ 

6 I 7 8 9 I 10 
13 14 15 16 17 

20 21 22 23 24 

27 28 29 30 31 

4 

11 

18 

25 

5 

12 

19 

26 

Dec. 7-9: National Electronics Confer
ence and Exhibition (NEC/70), Con
rad Hilton Hotel, Chicago, Ill. R. J. 
Napolitan, General Mgr. Oak Brook 
Executive Plaza II , 1211 W. 22nd St., 
Oak Brook, Ill. 60521. 

'70 & '71 Conference Highlights 

NEREM-Northeast Electronics Re
search Engineering Meeting, Nov. 4-
6; Boston, Mass. 

NEC-National Electronics Conference, 
Dec. 7-9; Chicago, Illinois. 

IEEE-International Convention & Ex
hibition, March 22-25; New York, 
N. Y. 

WESCON-Western Electronic Show & 
Convention, Aug . 24-27; San Fran 
cisco, Calif. 

Call for Papers 

May 10-12: 1971 Electronic Compon
ents Conference, Washington, D.C. 
Abstracts of 250 words minimum, 
plus a list of the papers, salient 
concepts and features, should be 
sent by November 15 to Mr. Moss, 
P. R. Mallory and Co., 3029 East 
Washington St. , Indianapolis, Ind. 
46206. 

Circle 15 on Inquiry Card__. 





Setability of± .03% 
and environmental 
performance requirements 
of characteristic 
C of MIL-R-220970 plus: 
• 1.5% average equivalent 

noise resistance 
• 0.5% average CRV 
• 1/2 watt@ 70°C 
•TC ± 150 ppm/ °C 
Now you can choose from an 
expanded line of compact CTS 
Series 360 single-turn cermet 
trimmers. Seven pin spacings: 
.150"-.125"-.100" in both top 
and side adjust, plus T0-5 
arrangement in side adjust 
only. (T0-5 style at extra cost.) 
All available from your CTS 
Distributor, still at the lowest 
cost in the industry: just 50¢ 
each: CTS of Berne, Inc., 
Berne, Indiana 46711 . Phone: 
(219) 589-3111. 
* in 50,000 quantity for ± 20% 
tolerance. Add 4¢ for 10% toler3nce. 
Comparab ly low prices for smaller 
qu antities. 

Circle 16 on Inquiry Card 
c TS CORPORA T/ON 

Elkhart. Indiana 

Your CTS Answe r Man 
stands ready to fit our 
expanded trimmer line 
into your application. 



Programming: Choose either 
128 or 256 step models 
for linear or conditional 
branching operations. 

Dynamic range of 10 - 99 to1Q+99 
Decimals printed in either 

preset or scientific notation. 

Model 1665 shown. 
All MOS/LSI circuitry. 

Available with or 
without programming. 

Automatic special functions: 
aX, log 10/logc SIN/COS, 

SIN- 1/COS- 1, xi, ~ , 

radians to degrees, 
single key LX, LX 2 , N, 

rectangular to polar conversion. 
Automatic entry 

of values fore and TT. 

Ten independent, directly 
addressable storage registers. 

Special punch card system 
al lows programming without 

tying up the calculator. 

Accessory card reader for 
automatic entry of program 

data, special functions 
and decision-making 
capability not shown 

on keyboard. 

Circle 17 on Inquiry Card 
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CAREERS 

From aerospace to civilian applications- from layoff to a stable job. 
Three EEs tell how they fought to switch. 

By Deborah P. Wilkins, Editorial Assistant 

The next time you buy a hamburger, go to a real es
tate office, answer a call from an insurance salesman, 
hop a cab, rent a boat from a marina, or take karate 
lessons, take a second look at the man in charge: he 
just might be a former colleague. 

Although the combinaition of a falling economy, de
clining government contract awards, and inflation tends 
to force many engineers into jobs they'd prefer not to 
take, EEs have found jobs as engineers outside of aero
space and defense. While their happy experience is not 
typical (at least, not yet) among engineers who have 
recently lost their jobs, EEs with aerospace backgrounds 
can, like these men , make the adj ustment to non-defense 
areas of the electronics field, and successfully so. 

How many layoffs? 
The Aerospace Industries Association of America 

estimates present total aerospace employment at 1,-
177,000, down 241,000 from a peak figure of l ,418 ,-
000 in 1968. Of those laid off, 168,000 aerospace 
workers lost their jobs in the past year (Sept. 1969-
Sept. 1970). The Association's figures are for all work
ers. Of those, about 20 percent are engineers, and one 
out of four of these is an EE. With close to 9,000 elec
tronic engineers added to the unemployment ranks in 
the past 12 months, then , it's no wonder that the com
petition for non-defense jobs has been fierce. What 

makes matters worse, however, is that competition 
isn' t the only problem-there is also a subtle form 
of job discrimination. 

David G. Kilpatrick, a member of the IEEE Group 
on Engineering in Medicine & Biology, heads the bio
medical engineering division of a firm which, he freely 
admits, "is hesitant about hiring aerospace engineers 
because their skills are too specialized for medical elec
tronics and, even more important, they are unable to 
adjust to the restricted budgets most companies work 
with today." And many companies are afraid they will 
be used as temporary income sources until the aerospace 
industry recovers. 

All is not lost 
Fortunately, there is a general feeli ng of optimism 

for the future. A spokesman for the Association 
believes that " the lean years will probably fatten be
ginning in 197 1 when the tri-jet jumbo passenger 
transports start coming off the line and Boeing's 747 
production is in full swing." But even if these hope
ful words don't prove true, there are men like Harold 
B. Rose, technical director at Bio-Optronics Inc., who 
like Kilpatrick is involved in medical electronics, but 
fee ls that "we can bring men with broad aerospace 
backgrounds into a field so desperately devoid of 
articulate, capable engineering sk ill. Regardless of the 
field of application," he says, "the basic principles of 
engineering always apply." 
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So, if you're an EE with aerospace or defense back
ground, and you see the writing on the wall, you're 
probably looking for ways to get into more stable 
fields. You've acquired valuable skills as an engineer, 
and if you're like most of the men in your situation, 
you'll probably want to stay in engineering, aerospace 
or otherwise. There are still defense contracts being 
awarded, but they will not take up all the manpower 
available. Medical electronics, automotive electronics, 
communications, weather instrumentation, pollution 
control, and the electronic aids for postal service are 
only a few of the potential fields open to EEs. As diffi
cult as it may seem to find a job in these areas, it can 
be done . Here are three men who did it. 

A circuit is a circuit! 
John Sullivan-Medical electronics 

"Don't expect me to tell you that there's anything 
shockingly different between the aerospace industry 
and this type of job- there's very little difference." So 
states John Sullivan who, formerly with Philco-Ford's 
Western Development Lab in Palo Alto, now works in 
medical electronics with Smith Kline Instruments. 

At Philco-Ford, Sullivan designed a line of digital 
logic modules for both military and industrial use. 
"In aerospace I'd sit in a lab and design a circuit and 
never see the final product. Maybe it would end up 
in an airplane or a missile, but it was only a small part. 
Now I work on medical systems; I see the patients in 
the hospital and the equipment being used. The whole 
thing is more real and much more rewarding." 

Sullivan started his own company after he left Philco
Ford, but "it bombed." He had never been out of 
work and had never been la id off, so he suffered a 
real blow when, after sending out 60 or 70 resumes 
and accepting numerous interviews, it still took him 
several months to find a job. "What people are looking 
for today is a blue-eyed, 28-year-old, with 40 years 
experience in data disc memories. The kids haven't 
realized yet that we're in a depression. A Jot of the 
older fellows have, and when they've been walking 
the streets for two or three weeks, they've realized it 
with a vengeance. Since personal contact makes 40 % 
of the hires in the eleotronics industry, my advice to 
men out of jobs is to try anything. Take the interviews 
you can get and look outside of aerospace. You never 
know what might turn up. 

"As for aerospace engineers being too highly paid-
1 think that's a myth. There may possibly be a 5 to 
10% difference - maybe. What happens is that en-

gineers with many years of aerospace experience are 
commanding substantial salaries at the time they leave, 
and this is a problem when looking for a job. But I did 
find that there were jobs for men with less experience, 
say five or six years, and with lower salaries." 

Comparing the engineering work involved in both 
fields , Sullivan states, 'The belief that there's a differ
ence between design work in aerospace and medical 
electronics is also a myth. A circuit is a circuit! There's 
only one difference-in aerospace, management wants 
to cut the engineering budget as tightl y as possible be
cause engineering represents a major portion of the cost. 
Here it is different. Once we've designed a piece of 
equipment, the name of the game is to get the cost out 
of the product-engineering is not the most important 
factor." 

Besides being able to adjust their backgrounds to 
their new jobs, security is of prime concern to newly 
placed engineers. "The future here seems to be un
limited. I don't think there 's any question that the 
medical industry is 30 years behind the times from 
an electronics standpoint, and here we have the chance 
to really move ahead." Sullivan believes that socialized 
medicine will be accepted and promoted in our coun
try, heralding a tremendous expansion in the kind of 
business his company does. "The only way to bring 
inexpensive medical care to the people is through 
electronic-mechanical means, such as computers. 
There' ll be automatic clinics," he predicts, "where for 
a $2 fee you'll walk in one door and out the other 
with a complete breakdown of your mental and phy
sical condition." 

Patient monitoring- such as fetal sensing or the ob
servation of heart functions - is Sullivan's major field. 
Right now, he is working on a project called Systemsn, 
used in intensive care units to monitor critically ill 
heart patients-their ECG (electrocardiogram), blood 
pressure, respiration, temperature, etc. "This system 
can save the Jives of 40 % of the people with poten
tially fatal heaN conditions who get to the hospital. 
If you can catch the arrhythmia condition before it 
starts, you can save a patient's life. This is what this 
equipment does. And since a nurse doesn't have time 
for constant supervision of a patient, we're now going 
one step further-introducing computers which will 
constantly monitor a patient." 

As for the future of aerospace, Sullivan believes 
the Vietnam war has had an influence on the industry, 
the war slowdown being partly responsible for the cut
back in defense spending. "But there 's another element 
that's just as important as the cutback itself and that's 
the resentment of the whole country, the young people 
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especially, against military expenditures. The real cause 
of the aerospace problem as related to the recession is 
the attitude of the people." 

Consumer products with space technology 
Richard Trapani-Instrument designer 

"You always think it's going to happen to the other 
guy. And yet anyone who doesn't expect it is naive. 
Aerospace engineering is a dynamic, progressive, and 
exciting field. You're always on top of the times, so no 
matter what the hazards, men are going to be attracted 
to the field." 

Richard Trapani used to work on ground support 
equipment for aerospace at the General Electric Space 
Systems Division in Valley Forge, Pa. Along with 
many other skilled EEs, Trapani designed advanced 
equipment and systems developed during the "aero 
era." One assignment, for example, was to design an en
vironmental monitoring system using a new type of in
strumentation to measure temperature, shock, and hu
midity. Another project was to design a test console 
that could determine inaccuracies in a spacecraft's 
flight control system. He completed both jobs, as well 
as the design of a portable temperature-controlled wa
ter cooler that provided water to a missile system to 
control precisely the temperature of its components. 

From there on it was the same old story-contracts 
decreased, jobs were lost, and his was one of them. 
"I applied for other jobs as an aerospace engineer, but 
there really isn't much hiring going on. Unless you are 
exactly the man they are looking for and can step right 
into the job, the door is closed. I had more interviews 
with consumer-oriented companies and many, surpris
ingly, thought some aerospace background was good." 

With the expansion of General Electric's Space 
Technology Products (consumer products that are de
signed using space technology) several aerospace en
gineers found new jobs which would use their skills in 
new applications. Trapani was one of them. 

"I've found that aerospace ground equipment engi
neering and consumer-oriented engineering are alike in 
many ways--each has a variety of projects under way at 
one time, and each operates under the same basic prin
ciples. Time, money, and quality are of the utmost im
portance to both fields , and both use the same design 
materials and techniques. 1f there's any significant dif
ference , it's in the application , not the engineering. 

"The instruments J'm working on now can be used 
individually or can be incorporated into larger systems. 
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How about you? 
Does your story match these? 

Can you tell an encouraging story? 
Or an unusual one? 

We hope that the cases of Sullivan, Trapani, 
and Freeman will shed a ray of hope on the 
bleak employment picture of aerospace en · 
gineers. If you have had a similar experience, 
and if you're the type who'd rather fight and 
switch, tell us about it. If you 've recently 
changed from aerospace to a non-defense in· 
dustry and you're working as an electronic 
engineer, share your experience with your 
colleagues in the pages of The Electronic 
Engineer. Write a brief letter stating the na· 
ture of your new job and the company you 
work for to-

Miss Debbie Wilkins 
The Electronic Engineer 
One Decker Square 
Bala Cynwyd , Pa . 19004 

The X-ray detector technology uses digital control , 
analog and digital circuitry, and displ ays. The instru
ments are extremely sensitive, light, and portable. And 
although they use space technology, they're definitely 
consumer products." 

Among the instrumen ts Trapani is referring to are 
a laser receiver, a nuclear event counter, and a thickness 
gauge. All use the same basic technology developed 
for aerospace app lications. "When you consider that 
these instruments do incorporate space technology, it's 
easy to see that there's room for aerospace engineers in 
the consumer field ." 

Soon your dentist may not have to drill to find a 
cavity. One instrument GE is working on makes sensi
tive measurements of tooth enamel to determine where 
a cavity might occur. Again in the medical field , 
they've developed a nuclear event counter that can lo
cate potentially dangerous tumors. 

Film producers might use GE's thickness gauge to 
determine if the si lver coatings on their films are ex
cessive and , therefore, too costly. 
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"Sensitive measurement is the key to these instru
ments, and it's the same fact·or that was essential to the 
successful operation of space vehicles." 

In spite of the present situation , Trapani still has a 
soft spot in his heart for aerospace. "Aerospace offered 
a dynamic challenge to engineers. A good engineer 
had the opportunity to move up to his best level be
cause the field progressed so rapidly. In a consumer 
industry the hierarchy is more-or-less secure, even 
though the work may change. The aerospace layoffs, 
however, are a necessary evil. There's just no way to 
avoid the present situation, and in spite o.f his skill and 
experience, I'm sure luck is the major factor in a good 
engineer's finding a new job. Until the country's econ
omy recovers, I'm afraid things are going to stay this 
way. Even though the aerospace engineer's skills are 
needed today, the squeeze on business just won't make 
room for them. Hopefully, this will change soon." 

The human side of engineering 
Jay Freeman-Management consultant 

Long Island has been one of the geographical areas 
hardest hit by the aerospace layoffs. And probably no 
one is more aware of this than Jay Freeman, a 32-year
old engineer with a BSEE from CCNY who now works 
as a management consultant. His experience covers the 
familiar circuit for electronic engineers on Long Island 
-Sperry Gyroscope, Reeves Instruments-plus smaller 
companies such as Compat and Tele-Signal Corp. 

"I'm glad to be out of defense-related engineering," 
he says. "This field today means on ly a lack of work, 
of opportunity, and of security. l used to be involved 
with logi.c design and with proposals, and I'd use my 
technical skill to solve problems. But none of my 
other skills were ever touched-I had very little con
tact with people. To change from lab work to person
al contact was not an easy adjustment, but it was a 
worthwhile one. I now have an ultimately better future, 
and, most important, I can establish long-range goals 
for my career without fear of being cut short.''' 

As a management consultant Freeman is involved 
with the intangible aspects of engineering-the long
range forecasting of technological developments which 
would include government participation in industry, 
determining new products, and the future competition, 
market, and demand for them. "The work is highly 
diverse with an emphasis on overview rather than detail. 
For example, I am exposed to data processing as a tool 
to aid management. We are presently designing an in
formation retrieval system for data base research in the 

area of vehicle and highway safety design. My com
pany has had contracts for studies in such eclectic areas 
as exotic materials, urban planning, and manpower 
utilization." All of these management studies, says Free
man, are technical, "letting me use my engineering back
ground, but allowing me to develop new skills in the 
real business world rather than stagnate in the artificial 
world of the short-lived aerospace contract. 

"To make the change, I highly recommend an open 
mind. Because of the present market situation, you 
may be forced to take a cut in salary. But the skills 
acquired in a new area guarantee a better future in the 
end. Maybe one good thing that's come out of all this 
is that the economy is forcing people to look outside 
of their technical lives and find that there are possibil
ities for them in areas other than aerospace." 

Looking back to when he was in aerospace, Freeman 
states, "A few years ago l was more militant about all 
this. l used to have great hopes that engineers would 
organize themselves into a union which would give 
them some protection and security, for instance, a pen
sion plan , insurance, and other benefits provided by the 
labor unions. I wrote letters to editors and argued with 
people. But now I'm more resigned-jaded. After fight
ing a brick wall, I redirected my efforts to my own 
career. H's impossible to change the attitudes of a mil
lion engineers-maybe now the harshness of the indus
trial environment will do it; maybe the younger genera
tion , being more aware, will succeed. 

"People have to be hit over the head with a sledge 
hammer before they wake up. Engineers couldn't fore
see the need for protection a few years ago. Now it's too 
late. There've been no violent incidents to make an in
teresting newspaper report; the matter was never pre
sented en masse to engineers; people just didn't realize 
the seriousness of the problem. Now it's very sad to see 
America's greatest source of brain power facing a severe 
career crisis." 

Freeman believes that the consumer and industrial 
markets will eventually grow to produce more jobs for 
more people. "Because the defense market is dropping 
so quickly, it is overwhelming the jobs created by the 
consumer market. Aerospace engineers can't afford to 
wait 10 years, however, for consumer markets to catch 
up, or for aerospace to recover. They've got to transfer 
their skills to new jobs, and although the effort is worth 
it that's a hard thing to do today." 

Information Retrieval 

Careers 
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At 125° C, our 12-bit DIA converter 
is still a 12-bit DIA converter. 

As long as you promise to keep the ambient down 
around a balmy 65°C, any number of people will volun
teer to design and build a hybrid 12-bit D/ A converter 
and stuff it into a reasonably small flatpack for you . 

And if you 'd rather use an external op amp in the 
output, we ' ll leave ours out. Or if all you want is our TaN 
ladder and IC switches, you can get them separately. 

And , please, don 't feel you ' re putting us out if you 
But why bother? 
Ou rs is al ready sitting on the shelf. A 

?- layer multi-layer in a 1.25" square flatpack. 
~ 1.2so" --->I 

need a lot of any of these in 
a hurry. We can give you

quickly-any size or shape of 
hybrid you want , from a simple 

little thing tucked in a T0-5 Ready for service at Built-in 
any temperature within Clock Preset & Drive 

the M~ L Spec (-55.° C to s BCD scaling 
+125 C) range. Without TaN Res istors - - 0 

package to a 30-IC, ten-layer 
t---+---t-- Ladder Switch MSI module. By the thousands. 

DO 
deviation from its± Y2 LSB linearity. 

You can put in up to 12 binary 

The next step's up to you . 
- --o 0 o+TaN Ladder Want to try one of 

bits or 3 BCD digits (it 's DTL and 
TTL compatible) and take out 0 to 
+5, Oto +10, -5 to +5, or - 10 to 

Op Amp 

--==--=--+--Temperature-Compensated OU r D/ A converters? 
D Q Zener Diode Call , and our local man 
O o c51B O Op Amps will give you a demo 

_J '---'---TaN Adjustment Res istors right away. Learn a little 
more about them first? +10 volts . You get everything you 

might need for 8, 10, or 12-bit reso
lution-from input storage to out

~:~o tedii~~~r Trans istors & Diodes Write , and we ' ll have data in 

put op amp. And if everyth ing you might need is more 
than you actually need, we can leave some things out. 

Like our temperature-compensated reference source. 
You only need one of these to handle up to 120 bits. So 
if you ' re using several D/ A converters, we can put the 
reference source in one , leave it out of the rest. And 
save you a few bucks. 

the next mail. 
Explore some hybrid problems or possibilities of 

your own? Ask for John Zucker, our resident hybridizer. 
Any way you want to get us-or it-together, we ' re 

willing . 
Unisem Corporation , P.O. Box 11569, Philadelphia, 

Pennsylvania 19116. Telephone : (215) 355-5000. 
Circle 18 on Inquiry Card 



. We asked 37 MOS experts 
what they really needed 
in a high speed tester. 



When Xintel decided to build the best MOS 

tester'i n the world , we knew there was on ly one 

way to go about it. 

First - find out what the industry real ly 

needed by talking to the experts at the 

ma nufa cturing and large user leve l. 

Then- and only then-wou ld we put o ur 

engineers to work designing the product. 

So we pooled o ur Hertz, Diners, Am Ex, Ai r 

Trave l Cards and took to the road, interviewing 

every M O S/LSI maker and user we cou ld find . 

Our tour took us to Nationa l Semiconductor, 

Fairchild , lntersil, 4-Phase Systems, Signetics, 

Electronic A rrays, American Microsystems Inc., 

M otoro la, M ostek, Semiconducto r Electronic 

M emo ries Inc., Advanced Memory Systems, 

Raytheon, Intel, M onolithic M emo ries, IBM, 

Cogar, Philco , G enera l Instruments, MOS 

Technology, G arrett, Uni Sem, General Digita l, 

RCA, Com puter Microdevices .. . 

Most of these companies were eager to 

discuss the problems o f testing RAMs, ROMs and 

complex arrays. 

Here is what they told us. 
"Building MOS Testers isn't for the 

Weak, Faint Hearted, or Inexperienced" 
No argument here. That's why we put 

together a team of practical, no-nonsense, 

systems-oriented guys who know their way 

around MOS testing like an experienced airline 

pilot knows his way around the sky. 

M en such as Bill Ackley, Jo hn Coons, Rod 

M ack, Ken Watanabe, and Ed Edwards. That 's 

the Xintel MOS squad. A group of real heavy

weights. And each is capable of wearing a 

number o f different hats. 

"It should test MOS and 
Bi-Polar Devices" 

Ours will. We can generate and measure a 

wide range o f positive and negative vo ltages to 

handle P-channe l and N-channel MOS/ LSI chi ps 

and wafers plus all types of bi-polar I Cs. 

We can handle Random Access and Read 

On ly Memories, Shift Registers and Random Logic 

A rrays. Those now in production and those that 

are just a gleam in the eyes of MOS designers. 
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"We need to make three kinds of tests" 
We coined a new word- Dy-metric®-to 

describe the operation of the Xintel MOS tester 

which makes parametric, functiona l and dynamic 

tests. Most o f them simultaneously. 

Because timing is so important, our tester 

uses a fast mini-computer for loading a nd 

translati ng data-plus additional high speed 

memory capable o f outputting com plete wo rd 

patterns at megacycle rates. 

"Make it flexible - yet economical" 
No monster here. Our survey helped 

separate the wheat from the cha ff, the rea l from 

the imaginary. Instead o f chasing rainbows we 

designed a reliable, fl exible M OS test system. It 

has many data logging modes for wafer probe, 

fina l test, device classi fication or engineering 

analysis. Our tester wi ll be working when many 

o f the high priced monsters are dead in the water. 

"Keep the software simple" 
We've developed a language so your 

engineers and techs can type, edit, compile and 

execute tests directly from the Teletype keyboard 

- using simp le English source statements. They 

can concentrate on testing- not programming. 

" Give us plenty of peripherals" 
And we have. Disc and core memory for 

suppl ying data to the computer-high speed 

paper tape punch and reader-hard copy output 

from a TTY or a high speed line printer-plus 

computer control of functions such as probe-down 

sensing, off-wafer detection, inking, sorting ... 

" No relays, please" 
Relia bility and speed o f testing o f LSI devices 

requires new methods o f switching. Reed relays 

just won't hack it. 

Xintel's MOS tester will use solid-state 

electronic pin drivers to switch and measure 

voltages and currents at high speed . And they' ll 

be far more reliable than mechanical switches. 

Here Comes Spectrum I. The MOS 
Tester That 37 Experts Helped To Design! 

Here comes Spectrum I-the sensible M O S 

tester. It should be. After all, 37 MOS experts 

helped in the design concept. We'll be conducting 

special industry showings this fall. In the 

meantime, for more of the exciting Xinte l story 

just write or circle the reply card. 

Xint:el 
Corpo ration 
20931 Nordhoff • Chatsworth, California 91311 • (213) 882·88 11 
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Hyouthink 

this is an MOS clock, 
you don't know 
the half of it. 

Half 30-volt clock. 
Half data generator. 
That's Signetics' brand-new 5 01 

MOS Clock/Data Generator - the 
first instrument that lets you test 
MOS without separate multiple pulse 
and clock generators. 

The 501 provides - in one neat 
package-a complete engineering and 
production test generator specifically 
designed for (but not limited to) 
MOS device applications in either N 
or P channel devices. 

Now, the particular particulars: 
The 501 provides timing signals 

while generating words up to 32 bits 
in length. And you can run the two 

functions together, or let them go it 
alone. 

In MOS mode, you can choose 
from three alternatives at clock rates 
up to 16 MHz : single-phase, two
phase and four-phase-each with 32-
bit programmable data output. 

In data operating mode, you also 
have three choices : 1) four 8-bit 
channels, 2) two 8-bit channels and 
one 16-bit channel, or 3) two 16-bit 
channels. And all bits, incidentally, 
can be programmed by pushbutton. 

Controls? The 501 has them ga
lore, including NRZ / RZ, normal/ 
inverted, pulse width and pulse delay. 
There are even separate controls for 

zero and one levels. And all controls 
are right where you want them: up 
front. (If your application requires 
remote programming capability, just 
let us know your needs.) 

Dimensions? A modest 5" x 15" x 
1 7" - which proves again that good 
things come in small packages. 

For more information, just write 
the address below. Or phone us at 
(415) 961-9399. 

And find out all about our brand
new half-and~half. 

341 Moffet Blvd., Mountain View, Calif. 94040. A subsidiary of Corning Glass Works. 
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MOS course-Part 6 

Testing MOS 

Testing complex MOS: the how and why, p. 42 

By Arthur J. Boyle, Technical Ed itor 

This, the final installment of our course, deals with 
the testing of complex MOS integrated circuits. The 
following art icle detai ls the problems of MOS test
ing and also describes a programmable functional tester 
for MOS ics. The problem is, however, that the price 
tag for the kind of test system described runs well 
up into the six figure bracket. This, of course, is a 
significant investment and can only be justified by MOS 

manufacturers and a few, very large users. 

What about the little guy 
Small users also face the problems of MOS testing. For 

a majority of these companies, the full-blown, com
puter-controlled testers are not economically feasible. 
To solve their testing problems, these companies, in 
general, use one of three approaches. 

The first of these is to use one of the smaller, 
manually programmable testers on the market. Even 
these, however, are not inexpensive and their suitability 
for a particular application depends on such factors 
as the flexibility required (number of different circuits 
to be tested) and the volume. 

Another approach makes use of specialized black 
boxes built by the user himself. These black boxes are 
really individual, specialized testers for each particular 

The Electronic Engineer • Oct. 1970 

circuit. This approach suffers in that, because of the 
complexity of the circuits being tested, these black 
boxes are not cheap. If a number of very different 
circuits have to be tested, each will probably require 
its own box. 

The third method tests the circuit by inserting it into 
an already existing operating system. If the system 
performs correctly, then the circuit is accepted. This 
approach is attractive if you use several different cir
cuits in the same system. In this case, all of them can 
be tested with the same test setup. The biggest disad
vantage is that this is a low confidence type of testing. 
In some cases, circuits which are acceptable on the 
test setup may fail in service for a variety of reasons. 

None of these is a particularly bright alternative. One 
point to remember, however, is that testing is a substi
tute for experience. Right now, MOS integrated circuits 
are still new enough that users feel that they must test 
exhaustively. But hopefully this will change. As users 
build up confidence through experience, incoming in
spections will become less stringent. As the quality 
control manager for one medium size user puts it, 
"My aim is to spend as little time testing :M:os as I 
spend testing resistors. Right now 1 do have to test, 
but we want to build a list of supplies on which we can 
depend. Then we can let the manufacturers do our 
testing for us. This is the only approach that makes 
sense for a company our size." 
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MOS course-Part 6 

Testing complex MOS: 
the how and why 
As the circuits get smaller, the testing problems 
get bigger. Here's a look at just what 
is involved in "ringing out" those silicon chips. 

