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KEPC01S SECRET 
IS THE 1- I 

• 
FROM THE LARGEST 
TO THE SMALLEST 
REGULATED POWER SUPPLY 

KEPCO has 62 models whose voltage or current regulators em
ploy a modern linear integrated circuit. 

The result : REMARKABLY WELL-BEHAVED POWER! 

The performance of our monolithic amplifier in the d-c compari
son circuits of these 62 power supplies is properly impressive in 
the usual specifications of power supply performance .... Line reg
ulation is well under 0.0005%; load regulation less than 0.005%. 
The performance is also spectacular in the not-so-frequently dis
cussed specifications. 

For example, the sensitivity to thermal shock is about nil. The 
Kepco 1-C regulator, eliminates the small differences in compo
nent temperature due to self-heating or minor environmental 
changes, which in conventional designs causes much of the jitter, 
noise and "bobulation" in the output of d-c power supplies. Our 
1-C regulators are virtually immune to these influences. Their off
sets change less than 20 µV per °C and 5 nanoamperes per °C, 
respectively! 

There are six diverse groups offering you the advantages of I-C 
regulation . 

CPS 
6V-15V, 60-750W, crowbar
protected regulators for 
delicate I-C's 

7V-100V, 20W 
programmable modules 
0.2-2A, 20W modular or 
plug-in metered models 

6V-100V, 60·750W, 
linear programmable 7V-100V, 20W 
regul ators. programmable modules 

0.2-2A, 20W 
fast recovery 
current regulators 

7V-100V, 20W 
high speed 
power amplifiers. 

with KEPCO ... IT'S CONTROL! 

KEPCO , INC . • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 • (212) 461 -7000 •TWX #710-582-2631 • Cable: KEPCOPOWER NEWYORK' 
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••• looking for a subminiature EMI filter? 

Investigate SPRAGUE 
SERIES JX2000/JX3000 
FILTERS 
Series JX2000 Subminiature Filters for d-c applications are rated for 

50 and 100 VDC operation @ 125 C. This broad line includes l and Pi 

circuit configurations rated from 0.1 to 2.0 amperes, as well as 

feed-thru capacitor styles with a rating of 7.0 amperes. 

Series JX3000, especially developed for 125 VAC - 400 Hz (or 60 Hz) 

applications, are available as l and Pi circuits with current ratings 

INFORMATION RETRIEVAL NO. 4 

of 0.1 to 1.5 amperes, as well as feed-thru capacitors with a current 

rating of 5 amperes. All units are designed to operate over a temperature 

range of - 55 C to + 125 C. 
4SF·9109 

For bandpass signal control without inductors ••• 

Select SERIES JF 33-2000 

INFORMATION RETRIEVAL NO. 5 

ACTIVE 
FILTERS 
Developed for a variety of bandpass signal control applications. 
Combine both high performance and small size. Offer circuit designers 
a ±7.53 bandwidth, 20 db gain, and center frequencies from 
400 Hz to 14.5 kHz. Precis~ capacitor and resistor components plus 
integrated amplifiers provide extremely stable performance at 
temperatures from - 25 C to +7 5 C. Available in encapsulated 
construction. Meet vibration, shock, moisture resistance, 
thermal shock, and immersion cycling requirements of MIL-F-18327. 

For complete technical data on any of the above, request engineering bul 
letins as follows : EMI D-C Filters, Bulletin 8130A; EMI A -C Filters, Bulletin 
8131; Active Filters, Bulletins 8700 and 8701. Write to: Technical Literature 
Service, Sprague Electric Co., 233 Marsha II St., North Adams, Mass. 01247. SPRAGUE® 

THE MARK OF RELIABILITY 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

' Spracut' 1nd ·@· 1r1 reaistered tr1dem1rk$ of the Spr11ut Electric Co . 
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HP Test Oscillators 
the step-savers ! 

••• 

Dollar for dollar. HP's 650 series of 
test oscillators provides the best per
formance in the 10 Hz to 10 MHz 
range-and saves you steps while 
doing it. 

This series matches your perfor
mance requirements with the right 
price to give you the test oscillator 
that best suits your needs. 

In the 650 series, you get test
quality amplitude and frequency sta
bility. Once you have these oscillators 
set up you don 't have to waste steps 
constantly checking them! 

With the 652A, a X20 expanded 
scale lets you monitor output ampli 
tudes to within 0.25% over the entire 
10 Hz to 10 MHz frequency range. The 
readings on the upper - most ex
panded scale are in percent. This 
added convenience lets you get a 
quick reading of % deviation for 
frequency response of the device 
under test-in one easy step. (Price 
HP 651 B, $590 ; HP 652A, $725) 

The next big step-saver is for 
people who are tired of tweaking up 
their oscillator level every time they 
change frequency. The HP 654A has 
automatically controlled 0.5% level 
flatness from 10 Hz to 10 MHz. Elimi
nates the need to verify and adjust 
the oscillator output after each fre
quency change. You are free to con
centrate on system performance in
stead of system input. 

But that's not all , with the 654A you 
get pushbutton selection of 135, 150, 
or 600 fl balanced outputs - or 50 or 
75 fl unbalanced. The combination 
of an expanded meter scale and a 
sensitive output level control assures 
you of extremely accurate output 
resolution . Add it all up and you have 
the 654A - the best general purpose 
test oscillator available today. (Price 
$875) . 