By Ron Danklefs and Homer Thornton 
Redcar Corp., Canoga Park, Calif. 

The steadily growing MOS/ LSI market emphasizes the 
need for a more effective means of testing these devices. 
This testing problem is also complicated by the ever in
creasing complexity of circuits resulting in lower yield 
and more difficult testing. 

Types of testing 

There are two broad types of IC testing. The first is 
a production go/ no go type test usually performed by 
both the manufacturer and by the users at incoming 
inspection. Go/ no go testing by the manufacturer 
breaks down further into two subdivisions. The first, at 
the wafer probe level, tests each die on the wafer before 
dicing and packaging. Its primary purpose is to screen 
out the obviously bad devices before the manufacturer 
invests the cost of additional handling. 

After the devices that passed the probe test are pack
aged, a second series of tests are run. In certain cases, 
this series includes tests at different severities to classify 
the final device as a function of speed, voltage, or com
plexity. 

Besides the production go/ no go tests, integrated cir
cuits also. undergo engineering tests. These engineering 
tests fall mto two categories. The first is a full param
eter test of a special test device on the wafer. Here such 
parameters as P-region resistivity and capacity; metal 
resistivity and capacity; threshold voltage; saturated 
resistance; transistor resistance as a function of thres
hold voltage; leakage; power drain; field inversion; and 
P, metal, and gate breakdown are measured. 

The second type of engineering testing is actually a 
functional test, similar to those performed at the bread
board stage with standard systems. Equipment for this 

testing must have prov1S1ons for continuous modifica
tion of test patterns and extremely good error logging 
capability. 

MOS testing 

Testing of MOS/ LSI is influenced by several factors, 
the most important being that the circuits perform in
creasingly complex functions. As this happens, the in
creased number of inputs, outputs, and internal states 
requires that the device be tested as a system. 

A second factor involved in testing MOS devices is 
their sensitivity to multi-phase clocks, clock overlap 
tolerances, and data skew. This factor, coupled with the 
relatively high voltage swings required on the clock and 
data lines and the fact that many types of MOS contain 
dynamic devices in transient states, complicates the test 
procedure. The MOS devices are also available with high 
voltage thresholds, low voltage thresholds, MOS to TTL 

compatibility, and other elements unique to a specific 
type of device. All of these factors call for an extremely 
versatile system of test hardware. 

The majority of today's MOS/ LSI devices are shift 
registers, random access memories, and read-only mem
ories. Generating test patterns for this type of device is 
relatively simple because of the limited number of in
ternal states and input/ output lines; these test patterns 
can be generated simply by hand. Devices of greater 
complexity, such as arithmetic units, central processing 
umts, and complete digital differential analyzers, require 
much more complex test patterns. 

Memory testing 

Testing fixed output devices (RAMS and ROMS) is 
much simpler than testing complex logic arrays. The 
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Test head 
adaptor 

OUT Test head 
adaptor 

(optional) 

Duplexer 
(optional) 

Data/power 
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(up to 64) 
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generator 
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generator 
controller 

Channel 
controller 

Teletype 

Paper tape 
reader 

RC 70 
general 
purpose 
digital 

computer 

Block diagram of the PAFT II system. The system per
forms parameter testing, such as stress and leakage 
and funct ional tests. 

test pattern for a read-only memory is essentially the 
pattern stored in the memory. The test equipment must 
sequentially or randomly select the address lines to the 
ROM and compare the actual output of the memory 
with the expected output for the address applied. The 
problems of testing ROMs are primarily testing speed and 
test pattern storage. 

Random access memories require a different concept 
of testing. Semiconductor memories are normally tested 
in the same manner as core planes. The address lines 
are sequenced and the information to be written into 
the cell or read from the cell is controlled by the hard
ware. The test sequences most commonly used on ran
dom access memories are reading and writing all Os, all 
l s, and alternate ls and Os. Additional tests include 
walking a 1 or a 0 and bracketing a given location in 
memory. 

Bracketing a memory location determines if reading 
or writing in adjacent cells will disturb the contents of 
the selected cell. This test consists of writing a l in a 
selected memory location, and then writing Os in all 
adjacent cells. The 1 is then read to determine if it has 
been disturbed. 

Dynamic MOS random access memories are transient 
in nature. The data is stored by charging a parasitic 
capacitor to a certain voltage level. This charge will re
main in the memory for a limited period of time before 
it must be refreshed. Provisions for refresh logic must 
be made either in the test pattern used or in the test 
hardware itself. With the refresh provisions in the test 
hardware, the testing of the RAM becomes simpler. 

Test patterns 

The simplest form of test pattern is a random input 
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pattern, or one contammg all possible logic bit combi
nations. A device can then be subjected to this pattern 
and its output compared with the expected output. If 
they differ, the device is bad; however, if they agree, 
the device may be good, or it still may have additional 
faults that were not detected. 

The second test method requires a random input bit 
pattern that is used as the input to two devices. The 
first is the device under test and the second is a proven 
device of the same type. The outputs of the two devices 
are compared and if they agree, the tested device is 
considered good. Both methods described above are 
minimum cost approaches that act as low confidence 
screening for devices. 

Software aids 

Software aids to test pattern generation consist of 
logic simulators, logic verifiers, and actual test pattern 
generation programs. The logic simulator accepts the 
logic equations implemented in the device to be tested 
and, in response to a set of input bit patterns, generates 
the expected output bit patterns for those logic equa
tions. Ideally, each logic equation in the simulator 
should conform to an actual circuit element in the 
Mos device. This allows simul ation of the possible fa il
ure modes of the actual MOS device. 

The first step in verification simulates the test pattern 
and generates the expected output for a function al de
vice. The next steps will be to fault successively each 
circuit node and , for each fault , generate an expected 
output. If the expected output of the faulted logic dif
fers from the expected output of the correct logic, the 
test pattern used will detect that particular fault condi
tion. In this manner, a good verifier li sts the fault con-
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ditions that will not be detected by the input test pattern 
verifier. The input test pattern can then be modified 
and re-verified. This succession of modifications and 
verifications is repeated until a test pattern is generated 
which will detect all fault conditions in the logic, if 
possible. 

The automatic method is an iterative process which 
generates and verifies the test pattern. If errors occurred 
that could not be detected, the input test pattern is ex
panded and re-verified. Unfortunately, current compu
ter programs for simulation and verification become too 
expensive when used in this iterative process. However, 
as the complexity of LSI arrays increases, the automatic 
methods will become more feasible. 

Test hardware 

The four testing functions discussed so far are go/ no 
go producton testing, engineering logic design check
out, quantitative production parameter testing, and 
memory testing. These functions can be incorporated 
into three unique types of test systems. The first is a 
generalized or functional tester with a limited parameter 
test capability. This system performs the wafer probe 
testing and finished package testing, plus error logging 
for engineering functional breadboard testing. The 
second type is a memory tester for RAMS and ROMS. 

Th is tester would also have the limited parameter test 
option and could be used for wafer probing and fin
ished packaged testing. The third type of test system is 
a high-accuracy, true parameter tester. This piece of 
laboratory equipment offers extremely high accuracy 
and resolution for use in determining the numerical 
values of the processed parameters of the MOS test tran
sistor. 

The clock subsystem of any MOS test system must be 
capable of generating multiphase clocks with high 
speed, high accuracy, and high drive capabilities. Clbck 
requirements differ considerably for different MOS de
vices ; therefore, the generalized tester must provide a 
wide range of clock outputs. For present usage, clock 
frequencies should be adjustable from lkHz to over 5 
MHz, with additional phase control available. 

Testing a four phase device at 5 MHz requires four 
input clo:k phases, each of which must have a 50-ns 
pulse duration. This means that all clock and data 
phases must have a resolution of greater than 50 ns. 
Since overlap between clocks in certain logic devices is 
extremely critical, the leading and trailing edges of the 
clock phases must be adjustable in nanosecond incre
ments. Future MOS devices will require even faster clock 
frequencies and greater resolutions. 

If different devices are to be tested by the same sys
tem, it is necessary to have program control over the 
clock subsystem. The system should provide program 
control over basic clock frequency up to the maximum 
resolution, and over all clock phases, all data phases, 

Start 

Write Os in all locations 

Write a 1 in location N 

Add a 1 to N 

A typical test for a read/write memory consists of walk
ing a 1 through al l locations in the memory. The same 
approach can be used to walk a 0 through the memory. 

and all output data strobes. The leading and trailing 
edges of all clock phases should have a minirn"um resolu
tion of 2.5 ns with even higher resolutions desirable. The 
envelope waveform of the data input must also be ad
justable to the same resolution. The positioning and 
duration of the output data strobe should also be pro
grammable with the same degree of resolution. Since 
all MOS devices do not require a nanosecond clock resol
ution at this time this feature should be available as an 
option so as not to increase the basic cost of the system. 

The clock inputs to the device under test must be 
capable of swinging in excess of 30 V to test high 
threshold Mos devices. For testing different devices, the 
clock amplitude must be adjustable, preferably under 
program control. Since functional testing should be 
done at the limits of the device test specifications, the 
accuracy of the clock and data voltage amplitudes 
should be better than 50 mV over the entire range of 
the clock voltage. The high clock frequencies, high 
voltage swings, and high pulse resolutions on the clock 
and data inputs necessitate a very high rise and fa)] 
time for the clock pulses. The additional requirement 
that no input line to the device may forward bias the 
substrate (which normally is at 0 V) means that the 
clock and data drivers must have no overshoot in excess 
of 0.3 V above the substrate voltage. All of these re-

The Electronic Engineer • Oct. 1970 



Run programs 

1. Senses and logs errors 

2. Provides go/no go indication 

3. Calls up desired subprograms 

J 
Tuning programs 

1. Controls basic clo ck frequency 

2. Controls delay ti 
clock phases 

me and duration for all 

ning and 3. Controls positio 
for all compara tor strobes 

duration 

Test pattern programs 

1. Contains the various input bit patterns 

2. Contains the expected outputs for each 

input pattern 

• • l 
Voltage p rograms 

1. Controls t he 0 an d 1 levels for clock, 
the device under test and data inputs to 

2. Controls the 0 an d 1 reference levels 
ors t o tha comparat 

Parameter limit programs 

1. Controls the parameter tester 

2. Logs errors 

3. Stores limit valves for each parameter 

The software system for a programmable functional 
tester should include at least all the fun ct io ns s hown. 

quirements necessitate a clock and data driver ca
pable of driving 10 to 20 pF loads for existing small 
MOS devices . This requirement may increase to a 50 
to 100 pF load for large, four-phase devices, developed 
in the future . 

The test system should present a high input im
pedance and a low capacitive loading to the output of 
the device under test. Current devices normally have 
an output impedance of between 1 and 3 kO and should 
look into a 1- to 10-MO input impedance. Capacitive 
loading should be less than 25 pF. A comparator 
matches the voltage output of the device against a 0 
logic level , and a 1 logic level. The results of this com
parison are conditioned by the expected output and 
an error indication strobe. These comparators should 
have a better than 50-mV resolution at the device 
under test output, and a data strobe or data window 
of less than 25-ns duration. One or more data strobe (s) 
is used to determine if the waveform envelope of the 
output were within the time and voltage specifications. 

The outputs of the device should be loaded resistively 
and capacitively to their maximum ratings before the 
test. The loading resistors and capacitors can be 
mounted on the adapter board which contains the con
nector or probe pins. 

The Mos functional tester and the MOS memory 
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tester should include an optional parameter limit tester. 
This parameter limit tester is definitely required when 
the tester is used with a probe station and is desirable 
when testing packaged devices. The parameter limit 
tester will test probe down continuity, leakage limits, 
and present a stress voltage to the device input pins. 

Probe down sensing can be conducted by forward 
biasing the pn junction of the MOS device input or out
put pin. If the substrate of the MOS devices is grounded, 
a 5 V appl ied through a current limiting resistor will 
detect if the pin is making connection with the device
under-test input or output. This particular test will 
only work if the input or output goes through a zener 
device or a p region but in most Mos devices all input 
and output pins do go through or make a connection 
to a p region . 

Leakage measurements may be conducted on all 
input pins by applying a compliance voltage through 
a current · limiting or dropping resistor to each input 
pin. A comparator then measures the voltage level at 
the input pin. This leakage limit test is not the high 
accuracy measurements that are performed for param
eter testing. 

Each pin has a different value of leakage. Typical 
leakages may range from 1 µA for an input line to 
I 00 µA for a clock input. To accurately measure these 
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This Is Redcor's PAFT II (Programmable Automatic Func
tion Tester). The system uses a RC-70, 16-bit com
puter as the center of the test system. 

limits, a resolution and accuracy of about 100 nA is 
required of the parameter limit tester. 

The input pins are also stressed to determine if the 
device meets the breakdown requirements. The maxi
mum compliance voltage for stressing should be in ex
cess of 100 V for high threshold MOS processes with the 
actual value adjustable and controlled by the hardware. 

Programmable functional tester 

46 

The functional tester presents a data bit pattern to 
all inputs and then compares the output with the ex
pected outputs. The drivers, clocks, and comparators 
condition the inputs and outputs for handling by the 
logic in the test system. Since LSI testing requires a 
large number of controlled operations and a large data 
storage capacity for test patterns and expected outputs, 
a generalized changeable control and data storage de
vice is necessary. The least expensive and most versatile 
device of this sort is the general purpose computer. 

The use of a computer with the functional test sys
tem allows a large amount of versatility in test opera
tions. The test system capability is limited only by the 
software furnished by the equipment manufacturer or 
generated by the user. 

Additional test system logic and data storage are re
quired where speed of operation precludes the use of 
the computer control and computer memory. To achieve 
data pattern inputs and outputs in excess of 2 MHz 
for functional testing, auxiliary data storage must be 
provided outside the computer. This data storage may 

be in the form of static shift registers, high speed 
memories, or other means. Of the various approaches 
for storage of test patterns, static shift registers and 
read / write memories seem the most practical hardware 
approaches. Since MOS testing requires a wide range 
of input test rates, dynamic devices, such as drums, 
discs, and dynamic shift registers, severely limit this 
capability. These dynamic devices are adequate for an 
inexpensive, single purpose tester. For the generalized 
programmable functional tester described here, how
ever, they severely limit system capability. This auxil
iary, high-speed data storage allows the data patterns 
and the expected outputs to be transferred in real time. 
The computer memory can be used as intermediate 
storage for the test patterns which are then transferred 
to the high-speed data storage for the actual test. 

The performance of various real-time data transfer 
and control operations necessitates other hardware con
trol circuits. Some of these operations include data 
logging, data channel blanking, clock blanking, and 
other means of controlling the real-time test operation. 

Data and clock blanking is required because many 
LSI devices will have a number of indeterminate states 
that do not resolve themselves into meaningful outputs 
until several successive inputs have been introduced. 
The blanking channels cause the tester comparator 
circuits to ignore the outputs on these selective channels 
until they become meaningful. Clock blanking provides 

dead time to test the data retention ability of certain 
transient devices. The computer should control all of 
these hardware functions. The computer will have the 
option of setting up or inhibiting all test functions. 

With a computer-controlled system, the software 
determines the full capabilities of the test system. The 
software for a programmable functional tester should 
provide for all test setups, control and parameter test
ing, data logging, and complete control of all setup 
and testing operations. 

For reasons of economy and to utilize the full ca
pability of a complete programmable function tester, 
multiple test stations are a necessity. These test stations 
may be a combination of probe stations and test sockets 
for packaged devices . Since an automatic probe station 
requires from 100 to 300 ms to step from one device 
on the wafer to the next, the tester can be multiplexed 
between several stations. This multiplexing results in 
minimal loss in test time for each probe station. If a 
manual insertion socket is used for testing packaged 
devices, the socket can be multiplexed with no effective 
decrease in testing time. 

INFORMATION RETRIEVAL 
Digital design, Integrated circuits, Computers and 

Peripherals 
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Our competitors may be upset, 
but customers are wild about our new 

I 

S6* FET Analog Gate with Monolithic Driver. L_ :
0

-..-

The high cost of analog switching bas just taken a nose dive. Our CAG30 low 

cost general purpose FET Analog Gate switches up to +10 volt signals directly 

from DTL or TTL, and provides high logic noise immunity (typically 1.oV]. 

,(}"- The CAG30 turns oH faster than it turns on, allowing multiplex· 

W ing without crosstalk . The ,..,r r---\ron CAG30 is a break· before· 

make switch with 60 ohms maximum IJ L on·resistance and full 

military temperature range. The built·in CDRS monolithic driver is also avail· 

able separately in an S ·lead low profile TO·s package for $4.90* ... 

For your best buys in digital interface microcircuits, check Crystal· 

onics. 38 stock types available. 
* 100-249 unit prices 

~~ 
TELEDYNE 
CRVSTALONICS 
147 Sherman St. • Cambridge, Mass. 02140 •TEL: 617-491-1670 
1800 N. Highland Ave . • Suite 616 • Hollywood, Calif. 90028 • TEL:213-469-5871 
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CALL YOUR LOCAL CRYSTALON ICS OFFICE FOR DETAILS 

(201 ) 835-0332 (303) 798-8439 (404) 939-7075 (602) 273-7387 
(203) 324-3123 (305) 844-9791 (415) 349-6316 (609) 784-5000 
(213) 466-6201 (312) 286-1500 (505) 268-0928 (612) 488-0201 
(213) 469-5871 (313) 474-0661 (513) 299-4144 (617) 891-4582 
(214) 231-6891 (314) 542-3636 (514) 684-7755 (704) 366-6678 
(301) 823-3603 (319) 363-6425 (516) 593-2628 (716) 342-1413 

Circle 21 on Inquiry Card 47 



48 

RID resistor trimming: 
an industry report 
DANGER: Use of untrimmed hybrid resistors 

may be hazardous to your circuit 

By Stephen A. Thompson 
Western Editor-Los Angeles 

Who trims film resistors? Everyone. Why? Because 
the process of manufacturing film resistors is inherently 
inaccurate. With 1 uck, the many processing and material 
composition factors affecting deposited resistor values 
can be held to a cumulative ± 10 % in tightly con
trolled production but ± 20 % is more likely. Any cir
cuit requiring a better accuracy must be adjusted. 

The resistor trimming process breaks down into 
several applications. Trimming thick and thin films are 
fundamentally different processes. Volume and ac
curacy are major factors when deciding which of 
several trimming methods to choose. The major con
frontation today is between the more established tech
nique of air abrasive trimming (AAT) and the upstart 
-laser trimming (LT) . It is estimated that AAT is used 
in as much as 95 % of trimming applications-espe
cially in thick films. Lasers are the only clear challenge 
to this dominance, with no other serious contenders. 

Trimming for the beginner 
All trimming methods rely on mechanical or chemi

cal alteration of the resistor. Implementation varies 
widely in complexity, accuracy, and ingenuity. 

The cheapest, crudest methods mechanically remove 
the resistive material to raise R (resistance) to an ac
ceptable tolerance band. For instance, erasers can 
actually be used on soft resinate ink resistors.1 The 
next step up the technology ladder may be a scribe 
and vibrating tool. The most sophisticated of the 
methods utilized by low-volume, low-overhead opera
tions, uses rotating diamond phonograph needles or 
dentist drills. 

Characteristics common to these processes are mini
mal fixturing, high tool wear, poor tolerances, chipped 
resistors and substrates, and operator dependency, i.e., 
unreliability. 

Bonding pad adjusting 
This method attacks trimming by layout and calcula

tion rather than tools. Resistors are strung together so 
that the final value can be adjusted to spec by shorting 
segments or lifting bonds. Hewlett-Packard uses this 
technique on critical matched-bias resistors. 

The ultimate in calculation would be accurate match
ing components so that trimming could be eliminated. 
Hewlett-Packard matches some parts to substrates and 
matches some amplifiers to transistors, but trimming 
remains the easiest way to adjust the total circuit. 
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Fig. 2. Can you spot a good 
trimming technique and one 
that could be improved? Ten 
beam-leaded transistors and 
four resistors are attached to 
this 0.15-in. x 0 .5-in. substrate 
from Texas Instruments. The 
ratio of the large to small resis
tor on each side is trimmed to 
±1 % by air abrasive trimming. 
Using a wide nozzle to trim the 
large resistors preserved maxi
mum width and minimized the 
possibility of hot spots during 
high power dissipation. Orienta
tion of the trimming direction 
on the large resistors is such 
that the body of the second one 
trimmed protects the first one 
f rom being altered by over. 
spray.· This is not the case for 
the smaller resistors, though a 
protective overglaze could be 
appl ied to the first one trimmed . 
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Fig. 1. A 1,300-square thin-film resistor pattern with 
parallel adjustment loops. A portion of each loop is com
mon to the main conducting path. Open ing the loop re
moves a shunt according to the following values: 

Loop No. Increase (%) Loop No. Increase (%) Loop No. Increase (%) 
1 8.192 6 0.256 11 0.008 
2 4.096 7 0.128 12 0.004 
3 2.048 8 0.064 13 0.002 
4 1.024 9 0.032 14 0.001 
5 0.51 2 10 0.016 

Line widths are l lh-2 mils. Widths down to 0.4 mils have 
been used; patterns ranging from 5 to 200,000 squares 
have been made; and resistance ratios as high as 10,-
000: 1 (0.0001 %) have been produced. Courtesy of Allen
Bradley Co.2 
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TABLE I RESISTOR TRIMMING EQUIPMENT 

Throughout Base Inquiry 
Manufacturer Model Type (trims/hr) price($) card no. 

Apollo Lasers Inc. Lasertrim Y C02 laser Manual 7,100 201 
Apollo Lasers Inc. Lasertrim Y AG YAG laser Manual 18.375 202 

Arvin Systems Inc. ART C02 or Y AG laser 3-6,000 50,000 203 

Axion Corp . RA-650 Air Abrasive Manual 6,500 204 
Axion Corp. RU-2 Ultrasonic Scribe Manual 4,650 205 

Electro Scientific Inst.** 16 C02 or Y AG laser N/A 45,200 206 
Electro Scientific Inst.** 20 C02 or Y AG laser 18,000 91,850 207 

Hughes Aircraft Co. 5550H Argon laser Manual 9 ,950 208 
Hughes Aircraft Co. 5560H Y AG laser (split I 6,000 24,950* 209 
Hughes Aircraft Co. 5561H YAG laser 3,000 14,450 210 

Korad Laser Systems KAT YAG laser Manual 19,000 211 

Micronetics Inc. 70 C02 or Y AG laser 7,200 69,500 212 

Spacerays Inc. YT60C YAG laser 3-7,000 85,000 213 

S.S. White LAT 100 Air Abrasive Manual 5,950 214 
S.S. White AT-701A Air Abrasive Manual 13,800 215 
S.S. White AT-701AR Air Abrasive Manual 17,775 216 
S.S. White AT-704 Air Abrasive 4,000 39,500 217 
S.S. White AT-707 Air Abrasive 24,000 N/A 218 

Teradyne Applied Systems** W102 C02 or Y AG laser 24,000 89,100 219 

TRW Instruments 110A Xenon laser Manual 8,980 220 

• Price includes two stations. This unit can operate up to four stations from a single laser. 

*'This company also markets resistance bridges for trimming systems. The names of two other manufacturers of 
resistance bridges for trimming systems came up over and over again. They are : 

Boonton Electronics Corp. lnq. No. 221 James G. Biddle Co. lnq. No. 222 

Mind over technique 

Allen-Bradley in Milwaukee, Wisconsin, uses a 
sophisticated version of the bonding pad technique to 
trim chromium/ cobalt thin films over a range from 500 
to 70 M0.2 The resistors are constructed, as in Fig. 1, 
such that many paths exist in parallel with a main ser
pentine path. Each parallel path loops outside the 
main conductor pattern for easy access. The lengths 
(squares) are chosen so that they form an overlapping 
binary sequence. 

portion of the resistor is untouched , m1111m1zmg uneven 
power dissipation due to trimming, and eliminating 
thermally or mechanically induced stresses. The a rea 
between loops is large enough to accommodate ultra
son ic or laser trimming. The important consideration 
is to design patterns and calculate which loop to open, 
not the method of opening the loop. 

Trimming is an iterative process. The resistor is 
probed and R is matched against a target value. The 
loop that will produce the largest change on the low side 
of the target value is opened. The process is repeated 
until the R is within tolerance . Patterns are being 
trimmed to ± 0.00 I % accuracy over as much as a 
40 % change in value. Some circuits maintain 
± 0.005 % accuracy over the - 55 to 125°C tempera
ture range. Using the technique, Allen-Bradley has A I D 
converters and voltage divider standards in production. 

This method has several advantages. The main 

Resistors take a bath 

Anodization is another thin-film trimming technique. 
Typically, a tantalum or tantalum-nitride film covers 
the entire substrate, except for a high-value test resistor 
that is very dependent on sheet resistivity. 

If sheet resistivity is low, the substrate is immersed 
in a solution of dilute oxalic acid and a low current is 
passed through the film and the solution, causing 
tantalum pentoxide to form at the film-solution inter
face. This action reduces the film's cross-section and 
increases resistance. Tolerances of ± 5-10 % are con
sidered good in this batch process. 
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Fig. 3. Benefits of the laser "L-cut" technique. If the re
sistor shown is trimmed to its final value, R,, by cut
t ing straight across along line A, two undesirable effects 
are noted . The resistance change, 6 R, per length of cut 
is relatively large, making accurate adjustment difficult. 
The hottest spot will occur at the narrowest remaining 
portion of the resistor. By approaching Rr along A, then 
completing the trim along 8, a slope of much smaller 
6 R/unit length is followed . This aids accurate adjust
ment, and retains a greater minimum width, minimizing 
chances of a hot spot. If the combination A·C is chosen, 
such that the end of the resistor arrives before Rr is 
reached , the resistor must be rejected. 

Trimming to a given stability 
The pulsed voltage method, used also for trimming 

thin-film resistors, has not found wide acceptance. 
Nichrome resistors are oxidized and R increases when 
rf pulses heat them to the proper temperatures. The 
advantages are that this technique can be used on 
very small resistors, without foreign material being 
introduced . The disadvantage is that it is a very time 
consuming method and if the circuit is exposed to 
voltages exceeding the original voltage, the resistance 
may change still more. 

Trial by light or sand 
Air abrasive trimming (AAT) is the tried and proven 

workhorse of resistor trimming. Basically, it is sand 
blasting in its finest form. Typically, an air jet carries 
alumina particles of 10 to 50 microns to the resistor 
where they abrade the film, causing R to increase. 
Very precise accuracies can be achieved rapidly, 
reproducibly, and automatically. 
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Fig. 4. Effect of plasma plume on laser-trimming measure· 
ments. Ionized gas, formed when the laser vaporizes the 
resistors, provides a conducting path that effectively 
lowers resistance at the start of each measurement cycle. 
If the duration of the effect is about 100 µ.s and the 
laser pulse rate is 5 kHz, curve A might result. This as
sumes a cut similar to line A in Fig. 3, and that measur
ing circuitry could shut the laser off 50 µ.s before the 
next pulse is due if R measures in the acceptable band. 
If the effect ·does not clear for about 250 µ.s, solid line 
8 might result. The dashed portions show where the 
reading would have been .if a 300 µ.S pulse interval were 
used. Because R never stabilized, the laser kept pulsing, 
and the acceptable band was missed. This type of effect 
may limit realistic measurement intervals and laser trim· 
ming speeds. 

Laser trimming (LT) is the challenger. Chemical or 
mechanical changes are made in the resistor by heating 
or vaporizing the resistor, respectively . The laser beam 
is switched on and off rapidly, producing discrete 
changes in R with each pulse. It is faster, at least as 
accurate, and at least as reproducible as ATT. 

Speed and accuracy 
Neither side has established an accuracy advantage 

in this classic trade-off. Both claim 0.0 1 % as average 
with a possibility of 0.001 %, if desired . Almost nobody 
needs that high an accuracy and there is reasonable 
doubt that many resistors trimmed to better than 0.1 % 
remain there for long. Most users are satisfied with 
the 1-5 % range. 

However, there are exceptions. Texas Instruments 
has found that to match ratios of two resistances to 
within 1 % , an overall accuracy of 0.5 % is required. 
One goal at Varadyne, in Santa Monica, Calif., is a 
12-bit ladder network with ±1/2 -bit significant bit ac-
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Lasers come in many colors 
Four types of lasers are in use today. Of these, 

Argon has not gained wide popularity and Xenon 
has just been introduced. The major scuffle is 
between C02 and Y AG (neodimium-doped 
Yttrium Aluminum Garnet crystal). Advocates 
of each type claim thick- or thin-film capability. 
The majority opinion, however, is that C02 is 
better suited to thick films and Y AG to thin. 

YAG lasers are two or three times as ex
pensive initially as C02 lasers and they cost more 
to operate. Sealed C02 lasers do not require any 
external gas supply for cooling, nor do Xenon or 
Argon lasers. Y AG lasers require cooling. The 
C02 lasers are powerful enough to trim thick 
films easily. Alumina substrates strongly absorb 
their 10.6-µm wavelength, but the effects are 
minimal. These C02 lasers have also been in 
development longer, so many consider them 
more reliable. 

Y AG J,asers are preferred for thin-film work 
because of smaller spot sizes and because the 
metal films tend to reflect the C02 wavelength 
and absorb the Y AG's 1.06-µm wavelength. This 
suggests that Y AGs may be better suited to thin
film trimming than air abrasive trimmers (AAT). 

Y AG lasers can trim thick films, but their lower 
power makes them slower. They pulse faster and 
have smaller spot sizes, so there is speculation 
that they may be inherently more accurate. There 
is a tendency for users to accept Y AG lasers as 
the universal trimmer, even though each laser 
will probably be dedicated to a single type of 
production line. 

The Y AG laser is more sensitive to the vertical 
location of the resistor. Delco reports that the ac
tive focal length of a Y AG can only compensate 
for a deviation of 4 mils, while a C02 laser can 
cover 20 mils. Across large substrates, where 
camber can easily be ±8 mils, a YAG could 
have trouble. Abrasive systems are relatively in
different to camber. This could make them a good 
choice for trimming multilayered structures, where 
variations in print thicknesses of resistors and 

curacy. This means having resistances matched to 
0.01 %, with a temperature coefficient of resistance 
(TCR) tracking of 1 ppm. Varadyne, which is now 
close to the 1 ppm goal, feels that the pulse-and
read capability of the laser is needed for this accuracy. 

Users agree that LT is inherently faster at achieving 
a given tolerance than AAT. Obviously, if you are deal
ing with many resistors, the speed is important. At low 

dielectrics are cumulative, and resistors may be 
located in different planes. 

Argon lasers emit in the visible green. They 
can only trim thin films and are much slower than 
Y AG lasers. The spot size is so small (down to 
5 µm) it can perform an L-cut trim on a 1-mil R . 

Pulse rate is so slow that overshoot is not a prob
lem. The power supply can fit in a drawer. 

TRW Instruments gave up its attempt to market 
an argon laser trimmer because most customers 
resisted buying a system that could only trim 
thin films. They have introduced a Xenon laser 
system that shows promise. It trims thick and 
thin films and has a peak power of 400 W at % 
µs pulse widths and 60 pps. Spot size is from 
12-50 µm. Xenon emits in six bands in the blue
green band. 

Lasers can affect resistors in three ways: 
Vaporizing, melting, or annealing. Melting has 
been discarded as impractical. Most trimmers 
are set to vaporize a small portion of the material, 
thus raising R. At TRW Systems, an argon laser 
trims cermet thin-film resistors through a glass
topped package and anneals the resistor in place. 
You could not do this with C02 • This technique 
allows functional trimming of the finished package 
without adding or removing any material. The 
annealing adjusts resistance downward. An over
shoot can be reversed, within limits, by increasing 
the energy content of the beam and eroding a 
small portion of the resistor inside the package. 
Ten-micron spot sizes are possible and adjustments 
of 0.1 % are routine, with 0.01 % reported. After 
visual inspection, the package is made opaque to 
protect the light-sensitive circuitry. 

There are also three techniques, all of which 
are successful, for relative motion of the beam 
and the work. Most trimmers move the X-Y 
table. Korad will move either the laser head or 
the table because the mass is about equal. Coher
ent Radiation inserts mirrors between the head 
and the work, using them to control beam motion. 

volume, trimming time approaches zero compared to 
handling and positioning time, regardless of method. 
Trimming time does become significant at high volume. 
The laser is capable of stopping within a pulse or two 
permitting high trimming speed. The interval from the 
"stop" command to end-of-trim is relatively long in AAT 

because particles continue to arrive at the resistor for 
several milliseconds. This causes an overshoot which 
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must be anticipated. Mechanical techniques of blocking 
the nozzle with a gate or reversing the direction of the 
table during shut-off are not as responsive as the laser, 
so reduced table speed is the practical solution to the 
AAT overshoot problem. 

The most successful way to increase AAT throughput 
is to use a separate nozzle for each resistor on a sub
strate, trimming them simultaneously. An S.S. White 
AT707 at Delco Radio in Kokomo, Indiana, has seven 
heads and trims on a 2-s cycle, or 12,600 trims/ hr, 
which includes wafer changing. 

Delco uses both AAT and LT to turn out 20,000 
thick-film voltage regul ator and audio circuits daily. 
Since circuit performance · is independent of technique, 
they are interchangeable. Although Delco's AAT systems 
are faster than almost anyone else could use, they 
are converting to LT largely because of the speed ad
vantage. Delco finds that in AAT the shut-off and read 
time is about 25 ms. Lasers reduce this to about 3.5 
ms. Laser trimming is considered a minimum of three 
to five times fas ter than AAT. 

S.S. White systems trim to within ± 0.1 % at speeds 
of 0.15-1.5 in/ min . At 6 in/ min ., accuracy drops to 
± 0.3 % . Production systems trim to 0.5 % in 0.5s, and 
speed incre~ses rapidl y above 0.5 % . Delco easily main
tains ± 1 % at laser speeds of 2-3 in/ s. 

Functional trimming is next to cleanl iness 
As an electronic industry process, sand blasting is 

a messy source of contamin at ion. The AAT equipment 
is often kept in a separate area, interrupting the pro
duction flow. Though the abrading spot may be only 
3 mils in diameter, sand flies in all directions. This 
overspray coats and abrades nearby circuit elements, 
including other resistors just trimmed. Particles follow 
the substrate surface unless deflected by something, so 
shielding against them is very difficult. Minute particles 
enter nearby rotating machinery where they can cause 
accelerated wear. 

Laser contamination is restricted to redeposi tion of 
the vaporized resistor. Some laser manufacturers ignore 
the vapor; others blow it away with a fine jet of inert 
gas, mainly to keep it off the focus ing lens. 

Overspray virtually eliminates AAT from considera
tion for functional trimming. "Active circuit" or 
"dynamic" trimming are synonyms for this increasingly 
popular technique, where an operating circuit is probed 
and resistors are trimmed to bring a circuit response, 
such as output voltage regulation, into spec. Functional 
trimming permits a manufacturer to adjust the spec 
he is really concerned with. 

A cost analysis at Du Pont in Wilmington, Deleware, 
showed that an audio ampl ifier circuit cost $3 .00 in 
materials and labor at a volume of 25,000 per day. 
Eight cents of this was in thick-film paste and $1.00 
was in add-on components such as chip resistors and 

The Electronic Engineer • Oct. 1970 

"As fired" resistors 
are getting much better 

Durin g the firing process of the older PdAg type 
of thick-film inks (pastes) , the conductor ma
terial preferentiall y precipitated, resulting in a 
glassified resistor with an incipient hermeticity. 
Non-Pd , noble-metal inks , such as DuPont's 
ruthenium-based BiroxT, were developed to over
come deficiencies in PdAg inks. These deficiencies 
include process sensitivity, h ighl y positive noise 
figures, any TCR greater than 100 ppm/ °C, and 
sensitivity to reducing ambients .5 In the new inks, 
the conductive phase is chemically preformed 
during manufacturing. No additional reactions 
take place during the printing, drying, and firing 
cycles. Sheet resistivity depends only on firing 
temperature, not firing time, and the final prod
uct is virtually chemically inert. 

Though Birox was not invented to aid trim
ming, it has done so, probably because the re
sistive element is homogeneously distributed in 
the vitreous matrix. Birox resistors have better 
characteristics than PdAg resistors after both are 
trimmed by either AAT or LT. Some indications 
are that LT Birox res istors are almost as good as 
untrimmed ones. 

Many users did not want to convert from firing 
PdAg near 760 ° to firing Birox at 850 °C. Du 
Pont introduced a low temperature Birox to up
grade Pd Ag users. This is their 100 series which 
fires at 760 °C. The three main types of inks com
pare as follows: 

SCREENING ACCURACY 

Type Lot-to-lot Day-to-day TCR Cost/oz 
----

Pd Ag ± 30% ± 30% 250 ppm/'C $25 
1100 ± 30% ± 4-20% 250 ppm/'C $50 
Birox ± 10% ± 10% 100 ppmf' C $100 

If manufacturers keep improving the inks, it is 
possible that some circuits will not need to be 
trimmed. Several non-Pd ink producers are : 

Trade name 
Inquiry 

Major' base card 
Company of ink metal (s) number 

Electro Materia ls Corp. of Ameri ca Fir on Ru, Ir, Rh 230 
Du Pont Blrox 231 
Electro Science Labs. 3800 Series Pt, Au, Ir 232 
Methode Development Co. Blend-Ohm Pb, Ru 233 
Alloys Unlimited Series A Ru, Ag 234 
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Boundary effects. The TCR of a thick-film resistor can be 
considered to be a composite of the contributions of the 
four edges plus the central portion . Conductor material 
diffuses into the resistor at the conductor-resistor inter· 
face, causing large upward shifts in TCR . In short re· 
sistors, contact area becomes a large percentage of the 
total area , so contact resistance and TCR effects become 
more pronounced. Use of high performance pastes and 
post-fired conductors gives the best control of R and 
TCR0 because of minimal interface diffusion . The thin 
tapered edge region of the fired cross-section is more 
negative in TCR than the bulk, because negative TCR 
constituents concentrate there during firing. Removing 
large portions of the center of a small R during trimming 
can shift TCR negative by tens of ppm/°C.7 

capacitors, and active devices. The best way to cut 
costs was to functionally trim the circuit, allowing 
relaxed specs on the add-ons, eliminati ng separate 
testing of components, and increasing the module yield 
simultaneously. 

After the trim is over 

Trimming a resistor can affect its long term stabi lity, 
TCR, and noise figure. Extensive information describes 
ab raded resistors. No such data base has been estab
li shed for laser-trimmed resistors as yet, though Hughes 
Aircraft reports that load-life characteristics for argon
trimmed thin films are well established and meet 
Mil-5400 series tests quite well. 

Physically, AAT erodes the protective glass layer 
formed when thick-film resistors are fired, exposes 
the aggregate material underneath, and destroys the 
hermeticity. Sometimes overglazes are applied to reseal 
the surface, but these can also alter R values. 

The laser eliminates any need for an overglaze be
cause it vaporizes the material leaving a resealed or 
reglazed resistor. 

Unanimity is not found among users. Centralab holds 
that laser trimming does not seem to affect the TCR; 
however, they say it does affect the current noise, but 
no more than other methods. Fairchild engineers think 
the older palladium-silver (PdAg) inks were incompati
ble with LT, while the new noble metal-based one will 
be compatible. Their engineers do not like the noise the 
AAT introduces into resistors. Varadyne finds that 
noise, stability, and TCR are equivalent with either 
method when they trim noble metal inks. Delco, which 
uses PdAg inks, does not overglaze the trims. Their engi
neers find that laser-trimmed resistors are twice as 
stable as abraded ones. 

Manufacturers' inputs are what one might expect. 
Korad Lasers Systems claims that they cannot tell laser
trimmed resistors from untrimmed ones. S. S. White 
says that with equipment specifically designed for tight 
tolerance trimming there is no appreciable change in 
noise level after AAT. Axion adds that there is no 
problem with the stability of abrasively trimmed resistors. 

The largest paste manufacturer, Du Pont, believes 
that their PdAg resistors undergo significant changes 
when trimmed, adversely affecting drift. Samples of 
their noble-metal composition, BiroxT~f, trimmed by 
laser and abrasive techniques show no significant diff
erences over the time span that they have been able to 
test them. They feel that the laser-trimmed resistors 
may be as good as untrimmed ones. Electro-Science 
Labs notes that AAT overspray introduces pits in the 
surface causing noise. They see no TCR change with 
LT of their 3800 series noble-metal pastes, and could 
not tell untrimmed resistors from resistors trimmed by 
Apollo Lasers. 

Pay now or later 

Laser systems are more expensive than AAT systems. 
(See Table I). The more complex and automated the 
system, the less the difference, because much of the ex
pense is tied up in software and handling equipment 
common to ei ther system. As systems increase in size, 
they become custom and several have been assembled 
in-house. Bourns estimates that their own tape 
controlled C02 laser trimmer cost between $60,000-
$70,000. 

Maintenance is another story. Users universally be
moan the fact that AATS are mechanical and subject to 
wear. Bourns found that for high volume production, 
nozzles were replaced once a week and after 6 months 
the whole system started to Wear. Fairchild looked to 
lasers because the abrasive equipment broke down a 
lot. Abrasive systems consume sand, nitrogen, and noz
zles regularly while LTs use up light sources and lesser 
quantities of nitrogen. 

Laser users report that their systems are on-line most 
of the time. Replaci ng light sources is as easy as re
placing nozzles and occurs less frequently. Nozzles cost 
$8 .00-9.00 each. Korad's YAO (neodimium-doped 
Yttrium Aluminum Garnet) laser typically needs 
$13 .00 sources every 200 hours . Hughes changes their 
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two Y AG sources every 400 hours at a cost of $24.00. 
No personnel changes were required in places that 

converted to laser trimming. Safety is no problem either. 
The C02 lasers emit light in the infrared that is strongly 
absorbed by outer layers of the skin or eyes. It is totally 
absorbed by glass or plexiglass, so most operations 
shield the working area with plexiglass and insist that 
operators wear safety glasses. Y AG lasers also emit in 
the infrared, but at a wavelength that can pass through 
the aqueous solutions of the eye and be focused on 
the retina. Tinted shields that absorb the dangerous 
wavelengths are used and TV substrate monitors are 
common. 

One area where AAT systems are way ahead is capac
itor trimming. Doing it with lasers is difficult because 
the dielectric tends to form a semiconductor and. the 
laser fuses layers of ceramic and metal at the edges of 
the trim. Metal layers tend to reflect C02 beams. We 
have found no capacitor trimming by laser on a produe
tion basis. 

Measurement limitations 

Laser manufacturers are fond of blaming the accuracy 
and speed limitations on instrumentation. Resistance 
bridges or DVMs do not settle fast enough to take ad
vantage of the laser's speed, they say. 

Electro Scientific Industries (ESI) of Portland, Ore
gon, disputes that. A laser pulsing at 5 kHz causes a 
step change in R every 200 µs. If this represents a 0.1 % 
bite out of the R, the bridge will settle in 100 µs. If the 
bite is larger, settling will take longer. ESI thinks it 
would be as easy to speed up the laser shutdown cir
cuitry as it would be to provide a 10 µs bridge. An 
alternative is to slow down the cutting rate by changing 
direction (L-cut) as the resistor approaches its final 
value . For accuracies better than 0.1 % , a measure-and
predict mode is definitely needed. 

ESI questions the meaning of measurements at 10 µs 
intervals, if they were avail able . They think that thermal 
time constants as high as 1 ms can exist. These could be 
caused by substrate relaxation, paste interactions, etc. 
Both ESI and Coherent Radiation Inc. agree that there 
is a plasma created when the resistor is vaporized which 
must be allowed to clear before accurate measurements 
are possible. The ionized gas persists for 50-300 µs and 
provides a shunt that effectively lowers the measured R 

as shown in Fig. 4. 
S. S. White claims minimal thermal effects in AAT . 

ESI and McDonnell Douglas3 report that static charges 
can build up on the substra te and be imparted to the 
abrasive. The charged abrasive introduces al l sorts of 
pick-up into the resistor which make tr imming very diffi
cult. McDonnell Douglas solved this problem by raising 
the moisture content of the nitrogen from 25 ppm to 600-
700 ppm . 

ESI th inks that a basic instrumentation advantage 
of laser systems is the minimum coupling with the resis
tor being trimmed plus the high speed turn-on/ turn-off 
capability. 
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What's ahead? 

While AAT appears to be under siege, it has some 
powerful things going for it. For one, it is cheaper. 
Despite all the problems with AAT, users have learned 
to live with them and circumvent them one way or 
another. Laser trimmers will make inroads in very high 
speed and functional trimming applications. However, 
in the large majority of everday applications where AAT 

does an economical, adequate job, the advantages of 
lasers may not be so important. 

Are AAT manufacturers hedging their bets? Ax.ion 
offers ultrasonic trimming in addition to AAT and is look
ing at the laser technology for new product development. 
Hal Skurnick of S. S. White states, "We will continue 
to give the industry the best equipment that will do 
the job for them. This may be either by the air abrasive 
trimming technique or laser technique. We, of course, 
have been investigating lasers but have yet to find a 
system that we can fi rmly stand behind and guarantee 
unquestionably to our customers." 
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... in fuses, fusebolders, or fuseblocks 
YOU'LL FIND THE ANSWER IN THE 
COMPLETE BUSS QUALITY LINE 

You only have to look to one source - BUSS 
- for anything you need in protecting electrical 
and electronic circuits and components. BUSS 
covers the entire spectrum of fuses, fuseholders, 
fuseblocks, and related mounting hardware. 

Circle 22 on Inquiry Card 

You can reduce procurement and inventory 
costs by making BUSS - the quality line- your 
single source. Write for BUSS Bulletin SFB and 
see for yourself. 

BUSSMANN MFG. DIViSION 
McGraw-Edison Co. St. Louis. Mo. 63107 
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Sue, from the harnessing department says: 

"Spot ties ... cut lengths 
of tape ... new knot ... 
harnessing' s a breeze I" 

(She's really talking about 
GUO EB ROD'S 
SYSTEM "S") 

Sue's department had tried all kinds of harness tying 

materials and methods but they recently switched to 

Gudebrod's System "S". This uses cut lengths of 

lacing tape (in a size and coating to suit the 

cabling) . .. with an easily learned knot that 

takes only seconds to make a spot tie. To bring 

every section of the harness within easy arm 

reach , harness boards are on Gudebrod 

Swivel-Tilt-Mounts. That's all there is to it! 

Except , of course, the satisfaction from the 

swiftly made, firm neat harnesses that hold up under 

handling- and the money saving per harness. For 

details, talk to our Technical Representative. 

Naturally , Gudebrod 

has a System "C" for 

continuous lacing . 

Area Code 215 . W A 2 · 1122 

UDEBROD BROS. SILK C0.1 INC. 

~~~~ 
12 SOUTH 12TH STR E ET , PHILADEL P HIA , PE NN SYL VAN I A 19107 
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THE WHAT, WHY, WHEN, HOW AND WHOM 
OF COORS MICROCERAMICS 

Q. WHAT ARE COORS 

MICROCERAMICS ANYWAY? 

Q. WHEN SHOULD I USE COORS 

MICROCERAMICS? 

co 
Dime (f.) mina or beryllia ceramic for 

A. Glad you asked. They are 

small, precise parts of alu-

A. When you want ceramic components 

of highest quality and reliability. Also 

<,~ when you need a ceramic producer 
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BB 

microelectronic applications. We 

define small rather loosely as any 

with dependable, high-volume pro

duction capacity-or one that 

part between, say, the size of a 1· · · · · · · · · · · can turn out prototype and 

dime and a BB. The definition : : : . : : : II small-run quantities economically. 

Of precise is more .. rMypicai coo~s We're geared to do both. 
1croceram1cs 

precise: our standard toler

ance js ± 1 %; . tighter toler-

ances are available if needed. 

DD • 1c 
I a 

More Microceramics 

Q. WHY SHOULD I USE COORS 

MICROCERAMICS? 

A. ( 1) Because you can be sure they 

will be manufactured exactly to your 

specifications and not modified to suit 

our production capabilities; (2) Because 

you can be sure they will be 

of uniformly high quality; 

(3) Because of (1) and (2) 

your yields will improve and 

your unit costs will be lower. 
And Others 

Circle 24 on Inquiry Card 

I 

Q. HOW CAN I GET MORE 

INFORMATION ON COORS 

MICROCERAMICS? D 
II 

( ' 

A. Simply by asking. We'll 

be glad to counsel with you 

anytime by letter or phone. 

Or have our sales engineer in 

your area contact you for 

personal assistance. Or send 

you an informative C 
data pack. Or all three. , · 

( 
Still More 

' 

Q. WHOM SHOULD I ASK? 

A. Whoelse? 
Coors Porcelain Company • 600 Ninth Street 

Golden, Colorado 80401 • (303) 279-6565 

ltboU/cERAMicsl 
the tough stuff CP-137 
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OPTOELECTRONICS Part 3A 

APPLICATION 
IDEAS 

Here is your chance to apply the basic knowledge 

gained in the earlier parts of this course 

By Jack Hickey, Managing Editor 

Congratulations! You've made it this far in the course, 
and you're approaching the end. While the most diffi
cu lt part of any course is to app ly what you've learned, 
it is also the most interesting. Generally, courses quit 
after you have learned the basics of a subject. Here' 
we're going to go beyond that point and cover many 
application ideas for you. Because there are so many 
ideas to work from, this portion of the course is split 
into parts A & B. 

Origi nally, we had intended to take these application 
ideas and divide them into various categories. We 
looked at the possibilities of dividing the applications 
into groups such as digital and linear, commercial , mil
itary and industrial , or dividing them into emitter, sensor, 
and combinations, etc. But looking at the applications 
for optoelectronic devices we realized that an idea listed 
under one category could , in many cases, be applied in 
another area. By looking in only one category, then , you 
might have missed a good idea, so we simply selected 
those ideas we thought would be most useful to you. 

Because optoelectronics is a rel atively new field, it's 
very likely that you're not aware of all that can be done 
with a light source and detector. With this thought in 
mind , we selected at random many applications of 
optoelectronic devices. Hopefully, you will examine 
these application ideas one-by-one and, from them, get 
ideas of your own that will be useful to your designs. 

By no means will we be showing all of the applica
tions of optoelectronic devices, but rather, different ideas 
that will trigger your imagination. And to make it 
easier for you to grasp the basic ideas quickly, we have 
de liberately avoided using complete circuits with com-
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ponent values. We don't want you to miss the basic 
concept by getting lost in circuit details. 

As you go through these applications you will notice 
that some of the ideas are very simple applications, 
while others are very complex. At present, however, the 
major applications of optoelectronic devices, whether 
simple or complex, are primarily "sensing" applications. 
Sensing ranges all the way from a simple counting 
application to a sophisticated character recognition 
application. 

Another broad app lication area growing rapidly is 
the use of these devices for isolation, with isolators being 
sold as complete packages. 

While the concepts developed in this part of the 
course may appear to be simple, remember that many 
will require sophisticated designs to function . For in
stance, in an industrial application line transients caused 
by switching machinery on and off may result in many 
problems. Don't forget to cons ider such "environmen
tal " problems as this in your applications. 

In each application or group of applications we give 
the name of the company that provided the idea. If one 
or more of these application ideas are of interest to you, 
then you can contact that company's applications de
partment for more detailed design information . The 
companies will be glad to supply any information or 
assistance that you would like to have. 

Earn your certificate 

As with all good courses, at the encl of this one there 
will be an exam. To all re aders who take this exam and 
pass it, we will send a certificate indicating successful 
completion of the course. It is suitable for framing , so 
study hard .. .. 
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OPTOELECTRONICS Part 3A 

INSPECTION 

MEASURING LENGTH 

Cutt ing rods to length 

FLOW CONTROL 

Doubled- stacked parts 

60 

Candy Linville is using an optoelectronic 
device to convert printed matter into 
Braille for reading by the blind. The ex
perimental device was developed by her 
father, Professor John Linville of Stanford. 

Ideas supplied by Centralab 

Underfilled i (lJA--iii--
glass contai_::: --~ 

Light source 
and receiver 

~ ~ ""'r<ff>1 
'"''"""'-[] "®Ju 

REGISTER MARK 

Cu tting labels 

Sm al I objects in large chute 

Mirror 

Scanning for material imperfections 

TIMING CONTROL 

Timing disc 

Slot 
Timing impulses 

D Trans- D 
parent 

pipe 

G) ® 
I I 

Empty pipe Co lorless liquid 
in p ipe 

Liqu id presence 
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LEVEL CONT ROL 

4"''"""'~ 

Float 

Glass 
,,._tube ,_ 
I 

Level with float 

WE IGHT CONTRO L 

COU NTING 

Parts in a chute 
Counter 

CONV EY ING 

Sorting packages by height 

Coded disc 
Mul t ielement 

senso r~ 
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Counters 

/ 

co 

Ideas suppli ed by Centralab 

Level by opaqueness 

of liquid 
Level with in bins 

Controlling package weight 

Light source 

Cou n ter--~ 
~ , 
~'-

Cans on conveyor 

Stacking of bags 

Flow of materia ls 

Shaft encoders use mu ltip le uni t optoe lect ronic 
li ght sensors. A shaft posit ion encoder, a lso re
ferred to as a "converter" or "coder", is a de
vice wl1ich transduces mechanica l ana log shaft 
rotation into digital representation. It wi ll give 
a separate distinct digital indication tor eacl1 
position of the shaft. and the rotation can be di 
vided into as high a number of segments as 
necessa ry. - Cent ra lab. 
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COLOR MEASUREMENTS 

Light 
source 

Detectors 

888 
- - - Filters x y z 

Color sample 

IM 
4000 5000 6000 ;. 

Filter response curve 

PARTICLE DETECTION DEVICE 

Lens 
Particle 

fallout 

Output (count and size) 

EARTHMOVING ALIGNMENT SYSTEM 

REMOTE OPTICAL CHARACTER READER 

Detector output 
8 scans for 
reconstructed 
word 

JJAIJJA 
Timing pulse 
using second 
laser scanner 

Loser scanner and detector 

The need often arises to make quantitative 
measurements for color matching or color con
trol in a wide variety of industrial and laboratory 
applications. This is done by using photocells 
and filters for color synthesis, color process 
control , color matching and co lor identifi cation. 
Some applications include fru it ripeness testing, 
textile matching, paint mixing and process con
trol.-United Detector Technology. 

Two manufacturers presently use the scheme in 
the sketch for detecting the particle count in 
"dirty air." These devices are often used inside 
computer cabinets, laboratories and outdoor en
vironment. The illuminated beam go ing through 
th e center hole does not illuminate the active 
surface. If there is any back scattering as would 
be caused by loose particles falling throu gh the 
air, this transient condition would partially 
illuminate the cell. Particles of less than 1 µ m 
can be detected by a carefully designed system. 
-United Detector Technology. 

Here is a system that indicates to the driver of 
an earth moving machine (ditch digger-grad
ing, paving , etc.) the attitude of his vehicle and 
blade with respect to an absolute referen ce such 
as a visible laser line. The system employs a 
modu lated (visible) laser and continuous posi
ti on sens ing detector. The detector is free to 
move on th e " y" axis and is driven to a null po
si tion . The position correction is displayed to 
the driver for corrective action. A modification 
to th e system connects th e corrective signal 
directly to the blade control through a heavy 
duty servo system .-United Detector Tech 
nology. 

This system was designed for remote character 
readin g app li cations. There is a timing channel 
and each line of written characteristics is 
scanned eight times. The light to dark ratio 
pulses are sent with the timing pulses through 
wires or microwave link to a remote computer. 
The computer analyzes the data and timing 
channel pulses and restructures the information 
into computer compatible (digital information) 
or reconstructs the printing at the computer 
site or at another remote station . Both th e 
timin g channel and data channel use a con
tinuous surface , high frequency response photo
detector selected for a very high surface unl
formity.-United Detector Technology. 
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+5V 

Out 

Co mmon 

Schmitt trigger circuit permits card reader out
put to be compatible with TTL or DTL logic func
tions. In the hybrid circuit , R1, R,, R,, can be 
internally shunted to shift the switch point to 
correspond to the desired light level. Photo
voltaic cell is operated in diode mode. Li ght 
incident on photocell causes Qi to switch OFF, 
in turn switching Q, ON . Q, ON lowers volta ge 
at R-.. R, junction, changin g bias on Q1 through 
R,, R,, and R,.- Sensor Technology. 

Flip - Flop 
~---- o o 

T 

Cont rol signal fc 
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Output 

+5V 

Output 

(A) 

+5V 

Ou tput 

(B) 

A Schmitt trigger circuit using an optical couple 
to interface with TIL offering fast rise and fall 
times with an iso lated signal input. Figure A 
provides a non-inverting function, while Fig. B 
provides an inverting fun cti on.-Texas Instru
ments. 

Chopper circuits which use mechanical relays 
suffer from a speed problem as well as swi t ch
ing trans ients at the load. By using bipol ar 
transistors or FETs as ser ies and shunt swi tch· 
ing elements , the speed wi ll b_e improved but 
capac itive coupli ng to the sw1tch1n g c1rc u1try 
may st ill produce transient " spikes" on the 
out put si gnal. By using OCl s to switch the in 
put si gnal as shown, the switching ci rcui try can 
be iso lated from the ou tput and thereby reduce 
ou tput "spikes. " The use of two couplers in 
th e configuration shown wi ll a llow choppin g of 
either posit ive or negative input signals with 
a frequency of one-half that of the input t o the 
flip -fl op.-Texas Instru ments . 
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Coors Porcelain Company is the Number 1 producer 
of high-alumina ceramics and a major producer of 
alumina-ceramic substrates for thick- and thin-film cir
cuits . This produces a number of benefits for you. Namely : 

LOW COST - Whether your substrate order is 
large or small , you 'll always find 
fair, competitive prices at Coors. 

QUICK DELIVERY-Large-quantity substrate orders 
normally require only 6 to 8 weeks 
to complete. Small orders and pro
totype quantities usually take 2 
weeks or less . Stocked blanks are 
shipped within 48 hours . 

HIGHEST QUALITY-Coors has long been known as the 
quality manufacturer of technical 
ceramics. This means you can be 
sure Coors substrates will have uni 
form surfaces, precise dimensions, 
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maximum strength, maximum flat
ness, minimum camber, minimum 
waviness. 

Coors can produce substrates to your specifications 
from either glazed or unglazed 96% alumina ceramic or 
unglazed 99.5% alumina ceramic . Both of these ceramics 
are dense, impervious, resistant to high temperatures, 
easily metallized, and have excellent electrical-insulation 
characteristics and good heat-transfer properties . 

For details on Coors ceramic substrates, send for 
Bulletin 1400. Coors Porcelain Company, 600 Ninth 
Street, Golden, Colorado 80401 . 

(cERAMICS 
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IC IDEAS 

This month's Ideas Page 

No. 930: How to gain access to a synchronous device anytime . . . . . . . 66 

No. 931: Simple square wave generator uses one IC . . . . . . . . . . . . . . . . 66 

No. 932: CCO uses voltage regulator as a comparator . . . . . . . . . . . . . . 67 

Vote for the one you like best . 

Send US practical, reproducible ideas that are 
or iginal wi th you and have been implemented with 
linear or digital ICs. 

• If we publish your idea you win a check for $25.00. 

• If our readers vote yours the best of t he issue in 
which it appears , you have your choice of a Simpson 
270 or a Triplett 600 multitester. 

• After 12 issues our readers will vote on the best 

Here's how you voted 

The winning Idea for t he May 1970 issue is, " Digital 
frequency doubl ing." 
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Write the number of the Idea you like best in the box 
on the Inquiry Card, and send to us. 

idea for all 12 issues. The winner gets his choice of 
either a Hewlett·Packard 1206A or a Tektronix 310A 
oscilloscope. 

Submit you r IC Ideas to: 
Alberto Socolovsky 

Editor 
THE ELECTRONIC ENGINEER 

Chestnut & 56th Sts. 
Ph iladelph ia, Pa . 19139 

David Sporre , ou r prize· 
winn ing author, is a com
puter systems engineer 
with The Refl ectone Divi
sion of Oti s Elevator Co. 
Mr. Sporre has chosen the 
Tri plett Model 600 TVO as 
his prize. 
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930 How to gain access to a synchronous device anytime 

Don Feruling 

National Semiconductor, Santa Clara , Calif. 

Some M S! devices are designed for 
synchronous operation only. N a
tional's DM8860 and F airchild 's 
9300 4-bit registers are good exam
ples of th is type of device . 

To enter parallel data into these 
registers, the PE terminal is brought 
low and then when the clock goes 
true, the data on P0 , Pi. P2 and P3 

is set into the internal flip-flops of 
the device. 

When no system clock is avail
abl e, parall el entry into these de
vices is d ifficult. With the circuit 
shown, however, you can do it with 
one com mand. 

When the asynchronous parallel 
enter signal is applied, it performs 
three separate function s. First of 
a ll , it enables the register to re
ce ive parallel inputs upon receipt 
of a clock pulse. Secondly, it pre
vents any stray system clock pulses 
or noise from interfering with the 

Asynchronous 
porallel 
enter 

System 
clock 

DM8850 

6 

stable entry of data. The third func
tion is the initiation of the one-shot 
which provides the clock pulse for 
the parallel entry. 

Gate G 2 allows operation of the 

>-- - cp DM8600 

clock line from either the one-shot 
or from the system clock. It also 
provides the delay needed to allow 
the PE terminal to go low before 
t.he clock pulse. 

931 Simple square wave generator uses one IC 

Henry D. Olson 

Stanford Research Institute, Menlo Park , Cal if . 

The MC787P in Motorola's RTL 

series can eas il y be made to func
tion as a square wave generator. 
The output is a square wave with 
a large (80) RTL fa nout and will 
even sin k sufficient current to drive 
TTL or DTL gates. 

T he MC787P is a combination 
J - K fl ip-flop, in verter and two buf
fe rs. The circuit uses the inverter 
and one buffer as an astable multi
vib rator, divides the rectangular 
waveform by two with the J -K , and 
uses the remaining buffe r as the 
output stage. Since the on and off 
periods are not determined by sep
arate RC time constants, but by a 
toggling J -K, you get a near perfect 
square wave. 

The circuit is useful from at 
least I Hz to 2 MHz which an out-

+ 3.6V Sy nc Out put 
r-~~~~~~-r-~~~~~~~~~ ..... 

3 

5 s 
-= 

7 c 
-= 

12 

( Resells in approx IKHz 
square wove out pu t ) 

6 
T 

9 
0 

0 8 

Cd 

10 -= 

put frequency of about 1 kHz for 
the RC values shown. A variable 
frequency control , sync output and 

0.015µ.f 
13 

5.1Kl1 

MC787P 

2 Ou tput 

4 

Q or Q selector have been added to 
make a complete generator. The 
output is 3 V with no load. 
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VOTE• for the one 
• you like best. 

932 CCO uses voltage regulator as a comparator 

Sam Ben-Yaakov 

UCLA, Los Ange les, Ca li f. 

The µ.A 723 voltage regul ator has 
both a reference voltage source and 
a differenti al, high gain amplifier. 
This current-controll ed oscillator 
uses these units as a comparator to 
produce a short pulse whenever the 
input exceeds the reference volt
age level. 

You get the comparator opera
tion by connecting the negative in
put of the diff. amp to the refer
ence point. T he emitter of the in
ternal transistor is also connected 
to the reference point throu gh a 
300 0 resistor while the collector 
is dri vi ng a 10-kO resistor. The 
50-pF capacitor between the col
lector and the negative input of the 
amplifier provides positive feed
back. The tra nsistor is in the cut
off condi tion as long the voltage 
to the positive input is below the 
refe rence value. If the input mo
mentarily exceeds the reference 
value, however, the amplifier gives 
you a positive-going pulse that 
dr ives the transistor into conduc
tion. The positive feedback pro
duces an 8-µ.s pulse even if the in
put voltage is a short sp ike. 

The cco uses a µA709 op amp 
to feed the comparator. The cu r
ren t to the negative input of the 
op amp is integrated by the feed
back capacitor. Wherever the out
put of the integrator reaches the 
trigger ing voltage of the compara
to r, it fires and produces a positive 
pulse at the ga te of the normall y 
cutoff FET. The FET wi ll conduct 
and discharge the capaci tor to 
ground , allowing a new cycle to be
gin . The output waveform of the 
cco is thus a positive going saw-
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l. 5nF 

tooth with a max imum amplitude 
equal to the refere nce voltage. 

You can calculate the cco fre
quency by assu ming a constant 
negative input current to the de
vice (l i,,) and deriving the period of 
each cycle. The output voltage 
(V 0 ) of the integrator is a linear 
function of the capacitor 's charge; 

V 0 = tJi1J C 1 

where t 1 is the time (per cycle) 
until the firin g level is reached. 
When the firin g level is reached, 
V 0 = V,.61 so that 

l1 = V ,.et C1 ! Ii,, 
The period of oscillation (T) is the 
integration time plus the pulse 
length of the comparator (t 2). 

T = V ,.e1 C1 lin + l 2 

The maximum operating fre-

+15 V 

IN3064 

4 .7K.Q IOK.Q 

- 15v 
50pF 

+15v 

quency for this cco was found to 
be 75 kHz with an input current 
of about -2 mA. The linearity of 
the circuit is better than 1 % from 
0-10 kHz. Above this range, the 
linea rity deterior a t es since the 
pulse length of the comparator is 
no longer negligibl y short when 
compared to the period . 

The cco can be operated as a 
line a r analog-to-frequency con
ve rter or as an fm ca rrier modul a
tor. In the second case you should 
choose R 2 to provide a constant 
bias corresponding to the desired 
carried frequency . The input im
pedance of the unit is near zero 
and by providing an input resistor 
(R 1 ) the cco frequency can be 
controlled by a voltage input. 
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Digital filters become commercial 

H ave you ever heard of a filter that 
has infinite Q , can be de coupled and 
has a variable center frequency? If 
you have, you can bet it was a digital 
filter. 

Lowering price and the increasing 
complexity of digital res have made 
it apparent that digital filters would 
soon be commercial. They are now, 
thanks to a relatively young company 
call ed Rockl and Systems Corp., whose 
principa ls have picked up experience 
wi th digital filters at Bell Labs. 

Since the market is so young, it is 
difficult to produce a line of digital 
filters that is tailored to the applica
ti ons. Therefore, Rockland Systems 
Corp. has developed a modul a r filter 
that can be expanded from a simple 
signal processor without memory, to 
a hi ghly variable, all-pass filter with 
variable delay and phase shift. 

Flexibility plus 

Because digital filters are composed 
of componen ts like adders, multipli
ers, shift registers and a memory, 
they lead themselves to a modular de
sign ap proach. And this is exactly 
what Rock land has done with their 
Series 4000 

Depending on your appli cation, 
you can select recursive (po les and 
zeros) or non-recursive (zeros only) 
structures. With the recursive struc
ture, you get very sharp frequency
dom ain cutoffs while the non-recur
sive structure is useful for realizing 
finite impul se response , precise linear 
phase and other specia l characteris
tics. 

The basic component in the Series 
4000 is a second order building blocks 
(two poles and / or two zeroes). 
Rockl and then combines these bui ld
ing blocks to achi eve any number of 
filters of any order. 

T he basic line in the Series 4000 
has sampling rates of up to 500 kHz 
at 16 bits which you can modify in 
4-bit increments. The units also in
c lude a built-in , timesharing cap
ability that lets you use , for example, 
one filter for as many as 50 channels 
at a l 0-kHz sampling rate, or 500 
channels at a I-kHz sampling rate. A 

68 

read/ write coefficient memory pro
grams these multichannel filters or 
you can get fixed filter characteristics 
with a read-only memory. 

Six groups 

Rockland 's digital filters are di
vided into six primary product groups. 
In the Series 4100, you will find 
standard and custom general-purpose 
filters for laboratory-scale data analy
sis, simulation and testing. 

The Series 4300 filters are prima
rily suited for narrow band-pass (or 

What is a digital filter? 

An analog filter provides a band 
within which its attenuation is dif
ferent than its attenuatio n outside 
that band . To accomplish this, it 
utilizes the properties of resona nt 
circuits . The principles involved in 
the design of these filters l1ave 
been known for some time. It is 
a lso known that since it is more 
difficult to miniaturize inductors 
than capacitors, the size of an ana
log filter increases extraordinarily 
at lower frequencies. 

A digital filter, on the other hand, 
is a signal processor that · operates 
on a digitized signal. The avai l
abil ity of inexpensive digital inte
grated circuits have made these 
units increasingly attractive-par
ticu larly for low frequency applica
tions . 

The most common digital filter is 
the sampled-data filter . Such a filter 
accepts analog signals at the input, 
and digitizes them with an ana log
to-digital converter. The signals are 
processed throu gh a digital fi lter 
which is nothing else than a digital 
calculator that operates on the 
digits, and then are converted back 
to analog form with a digital -to-

band-reject) applications such as 
wave and distortio n analysis. 

Rockland's Series 4400 are pro
grammable comb filters for spectral 
analysis and will find their way into 
data analysis, vibration testing and 
radar applicat ions. 

A series of special purpose filters, 
the 4500, produces natural sounding 
speech in real time and are suitable 
for computer voice response systems. 

The Series 4600 includes variable 
low-pass, hi gh-pass, band-pass and 
band-reject filters while the Series 
4900 are desi gned for phase equaliza
tion and variable delay approxima
tions. 

Prices for these digital filters range 
from $5000 to $20,000 depending on 
the options you need . Rockland Sys
tems Corp., 131 Erie St. East, Blau
velt, N .Y. 10913 . (914) 359- 1818. 

Circle 235 on Inquiry Card 

analog converter. The output from 
such a filter is the desired fre
quency but it is full of high fre
quency spikes which must be 
smoothed out with a simple ana log 
filter. 

One big advantage of di gital fil 
ters is th at as long as the input bit 
rate (sampling rate mul,iplied by 
the number of bits per sample) is 
well be low the operating speed of 
the digital circuits , you can multiplex 
the filter in one or both of two ways . 
You can, for exam ple, use one filter 
to operate on a number of input 
signals by interleaving the inputs. 
This approach amounts to time
sharing of the filter a nd results in 
more efficient usage . 

The second type of multiplexing 
lets you process an input signal with 
a number of different filters. In this 
application, the filter coefficients 
are stored in a memory and read 
out as required by the mu ltiplexed 
filter. This capability a lso allows the 
construction of higher order filte rs 
out of a number of second-order 
filter sections. Here , the second
order sections are identical and dif
fer on ly in the values of the coeffi 
cients. 
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"Freeze" your displays, vary their 
fade rate. Here, is the first systems 
monitor using HP's mesh-storage 
CRT - that eliminates low rep-rate 
flickering , and eye-fatiguing erase
flashes . .. the HP 1331A. 

Storage Capability - Waveforms 
can be stored for up to 15 minutes, 
just by pressing a button . An impor
tant advantage of the HP mesh-type 
storage tube is that writing rate and 
trace brightness do not deteriorate. 
Also, with mesh storage, stored traces 
" dissolve" off the screen, rather than 
being " flashed " off . 

Variable Persistence-Trace per
sistence can be varied from 0.2 
seconds to more than a minute. This 
enables you to quickly and accurately 
compare traces, analyze trends, de
termine the effects of input variables, 
eliminate flicker of low rep-rate infor
mation . 

High-Intensity Display - For sys
tems operators, traces can be ob-
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served in high ambient light, without 
having to sit " glued to the screen," 
because traces are displayed at a 
brightness of 100 ft-lamberts. This is 
many times the intensity of displays 
on other storage monitors. 

Wide Bandwidth - Utilizing elec
trostat ic deflection , the HP 1331A is 
capable of handling signals ranging 
from de to 1 MHz. This provides fast, 
1 µs settling time, which reduces 
computer waiting time when generat
ing rasters, alpha numeric, X-Y or 
other fast-changing displays. 

Z-Axis Gray Scale - The exclusive 
ability of the CRT to display varying 
trace intensities, gives the HP 1331A 
a capability to show " shades of gray" 
-for added realism in 3-0 displays, 
and added clarity in two-dimensional 
displays or photos. 

Compactness - Measuring only 
73/4" wide by 6112'' high by 16" deep, 
the HP 1331A takes up only half of a 
standard systems rack w idth . 

Get Bright, 
Flicker-Free 
Displays and 
Storage 
with HP's New, 
Half-Rack 
Systems Monitor 

Choice of Standard or Program
mable Models - Model 1331A has 
front panel operating controls , to 
allow easy manual control. Model 
1331C is designed for remote pro
gramming operation in system appli
cations of computer displays-alpha 
numeric or graphic. It has the operat
ing controls and programming input 
connector mounted on its rear panel. 

For the complete story on the 1331A 
or 1331C, contact your HP field en
gineer. Or, write to Hewlett-Packard, 
Palo Alto , California 94304. In Europe : 
1217 Meyrin-Geneva, Switzerland. 
Price : $1575 ; OEM discounts avail
able. 

080 113 

HEWLETT~ PACKARD 

OSCILLOSCOPE SYSTEMS 
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Zehntel's Testpac™ 
The Complete Checkout Station 

-..-...... - -
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· • a ass e o 

It is simple in the sense that it permits you to select the best balance of programmable 
stimulation and measuring instrumentation using TESTPAC's interface and control equipment. 

Zehntel 's TESTPAC is designed to accept simple instructions, while it is capable of 
precise and detailed readout. Ideally suited as a production checkout station, it is also capable 
of giving you a means of speedy calibration and detailed diagnostic readouts. 

TESTPAC is simple enough to be operated by unskilled personnel, yet it is sophisticated 
enough to let you undertake the most complex, exacting test procedures. 

And , while it costs a fraction of comparable equipment it gives you the versatility to 
eliminate the costly obsolescence of dedicated checkout stations. 

For further information contact: Marketing Manager, Zehntel, Inc., 1450 Sixth Street, 
Berkeley, Ca. 94710 Telephone: (415) 527-5440 TWX 910 ·366-7047 
An affiliate of Electronic Memories & Magnetics Corporation 
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NEW PRODUCTS 

Multi-octave rf amplifiers in T0-8 cans 

Broadband rf amplifier design has 
never been an easy task. It sometimes 
involves so much tweaking that you 
wish you had a trained octopus to 
make the circuit adjustments. And 
too , assuring production repeatability 
can be quite a battle. 

But all of this could turn out to be 
a thing of the past. A new line of 
sapphire substrate, thin-film amplifiers 
may well do for rf equipment design 
what packaged op amps have already 
done for lower-frequency circuit de
sign. 

Each of A vantek's Series 500 am
plifiers uses a proprietary microwave 
transistor chip ( at the low end of its 
/ 7' curve ) to produce a 5-500 MHz, 
cascadeable unit o f gain , with guar
anteed specifications. 

Th e s e ga in modul es- c a ll e d 
M1 c•ampst111-are patented. Included 
in the patent is coverage fo r the mod
ule 's input/output vswR matching and 
gain flatness techniques. 

Each MIC-amp is complete and 
ready to use without trimming of any 
kind. In fact, even thou gh the T0-8 
can has 12 leads, onl y fi ve are used : 
rf in , rf out , de bias, and two grounds. 
(Presumably, later versions will use 
other pins for age, detection, and so 
torth .) Solder the package into your 
r e board , and you're ready to go. 

Three versions of the M1c ·amp are 
currentl y available. The UT0-502 is 
the middle-of-the-line, general purpose 
amplifier, so here a re its specs: 
• G ain (min .) , 14 dB 
• G ain fl atness (max.) , ± 1 dB 
• Noise fi gure (max.) , 5.5 dB 
• Power output at 1-dB ga in compres

sion point (min .) , + 7 dBm 
• [n/ OL1 t VSWR (max.), 50 0 , 2.00 :1 

STACKING PLUGS 
New plugs are fo r custom patch

cord assembly and the replacement of 
damaged molded patchcord plugs. 
They permit quick, easy assembly of 
patchcords to any length using std. 
0.144 in. di a. insulated wire . The pol
yamide housing comes in red, green, 
black, white, yellow, blue. The std. 
banana plug is rated at 15 A; the std. 
0.080 in. tip plug at 10 A. E . F . 
Johnson Co., Weseca, Minn . 56093. 
(507) 835-2050. 
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Just solder them in. New gain modules 
take the work out of broadband circuit 
design. Stable, repeatable , and cas· 
cadeable, each T0-8 can has 14 dB of 
gain and a 5-500 MHz, ± 1 db response. 
(Extra flatness is available to order.) 
Shown here is an optional 4-socket PC 
board; 1-, 2-, and 3-socket boards are 
also available. You can order assem
bled cascades and shielded cases as 
well. 

• Reve rse isolati on (typ.) , 20 dB 
• de bias, + 15 V. 

The UT0-50 I , meant for low-noise 
applications, differs in noise fi gure ( 4 
dB max.) , and power outpu t ( - 2 
dBm ) . And the UT0-503, fo r power 
outpu t stages, d iffers in noise fi gure 
(7 dB max.) , gain (9 dB min.) , re
verse isolation (J 6 dB typ.), power 
output ( + 13 dBm min .) , and de bias 
( + 24 V). 

Temperatures between - 54 and 
+ I 25 °C has ve ry littl e effect on any 
specified parameters. This is probabl y 
because the tr a n s is t o r chips are 
bonded directl y to the sapph ire sub
strate, which provides excellent heat 
sinking. 

HV CHIP CAPACITORS 

This line of chip capacitors is made 
from a new hv dielectric that provides 
over three times the working voltage 
previously possible. Development of 
this new line makes possible the use of 
chip capacitors in hv power supplies 
and other applications in which their 
use was previously impossible or im
practical. T ech-Trans, Inc., 7596 Eads 
Ave., L_a Joll a, Cali f. 92037 . (714 ) 
459-5885. 

Circle 238 on Inquiry Card 

The M1c •amps are unconditionally 
stable, which means that you can run 
them between impedances other than 
50 0. But don 't expect to reta in I/ O 
matchin g, of course. 

There is no bandwidth shrinkage 
when you cascade· the modul es, be
cause the quoted response is conserv
at ive; the true bandwidth is more like 
2-700 MHz. Furthermore, the worst
case cascaded fl atness is half the sum 
of the unit fl atness specs ( ± 1 db 
max. ) , because the response curves of 
all modules t rack each other within 
± 1/z dB. Simil arl y, phase response is 
uniform within 2 °. The input/ output 
vswRs in a cascade do not degrade; 
they stay at 2.00 : l max. And the 
minimum cascaded gain is simpl y the 
sum of the unit gains . 

Because the M1c ·amps are stable 
and repeatable, they elimin ate almost 
all the dog-work of broadband design. 
Fo r na rrowband use (as in equip
ment i-f stages), si mpl y use pre- or 
post-filtering, a common-and often 
p referred-technique in high-gain se
lecti ve amplifiers. 

T he Mic-amps pass both M il and 
NASA specs, which make them usable 
in an eno rmous variety of equi pments. 
The price range makes them suitable 
fo r a wide range of ind ustri al gear as 
well. Their cost is less than that of 
des igning an amplifier and readying 
it fo r p rod ucti on. Small -quantity pric
ing of the Seri es 500 M1 c•amps starts 
at $ 165 each. La rge-volume prices 
will be less than $ 100. And delivery 
is within 10 days ARO. Avantek, Inc., 
298 1 Copper Rel. , Santa Clara, Calif. 
95051. (408) 739-6 170. 
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ISOLATION TRANSFORMERS 

Model 150 has a broad BW and high 
CMR. Its min. BW fo r a 3-clB inser
tion loss is 300 H z to 100 MHz. (Typ . 
BW is 150 H z to 150 MHz. Corre
sponding pulse capability is 1 ns rise
time and 0. 1 ms d ura tion . The CMR 
ratio exceeds 100 dB below 1 kHz 
and dimi nishes to 40 dB at 150 MHz. 
Model 1501 has a phase inversion, 
while 150 does not. $65.00. Deer
field Laboratory, Box 1300, Los Al 
tos, Cali f. 94022. (415 ) 948-4535 . 
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NOW ... 
the only one of its 
kind available! 

A course in MOS 
INTEGRATED 
CIRCUITS 
The editors of The Electronic Engineer have 
just compiled a complete 9 part course on MOS 
technology , applications and costs which ap
peared originally in The Electronic Engineer. It 
is a definitive volume that provides you with all 
the background you need as a user or a de
signer to master this new technology. 

This state of the art course in MOS technology 
presents completely authoritative, up-to-the
minute guidance in using every aspect of this 
dynamic science. It covers the processing of 
MOS circuits, applications of MOS circuits, 
complementary MOS, MOS memories (random 
access, read only, associative memories and 
cost) and the testing of complex MOS integrated 
circuits . 

This course is an exclusive from The Electronic 
Engineer. It is , in fact, the only one of its kind 
available. The authors , all recognized experts 
in their respective fi elds, take you with technica l 
precision from the fundamentals on through to 
the most sophisticated phases of this dramatic 
technology . This course is the one authoritative 
way to keep ahead in these changing times. 

Order your copy of the only course available on 
the new MOS technology and manufacturing 
processes for only $5.00 per copy. Send your 
order today to : The Electronic Engineer, One 
Decker Square , Bala Cynwyd , Penna. 19004, 
Dept. E 10. 

Enclosed is my check or money order for$ __ 
for __ course(s) on MOS technology at a cost 
of $5.00 each . Send as soon as possible to: 

Name _________________ _ 

Address ________ Company 

City ___ _ ___ State ___ Zip __ _ 

Send me special quantity prices O E 10 
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NEW MICROWORLD PRODUCTS 

MONOLITHIC THRESHOLD DETECTOR 

With typical sensitivity of nA. .. 

t • 
..... . () . = 

The PA-494 is intended for applications requiring the 
logic function of a Schmitt trigger but offers superior volt
age and temperature stability. The trigger threshold is 
0.6 of the supply voltage and has 10% hysteresis. Oper
ating voltage is 2.3 to 9 V and the output current drive 
capability is 250 mA maximum. This range of voltage 
and current capability makes the circuit compatible with 
many types of linear and digital circuits. Available in a 
hermetiplly sealed T0-5 package, the suggested price in 
quantities of 100 to 999 is $7.50 ea. General Electric Co., 
Northern Concourse Office Bldg., North Syracuse, N .Y. 
13212. (315) 456-2396. 
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SWITCH AND RESISTANCE ELEMENTS 
The µDAC AD555 is a monolithic quad voltage switch, 

while its companion, the AD555 is a thin film R-2R resistor 
ladder. The voltage switch includes four, logic operated, 
single pole, double throw high performance switches. 
These npn transistor switches can conduct current in either. 
direction, with very low offset and series resistance. A 
novel feature of the µDAC AD555 is that it includes two 
independently variable analog references which allow it 
to perform complete 4 quadrant multiplication. For a 12-bit 
kit (3 AD555's and 1 AD855), the price is $151.00 ea. 
Analog Devices Inc., 221 Fifth St., Cambridge, Mass. 
02142. (617) 492-6000. 
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POSITION SCALER 
Faster and less complex than shift registers. 

Designated as an eight bit position scaler, the 8243 is 
an IC array of approx. 70-gate complexity. It accepts eight 
data inputs and, upon command of a 3-bit binary selector 
code, can transfer the data through to the output or can 
shift positions right or left before transfer takes place. 
T ypical propagation delays to the outputs of the position 
scaler are 20 ns for Data In, 30 ns for Select Sn, 25 ns for 
Inhibit, and 30 ns for Enable 1 and 2. Data input logic 
zero loading is reduced to less than -100 µA when t_he 
unit is disabled . Price is $12.60 ea. in a silicone DIP (100-
999 pcs). Signetics Corp., 811 E. Arques Ave., Sunnyvale, 
Calif. 94086. ( 408) 739-7700. 
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10· microvolt sensitivity 
with a lot of numbers. 

40,000 to be precise. 
Our latest bi -po lar Model 1294 packs 

more numbers than any other into in
dustry's smallest package! And it reads 
them with a sensitivity of 10 microvolts! 
The 1294 is a true bi-polar 4 V2-digit 
instrument with a display capability of 
19999 and out-of-range indication. Its 
state-of-the-art electronics utilizes T' L 
logic and unique time-sharing circu itry 
that cuts power consumption to less 
than six watts. BCD output is optional. 

Input impedance is high : 10 meg-

•u.s. Pat. #3,051,939 
.. Registered trademark, Burroughs Corp. 

ohms on the 100 millivolt range. Read
ing rate is 5 per second. Response 
time is well under one second. Accu
racy is .05% of reading, ±1 digit. 

Housed in the same 7 sq. in . front
panel-mountable case as our five other 
DPM 's, the 1294 offers all the features 
that have distinguished this line . .. 
Weston 's patented dual slope* integra
tion , plug-in Nixie* * tubes, repairable 
(non-potted) circuit boards, and ten 
standard voltage and current ranges. 

If you ' re sensitive about your num
bers, Weston Model 1294 provides the 
ultimate at a reasonable price. See how 
the 1294 complements industry 's 
broadest DPM line. Write for details 
from the DPM originators. 
WESTON INSTRUMENTS DIVISION , 
Weston Instruments, Inc. , Newark, N.J . 
07114 
a Schlumberger company 

WESTON® 



NE.W MICRO.WORLD PRODUCTS 

SIMULTANEOUS READ/WRITE MEMORY 

Improves memory utilization up to 100%. 

The SN54/74170 is a high-speed, 4 x 4 register file on 
a 90 x 110 mil chip. The register file provides separate 
on-chip decoding for addressing the four word locations 
to either write-in or retrieve data. This permits simulta
neous writing into one locat ion and reading from another. 
The memory is particularly suited for use as a scratch pad 
or buffer. It has a 45 ns maximum cycle time and when 
used as a buffer, it can acquire data from the main mem
ory while operating with the CPU. Available from stock, 
the SN74170N is $5.94 ea. for JOO to 999 pc lots. The 
SN 541701, also available from stock, is $20.29 ea. for 
the same quanti ties. Texas Instruments Incorporated , In
quiry Answering Service, Box 5012, M I S 308, Dallas, 
Tex. 75222. (214) 238-3741. 
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DUST 
CAN 

DO YOU IN! 

MODEM ICs 

Supplied to EIA RS-323-C standard. 

The MC1488L quad line driver and the MC1489L quad 
line receiver are OTL / TTL compatible and provide systems 
interfacing between communication networks and data 
terminal equipment. The line driver is comprised of four 
NANO gates: three two-input gates and a single-input gate. 
The output current is limited to 10 mA (max.) which 
easily complies with the RS-232-2 spec. An external ca
pacitor is required to limit the output slew rate to <30 
VI µ.s. The four special two-input NANO gates in the 
MC1489L quad line receiver enable it to satisfy the RS-
232-C requirements without external components. P rices 
(I 00-up lots) are: MC1488L, $7.00; MC1489L, $6.00. 
Technical Information Ctr. , Motorola Semiconductor 
Products Inc., Box 20924, Phoenix, Ariz. 85036. 
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Aero-Duste( 
does away with it 

74 

The MS-220 Aero-Duster is the easiest-and the safest - way to 
remove dust from delicate electronic assemblies and optics. This 
convenient aerosol with its 6" extension nozzle is more thorough 
than a camel's hair brush, a lot dryer and purer than lung-propelled 
air. And the MS-220 is inexpensive enough to be expendable. 

The Aero-Duster belongs in every field service kit, on every test 
bench and optics or electronics assembly line, next to computers 
and tape transports ... wherever microscopic dust creates a prob
lem-or where its removal is itself a problem. Write (on letterhead, 
please) for a FREE sample. 

miller-stephenson chemical co.5 f nc. 
ROUTE 7, DANBURY, CONNECTICUT 06810 
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New Potter & Brumfield 
magnetic latching/ solid state 

IMPULSE RELAY 
has permanent memory 

This hybrid impulse relay is unique. 

Its basic structure is our KUL, a single 
coil latching relay employing a shunt
ing-type magnetic circuit. To that we 
have added a solid state flip-flop cir
cuit to obtain a truly modern , alter
nate-action, impulse relay. 

Consider the many features of this 
extraordinary device: 
• A pulse width of 25 milliseconds (min .) 
effects transfer of the DPDT contacts to 
switch 5 or 10 ampere loads. 

• Contacts will hold in their last position 
without power. This memory is obtained 
through the magnetic latching ability of 
the relay. 

•There are no mechanical linkages as 
found in ordinary impulse relays, to wear 
out or malfunction . 

• The assembly is neatly packaged in a 
popular·size ca se which provides a wide 
choice of mountings , terminations and 
readily available sockets . Mounted height 
is only 2.126". 

• An ordinary SPST switch will operate the 
KUR impulse relay. As coils are rated for 
continuous duty, there is no limit (except 
minimum) to the pulse length. 

The price? A modest $15.00 in single 
lots. Quantity discounts apply. Today, 
call your local P&B sales representa
tive for complete information. 

Potter & Brumfield Division of Ameri
can Machine & Foundry Company, 
Princeton , Indiana 47570 . (812) 
385-5251. 
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NEW MICROWORLD PRODUCTS 

D/A CONVERTER 

On a single chip 

t. 
The monoDAC-01 converter is a 

6-bit current steering converter. It 
consists of an internal voltage refer
ence, six precision current sources, 
six current steering logic switches, a 
diffused resistor network, and an in
ternally compensated output op-amp. 
$40 ca. in quantities of 100. Precision 
Monolithics Inc., 1500 Space Park 
Dr. , Santa Clara, Calif. 95050. 
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DRIVER AND RECEIVER 

For 50- or 75-0 lines. 

The ST 13 dual line driver trans
mits high-speed data over low imped
ance coaxial lines. The new 8T14 
triple line receiver uses hysteresis for 
noise immunity. In 100-999 quan., 
the driver is $2.88 ea. and the receiver 
is $5.33. Signetics Corp. , 811 E. 
Arques Ave., Sunnyvale, Calif. 94086. 
(408) 739-7700. 
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STATIC MOS ROM 

Stores 3072 bits. 
BIPOLAR TO MOS TO BIPOLAR DIAGRAM 

• senes':.4/74 or 
8J0/930Gate 

The UA2572/ UA3572 has a typical 
access time of 750 ns. Both input and 
output are directly bipolar compatible, 
and you need no external pull-up re
sistors. The ROM also offers program
mable chip select for easy expansion. 
Operating temperature range for the 
US2572 is -55 to 125°C, and for 
US3572 from -25 to 70°C. UNISEM, 
Trevose, Pa. 19047. 

Circle 325 on Inquiry Card 
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BIPOLAR RAM 

The IM5501 is a fully decoded 
TTL memory with a 16 x 4 organiza
tion . It has on-chip address decoding, 
chip select, write enable and uncom
mitted collector outputs. Specs include 
a 40 ns access time and a 6 mW / bit 
power dissipation. The 100-up price is 
$26.50 ea. (commercial) and $33.50 
ea. (military). Intersil Inc. 10900 N. 
Tantau Ave., Cupertino, Calif. 95014. 

Circle 326 on Inquiry Card 

DECODER/DEMULTIPLEXER 

The MSI 9321 has two independent 
decoders, each of which accepts two 
binary weighted inputs and provides 
four mutually-exclusive active low 
outputs. Active low enables, when 
used as data inputs, give the 9321 a 
demultiplexing capability. Prices start 
at $7.90 ea. (1-24 pcs). Fairchild 
Semiconductor, 313 Fairchild Dr., 
Mountain View, Calif. 94040. 
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MODE L 10000 MODEL 11000 12000 13000 14000 15000 16000 17000 18000 

HE IG HT 3. 19 HEIGHT 3 .1 9 3. 19 4.94 4 .94 4.94 4 .94 3.50 5.25 
WIDTH 3.75 WIDTH 4.94 4.94 4.94 7.50 7.50 7.50 19.00 19.00 
DEPTH 6. 50 DEPTH 6.50 9.41 9.41 9.4 1 11.75 16. 50 f6 .50 16. 50 

voe AMPERES voe AMPERES 

0 - 7.5 2.10 3. 7 4.0 5.6 12.0 14.0 21.0 33.2 50.0 8 7.0 

0 - 16 1.25 5.0 3.9 5.3 11.3 13 .0 20.0 32.5 49.0 8 2.0 
0 - 25 0.85 6 .0 3.5 5.0 10.5 12.8 19.0 3 1.0 47.0 82.0 
0-33 0.68 12.0 2.8 4.2 8.0 10.5 15.0 23.0 36.0 58.0 

15.0 2.4 3.7 7. 5 9.5 14.0 20 .5 27.0 47.0 
24.0 1. 5 2.8 4 .2 7.0 11 .0 15.0 21 .0 33.0 
28.0 1.4 2.4 4.0 6.3 9.0 14.0 20.0 29.0 

Note : Specifications su bject to change wi thou t notice. 
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MOS SHIFT REGISTER POWER DRIVERS 
The TMS 3406LR is a dual, 100-

bit register with a 2 MHz guaranteed 
frequency operation. Power dissipa
tion is typically 0.4 mW / bit at 1 
MHz. It comes in an 8-pin TO- l 00 
metal can and is priced at $6.50 in 
100-249 piece quantities. Texas In
struments J ncorporated. Inquiry An
swering Service Box 5012, M/ S 308, 
D allas, Tex. 75222. (214) 238-3741. 

The FTI-2020/ 2020H (npn) and 
FTI-2027H (pnp) are quad D arling
ton complementary power drivers. 
The circuits feature de current gain 
of 1000 minimum at 500 mA and 
have typical turn-on/ turn-off times 
of 40/ 70 ns. They come in both 
plastic and hermetic packages. Fabri
Tek Micro-Systems, Inc., 1150 N.W. 
70th St., Ft. Lauderdale, Fla. 33309. 
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The new standard 
in standanli~d 

power 
modules. 
For 37 years North Electric has been 
meeting the exceptional requirements 
of the custom power equipment 
market. Now, out of this experience 
and the engineering skills developed 
by North, comes a great new line of 
standardized power modules ... All 
designed to give you more versatility 
and a new high in power reliabili ty ! 
Send for North's new Standardized 
Power Catalog and start buying your 
custom power and standard power 
from one great source ... NORTH. 
Call 419/468-8244 (or TWX 41 9/ 
468-4860) for immediate service. 
Attention Product Manager, 
Standard Power Equipment. 

North Electric Company 
Electronics Division/ Galion, Ohio 
A Subsidiary of 
United Utilities, Incorporated 
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BIPOLAR 256-BIT RAM 
Makes l 20 ns main-frame memories. 

You can combine the Type 3102 
memory unit with Type 3202 decod
ers, to form fully decoded memories 
of up to 4096 words of any length. 
The memory units are addressed by 
four chip-select inputs on the decoder. 
Price (1-24 pcs) are $80 for the Type 
3102 memory and $20 for Type 3202 
decoder. Intel Corp., 365 Middlefield 
Rd., Mountain View, Calif. 94040. 
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1024-BIT SHIFT REGISTER 
The SR-0301 is a four-phase, dy

namic shift register. The register has 
a power dissipation of under 0.15 
mW I bit at 1 MHz and a frequency 
range from 10 kHz to l MHz. H's in 
a low-profile T0-100 ( 10-lead T0-5) 
package and has an operating range of 
0 to 70 °C. North American Rockwell 
Microelectronics Co., Box 3669, 3430 
Miraloma Ave., Anaheim, Calif. 
92803 . (714) 632-2415. 
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DATA INTERFACE CIRCUITS 
Offer Complete TTY interface. 

"°-::? 

~ ? 

J rri - ··.<; . ? 

1r~?~~ 111rn:rr,,,:,., 
These MOS devices, the AY-5-

1008 terminal receiver the AY-5-1010 
terminal transmitter, are TTL/ DTL 
compatible. The transmitter accepts 
inputs up to 9 parallel bits and adds 
the required start and stop bits. The 
receiver is a serial-in/ l 0-bit parallel
out shift register with input word 
length externally selectable for 5, 6, 
7 or 8 data bits and can operate in 
synchronous or asynchronous systems. 
Price in lots of 100 is $18.70 ea. for 
the transmitter and $24.15 ea. for the 
receiver. General Instrument Corp., 
600 W. John St., Hicksville, N . Y. 
11802. (516) 733-3333. 
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Acopian 's new low profile power sup
ply offers outstanding performance. 
Line and load regulation is .005% or 
2 mv. Ripple is 250 microvolts . Pro
longed short circuits or overloads 
won 't damage it . And built-in over
voltage protection is available as an 
option . 

Yet, it's the thinnest, flattest , most 
"placeable " 4 .0 amp series regu
lated power supply ever offered . . . 
just 1.68" low. This low profile 
makes it perfect for mounting on a 
1 % " high panel , or vert ically in a 
narrow space . 

Standard models inc lude both wide 
and narrow voltage ranges . Outputs 
from 0 to 48 volts . Current ratings 
from 1 to 4 amp . Prices are low. 
too , starting at $80 . 

For the ful I low-down on the new 
low-down power supply, write or call 
Acopian Corp ., Easton , Pa . 18042 . 
Telephone : 215-258-5441 . And re
member. Acopian offers 82 ,000 other 
power supplies. each shipped with 
this tag ... 
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NEW LAB INSTRUMENTS 

IC TESTER 
Makes de and functional tests. 

~j: I 

,11 ~ ! 
id i .ft .. ,,.. I ... .:_ , ._ .. ·• 

The Model ICT-200 uses individual 
switches to apply de voltage levels, 
a pulse, or a square wave function to 
any of up to 16 pins. A selectable 
meter allows rapid verification of the 
IC's operation and output voltage 
levels. Unit price, $199. Innovation 
Development Co., Box 7, Azusa, 
Calif. 91702. 
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SPECTRUM ANALYZER 
For realtime analysis. 

~ ---, ______ .,j 

~
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Model SAl-54 provides fine line 

resolution spectral analysis from de 
to 1 MHz in 10 selectable bands. This 
unit processes complex signals for 
study, evaluation, identification and 
analysis in vibration testing, medical 
diagnosis, acoustics, radar and ocean
ography. $13,000. Signal Analysis 
Industries Corp., 595 Old Willets 
Path, Hauppauge, N . Y. 11787. 

Circle 318 on Inquiry Card 

FM TRANSMITTER TEST SET 
Measures low level fm. 

Model 1216 measures deviations 
from ± 100 Hz to ±2 MHz. It has 
an accuracy of ±2 % of full scale and 
is internally self-calibrating to within 
±0.1 % . You can use the test set with 
telemetry, television and microwave 
communications. Instrumentation Div. 
of Microdot Inc., 220 Pasadena Ave., 
So. Pasadena, Calif. 91030. (213) 
682-3351. 

Circle 319 on Inquiry Card 

DUAL CHANNEL OSCILLOSCOPE 
With 18 MHz bandwidth. 

The SMl 11 has a de to 18 MHz 
bandwidth, sensitivity of 2 mV / cm 
to 50 V / cm, timebase of 200 ns/ cm 
to 1 s/ cm, and a 10 cm x 8 cm CRT. 
The scope is powered by either ac or 
an optional self-contained battery 
pack. Available from stock, it costs 
$1,195. B & F Instruments, Inc., 
Cornwells Heights, Pa. 19020. 

Circle 320 on Inquiry Card 

DIGITAL MULTIMETER 
Has 25 ranges. 

-\1 ...... , 

Model 262A measures de voltage 
and current, ac voltage and current 
and ohms. The multimeter has a basic 
de accuracy of 0.1 % of reading. All 
de ranges feature automatic polarity 
indication and automatic zero correc
tion circuitry gives you maximum 
stability. $375 . United Systems Corp., 
918 Woodley Rd., Dayton, Ohio 
45403 . (513) 254-6251. 

Circle 321 on Inquiry Card 

SWEEP GENERATOR 
With 5 W out in both sweep and cw. 

The SS-25 covers from 1-125 MHz 
and can sweep that entire range in 
one sweep. Center frequency adjust
ments aren't necessary as the sweep 
width is adjusted because the sweep 
is symmetrical about the center 
frequency . Price is $3000. with del. 
in 6 wks. Texscan Corp., 2446 N . 
Shadeland Ave., Indianapolis, Ind. 
46219. (317) 357-8781. 

Circle 322 on Inquiry Card 
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FUnCTIOn GEnEl\ATOl\S 
FOi\ SQUAl\ES ••• AnD mucH ~LSE 

And much less expensive, to boot. Krohn-Hite's new line of function generators give you solid 
versatility, performance, and operating convenience. Two brand new models covering the 
frequency range of 0.002 Hz to 5 MHz. Each gives you wavemaking capability for sine, 
square, triangle, plus and minus ramps, and additional simultaneous square wave outputs. 
Ultra-fast risetimes. Provision for external V.C. of l ObO: l over the full range. D-C offset con
trol. Adjustable symmetry on square wave for pulse operation. Best of all, we do everything 
with fewer components. 

NEW MODEL 5100 
FUNCTION GENERATOR, 
0.002 Hz, to 3 MHz 

Simultaneous auxiliary square wave 

VCO 1000: 1 sweep capability 

Price: $375.00. 

NEW MODEL 5400 
FUNCTION GENERATOR, 
0.002 to 5 MHz 

Symmetry offset provides pulse and 

sawtooth 

VCO 1000: 1 sweep capability 

Price: $550.00 

I - -

- -
If you would like to know much more about much else, drop usa line: TheWavemakers, Krohn

Hite Corporation, 580 Massachusetts Avenue, Cambridge, Mass. 02139 

l.ILJ KROHN-HITE ru--i c:: c:::> f~ F= c:: .J F"l /"- -r I c:::> 1"--.1 

OSCILLATORS I FILTERS I AC SOU RCES I FUNCTION GENERATORS I AMPLIFIERS 

OVERSEAS SALES OFFICES: BELGIUM, C. N. Rood s. a.; DENMARK, SC Metric A/ S; FRANCE, Antares; GERMANY, Nucletron 
Vertri ebs-GMBH; HOLLAND, C. N. Rood n. v. ; ITALY Dot! . Ing. Mario Vi anello ; SWEDEN, Telein strum ent ; ISRAEL, R. D. T. 
El ect. En g. Ltd. ; JAPAN , Shoshin Shoji Kaisha , Ltd.; AUSTRALIA, Sample El ectroni cs (Vic.) Ply ., Ltd .; G. B., B & K Inst . ltd. 

Circle 32 on Inquiry Card 



Bell & Howell & 
Jon Wells & The Simple Folk 
Some people asked our guys how come we didn 't turn out a recorder/reproducer that simple 
folk could use. At a simple price Something that was production line ori ented for a bunch of 
industries across the board . 

We bounced that problem to Jon Well s who just recently came up with the remarkable , 
hi-rel VR3700B series. 

Back Jon came with a little number called the VR3500. Although it 's not as esoteric as the 
B model , it does have a lot of its features. 

He used a modular concept with functions being grouped accord ing to use. Linear !C's to 
get the bulk down. And large cards so any trouble shooting that needed to be done could be 
done fast. 

Transport and electronics are set up so they can be easily repaired or modified. There's a 
closed loop tape path so you get real accuracy. Bi-directional speeds for versatility. A fail -safe 
phase lock DC capstan drive so you won't lose a smidgen of information . And very gentle 
tape handling . 

As far as time base error and dynamic skew and flutter, they 're fanta sti cally low. 

And so's the price. 

Another thing. You don't have to be an engineer to run it. The how-Io's are decaled right 
on the equipment. 

That's the VR3500. An industrial recorder/reproducer. Brand new. And ready. 

For all the specs, write its father, Jon Well s, Bell & Howell, Instruments Division , 360 Sierra 
Madre Villa, Pasadena, California 91109. 

msTRUmEnTs 01v1s1on 

B ELL e:, HOWELL 't' Copyright 1970 Bell & Howell 
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NEW LAB INSTRUMENTS 

NOISE FIGURE METER 
For CATV applications. 

Model 792Al has a 75 0 , 10 to 250 
MHz tuned amplifier input and a 
75 0, 10 to 1000 MHz full range 
noise head. The meter provides noise 
figure readings from 0 to 20 dB for 
the 6 dB reference and 3 to 30 dB for 
gas tube and solid state sources. $840. 
Kay Elemetrics Corp., 12 Maple Ave., 
Pine Brook, N . J. 07058. 

Circle 333 on Inquiry Card 

X-Y PLOTTER 
To 100 in.ls in both axes. 

The Gould 100 produces clear, uni
form traces even for discontinuous 
plots and at crossover points of lines. 
A disposable plastic ink cartridge has 
sufficient capacity for 40 miles of 
trace. Total response time to a full 
scale step input is 300 ms. maxi mum. 
Brush Instruments D iv., Gould Inc., 
3631 Perkins Ave., Cleveland, Ohio 
44114. (216) 361-3315. 

Circle 334 on Inquiry Card 

DIGITAL RAMP GENERATOR 
With variable time range. 

This unit, the Model IDA-6612V 
provides variable sub-audio, sawtooth 
voltages over a 10 ms to 168 h time 
range. It is particularly suited for 
mechanical stress/ strain testing and 
it has, an optional computer interface. 
The basic ramp generator is $6,950. 
with 4 wk delivery. Inter-Computer 
Electronics, 1213 Walnut St., Lans
dale, Pa. 19446. (215) LO 3-2735 . 

Circle 335 on Inquiry Card 
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VOLTAGE CALIBRATOR 
From 10 Hz to 1 MHz. 

With the AC-110, you can test or 
calibrate ac instruments with an abso
lute accuracy of 0.02% +10 µV. 
Measurement error of the unit being 
tested is displayed directly in percent. 
Included is remote programming of 
all ranges plus freq . and voltage dig
its. Optimation , Inc., 9421 Telfair 
Ave., Sun Valley, Calif. 91352. 

Circle 336 on Inquiry Card 

COMPUTER-OPERATED SYSTEM 
For tailoring thick-film circuits. 

.. -· -· 

The W102 controls x-y positioning 
optics and a trimming laser to adjust 
up to 20 resistors on a single chip 
while simultaneously checking de cir
cuit operation. It can process 3000 
typical substrates (eight resistor 
voltage regulator) / h . A basic system 
is priced at $77,900. Teradyne Ap
plied Systems, 4034 N . Nashville 
Ave., Chicago, Ill 60634. 

Circle 337 on Inquiry Card 

RF TEST MODU LE 
Reads hr. directly. 

~ 0 0 y~ 

~ 0 0 :•··o:_ 
•·• -.. ll .. .. ••• 

This plug-in module is used with 
the manufacturer's Model 70 test set 
to measure transistor high freq. para
meters. You can test both pnp and 
npn transistors from 20 MHz to 100 
MHz. The new module is $690 and 
the Model 70 test set is $945. Birtcher 
Corp., Instrument Div., 1200 Mont
erey Pass Rd., Monterey Park, Calif. 
91754. (213) 264-6610. 

Circle 338 on Inquiry Card 

Bell& Howell 
&Tape. 

&Tape? 
Right. We 're in the magneti c tape 
business. Very seriously. 

No, we don 't buy it out. We make it. 
And darn well , too. For instance, the 
way we formu late and lay down 
the oxide makes it a really superior 
performer. No joke. Its sensitivity 
is so good it'll give your recorder 
a 2-3 dB better SNR than is 
possible with any other tape 
commercial ly avai lable. 

It 's also the smoothest tape going . 
Like .5 micro inches peak to 
valley. Which gives you a much 
longer head life. 

Then there's the fantastic 
consistency of our runs. Not just 
from beginning to end of reel , 
but from one reel to another, so you 
don't have to run around adjusting 
recorders all the time. 

For all that, you 'd expect to pay 
a little more, right? Well , chances 
are, our tape costs less than the 
one you 're buying now. 

Types? A full range. Wide-band 
with a 2 mHz response. Mid-band 
with a 600 kHz response. Standard 
telemetry. And instrumentation audio. 

Want to try it? You can - at an 
introductory 20% discount. Now. 
But for a limited time. Get full details 
by calling your local Bell & Howell 
office, or write Instruments Div ision, 
Bell & Howell, 360 Sierra Madre 
Villa, Pasadena, California 91109 . 

' 
lnSTRUffiEnTS OIVISIOn 

BELL e:. HOWELL 

Cl Copyright 1970 Bell & Howell 
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NEW LAB INSTRUMENTS 

DETECTOR 

Has magnitude, in-phase, and quadrature indications. 

. ·-••• 

The 1238 allows the extraction of small signals from 
noise and resolves signals into in-phase and quadrature 
components. It features 130-dB gain, and 100 nV full
scale sensitivity. Input impedance is 1 GO for minimum 
loading. The detector has overload protection against 
signals up to 200 V, and flat or tuned frequency response 
(with or without line-frequency rejection). Prices are 
$1260 for the rack model and $1300 for the bench model. 
General Radio Co., 300 Baker Ave., West Concord, Mass. 
01742. (617) 369-4400. 

Circle 306 on Inquiry Card 

SEVEN-INCH SCOPE 

The Model 182A is an all-purpose, plug-in oscilloscope 
with a CRT display area 85% larger than 8 x 10 cm dis
plays. The CRT graticule has the conventional form (8 x 10 
squares) but each square is 1.34 cm on a side. The larger 
display makes it easier to view waveforms from a distance. 
One of 13 plug-ins for this instrument gives it 100 MHz 
response. The new oscilloscope accepts without modifica
tion all plug-ins designed for the 180A/ 181A scopes. The 
main-frame costs $1100 and plug-ins start at $475. In
quiries Manager, Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto, Calif. 94304. 

Circle 307 on Inquiry Card 

AUTOMATIC CAPACITANCE BRIDGE 
For production applications. 

The C403 is a I MHz bridge for automatic testing and 
classification of small-valued capacitors. It has a 25 ms 
typical balance time an? ~apacitance m~asurements. are 
displayed in percent deviation from nominal. The bridge 
can be readily interfaced to automatic handling equipment, 
and its 5-terminal configuration ensures valid measure
ments at the end of cables up to 5 ft. long. In addition, an 
offset adjustment is provided to compensate for fixture 
capacitance. Measurement range is 1 to 2000 pF. $5850.00, 
with delivery in about 12 wks. Teradyne, Inc., 183 Essex 
St., Boston, Mass. 02111. (61 7) 426-65 60. 

Circle 308 on Inquiry Card 
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PULSE PATTERN GENERATOR 
Operates up to 10 MHz. 

Model 916 gives you an output of 16 parallel channels 
with 1 to 30 bits each, two parallel channels of 1 to 240 
bits ea. or a serial channel of 1 to 480 bits. You can use 
the generator with either an internal or external clock and 
its data output is RZ or NRZ with positive or negative logic 
sense. Amplitude is adjustable from 2 to 7 V and the base
line from -3 to +3 V. Operational modes are 1 bit/step 
signal, 1 channel/ step signal , 1 cycle/ step signal , or con
tinuous. $2595. SCR Div., Moxon, Inc., 2222 Michelson 
Dr., Newport Beach, Calif. 92664. (714) 883-2000. 

Circle 309 on Inquiry Card 

DEVIATION CALCULATOR 

Model 520A programmable deviation calculator auto
matically calculates and displays the signed difference be
tween any measured variable available as a binary-coded 
decimal input and a reference value. You can set the refer
ence value manually with a 5-digit thumbwheel switch or 
program it externally. The measured variable is obtained 
from a measuring instrument with a BCD output. The 
maximum calculating time of the instrument is 200 µs 
and it gives you a contact closure at zero deviation. $650. 
Monsanto Electronic Instruments, 620 Passaic Ave., West 
Caldwell , N.J. 07006. 

Circle 310 on Inquiry Card 

IC REGULATED LAB POWER SUPPLIY 
With built-in tracking overvoltage protection. 

~ 

This series offers three models with adjustable voltage 
ranges of 0-10 V, 0-20 V, and 0-40 V and current ranges 
to 1 A. Line regulation is 0.01 % + l mV, and load regula
tion is 4 mV max. The supplies· have a ripple of 250 µ.V 
rms, l mV pk-pk. The automatic current limiting is ad
justable from 0 to 110% of rating. The supplies measure 
5-Ys " W by 51/2" H by 3'Vs " D and weigh less than 6 lbs. 
The LL-901-0V series, 0-10 V, is priced at $90. Models 
LL-902-0V, 0-20 V, and LL-903-0V, 0-40 V are $99. 
Lambda Electronics Corp., 515 Broad Hollow Rd., Mel
ville, N.Y. 11746. (516) 694-4200. 

Circle 311 on Inquiry Card 
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and ifs nice to know it's there. 
For the same prices as plastic devices, you can get up to 5 times 
greater surge protection. In fact , you can use ¢ -line 1 and 5 watt 
zeners instead of conventional 1 O and 50 watt chassis mounted types. 
And for far less money. Unitrode 's un ique fused-in-glass construction 
assures you of monolithic, void-free zener diodes with permanently 
stable electrical characteristics . And they'll withstand voltage surges 
high enough to make them hot enough to glow. They're in 
stock now, ready for immediate delivery. (1 watt ratings as low as 19i 
in 100k lots.) Can you afford not to use them? For fast action , call 
Sales Engineering collect at (617) 926-0404 
Unitrode Corporation , 
580 Pleasant St. , Watertown , Mass. 02172 

U N IT R 0 DE quality takes the worry out of paying less. 
Circle 35 on Inquiry Card 

r------~-------~----------------------~ 
Unltrode Corporation 
Inquiry Processing Dept.100, 63 Atlantic Ave., Boston, Mass. 02110 

D Please send ¢-line zener samples in D 1 watt, D 5 watt rating 
with complete specifications. 

NAME------------TITLE---------

COMPANY---------------------

ADDRESS---------------------

CITY _________ STAT~-----ZIP ____ _ 

~-------------------------------------~ 
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Introducing 
the 

first 
bipolar 

compatible 
MOS 

ROM. 

No ifs, ands or external resistors. 
A lot of people have said their MOS ROM 's 
were bipolar compatible. For output only. 
Or just for typical case. Or only if you hung 
on a resistor. 

Typical response 500ns. Worst case, 900ns. 
1024 bits in four standard word-bit configu
rations. 

Solitron's is " worst case" bipolar compat
ible. Period. 
Input can be 0.4v for logic zero. 2.4v for logic 
one. Any temperature between - 55°C and 
+ 125°C. Put it with any DTL or PL and it'll 
work. 
Of course compatibility isn't everything. 
Which is why we made our MOS ROM fast 
and versatile. (And static.) 

Programmable chip select. 

We also made it available. Order UC 6525/ 
7525 now and you 'll have it in four to six 
weeks with your bit pattern. Or contact us 
for details. 

Solitron Devices, Inc., P.O. Box 1416, 
San Diego, California 92112 
Telephone (714) 278-8780 
TWX 910-335-1221 

I (;]o litro n DEVICES, INC. 

SAN DIEGO, CAL 
8608 Balboa Aven ue 
FET & Dual FET T rans1sto1s 
MOS/FET Dev ices 
MOS Mem ory Arrays 
Shilt Reg isters 
M onol1th 1c !C's 

For custom des igns or standards, contact Solitron , leader in semiconductors : 

RIVIERA BEACH FLA 
1177 Blue Heron Blvd 
H1 Rel Power Transistors 
St & Ge Powe r Transistors 
AF & small Signal Trans is!or s 
PNP-NP N 1nc1us1r1al Transisl ors 

POAT SALERNO. FLA 
Cove Road 
Microwave Co nne ctors 

LONG ISLAND CITY. NY 
37-11 47th Ave 
M1c1ow ave Components 
Bolometer Elements 
Fer1 1le 8. Ferri te Devices 
M icrow ave Se m icond 
PlaJ<.1al (A) Cable 
Prec1s1on RF Coa x 

Circle 36 on Inquiry Card 

TAPPA N. NY 
256 O ak T1ee Road 
Diodes & Rect1hers 
Zeners 
H igh Voltage Assemb lies 
Po w t:ir AtH;t1 1it;r:; 
Thick Film Hybrid C11cu1 1s 

KENT ENGLAND 
Tubs Hill House 
London Road. Sevenoaks 
Sohdev. Lid 
Full line o ! 
Solot•on devices 

BEN BAAOO. ISAAEL 
51 Hayarkon Slleet 
AEL Is rael. lid 
Fvtl line o f 
Sol1tron de¥1ces 

TOKYO 105. JAPAN 
NO 5. 3-Chome 
Sh1bahamama1su-cho 
Minaro- ku 
Matsushita Electric Trading 
Full line ol 
Sol1 l ron devices 
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NEW PRODUCTS 

DIELECTRIC SPACER 

Scotchflex dielectric foam No. 
3419, is a low dielectric constant 
spacer that reduces computer cross
talk. It allows sandwiching of flat 
cables to give a uniform predictable 
spacing, and may also be used for 
shock protection in electronic equip
ment. 3M Co., 3M Ctr., St . Paul, 
Minn . 55101. (612) 733-5755. 

Circle 240 on Inquiry Card 

D/A CONVERTER 
Model MDA-1 OF settles to one LSB 

of resolution in 60 ns max., 40 ns 
typ. to 1h LSB, permitting update rates 
as high as 10 MHz. It operates with 
its own built-in ref. source, ladder net, 
and current switches. The converter 
comes in a Pc-mounting module 0.4 
h , 2 w and 4 in . I. Analog Devices, 
Pastoriza Div., 221 Fifth St. . Cam
bridge, Mass. 02142. ( 617) 492-6000. 

Circle 241 on Inquiry Card 

SOLID-STATE AMPLIFIER 
Model WJ-5004-13 amplifier pro

vides high dynamic range perform
ance in the 2.0-4.2 GHz freq. range. 
It exhibits + 10 dBm min . power out
put at 1 dB compression, 30 dB min. 
to 33 dB max. small signal gain and 
10 dB max. NF. It is 1.3 x 3.5 x 3.5 
in. and weighs 9 oz. Watkins-Johnson 
Co., 3333 Hillview Ave., Stanford In
dus . Park, Palo Alto, Calif. 94304. 
(4 15) 326-8830. 

Circle 242 on Inquiry Card 

EMITTER-DETECTOR 
\ 

.A -~ L.. -:;"' ~ 
SE 2450 GaAs emitter and SD 

2440 si licon detector are offered as a 
matched-pair combination of a source 
a~d sensor. They are well suited for 
high-density PCB mounting. Uses in
clude punch card and tape readers 
character recognition, shaft encoders' 
P?Sition indica~ors and warning de~ 
vices. Spectromcs Inc., 541 Sterling 
D r., Richardson , Tex. 75080. (214) 
231-9381. 

Circle 243 on Inquiry Card 
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PHOTOTRANSISTORS 
Three (CLT 2010, 2020 and 2030) 

new silicon npn planar epitaxial pho
totransistors cover a light sens. range 
from 0.2 mA to 3 mA at 5 mW/ cm2, 
and max. collecto r-to-emitter voltages 
from 15 to 50 V. A narrow 3: 1 light 
sens. to!. range is std. A fl at window 
eliminates the need for critical sensor 
positioning. Clairex Electronics, 560 
S. Third Ave., Mt. Vernon, N .Y . 
10550. 

Circle 244 on Inquiry Card 

12 BIT LADDER NETWORK 
Model HX510 precision network is 

for use in o/ A conversion. It has total 
output accuracy of ±125 ppm, (± 112 
LSB) over the range from - 55° to 
+ 125°C. It comes in a ¥s x 5/s in. 
fl at pack. Resistors are vacuum de
posited Nichrome thin-film. Halex, 
Inc., 3500 W. Torrance Blvd., Tor
rance, Calif. 90509. (213) 370-6175. 

Circle 245 on Inquiry Card 

MINIATURE MARKERS 
, ·_J 'Y'I 

~~i~1~ '. 
~- ... 

Self-sticking micro-miniature mark
er will fit miniature electronic compo
nents and other products. Printed only 
0.03 to 0.05 in. high, they make it 
possible to mark or "brand" product 
parts on surfaces actually as small as 
a pinhead. M agnification instantly re
veals the message. W. H . Brady Co., 
726 W. Glendale Ave. , Milwaukee 
Wis. 53201. (414) 332-8100. ' 

Circle 246 on Inquiry Card 

DIP SOCKETS 
A full line of reduced-size DIP sock

ets is avai lable in 14- and 16-lead 
configurations, with dip solder leads 
or solderless wrap pins. The 14-pin 
receptacles mount on 0.400 x 0.800 
in . centers, while the 16-pin type takes 
only 0.400 x 0.900 in. SAE Advanced 
Packaging, 1357 E. Edinger Ave., 
Santa Ana, Calif. 92705. (714) 540-
9256 . 

Circle 247 on Inquiry Card 

ELECTRODYNAMIC SHAKER 
Model PM-250 permanent magnet 

shaker has a max. output of 250 lbs. 
force and a recommended freq. range 
of de to 5 kHz. Its displacement ca
pability is 1 in . D .A. with an accelera
tion rating of 92 g and a velocity of 
55 in .ls. MB Electronics, 781 Whal
ley Ave., New Haven, Conn. 06508. 

Circle 248 on Inquiry Card 

Pre-assembled nylon encased neon 
and incandescent AmpillumeT)! lights 
are se lf-mounting in panels 0.032 to 
0.062 in. thick. Standard lens styles 
are "top hat" and "flush ." Both types 
come with natural red, orange, or yel
low lenses with 125 or 250 V ratings. 
Tncanclescents are also available in 
blue, green, and purple and 6.3, 12, 
and 24 V ratings. AMP Inc., Harris
burg, Pa. 17105. (717) 564-0101. 

Circle 249 on Inquiry Card 

TOROIDAL INDUCTORS 
The "low si lhouette'' toroidal induc

tor line includes 89 inductors from 
0. ~ 0 f.tH . to I 0 mH. They provide 
mm . ~1stnbuted capacity, max. Q, and 
the hi ghest self-resonant freq . possible 
commensurate with minimum size. 
Sizes range from 0.200 w x 0.200 1 x 
0.125 h to 0.550 w x 0.550 I x 0.300 
h. They meet environmental require
ments of Mil-C-15305. Engi neered 
Components Co., 2134 W. Rosecrans 
Ave .. Gardena, Calif. 90249. (213) 
321-6565. 

. Circle 250 on Inquiry Card 

VARIABLE COUPLERS 
With Models 100 and 101 the cou

pling ratio can be continuously varied 
from about 0 to 30 dB. Directivity is 
about 40 dB for most conditions and 
drops at very hi gh and low freq~. Ef
fective BW ( 10 kHz to 100 MHz) is 
taken as the freqs. for which direc
tivity drops to 20 dB when the unit 
is adjusted for 20 dB coupling. Model 
100 ($135 .00) has a phase reversal 
in the coupled port, while 101 
( $150.00) does not. Deerfield Labo
ratory, Box 1300, Los Altos, Calif. 
94022. (415) 948-4535. 

Circle 251 on Inquiry Card 

DC TO DC CONVERTER 

Cl.O series miniature power mod
ules convert 28 Vele to any desired 
output voltage between 5 and 100 
Vele at full load output current of 1.0 
A. They regul ate line voltage to 
± 0.05 % or 10 mV (whichever is 
greater) for input changes of 24 to 
30 Vele at constant load . Load reg. 
is ± 0.05 % or 20 mV from no load 
to full load at constant line . Abbott 
Transistor Labs. , Inc., 5200 W. Jeffer
son Blvd ., Los Angeles, Calif. 900 16. 
(213) 936-8185. 

Circle 252 on Inquiry Card 
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NEW PRODUCTS 

SOLID STATE EL DRIVERS 
EL20, EL200 series of ss switches 

are designed and specified as drivers 
for electroluminescent displays. They 
have forward and reverse blocking 
voltages from 200 to 400 V with 
high reverse gain for min. power con
sumption , and can be driven directly 
from low-level res. The EL series is 
available in T0-18, T0-46, and T0-
100 packages. Unitrode Corp. , 580 
Pleasant St. , Watertown, Mass. 02172. 
( 617) 926-0404. 

Circle 253 on Inquiry Card 

MINIATURE TRANSFORMER 

Model 4211-1007 microminiature 
audio transformer is a low-profile 
unit, only 0.1253. It has a freq. range 
of 4 kHz to 40 kHz. Power rating is 
10 mW at 20 kHz. It meets Mil-T-27, 
grade 5, and features electrostatic 
shielding. Bourns Pacific Magnetics 
Corp., 28151 Highway 74, Romoland, 
Calif. 92380. (714) 657-5195. 

Circle 254 on Inquiry Card 

SEALING GLASS 
New devitrifying solder sealing 

glass (Code 7 588) for electronics is 
available as a powder ready for use in 
a variety of mesh sizes with or with
out coloring additives. Designed for 
sealing alumina ceramics, it offers re 
manufacturers a means of making a 
mechanically strong hermetic seal 
with improved flow characteristics. 
Electronic Materials Dept., Corning 
Glass Works, Corning, N.Y. 14830. 

Circle 255 on Inquiry Card 

WIDEBAND AMPLIFIER 

Model WB-23 has a unity gain BW 
of 150 MHz, a full power output of 
12 MHz, and slews at 1000 VI µs. 
Settling time to 0.1 % is 250 ns, and 
output is ± 10 V at 50 mA. It doesn't 
optimize one parameter at the sacri
fice of others. DDC, 100 Tee St., 
Hicksville, N.Y. 11801. (516) 433-
533o. Circle 256 on Inquiry Card 

AC MOTOR BRAKE 
Model 291-C AC Motor Brake of

fers a reliable, inexpensive means of 
dynamically stopping electric motors 
thru 16 hp . It controls both single 
and 3 ~ motors, with voltages from 
100 thru 600 Vac. $225.00. EMF 
Corp., 610 Yale Ave. N., Seattle. 
Wash. 98109 . (206) 624-6310. 

Circle 257 on Inquiry Card 
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CERAMIC SUBSTRATE 

This alumina ceramic substrate for 
LSI or hybrid packages is produced 
by powder pressing which is said to 
insure a high degree of uniformity. 
They come in thicknesses > 0.035 in. 
Ceramic components made of alumi
num oxide have many properties that 
make them useful for a wide range of 
electronic applications. Di am on i te 
Products Mfg. Co., Shreve, Ohio 
44676. 
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LIGHT EMITTING DIODE 

Two new visible LEDS FLVlOO 
and FLVlOl, feature high brightness 
(1500 ft. lamberts in the FLV100) ; 
wide viewing angle (160 ° with the 
FLVlOl) ; and low power consu~I?
tion . They can be driven by std. d1g1-
tal 1cs. FL V 100 has a transparent 
lens and the FLV101 a frosted lens. 
$3.00 (1-99) , and $0.99 (10,000). 
Fairchild Microwave and Optoelec
tronics 2513 Charleston Rd. , Moun
tain view, Calif. 94040. (415) 961-
9573 . 

Circle 259 on Inqu iry Card 

AlSiMag® 782 alumina ceramic 
parts offer a new safeguard for light
sensitive electronic device s . This 
opaque black material is used for en
capsulation and as a substrate. It has 
a helium leak rate of < 1 x 10-s cc/ s 
at one atmosphere pressure and can 
be reheated in an oxygen atmosphere 
without color change. American Lava 
Corp., Chattanooga, Tenn. 37405. 

Circle 260 on Inquiry Card 

LED PULSER 
This compact ss encapsulated unit 

provides adjustable medium voltage, 
high-current, fast risetime current 
pulses for devices such as GaP light 
emitting diodes. Input is +24 to 
+ 32 Vdc, with transients to 80 V for 
0.1 s (Mil-Std-704). Output is + 1 
to +5 A, adj. into fixed loads between 
5 and 250 (pulse amp. from 20 to 
130 V, 650 W pk. max), continuous 
operation for 1 hr. under max. cond. 
without ext. heat sinking. Pulse 
shape : lµ s rise and fall times, pulse 
flat top adj. from 0.2 to 15 µs. Grafix 
Inc., Box 3296 Albuquerque, N .M. 
87110. (505) 265-6903. 

Circle 261 on Inquiry Card 

LIGHTED INDICATORS 

11,11 
• ~S•!I .. ~!!: Si 

Series 68011-14 integrated indica
tor displays come ready to snap into 
a rectangular panel cutout. Terminal 
connections are reduced to half of 
those needed for displays using dis
crete indicators since a common 
ground terminal is used for all lamps. 
$1.50 to $2.50/ lamped indicator 
module. Info-Lite Corp., 2337 Le
moine Ave., Ft. Lee, N.J. 07024. 
(201) 947-6646. 

Circle 262 on Inquiry Card 

SWITCH/INDICATOR 
These 2-lamp, lighted pushbutton 

switches and word indicators have an 
adapter that accepts crimp-type wire 
terminals. Two lamp reliability is pro
vided by 6, 12, 28 Vdc or 115 Vac 
lamps. Series 90K 2-pole and 4-pole 
switches come in either alternate or 
momentary action as well as holding 
coil versions. M aster Specialties Co., 
1640 Monrovia, Costa Mesa, Calif. 
92627. (714) 642-2427 . 

Circle 263 on Inquiry Card 

PLASTIC POWER TRANSISTOR 

Electrically interchangeable with 
most simil ar power transistors on the 
market, the TIP3055 offers a 15 % 
savings over metal can units . It plugs 
directly into a T0-3 metal can socket 
and has a 60 V breakdown voltage 
(BVCEo) and is rated at 15 A con
tinuous current. $1.00 ea. ( 100-999). 
Texas Instruments Incorporated, Box 
50 J 2, M/ S 308, Dallas, Tex. 75222. 
(214) 238-3741. 

Circle 264 on Inquiry Card 

POWER SUPPLY 
RM series power supplies mount 

in std. 19 in. wide RETMA racks. Each 
model is 3 Y2 in . high, and has a panel 
mounted power switch/ indicator. Out
puts range from 3 V at 20 A, to 50 V 
at 5 A . Regulation is typ. ± 0.05%; 
ripple, 0.5 mV rms. From $280.00 
to $330.00 ea. Acopian Corp., Easton, 
Pa. 18042. (215) 258-5441. 

Circle 265 on Inquiry Card 

DESOLDER PUMP 
Made of lightweight aluminum, this 

pump has a solid vacuum piston for 
increased performance. Only 7 in. 
long overall it may be loaded and 
discharged with one hand . Replace
able Teflon tips give additional long 
life. Techni-Tool, Inc., 1216 Arch St., 
Phila., Pa. 19107. (215) 568-4457. 

Circle 266 on Inquiry Card 
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UnitekBonder StackUpBest 
Build your bonding line with the 
source tha t's proven best in the 
field ... take UNITEK 

In case after case of tough on-line 
comparison testing, more lead
ing firms take UNITEK because 
they've proved that when the chips 
are down you get the Best Ch ance 
for the Best Choice ... here's why 
. . . flexibility , repeatability, and 
service in-depth. 

First , you get wider work-choice 
options. Each UNITEK bonder is 
built for production-versatility . .. 
handles all package types by 
simp ly interchanging optional acces
sories. Single units, rack-feed or 
automatic strip-feed handling of con
ventional packages ... hybrids , too , 
all available on virtually every bonder. 
Tak e exactly the options you need 
now . .. add later when you need to ... 
the closest thing yet to custom mak
ing your production line. 

Pinpoint repeatability is another very 
big reason . Prototype work or line 
work, it's guaranteed by exclu
sive rugged , durable UNITEK 
construction , perfect process 
controllability and ultra-simple 
operation. Train ing and mainte
nance stay low . . . rates and yields 
stay up ... lot- run after lot-run. 

Third . . . service ... expert guid-
ance you can count on; after you 
specify as well as before . Your 
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UNITEK man and the entire 
UNITEK Applications Labora
tory team of bonding special
ists can make I ife a lot easier 
out there on the lin e. 

UNITEK stacks-up best .. . has 
for over twenty years ... there's 
bound to be a proven UNITEK 
bonder for you ... get more 
facts by contacting your near
by UNITEK man or UNITEK/ 
Weldmatic Division, 1820 So. 
Myrtle Avenue, Monrovia, Cali

fornia 91016 . Telephone : 
(213) 358-0123 ; TWX : 910 
585-3236. 
The Best Chance 
for the Best Choice 

UNITEK. 
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_NEW PRODUCTS 

MICROCIRCUIT TRIMM ERS 

I I f: 
The 7200 series trimmer capacitors 

are for IC, hybrid circuit, microstrip 
circuit and microwave applications. 
They have a 10: 1 tuning ratio and of
fer capacitances ranging from 0.1 to 
2.0 pF. Made of gold plated brass, 
they use high K glass and alumina ce
ramics . Johanson Mfg. Corp., 400 
Rockaway Valley Rd., Boonton, N .J. 
07005. 

Ci rcle 267 on Inquiry Card 

5 V, 50 A POWER SUPPLY 

New supply has an input of 105 to 
130 Vac, 47 to 1000 Hz. Over 85% 
efficient, it has line reg. of <0.05% 
and load reg. < 0.05 %. Ripple and 
noise are <50 mV pk-pk and response 
time is < 200 µs . Operating temp. is 
0 ° to 50°C. It is 4 x 4 x 6 in . $364.00. 
Power Devices, Inc., 1240 W. Collins 
Ave., Orange, Calif. 92656 . (714) 
532-1621. 

Circle 268 on Inquiry Card 

RF POWER TRANSISTORS 

Four new transistors feature bal
anced emitter construction for opti
mum safe operating area, low lead
inductance stripline packaging for 
increased broadband capabilities, and 
a choice of four power levels at 12.5 
Vdc, 175 MHz. The MM4020 is rated 
at 3.5 W @ 11.5 dB gain min., MM-
4021 at 15 W @ 7.0 dB gain min., 
MM4022 at 25 W @ 5.5 dB gain 
min. , and MM4023 at 40 W @ 4.5 dB 
gain min. Prices are $6.20, $15.00, 
$23.00, and $38.00 respectively ( 100-
999) . Motorola Semiconductor Prod
ucts, Inc., Box 20912, Phoenix, Ariz. 
85036. (602) 273-3466. 
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HEAT DISSIPATOR 

Press-on fan top dissipator increases 
power diss. of transistors and res in 
T0-8 and T0-66 metal cases having 
a 0.480 to 0.515 in. dia. TXBF2-050-
033B needs no additional board space 
as the l \;4 in. dia . "fan" is positioned 
above components mounted adjacent 
to the semiconductor. Below $0.50 
in quan . International Electronic Re
search Corp. , 135 W. Magnolia Blvd., 
Burbank, Calif. 91502. (213) 849-
2481. 

Circle 270 on Inquiry Card 

underestimate 
the power of 
appearance ... 

SUB-MINIATURE LAMPS 
These T-1 subminiature lamps are 

for applications requiring illumination 
from low current sources. They are 
specified at a max. of 30 mA with the 
average current ranging from 20-25 
mA. They can be driven directly from 
low output integrated circuitry. Chi
cago Miniature Lamp Works, 4433 
N. Ravenswood Ave., Chicago, Ill . 
60640. (312) 784-1020. 

Cricle 271 on Inquiry Card 

IC SOCKETS 

Type 561 socket fits 14-pin DIL 1cs 
on 0.100 in. centers for adjacent 
terminals. Consistently reliable mat
ing of the IC package is achieved by 
using a tapered pin entrance design. 
Solder tail centers of the socket are 
identical to those of the IC, permitting 
std. board layouts to be used. About 
$0.20 ea. Connector Corp., 6025 N. 
Keystone Ave., Chicago, Ill. 60646. 
(312) 539-3 108 . 

Ci rcle 272 on Inquiry Card 

MET-L-WOOD panels add beauty and backbone 
to machine housings 

88 

First impressions often influence final 
decisions . To compete in today 's market
place, even sophisticated machinery cries 
out for housing design that says ... beauty 
. . . purpose ... versatility . And nothing 
says it better than unique MET-L-WOOD. 
MET-L-WOOD is a laminate, consisting of 
a core of plywood or other lightweight 
material with metal or other durable fac
ings structurally bonded to both surfaces. 
The result is a panel of great durability 
and versatility that lends itself to dra
matic design , withstands abuse and con
tinues to look like new for years. 
MET-L-WOOD panels are easy to work 
with , requiring no special tools , or may 

Circle 38 on Inquiry Card 

be prefabricated for easy assembly. Learn 
for yourself how MET-L-W OOD f its into 
your housing plans. W rite for brochure 
to: MET-L-WOOD CO RPORATION , 6744 
West 65th Street, Chicago 60638 . 

~ (r"~~t 
·~· 

M ET-L-Wooo 
Corporation 

STRUCTURAL LA MINA TES SINCE 7 925 
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DESICCANT 

This desiccant is strong enough to 
be a mechanical part, workable 
enough to be machined into nearly 
any shape, and weighs only 1.1 g/ cc. 
Natrasorb® 900 will absorb about 
18 % of its own dry weight in mois
ture vapor under std. conditions 
(25°C. 10 mm Hg. water vapor pres
sure) and can dry atmospheres to a 
-100°F dew point. Multiform Desic
cant Products, Inc., 1418 Niagara St., 
Buffalo, N.Y. 14213. (716) 881-
0100. 

Circle 273 on Inquiry Card 

RF COAX CONNECTOR 

New swivelable design permits 
360° rotation about the cable axis 
without inducing strain to the cable 
braid. The connection is completely 
sealed against contamination and 
moisture. Design is applicable to any 
rf connector series. Constant pos
itive performance is guaranteed. ITT 
Gremar, 10 Micro Dr., Woburn, 
Mass. 01801. (617) 729-8950. 

Circle 274 on Inquiry Card 

PRECISION INVERTER 

New crystal controlled 12 Vdc to 
120 V, 60 Hz inverter provides a freq. 
accuracy of ±0.005% over a temp. 
range of -40° to +55°C. It will au
tomatically start motors, lamps, and 
other heavy starting current loads up 
to its 200 VA rating. $169.00 (1-9). 
Electronics-Atlanta, Inc., 5300 New 
Peachtree Rd., Chamblee, Ga. 30341. 
( 404) 458-0096. 

Circle 275 on Inquiry Card 

CALCU LATOR 

This silicon photodetector calcula
tor helps you get the best perform
ance out of your photodetectors. Most 
of the scales are general purpose and 
can be used for almost all types of 
photodetectors, including photomulti
pliers and phototransistors. $1 .00 
with instruction book. United Detec
tor Technology, 1732 21st St., Santa 
Monica, Calif. 90404. (213) 393-
3785. 

Circle 276 on Inquiry Card 

SENSING TRANSISTOR 
Heart of this current sensor is a 

hybrid circuit composed of a Magnis
tor™ and an op amp which puts out 
a voltage analog of the current being 
sensed. Series HM-2000 Magnistor (a 
magnetically sensitive transistor) sen
sors come in three ranges to measure 
ac or de currents of 0.05 to 2, 2 to 50, 
and 50 up to 4000 A. All units can 
operate from voltages of from ±5 
V de to ± 15 V de. Power diss. of the 
device itself is < 700 mW. Hudson 
Corp., Box 867, Manchester, N.H. 
03105. ( 603) 669-8570. 

Circle 302 on Inquiry Card 

CARD CONNECTORS 

These circuit-card header systems 
are connectors consisting of extruded 
or fabricated aluminum bases con
taining male blade contacts on 0.100 
in. (type MIOOI), 0.125 in. (type 
Ml201), or 0.150 in. (type Ml501) 
centers. The contacts, when used with 
mating tuning fork contacts, offer low 
insertion force, typ. < 6 oz.jmated 
pair. Teradyne Components, 900 
Lawrence St., Lowell, Mass. 01852. 
(617) 454-9195. 

Circle 303 on Inquiry Card 

MINIATURE RESISTOR 
Molded precision metal film resis

tor is only 0.1 x 0.175 x 0.06 in. Style 
PE-1 / 20 has a range from 25 Q to 
25 kQ and is rated 1/ 20 W at l00 °C. 
Tinned copper leads are 0.015 in. in 
dia. x 0.5 in . long, spaced 0.075 in. 
apart. It meets Mil-R-10509, Char. 
D, C, and E and Mil-R-55182. Toler
ances as low as 0.1 % and Tes as low 
as 25 ppm/ °C are available. From 
$0.25 to $2.35. American Compon
ents, Inc., Eighth Ave. at Harry St., 
Conshohocken, Pa. 19428. (215) 828-
6240. 

Circle 304 on Inquiry Card 

SINGLE-TURN CERMET POT 

Model 62 trimming pot is only 
0.250 in. in dia. It comes in a non
metallic housing to guard against di
electric voltage breakdown or short
ing. Model 62 side adjust is 0.250 x 
0.180 x 0.250 in. allowing closer 
board stacking, and requires only 
0.045 in.2 of mounting area. $1.72 
ea. ( 1-9). Spectral Electronics Corp., 
City of Industry, Calif. (213) 964-
6565. 

Circle 305 on Inquiry Card 

Delays: 2 to 180 seconds* 
Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current ... Being hermetically sealed, 
they are not affected by altitude, moisture, or cli-
mate changes ... SPST only - normally open or 
normally closed ... Compensated for ambient tem-
perature changes from -55° to +80°C .... Heat
ers consume approximately 2 W. and may be ope
rated continuously. The units are rugged, explosion
proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal and 9-Pin Miniature. 

List Price, $4.00 
*Miniatures Delays: 2 to 120 seconds. 

All Amperite Delay Relays are recognized under 
component program of Underwriters' Laboratories, Inc. 

for all voltages up to and including 115V. 

PROBLEM? Send for Bulletin No. TR-81. 

AM PE RITE _:> 

BALLAST REGULAT O RS 

Circle 40 on Inquiry Card 
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NEW PRODUCTS 

NTC DICED THERMISTORS 

These thermistors provide good elec
trical and physical uniformity and 
greater lead pull strength than small 
discs and rods which they replace. 
Resistance values available are: 50 to 
300 0 with NTC of -3.3%/°C at 
25°C, 500 to 3000 0 with NTC of 
-3.9/ °C at 25°C, and 3 k to 
100 kO with NTC of 4.4% I °C at 
25°C. Total range is from 50 0 to 100 
kO. Cal-R, Inc., 1601 Olympic Blvd., 
Santa Monica, Calif. 90404. 

Circle 277 on Inquiry Card 

SS POWER CONTROLLERS 

These ac and de ss load controllers 
were designed to replace both normal 
EM relays and circuit breakers. They 
perform the combined functions of a 
relay and a circuit breaker. The de 
units operate on 28 Vdc with ratings 
of 0.5 through 35 A; ac units on 115/ 
200 Vac, with ratings of 1.0 through 
35 A. Leach Corp., Relay Div., 5915 
Avalon Blvd. , Los Angeles, Calif. 
90003 . 

Circle 278 on Inquiry Card 

JUNCTION THERMISTOR 
This silicon carbide thermistor can 

sense temp. changes from cryogenic 
to the max. operating temp. of 
1000°C with extreme accuracy. Al
most all other thermistors have a max. 
temp. of 300°C. The p-n junction of 
the device has an exponential decrease 
in impedance as temp. increases. 
Westinghouse Astronuclear Lab., Box 
10864, Pittsburgh, Pa. 15236. (412) 
892-5600. 

Circle 279 on Inquiry Card 

PRECISION CAPACITORS 

Wrap and fill construction of these 
mylar capacitors yields a small light
weight device, yet still affords a se
cure moisture resistant seal. MHW 
Seri~s units feature a capacitance to!. 
of ± 5% std. and high insulation re
sistance. Constructed of extended foil 
winding std. units are available from 
0.001 to 2.00 µF. Electronic Associ
ates, Inc., West Long Branch, NJ. 

Circle 280 on Inquiry Card 

INDICATOR LIGHT 
The QT, a high brightness micro

miniature light, now has a retaining 
clip to ease install ation and ensure 
positive retention. The clip, which 
fits over the QT base behind the panel, 
eliminates installation difficulties 
caused by drilling or stamping over
size mounting holes. Ratings range 
from 1.5 V to 28 V. Flat and domed 
lens caps available. Marco-Oak, Box 
4011, Anaheim, Calif. 92803. 

Circle 281 on Inquiry Card 

MINIATURE PROBE 

Micro Positioner MP-100 probe is 
secured thru a vacuum base. It sticks 
to almost any flat surface and is not 
sensitive to any dust or abrasive 
powder (usually present in abrasive 
resistor trimmers). The valve lever 
instantly locks or releases the probe. 
A built-in cylinder moves the needle 
arm down to make contact. $62.00 
ea. (1-5); $58.00 ea. (6-20); $52.00 
ea. (21-100). M.P.M. Corp., 9 Har
vey St., Cambridge, Mass. 02140. 
(617) 876-7111. 

Circle 282 on Inquiry Card 

CONNECTOR FAMtLY 

Nu-Mite 2400 series connectors 
with two, three or four polarized 
conta~ts come in cable mounted plug, 
chassis mounted receptacle, or thru
bulkhead adapter configurations. The 
hermetically sealed units can with
stand a pressure differential of up to 
10,000 psi. All meet environmental 
resistance requirements of Mil-C-
5015. Cinch-Nuline, a div. of TRW 
Inc., 1015 S. Sixth St., Minneapolis, 
Minn. 55415. 

Circle 283 on Inquiry Card 

TEMPERATURE STABILIZER 

Operating without thermostatic con
trols, this ss component stabilizer self
stabilizes itself and contained T0-5 
component at 65°C in < 1 min. 
Drawing < 1 W in its steady state at 
room temp., it ·operates over ambi
ents from -55° to 15°C below its 
control temp. Operating voltage is 
24 V ac or de. Texas Instruments 
Incorporated, Control Products Div., 
Attleboro, Mass. 02703. (617) 222-
2800. 

Circle 284 on Inquiry Card 

SILICON TRIACS 

These gate-controlled, full-wave Si 
ac switches , switch from an off- to an 
on-state for either polarity of applied 
voltage with + or - gate triggering 
voltages. They are for operation up 
to 400 Hz with res. or ind. loads and 
nom. line voltages of 115 (40773) 
and 208 ( 40774) Vrms sine wave, 
and repetitive peak off-state voltages 
of 200 V and 400 V. RCA, Solid State 
Div., Somerville, N.J. 08876. 

Circle 285 on Inquiry Card 
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READOUT 

This complete readout (7-segment) 
and plug-in decoder-driver "display 
package" can be ganged for multiple 
use. Model MS-4000B readout uses 
std. #683 T-1 lamps. Relatively large 
(0.34 x 0.62 in.) characters displayed 
are O-to-9. Model DDM-703 BCD to 
7-segn:ent decoder-driver plug-in mod
ule with an 80 mA output capability 
includes a ripple-blanking output of 
the most significant leadi ng edge 
~eros , intensity control capability, and 
independent lamp test input. Alco
Display D iv., Alco Electronic Prod
ucts, Inc. , Lawrence, Mass. 01842. 
(617) 686-3880. 
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SOLDERABILITY TESTER 

Highly automated tester performs 
all tests needed to accurately evaluate 
the solderability of component termi
nations, PC boards and other flat sur
faces. The Universal Solderability 
Tester performs: solder globule test 
for leads and terminals; edge dip test 
for PC boards and laminates ; dip test 
for wire leads and terminals; meniscus 
test (optional) for PC boards. Alpha 
M;etals, Inc. , 56 Water St., Jersey 
City, N.J. 07304. (201) HE 4-6778. 

Circle 287 on Inquiry Card 
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OPTO-ISOLA TOR 

The MCT2 consists of a diffused 
planar IR light-emitting diode optically 
coupled to a silicon planar photo
transistor. Voltage isolation exceeds 
1500 V and isolation res. is typ. 100 
GO. It also has a current transfer 
ratio of 35 % and rise and fall times 
of 2 µs. $5.85 ea. (1-9) and $3.55 ea. 
(1000). Monsanto Co. , 10131 Bubb 
Rd ., Cupertino, Calif. 95014. (408) 
257-2140. 
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ELECTROLYTIC CAPACITORS 

Type 502D, low-cost, single-ended 
miniature aluminum electrolytics are 
for vertical installation on high-den
sity P C boards. These metal-encased 
units will withstand an 85 °C life test 
for 1000 h at rated voltage. Sprague 
Electric Co., 481 Marshall St. , North 
Adams, Mass. 01247. (413) 664-
4411. 
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CURRENT BOOSTER 

~ode! 9693 has two modes of op
erat10n: as a current booster inside a 
feedback loop with an op amp, and 
a~ a stand alone voltage follower. 
Bi.as current may be adjusted to zero 
with an ext. pot. Features include (no 
ext. adj. circuitry) : 1 µA bias current 
10 M 0 min. input Z 20 MHz smali 
signal BW, ± 400 V /µ~ min . slew rate, 
and ± 10 V output at ± I 00 mA load 
current. $55.00 (1 -2), $50.00 (3-9) , 
$45 .00 ( 10-29). Optical Electronics, 
Inc .. Box 11140, Tucson, Ariz. 85706. 
(602) 624-8358. 
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DIGITAL PRINTER 

New 2000H series units can print 
from 4 to 20 columns at 150 lines/ 
min. Options include BCD coded 
data input, signal compatibility over 
the range of - 30 to + 30 V, 24-h 
clock, floating decimal point, data 
memory, and special print fonts. Basic 
4-col. instrument sells for <$750.00 
complete with power supply. Digitron 
Corp. , 2544 W. Main St., Norris
town, Pa. 19401. (215) 277-5800. 

Circle 291 on Inquiry Card 
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NEW PRODUCTS 

CERAMIC CHIP CAPACITOR 
New "BB" size Ceramolithic® ca

pacitor is 0.050 x 0.050 x 0.040 in. 
and is available in NPO or W dielec
trics from 6 pF to 6800 pV in 50 and 
100 V sizes. The monolithic chips 
have silver end terminations (std.), 
with gold, palladium gold and palla
dium silver also available. They meet 
all applicable requirements of Mil-C-
11015 and Mil-C-39014. USCC, 2151 
No. Lincoln St., Burbank, Calif. 
91504. (213) 843-4222. 

Circle 292 on Inquiry Card 

EPOXY PACKAGE 

Eccocup packaging scheme saves 
time and money when you want to 
prepare only small portions of two 
part epoxy systems. Used initially with 
Ecco-bond Solder 56-C, the package 
consists of 25 wells/ 4 x 4 in. array. 
Each is filled with the base material 
and sealed. To use, the film covering 
is stripped back to expose the number 
of wells needed and one drop of cata-
1 yst is added to each well using a cali
brated squeeze bottle. Emerson & 
Cuming, Inc., Canton, Mass. 02021. 
(617) 828-3300. 
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Templates 

SNAP-ACTION SWITCH 

New Mini-MiteT~~ has a case that is 
< 0.250 in. high by 0.300 in. wide by 
0.100 in thick. Ratings are 2 A, 125-
250 Vac; 2 A (res.) and 1 A 
(ind.), 30 Vdc. The switch, which 
meets Mil-S-8805 specs, is available 
with four types of terminals-single 
and double turret, quick connect spade 
and solderless wrap. McGill Mfg. Co., 
Inc. , Valparaiso, Ind. 46383. 
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DIODE OSCILLATORS 

Each SY A-3206 tunable X-band 
coaxial oscillator produces min. out
puts of up to 500 mW cw. Each 
uses an oxide-passivated silicon ava
lanche diode mounted junction side 
down for max. thermal efficiency. 
Power variation is typ. < l dB over a 
range of -30°C to +71°C. Semicon
ductor Div., Sylvania Electric Prod
ucts Inc., Woburn, Mass. 01801. 

Circle 295 on Inquiry Card 

that assure utmost accuracy 

COPPER CLAD LAMINATES 

Two new laminates, 65M27 Special 
and 65M28 Special, are measle 
11esistant, warp-free, high impact 
strength, high insulation resistance 
glass epoxy copper clads which can be 
drilled or punched as easy as ordinary 
G-10 and FR-4 laminates. The 
65M28 provides the additional fea
ture of fiame-retardance to the easy 
drilling/ punching/ shearing and measle 
resistant characteristics of 65M27. 
Westinghouse Electric Corp., Indus
trial Plastics Div., Hampton, S.C. 
29924. ( 803) 943-2311 . 
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FAST PHOTOGRAPHIC PAPER 
Linagraph 1930 is designed to re

cord CRT traces, as well as for use 
with light beam recording instruments. 
It can be used with Pl! , P16 and P24 
phosphors. Even subtle details are 
recorded as clean, crisp, black-on
white tracings. Its water-resistant base 
eliminates swelling, permitting accu
rate measurement of trace modulation. 
Eastman Kodak Co., Professional 
Commercial & Industrial Markets 
Div., 343 State St., Rochester, N .Y. 
14650. (716) 325-2000. 
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All RapiDesign templates are cut with special 
equipment and have a 1 /64" pencil allow
ance to assure absolute uniformity and the 
utmost accuracy. There are nearly 200 differ
ent kinds, for electrical, engineering, com
puter, architectural, and many other uses, 
including 30 new metric templates. We also 
make custom designs to order. Send today 
for your free copy of our 1970 catalog. 

Economical - - - Reliable - - - Small Size 

RAPIDESIGN INC .. P.O. BOX 6039. BURBANK. CALIF. 91505 

A SUBSIDIARY OF BEROL CORPORATION 
aEROL 

the template for professionals 
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Low Noise - - - Series Regulated - - - Convection 
Cooled - - - Current Limiting - Standard 
Overvoltage -Optional. Available from stock. 

Astro-Space Laboratories, Inc. 

fi!g Research Park, Huntsville, Alabama 35806 
(205) 837 -5830 
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NEW PROGRAMS & SERVICES 

DESIGN AND LAYOUT 
ICEMAP computer - aided design 

and layout program starts with the 
basic design element, i.e., the compo
nent which lets you truly design a 
complete IC. Most of the layout and 
design programs available today use 
a standard "cell." With ICEMAP you 
can design the standard cell and can 
then repeat the developed cell for high 
complexity circuits. The program runs 
in either interactive sharing mode or 
a batch processing mode. Integrated 
Circuit Engineering Corp., 4900 E. 
Indian School Rd., Phoenix, Ariz. 
85018. (602) 959-4760. 
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NC/QC PROGRAMS 
New efficient NC/QC computer pro

grams for users of the PICOMM com
puter system feature faster generation 
of NC tapes and QC reports for elec
tronic and mechanical parts. The NCL 
computer language program makes NC 
tapes directly from a keyboard. It 
eliminates slow and expensive post 
processors and most slow manual pro
gramming activities. Potter Instrument 
Co., Inc., East Bethpage Rd., Plain
view, L. I., N. Y. 11803. (516) 694-
9000. 
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MOS LSI DESIGN 
$ Total semi

conductor cost 

Optomlzecf 
by hand 

Production volume -

from inverters, buffers and expanders 
through multi-input NOR and NAND 
gates, Exclusive-ORS, latches, and 
flip-flops . 

Short of large production runs, LSI 
cost tradeoffs favor the Polycell de
sign over a manual design where the 
circuit size, speed, and cost are opti
mized at the expense of a larger in
itial design cost. (See chart) Typi
cally, a Polycell design will cost from 
$5,000 to $20,000 and prototype 
parts will be available in 10 to 14 
weeks. Motorola expects to be able 
to sustain a throughput of one design 
per day. Motorola Semiconductor 
Products Inc., Box 20912, Phoenix, 
Ariz. 85036. 
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MICROWAVE ANALYSIS 
You can now work together to 

create custom MOS LSI arrays using 
the company's design and production 
system. This service reduces non-'l'e
curring circuit costs by 50% or more. 
The system's design capability in
cludes logic verification, test sequence 
generation, chip layout, and art work 
preparation. High threshold, P-chan
nel , static, MOS technology is used. 

Basic building blocks are stored in 
an expanding MOS Polycell library, 
which now contains 30 cells ranging 

Advanced Microwave Circuit An
alysis Computer Program (AMCAP) 
can analyze the pertormance of any 
circuit from a simple filter to the feed 
system for a phased array antenna. It 
can be learned in <1 h. $6000, plus 
travel, installed on most time sharing 
and batch computers. Environmental 
Computing Inc., 21 George St., Lo
well, Mass. 01852. (617) 453-7745. 
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NEW from Bishop Graphics 

llllllT ZAPI® 
COPPER COMPONENT PATTERNS 

The pre-etched, pressure-sensitive 
copper circuit component patterns 

for instant PC boards. 
Now you can make prototype printed wiring boards 
and test circuits ... directly from your schematic 
... in one, continuous, quick operation ... using 
Bishop Graphics' ne.w Circuit Zaps System. 
Circuit Zaps eliminate the artwork, photography, 

® 
photoprinting, touch up, etching, stripping, and 
other time consuming and costly drawback in old 

• .f!~h~~n=~ ~:o~~~~ • ~n~ ~!~ :~=~~ ~~v=~~~!~t~ • 
Bishop Graphics, lnc.,7300 Radford Ave. , North Hollywood, Ca. 91605 EE 
Gentlemen : Sounds interesting. Please rush my sample Circuit Zaps 
artd descriptive literature. 
Name ___________________ _ 

Company __________________ _ 

Address __________________ _ 

City _________ State _____ Zip ___ _ 

L---··•••••••••••••••••••••••••••••••••• 
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54/74 MSI complex arrays 
Another comprehensive catalog 

from Sprague, this 100-pager covers 
series 54/ 74 MSI complex array 1cs. 
It's divided into three sections, the 
first providing general design charac
teristics; the second, electrical char
acteristics (specific test limit and 

Vee 

J
V;o(I) 

Vin(O) 

TEST 

"' TRUTH 

TABLE 

De test circuit-
BCD-to-decimal decoder/ driver 

test condition information for the 
evaluation of 21 MSI JCS); and the 
third, parameter measurement infor
mation (complete de and ac measure
ment methods and procedures) . 
Sprague Electric Co., Marshall St., 
North Adams, Mass. 01247. 

Circle 361 on Inquiry Card 

Semiconductor device digest 
Each category of semiconductor 

devices included in this 20-page cata
log is presented in compact tables and 
charts giving ratings, parameters, and 
specs. Dimensional case drawings 
supplement the handy reference. 
Among the products listed you'll find 
scRs, power logic triacs, high and 
low power silicon rectifiers, selenium 
rectifiers, zener regulators, and light 
sensitive devices . International Rec
tifier, Semiconductor Div., 233 Kansas 
St., EI Segundo, Calif. 90245. 
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Pulse motors 
A well-written and very informa

tive reference manual is devoted to 
high performance digital stepping mo
tors . The motors, which are suggested 
for applications in computer peripheral 
equipment, NC machine tool drivers, 
graphics equipment, and computer
controlled production equip m c n t, 
range in power from 1/ 40 to 10 hp 
and up to 16,000 steps per second in 
speed. Theory, application and main
tenance of both electric and electro
hydraulic versions are provided in the 
82-pager as are schematics, and me
chanical and electronic design guide
lines. ICON Corp., 156 Sixth St., 
Cambridge, Mass. 02142. 
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Op amps in analog circuitry 
In this 12-page brochure you'll find 

a discussion of the practical and the
oretical considerations necessary in 
applying wideband amplifiers to high
speed analog circuitry. It provides 
both design and appl ication informa
tion, illustrating and describing such 
uses as high speed o/ A and A/ D con
version, video summing, and high
speed integration. Intronics Inc., 57 
Chapel St., Newton, Mass. 02 158. 
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Japanese components 
Ten catalogs comprise this offer, 

each detailing a category from the 
component lines this company has to 
offer. Types of components include 
resistors, capacitors, switches, power 
supplies, and JCS. Especially notable 
is the catalog of hybrid thick-film 1cs. 
With each circuit described you'll find 
schematics illustrating the standard 

Battery charger 

product and a measuring circuit. Also, 
there's a dimensional diagram for 
each and charts illustrating ratings 
and characteristics. There's a quick 
reference guide at the beginning and a 
part number code at the end. Matsu
shita Electric Corp. of America, Pan 
Am Bldg., 200 Park Ave., New York, 
N.Y. 10017. 
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Silicon rectifiers 
A wealth of data including per

formance information, package de
sign, and application data for various 
types of silicon rectifiers has been 
gathered together in tabular form. In
cluded in the quick reference source 
are high voltage, axial, lead silicon 
rectifier cartridges for peak inverse 
voltages to 50,000 V with forward 
current ratings to 1 A, and rectifier 
packs with PIV to 50 kV at forward 
currents of 30 A. Electronic Devices 
Inc. , 21 Gray Oaks Ave., Yonkers, 
N .Y. 10710. 
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IC analysis 
Here's an extremely informative 

22-page article tell ing you what's 
reall y on the inside of 1cs. The article 
appears in four sections. The first de
scribes the need for product evalua
tion, and covers such topics as select
ing sample devices, decapsulation, 
inspection techniques, and electrical 
and environmental tests. The second 
part details circuit layout and proc
uct analysis and the third covers ana
lyzing electrical test results. The last 
part details circuit layout and pro
cessing. Integrated Circuit Engineer
ing Corp., 4900 E . Indian School Rd. , 
Phoenix, Ariz. 85018. 
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Coaxial connectors 
Miniature bayonet locking coaxial 

connectors for shielded capacitance 
and pulse type systems are described 
in a 16-page catalog. They cover a 
complete range of conductor sizes and 
locking lug polarities, with ei ther 
solder pot or crimp type contacts. In 
addition to just listing and describing 
its products, the catalog contains 
handy application information, de
tailed dimensional drawings, perform
ance characteristics, and install ation 
instructions. Cinch-Nuline, Div. of 
TRW, 1015 S. 6th St. , Minneapolis, 
Minn . 55415. 
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TTL Schmitt trigger 
The advantages of using the mono

lithic IC Schmitt trigger over a discrete 
device wired circuit is the subject of 
this 7-page appl ication report. Special 
features of this TTL IC include a built
in temperature to ensure high stability 
of the threshold levels and the hyster-

vcc 

Schmitt trigger in pulse-stretcher 
circuit 

esis over a wide temperature range. 
Altogether, six applications are given 
and are supplemented with circuit 
diagrams and operating waveforms. 
Texas Instruments Inc., Box 5012, 
M/ S 308, Dallas, Tex. 75222. 
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Computerized design 
reduces your printed circuit board cost. 

Computerized two-layer printed cir
cuit board interconnection artwork 
produ ced by Elec tro nic Graphics, Inc . 
Shown twice ac tual size. 

Yes , the new Electronic Graphics ' computerized 
photomask system can reduce your circuit board cost 
in many ways . 

REDUCED TURN-AROUND TIME 
At Electronic Graphics computerized design of your 
printed circuit board layout provides in one to four 
weeks photomasters and documentation that require 
as much as six months to produce using conventional 
manual layout techniques . And we can prove it. 

INCREASED YIELD 
Computerized , precision placement of printed circuit 
board features in full compliance with your 
engineering specifications assures error-free artwork , 
and gives you higher yields on production circuit 
board runs. 

The Electronic Engineer • Oct. 1970 

COMPLETE ECONOMICAL TURNKEY SERVICE 
Our complete turnkey service gives you precision , 
production-ready printed circuit board artwork plus 
associated engineering documentation at a reasonable 
cost. Numerical control tapes for drills, 
routers , or insertion machines are also available to 
reduce your circuit board costs. 

Investigate the Electronic Graphics ' photomask 
system today . A letter to the address below 

will bring you our new Customer 
Requirements Summary to assist you 
in analyzing your photomask needs. 

electronic graphics, .,inc. 
2834 W . Kingsley Road 
Garland , Texa s 75040 (214) 271 -2 585 
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Transistor cross reference 
Here's another pocket-size guide 

from Fairchild - a cross-reference 
guide listing the company's complete 
stock of plastic transistors, the nearest 
equivalents to over 400 standard in
dustry 2N types. In addition to the 
transistor listings, it provides the 
names and addresses of Fairchild 
stocking distributors and sales offices. 
Fairchild Semiconductor, 313 Fair
child Dr., Mountain View, Calif. 
94040. 
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Optical scanning 
More than 30 pages of information 

are included in this catalog which 
provides scanning terms, examples of 
bar coding, mark and character read
ing systems, plus readable OCR fonts. 
In addition , you'll find a brief ex
planation and diagrams of an optical 
scanning system, and examples of 
"scannable" forms designed for use 
with present optical scanning equip
ment. GAF Corp., 40 High School 
Ave., Shelby, Ohio 44875. 
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NTC thermistor appl icat ions 
Here's an 8-page properties and 

applications brochure on NTC (neg
ative temperature coefficient) ther
mistors. With a thoughtful description 
and charts and schematics it discusses 
such features as resistance tempera
ture characteristic, current time, max
imum power rating, and time constant. 

Tem perature different ial 
measurement 

Among the applications it covers are 
temperature measurement, differential, 
control , and compensation, as well as 
time delay, surge suppression, and 
liquid level detection. Sensitron Inc., 
225 Paularino Ave., Costa Mesa, 
Calif. 92626. 
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• SPRING-LOADED CONTACTS DESIGNED TO BE PLUGGED 
INTO A MATING SOCKET 

• PATENTED BIASING BALL CONSTRUCTION PRO
VIDES CONTACT BETWEEN PLUNGER AND LIN

ING OF BARREL. 

• LOW AND UNIFORM RESISTANCE 

New . RouND, coN1cAL & FLAT T1Ps 

~ • REPLACEABLE POGOS ARE 

REPLACEABLE AVAILABLE FOR CENTERLINE 
SPACING OF .050" UPWARD 

POGO 
Contacts 

Enclosure designs 
Interface 33 is a creative enclosure 

styling system which gives you the ad
vantages of rack modularization plus 
design customization. Interchangeable 
horizontal and vertical extrusions can 
be styled into 33 different ensembles. 
Colors allow an even greater variety 
of appearances. This 12-page booklet 
gives you the information you need 
about color, construction, and dimen
sions. AMCO Engineering Co., 7333 
W. Ainslie St., Chicago, Ill. 60656. 
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PWR program 
Circuit designers can quickly and 

efficiently determine where to place 
and how to route conductors on IC 
boards. In a 7-page application ab
stract you 'll be filled in on the details 
of the PWR program (placement and 
wire routing) that make this possible. 
The program's input and output are 
described , and a sample problem il
lustrates PWR's over-all capability. Re
mote Computing Corp., One Wilsh ire 
Bldg., Los Angeles, Calif. 9001 7. 
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Tel. (6171222-3726 

•SINGLE, BOARD 
MOUNTED OR COM

PLETE ACTUATING 

• GOLD
PLATED 

• LONG 

JAY HO LSAPPLE, POWERTEC'S P RODUCT 
MANAGER, HAS A POWER SUPPLY SOLUTION 

FOR MOST REQUIREMENTS. CALL AND A SK 

JAY WHAT HE WOULD RECOMMEND FOR 

YOUR REQUIREMENTS. WIDE VARIETY OF 
OEM, MODULE AND RACK MOUNT . M I LITARY, 
ULTRA MINIATURE HIGH PERFORMA NCE 
SUPPLIES OFF THE SHELF. 

PYLON COMPANY, INC. - 57 Newcomb St. 
Attleboro, Massachusetts 02703 
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CALL JAY COLLECT (213) 882 -0004 

POWERTEC A1RrRJoN1'c·suiNc. 
9168 DESOTO AVENUE 

CHATSWORTH. CALIFORNIA 91311 
(213) 882 0004 TWX 910 494 2092 
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Modular digital products 
A buyer's guide running the gamut 

from logic modules all the way up to 
digital controllers is avail able from 
Honeywell's Computer Control D ivi
sion. Containing information on in
struments ranging from analog com
parators and counters to parity gener
ators and Schmitt triggers, the refer-

1'0Slflllf. T141tUtQ.0 I 
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ence provides prices, speed, power 
dissipation , and fan-in and fan-out 
specs. Individual technical bulletins on 
each module plus a designer's guide 
are also available. Robert Mobilia, 
Honeywell , Computer Control D iv., 
Framingham, Mass. 01 701. 

Circle 375 on Inquiry Card 

Integrated circuits 
A 1970 catalog contains a listing 

of 1cs intended for high-speed, gen
eral-purpose digital applications. The 
5400 and 7400 series, available in 
hermetically sealed, dual in-line ce
ramic packages, offer such advantages 
as high noise margin, low power dis
sipation (10 mW/ gate at 50 % duty 
cycle) and low output impedance (less 
than 100 Q at a logic one output 
state) . Information is also provided 
on the company's diodes, silicon tran
sistors, Mos arrays, and semiconductor 
chips and wafers. ITT Semiconductor, 
3301 Electronics Way, West Palm 
Beach, Fla. 33407. 
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RF and tuning devices 
Noteworthy additions to a line of 

voltage variable capacitance diodes 
are the subject of a new product 
brochure. A varactor selection guide 

lis ting operating characteristics of the 
entire series is included as are sche
matics and OEM prices. Crystalonics, 
147 Sherman St. , Cambridge, Mass. 
02140. 
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Design guide 
This 14-pager offers a rather com

plete explanation of monolithic Mul
tilox multilayer ceramic wiring struc
tures for packaging electronic devices. 
A description of what Multilox is, in
clud ing basic components and appli
cations, is provided along with design 
principles. Robert E . H utter, Room 
2537, Nemours Bldg., D uPont Co., 
Wilmington, Del. 19898. 
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Op-amp settling time 
The lead article in Analog Device's 

D ia logue devotes 11 pages to op-amp 
settling time, reviewing the need for 
amp settling performance better than 
0.0 l % in 1 µs. The article also ex
plores linear and non-linear factors 
that affect settling time and suggests 
ways to maxi mize such performance 
in circuits based on op-amps. Meas
ured curves for some avail able ampli-

DEA D 
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RATE 
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TIME SLEWI N G REOOVERY LIN EAR SETILING 

- SETTLI N G TIM E TO •.lf - 1 
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tier types are provided as are measur
ing techniques. The bookl et also in
cludes an article on the treatment of 
fac tors affecting di fferentiator re
sponse and stabil ity. The dialogue 
concludes with a rundow n of applica
tion notes, data sheets, and short form 
catalogs available from Analog De
vices, 22 1 Fifth St. , Cambridge, Mass. 
02 142. 
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Resistor design guide 
Corning's complete line of glass, 

tin-oxide resistors is outlined in a 16-
pager, designated RBR 2.00. Qualifi ed 
to meet the new specs of Mil-R39017 
and Mil-R-55182, the resistors' re
liability is the result of a continuous 
manufacturing process. This is em
phasized in tables and charts included 
in the reference which give results of 
a continuing life test of 600 resistors. 
Going into its twelfth year, the proc
ess ind icates less than a 2% change 
in resistance among all resistors tested. 
Corning Glass Works, Electronics 
Div. , Corning, N .Y. 14830. 
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;.TARll 
····· 12 SMALL LAMPS} < i 

~1~f!1;1%il 

MDUNT1 
ON A CIRCUIT BOARD 

;,~;~ 

RESULT: 
A LIGHT MODULE TO 
MONITOR TWELVE . 
COMPUTER CIRCUITS* 

.-::; 
•Can be made for a le sser number down to one 

We can help you refine your smal l 
lamp application . Write, describ
ing the requiremen t. Tung -Sol 
Divi sion, Wag ner Electric Corpo
rati on, 630 W. Mt. Pleasant Ave
nue, Livingston, N.J. 07039. TWX: 
710-994-4865. Phone: (201) 992-
1100; (212) 732-5426. 

TUNG·SOr 
WHERE BIG THINGS ARE 

DONE WITH SMALL LAMPS 
®Reg. T.M. Wagner Electric Corporation 
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LSI memory test 
A computer-controlled system, 

which performs functional tests on 
random access memories, ROMS, shift 
registers, and random logic, has been 
designated Doctor 32. A brochure 
describing the system discusses its 
unique capabilities, including being 
able to perform functional tests at 
actual device speed. Equipped with 
state-of-the-art equipment, Doctor 32 
provides unmatched testing versatility 
and performance specs. Adar Associ
ates Inc., 85 Bolton St., Cambridge, 
Mass. 02140. 
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Noise reduction 

"Noise Reduction in Core Memories 
with Pulse Transformers" is the sub
ject of an application note which ex
plains the primary source of noise 
in core memory systems and how it 
can be minimized. Pulse transformers 
for drive and sense line coupling are 
the key. Schematics help to illustrate 
the exp lanation offered in this note. 
Aries Technology, 3475 Victor St., 
Santa Clara, Calif. 95050. 
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Zero voltage switch 
Applications and operating charac

teristics for RCA's IC zero voltage 
switch ( CA3059) are included in ap
plication note ICAN6268. The switch 
has been designed to control a thyris
tor in a variety of power switching 
applications. A brief description of the 
circuit, its functions and configura-

tions, in addition to supplemental data 
for extending operation to 220 V, 50-
60 Hz lines, and temperatures from 
-40 to +85 °C are covered in the 
note. Schematics are provided. RCA, 
Electronic Components, Harrison, 
N.J. 07029. 
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Specifying fil ters 
Problems encountered in filter spe

cifications and explanations of neces
sary terms and parameters are cover
ed in a monograph. The 10-pager 
discusses frequency response, imped
ance, passband ripple, shape factor, 
operating temperature range, packag
ing and environment. A glossary is 
included for those not too familiar 
with filter language. Cambridge Ther
mionic Corp., 445 Concord Ave., 
Cambridge, Mass. 02138. 
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Switch keyboards 

Standard, low-profile elastic dia
phragm switch keyboards for com
munications and data entry terminals 
are the topic of this 16-page catalog. 
Keyboard layouts, specs, and dimen
sional diagrams are provided for 
standard models. An illustrated ex
planation of the elastic diaphragm 
switch concept supplements the prod
uct information. Datanetics Corp., 
2828 Spreckels La. , Redondo Beach, 
Calif. 90278 
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DETECTIVE ATWOR~ 

New 
insulate eg 

98 

An exclusive design improvement for insulated feed
thru terminal blocks. Available in a variety of terminal 
pin and hardware configurations. 
This is one of the many new products Kulka has for en
gineers who innovate . Kulka keeps up to date with new 
terminal block concepts, new designs, and new mate
rials to meet every requirement. Send for the latest 
Kulka catalog. Kulka Electric Corp. , 520 So. Fulton 
Ave., Mount Vernon, N.Y. 10551 or call (914) 664-4024. 

A North American 
Philips Company 
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WATCH THIS LOGIC SLEUTH DETECT TRUE LOGIC "1" 
AND LOGIC "O" LEVELS ON YOUR OWN CIRCUITS 

• 
Red and green lights indicate logic levels . Guaranteed 
one-volt dead band between logic levels. 
No hands needed for checking DIP packages when 

• female socket is attached to A P Test Clip or wire 
wrap post. 

• Inspects circuits in DTL, TTL, and other related groups . 

• 
Specify model A P 923650 (or voltage protected 
model A P 923655) . 

Produced by AP INCORPORATED 72 Corwin Dr .. Painesville. 0.44077 

@
marketed by (201 )473 -2660 (301 )484 -5400 (505)265- 1020 (617)969-7140 

C 0 M PAR gg;:;~~: ~~i~ :~~~:;~~ ~7;6 :~~ ~::~~ ;~g~ ~i ~ !:~;~ : ~;~g 
(206)822 -4191 (313)357 - 5369 (602)947 -4336 (716)27 1-2230 

Order off·the-shelf (213)843-1772 (314)542 3399 (607)723 -8743 (801)364 1163 

from nearest facility :; ~ :m~: ~;;~ i!:~:;~; : ;!;7 :~~~::;~: ;~~7 c
919

11231002 
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Digital process monitor 
Here's a compact 8-page bulletin 

giving you all the facts on this Series 
76 digital process monitor. There are 
discussions on applications, lists of 
specs, a description of the system 
functions, a selection of options, and 

~~ 
Digital E.P.U.T. monitor 

information on instrument types. 
Schematics, block diagrams, and 
dimensional drawings supplement 
each presentation . Airpax, Electronics 
Controls Div. , Box 8488, Fort Lauder
dale, Fla. 33310. 
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Non-existent product 
Because you are as concerned about 

your special products as you are 
about off-the-shelf items, this bro
chure gives you the information you 
want for your "non-existent product." 
In other words , you'll read of the com
pany's design and manufacturing fa
ci li ties and capabilities to find out how 
they can solve your special circuit or 
system design requirements. Special 
products they've already designed in
clude a difference computing counter, 
a period-average counter, a filter and 
attenuation system, and a dual chan
nel reversing counter. Itron Corp., 
11675 Sorrento Vall ey Rd ., San Di
ego, Cali f. 92121. 
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Power supply handbook 
Detai led specs, descriptions, and 

illustrations of more than 100 models 
of de power supplies are included in 
this 80-page handbook. You'll find 
definitions of specs, and a compre
hensive application note which gives 
an explanation of circuit principles, 

SJlll 
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methods for checking power supply 
performance, and a special selection 
guide that helps you choose the right 
power supply for your particular ap
plication.Hewlett-Packard, New Jersey 
Div., 100 Locust Ave., Berkeley, 
Heights, N .J . 07922. 
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Display terminal 
Designated the Corning 904, a new 

displ ay terminal combines interactive 
graphics with hard copy, large screen 
capacity, and slide overl ay. A com
plete discussion of the terminal is 
contained in a 13-page catalog which 
includes suggested applications. Soft
ware support for the 904 is also cov
ered. Corning Data Systems, 3900 
Electronics Dr. , Raleigh, N.C. 27602. 
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Spectrum analysis 
A series on the practical aspects of 

aud io frequency spectrum analyzers 
and their application begins with this 
8-page application note. After a dis
cussion of the similarities and differ
ences between continuous (noise-like) 
and line spectra, and the concept of 
degrees-of-freedom, the first note con
cludes with a glossary of terms and 
annotated references. Parallel-filter, 
swept-filter, time-compression , and 
digital or numerical methods will be 
the subjects of future notes in the 
series. Testronic Development Lab., 
Drawer H , Las Cruces, N .M. 88001. 
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Introducing 
a cassette 
tape 
recorder 
for analog 
data collection 
Design features include four 
hours of simultaneous four-chan
nel record time ; PWM electronics 
with 33 dB dynamic range ; stan
dard C-120 cassette tapes ; a self 
contained battery power supply ; 
and athree pound package. 

Frequency response at the 
standard 15/ 32 ips tape speed is 
DC-100 Hz with PWM electronics 
and 200-2.5 KHz with interchange
able direct electronics. Optional 

Capacitors 
Here are two articles which will 

help you to understand certain charac
teristics of capacitors. The first , "Ca
pacitance Changes-Why?" explains 
variation caused by electrical, me
chanical, and environmental stress, 
tells why the capacitance changes, and 
compares the extent of the variation 
for the common capacitor dielectrics. 
The second, "Insulation Resistance Can 
Be Confusing!" explains the basic 
principles of insulation resistance, and 
how it varies with time and tempera
ture, so as to dispel this confusion. 
Electro Cube Inc. , 1710 S. Del Mar 
Ave., San Gabriel, Calif. 91776. 
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Monopulse radar system 

A general review of a monopulse 
radar system is contained in bulletin 
AEB-101. The system's function , 
along with a detailed description of a 
monopulse system using a component 
designated the MIF8394, is included 
as are block diagrams. Varian, Solid 
State Div., 1365 Akron St. , Copiague, 
Long Island , N .Y. 11726. 

Circle 392 on Inqui ry Card 

tape speeds of 15/ 16 and Fis ips 
provide the respective 2X and 4X 
frequency responses. 

A companion dual-speed re
produce system provides play
back in real time or with a time 
base contraction of 32 to one. 
lntermed , Dept. EE, 2710 Forest 
Lane, Dallas , Texas 75234 

Circle 53 on Inquiry Card 99 



LITERATURE 

Communication components 
Over 400 stocked parts are illus

trated and described in this 16-page 
catalog. And many of the 3,000 com
ponents available are also detailed . 
Included are such items as miniature 
plugs, jacks and panels, terminal 
blocks, and lamp strips and sockets. 
ADC Products, Communication Com
ponents Div., 4900 W. 78th St., 
Minneapolis, Minn . 55435. 

Circle 393 on Inquiry Card 

Drafting aids 

Pressure sensitive PC artwork draft
ing aids are the subject of this 20-page 
catalog. Shapes, patterns, and con
ductor line tapes for precision layouts 
are listed. New products include pre
cision patterns of multi-pad configura
tions for TO cans, 14- and 16-lead 
dual in-line patterns, and fl at-pack 
patterns. And you'll find such standard 
features as con nector contacts , spaced 
1c pad sets, and registration marks . 
By-Buk Co., 4326 W. Pico Blvd. , Los 
Angeles, Calif. 90019. 

Circle 394 on Inquiry Card 

Switches 
Information on push-button and 

rotary switches fills 88 pages in an 
expanded product catalog. All the in
formation you need for determining 
your switch needs is included-an en
gineering data section explains switch 
parameters, and selector charts or-

ganize the parameters and data to 
help you select the proper switch for 
your needs. Photos, diagrams, and de
tailed characteristics and ratings are 
given for each switch described. Gray
hill Inc. , 543 Hillgrove Ave., La 
Grange, III. 60525. 

Circle 395 on Inquiry Card 

Circuitry mater ials 
A source guide for metal-clad cir

cuitry materials is in the form of a 
reference folder. Property values for 
available materials for flexible circuits, 
rigid boards, multilayer circuits, and 
cabling are featured in tabular form 
and include physical and mechanical 
properties. Also tabulated are conduc
tor properties for flexible and rigid 
materials. Synthane-Taylor Corp., 
Valley Forge, Pa. 19481. 

Circle 396 on Inquiry Card 

Display driver 

A compact presentation of applica
tions is offered to you in this 8-page 
booklet on the AAT-101 TV display 
driver featuring a 256 6-bit character 
refresh memory. System configura
tions are given for four different ap
plications, and the primary features 
and suggested uses for each system 
are listed . Operating information and 
a price list are included. Ann Arbor 
Terminals Inc. , 918 Greene St., Ann 
Arbor, Mich. 48104. 

Circle 397 on Inquiry Card 
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• 30° Angle Of Throw 

• 2 To 11 Positions 

• Solder Lug Or "Foston" Terminals 

• Non-shorting Contacts 

• Voltage Breakdown 2500 VAC 

• Available With Special Shafts, 
Bushings And Other Modifications 

• Life Expectancy Over 50,000 
Cycles Of Operation At Rated Load 

For your Grayhill Engineering Catalog 
offering complete technical data-contact 

543 Hillgrove Avenue 
LaGrange, Illinois 60525 
Area Code 312, Phone 354-1040 

.. . the Difference Between Excellent and Adequate 

JOO Circle 54 on Inquiry Card 
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EMI filters 
Standard ratings, perform a nc e 

curves, and dimensional di agrams ac
company each of the bolt-type, high
frequency , industry standard inter
changeable, and button-style filters 
li sted in this catalog. The 16-pager 
also introduces the micro-brute ad
vanced version group in 50, 100, and 
115 V. Application information, ter
minal configurations, and a part num
bering system are also included. The 
Potter Co., 500 W. Florence Ave ., 
Inglewood, Calif. 90301. 

Circle 398 on Inquiry Card 

Power supplies 
A 1970 power supply catalog, or

ganized into product groups for easy 
access, classifies the groups by major 
characteristics. A cross reference di
rects you to other models that share 
similar characteristics, but are de
scribed in other categories. The 
groups discussed are available with 
such optional features as calibration 
controls, over-voltage protectors, and 
high-speed modifications. A glossary 
of power suppl y terms is provided, as 
are Kepco's application notes, and a 
nomograph of voltage drop across 
load supply leads. Kepco Inc. , 131-38 
Sanford Ave. , Flushing, N.Y. 11352. 

Circle 399 on Inquiry Card 

Transformer catalog 
Technical information on trans

formers, magnetic devices, and power 
sources is the main fea ture of this 24-
page catalog. The company's technical 
capabilities are described and include 
such product areas as rectifier plate 
supply transformers, inductive ele
ments, high power amps, and power 
sources. Schematics and graphs sup
plement the technical information in
cluded in each product description. 
Light Electric Corp., 214 Lackawanna 
Ave., Newark, N .J . 07103 . 

Circle 400 on Inquiry Card 

Instruments 

Complete specs are given in this 72-
page catalog for a ll of the company's 
sweep generators, rf attenuators, and 
related rf components. The catalog 
introduces a new series of solid-state, 
high-power sweep generators covering 
the frequency range of 1 to 1000 MHz. 
Also, an 8-page technical section ex
plains flatness, linearity, and isola
tion, and how they can affect meas
urement. Texscan Corp., 2446 N. 
Shadeland Ave., Indianapolis, Ind. 
46219. 

Circle 401 on Inquiry Card 
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ENGINEERING DATA 
Advertisements of catalogs, data 
sheets, booklets and brochures 

Reference Guide to Silicon Rectifiers 

...... ' ....... 

This 12 page catalog contains detailed information 
on Integrated Bridge Rectifiers, Epoxy Bridge Rect i
fiers and Hi gh Voltage Diffused Silicon Rectifi ers. 
Technical performance and install atio n data accom
pan y produc t lis ts to provide maximum engineering 
design assis tance. Spec ial sections dea l with thermal 
impedance and packaging op ti ons. A complete li sting 
of Varo's interna ti onal sa les representat ives and dis
tributors is included for your convenience. You'll find 
every device you need in thi s informative new refe r
ence guide. It 's FREE upon request. 

Varo Semiconductor Division Circle 140 on 
Inquiry Card P. 0 . Box 676, 1000 N. Sh iloh , Garland , Texas 75040 

FOR ELECTRONIC ENGINEERS OH THE WAY UP 

A Course in I PROJECT MANAGEMENT 
This Project Management course appeared 
originally in The Electronic Engineer and 
was devised for the engineer who wants 
to grow in hi s job and to help assure this, 
the course was developed in collaboration 
wi th Booz, Allen and Hamilton, one of the 
largest management consulting firms in 
the world. Their experience includes the 
development of project plans and control 
systems fo r over 1,000 projects involving 
the expenditure o.f many billions of dollars. 
What it does for you- Project Manage· 
ment is a relatively new discipline in the 
fi eld of management sciences. And the 
course emphasizes the methods used to 
reach an objective while remaining within 
the prescribed. product specifi cation s, bud· 
get and schedule. It also helps the in· 

NOW AVAILABLE 

dividual electronic engineer or manager to 
increase his personal skill s, sharpen his 
capability and broaden his understanding 
of project management problems, both 
large and small. And, it shows you how to 
achieve certain specified results at a par· 
ticular point in time. It can make you 
more val uable to your employer. 
The 5 part course costs just $4.00 and in· 
eludes a test paper for your use. All those 
passing the examination will recieve a 
Certifi cate of Completion rhat is suitable 
for framing. Why not put this course to 
work for you now? Send your order to 
The Electronic Engineer, Chestnut and 
56th Streets, Philadelphia, P ennsylvania 
19139. 

A Course in I TELEMETRY 
A special course on Telemetry is now being 
offered to all elec tronic enginee rs. It ap· 
peared originally in Th e Electronic Engi· 
neer. The course analyzes the fun damentals 
of te lemetry and describes th e fun ction of 
te lemetry equipment. The co urse consists 
of several part s, each one patte rned aft er 
one specific portion of a te lemetry system. 
Today, more than ever befo re, th ere is a 
c riti ca l need for more re liable, smalle r, 
light er da1a gathering hardware. This 
course provid es a sound insight int o th e 
modern methods of data acquisition, proc· 
essing and di splay and how they a rc or· 
ganized. Some of the areas covered ar r. : 

-Sensors, Transducers and 
Signal Conditioning 

- Multiplexers and Encoders 
-Analog to Digital conversion 
-Demultiplexing and Decoding 
-Processing and Display 

This course is espec ially useful to digital 
des igners, des ign engineers, engin eering 
1nanage rs, te lemetry engineers, in stru1nent 
des igners and compu ter des igners. 
Th e compl ete 5 part course is available for 
ju s t $4.00 a nd thi s includ es a tes t. All 
those success ful in pass ing th e examina tion 
will rec icvc a forma l Certifi cat e of Com· 
pleti on that is suit able for framing. 
To ge t thi s co urse, send your order to Th e 
Eleclronic En gineer, Ches tnut and 56th 
S t re~ t s, Philad elphia , P enn sylvan ia 19139. 
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LITERATURE 

Transmission lines 
A comprehensive selection guide 

offers flexible and semi-flexible rf co
axial cable. Divided into 3 sections, 
the 44-pager covers parameters for 
cables, including characteristic imped
ance, impedance uniformity (vswR), 
capacitance, capacitance and imped
ance stability, cw power ratings, oper
ati ng voltages, etc. A fu ll listing of 
the company's products is also pro
vided. Times Wire & Cable Co. , Div. 
of Insilco Corp., 358 Hall Ave., Wal
lingford, Conn. 06492. 

Circle 402 on Inquiry Card 

Communications computer 
CorCom's encoding and decoding 

system concept automatically detects 
and corrects errors occurring in the 
electronic transmission of data. A 4-
page data sheet explains this system 
and its features . Technical memoran
dums, supplemented with a table and 
charts, offer summaries of CorCom's 
performance calc ul atio ns. Micro
Design Inc., 1055 First St. , Rockville, 
Md. 20850. 

Circle 403 on Inquiry Card 

Industrial Controls 
More than just a company catalog, 

this 60-pager provides complete de
tails on a line of solid-state, photo
electric, proximity and timing .devices. 
Included too are schematics, wiring di
agrams and dimensioned drawings to 
aid the designer using industrial con
trols. Available on company letter
head from: Farmer Electric Products 
Co., Inc ., Tech Circle, Natick, Mass. 
01760. 

Computer rentals 
Are you in the market to rent a 

computer? Though the agent. Ren 
tronix , doesn't think that short-term 
rental is a cure-al l or a substitute for 
purchasin g or leasing, there are times 
when renting is the best solution for 
yo ur needs . Such instances, as emer
ge ncies, or when your own instru
ments fail ; are discussed and a full 
I ine of instruments that you can rent 
arc outlined. Monthly rental fees, 
terms, and conditions are also pro
vided. Rentronix , Div. of Inmark 
Inc., 11 50 Huff Court, Kensington , 
Md . 20795. 

Circle 404 on Inquiry Card 

Swept impedance measurement 
A technique that provides wide 

dynamic range around any impedance 
level between 10 and 10000 is intro
duced in this 6-page application note . 
Display may be either Z-plane or as 
two traces (magnitude and phase vs 
frequency) on a single readout. The 
note details methods, gives set-ups 
for measurements, and discusses the 
applicable accuracy considerations. 
Hewlett-Packard Co., 1601 California 
Ave., Palo Alto, Calif. 94304. 

Circle 405 on Inquiry Card 

Products and services 
Each major system in this com

pany's product line is discussed in a 
36-page short-form catalog. These 
systems include microwave radio, ra
dio multiplex, trunk carrier, subscriber 
carrier, data and telegraph, super
visory and control , and auxili ary and 
test equipment. Operating and appli ca
tions summaries are provided for each 
product. Lenkurt Electric Co., Dept. 
C 134, 1105 County Rd ., San Carlos, 
Ca li f. 94070. 

Circle 406 on Inquiry Card 

Cools T0-5 
hot eads 

SAMPLES 
PROVE Ill 

We do it for someone til<e 
you every day-Gries ' special 
methods and Value Engineer
ing combine to give you the 
highest small parts functional 
value . We toke the most im
aginative engineering ideas 
and tu rn them into precise , 
uniform, tiny, zinc alloy die 
castings , You get higher value 
and gain savings every step 
of the way . . . basic part 
through final assembly . 

NO SIZE TOO SMALL! 
MAXIMUM SIZE FOR ZINC 

ALLOY: 2 ", 1/2:.. .. o,.• ..,· ,__......,_.., 

4 to 6°C/watt 

The flat face of a T0-5 transistor's 
header is its hottest and most effective surface to 
heat sink. Wakefield 's Seri es 254 Sinks contact this 
surface. Thermal res istance as a thermal link is 4 to 
6°C/W for various types : plain, stud-mounted , tapped 
hole and electrically isolated stud type. Key positions 
transistor ; spring holds it firmly ; insertion is easy. 
Prices from $95 per M. Send for Bulletin 254. 

,£ ~e:,~EE~IJ~,bg, 
102 Circle 56 on Inquiry Card 

See what "higher value" 

lrll IOJ lrll Tl NY 
l[j lJU lloz1NCALLOY 

DIE CASTINGS 
candoforyou • 

~' 
Get this 

SAMPLE KIT 
Write today on company letterhead 

165 Beechwood Ave . , New Rochelle, New York 10802 • (914) 633-8600 
Plants in : New Rochelle, N. Y.; Warren, R. I.; Toccoa, Ga. 

In Canada: Gr ies Div., Dynacast ltd. Lachine , Que . 

Circle 57 on Inquiry Card 
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introducing the Integrated 
Test 
System 

Measures: • Frequency • Time 
Voltage 

• Resistance 
• Temperature • • Current 

• -TEKTRONIX® 

-

committed to progress 
in waveform measurement 

With the introduction of two new digital plug-ins, a 500-MHz 
Direct Counter (no prescaling) and a versatile Digital Multi
meter, it is even more apparent that the Tektronix 7000 Series 
was intended to be more than just another oscilloscope . .. ITS 
much more! 

There are already 5 mainframes and 17 plug-ins in the 7000 
Series ... with more to come. 

Consult your August Catalog Supplement for complete infor
mation. If you do not have a Supplement, check the inquiry 
card, we will send you one promptly. 

Circle 2 on Inquiry Card 



RSVP game (U.S. Patent #3427028) 
used by permission of Selchow 
and Righter Co., makers of SCRABBLE. 

You Win With RCA P-N-P Power ... 
New 2N5954 Family (2N3054 Complement) 
This new RCA p-n-p transistor has the qualifications that 
can make winners of you and your designs. The 2N5954 
is a silicon power unit in a hermetically-sealed T0-66 
package . Complementing the 2N3054 (already widely 
known in sockets in military, industrial, and commercial 
equipment ). the 2N5954 features controlled second
breakdown ratings. To be sure, each transistor is indi
vidually tested to meet specified parameters before it is 
shipped. 
The new 2N5954 family with its multipl e epitaxial struc
ture and emitter ballasting techniques add up to a tradi
tionaliy rugged RCA power device ... giving you the design 
capabi l ity to achieve high performance levels in your 
equ ipment. One of three new RCA p-n-p types now of
fered for switching and amplifier applications, 2N5954 (or 
its family types, 2N5955 or 2N5956) , together with its n-p-n 
complement, prov;de bi-directional control and phase 
inversion advantages. 

P-n-p / n-p-n complements are particularly advantageous 
if you ' re try ing to cascade four or five stages. In a power 
supply design , for exampl e, the use of complem entary 
types can eliminate voltage build-up that wou ld be en
countered if cascaded n-p-n, or cascad ed p-n-p types 
we re emp loyed. 

Check the chart on these new types. For more information, 
consult your local RCA Representative or you r RCA Dis
tr ibutor. For technical data, write : RCA Electroni c Com
ponents, Commercial Eng ineering , Section 59J/ UT8, 
Harrison, N. J. 07029. In Europe: RCA International Mar
keting S.A. , 2-4 rue du Lievre, 1227 Geneva, Switzerland. 

Vcso VcEX (sus) VcER (sus) VcEO (sus) 'c PT (W) 
Type No. (V) (V) (V) (V) (A) @ Tc = 25· c 

--
2N5954 85 85 80 75 -6 40 

2N5955 70 70 65 60 -6 40 

2N5956 50 50 45 40 -6 40 

RCll 
Circle 3 on Inquiry Card 
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