Anyone have a special television 
application? Well , that 's wh"ere the 
step-saving HP 653A comes in . It has 

2 Circle 6 on Inquiry Card 

the inherent accuracy and ease of 
operation of the 654A. It also has 
many special built-in video capabili 
ties for A2 type television system 
measurements. Too many to cover 
here - but if you want more informa
tion , just ask. (Price $990) 

If you want to put your test oscilla
tor dollar to the best use, and save 
steps at the same time-call your 
local HP Field Engineer or consult 
your HP catalog . For data sheets, 
write Hewlett - Packard , Palo Alto , 
California 94304. Europe: 1217 Mey
rin-Geneva, Switzerland. 

HEWLETT tli PACKARD 
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The Electronic Engineer • Dec. 1969 



Editorial . .. .. .. ... . . 
Up to date ...... . .. . . 
Forefront ... . ... .. .. . 
Speak Up ...... . 
Western Column . .... . 
Calendar ...... . .. . . . 
Welcome 
Careers .. .... . 
Get Ahead . . . . . 
Design Features .. 
Courses . ... . . . 
Books .. . . . . ... .... . 
Microworld .... . . .. . . . 
Abstracts ... . . . ..... . 
IC Ideas ........ . .. . 
New Products . .. ... . . 
Systems New Products . 
Microworld New Products 
Lab Instruments ... . . . 
Annual Editorial Index . . 
Literature . . .. . ..... . 
Ad Index . ..... . . . . . . 
Product Index .. ..... . 

COVER 

9 
10 
17 
24 
23 
28 
30 
33 
37 
38 
43 
44 
53 
69 
73 
78 
84 
86 
90 

103 
107 
115 
116 

The pr ice of a TTL circuit varies 
from supplier to supplier. Startinq 
on page 53 is a side-by-side price 
comparison of the two most popular 
l ines , SUH L and Series 7400. These 
tables will shaw you how you can 
cut costs by shopping for your TTL 
devices. 
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Canned color TV: The battle lines begin to form 

An idea whose time has come? Ion implantation 

How to write reports that bring results 
Arn your reports as good-and as well received-as you'd like them to be? 
Before you answer, consider how five steps can help you to organize and write 
better reports. By Raymond E. Herzog 

Get true-rms voltage regulation ... inexpensively 
Two common components-a light bulb and a phototransistor- team up to 
form the heart of an rms voltage regulator. By lmre Gorgenyi 

Storage CRTs for radar 
Displays with a variable memory - here's the how and why of tubes that 
remember. By Terry Ballou 
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The price of TTL 53 
Two tables that list prices of the most popular TTL lines. By Arth ur J . Boyle 

Data smoothing: ironing out the wrinkles 61 
Plotted data sometimes shows a disappointingly rough, erratic shape. Data 
smoothing forces such scattered poi nts to conform to a more natural curve, 
and a computer greatly simplifies the task. By Paul H. Dillinger 

IC Ideas 
• An inexpensive, abs~ute value amplifier 
e Fake one-shot lowers system costs .. 

..... By H. C. Morgan 
. By J . J . Klinikowski 

. By W. Neeland 
.. . . . . By S. Shou 

• Function generator has variable polarity exponents 
• Rep rate comparison made easy 

Annual Editorial Index 1969 
The editorial index is made up of artic les of major importance published in the 
past t~lve months. They are listed first by month and then by categories. 

73 

103 
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Pay 25% Less* and 
get 500% 

Greater Reliability 

with CEDAR'S New 
JETLINE Servo Motor 

No one else offers 
so many features designed to increase 

reliability and lower cost. 

FEATURE ADVANTAGE 

FILLED-EPOXY SIMPLICITY OF DESIGN (FEWER PARTS) • LO WERS COST 
MOTOR BODY 

FULL-DIAMETER NO METAL HOUSING • ST ATOR IS FULL DIAM ETER Of THE 
STATOR MOTOR • ALLOWS MORE ROOM FOR THE WIN DINGS 

MACH INE-WOUND ELIMINATES HAND INSERT ION OF CO ILS • ASSU RES HIGH-
STATOR EST RELIABILITY • LOWERS COST 

LARGE FLANGED DISS IPATE HEAT FASTER • RUN COOLER TO PROTECT THE 
BEA R! NGS LUBRICANT • OUTLAST CON VENT IONAL MOTOR BEARINGS 

MOLDED STATOR CONTROLS INSULATION TH ICKNESS • ELI MINATES THIN 
INSULATION SPOTS IN CRITICAL AREAS 

SIN GLE-DIAMETER ELI MINATES CONTAM INANT TRAPS INSID E MOTOR 

4 

BORE 

AVAILABI LITY STANDARD SIZE 8, 10 AND 11 MOTORS FROM STOCK 
• SPECIALS ON REQUEST 

PRICE LOWEST IN THE BU SIN ESS • 'FROM $16.50 EACH 

~
Stato r Dia .~ Jetline 

Stator Dia. 

r onventionl 

Size 8 J etline 
Shown Full Scale 

JETLINE Motor-Tachs to be available soon. 

Digital Indicators • DC Low Inertia 
Motors • Stepper Motors • Step
per Drive Circuits • DC Torquers 
• Rotary Solenoids • AC Motors 
• Motor-Tachs • Resolvers • Ac
celerometers • Synchronous Hys
teresis Motors • LVDTS • Motor 
Gear Heads • Subminiature Rate 
Gyros • Synchros • Servo Pack
ages • Servo Motors 

CEDAR CONTROL DATA 
DIVISION CORPORATION 

5806 W est 36th Street, Minneapolis, Minn. 55416 
Phone : 612/ 929 -1681 
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The HP 1900 is the first pulse system 
to combine state-of-the-art perfor
mance with plug-in versatility. 

The result? A single system that 
meets your most advanced testing 
requirements and still gives you the 
flexibility to meet the varying chal
lenges of day-to-day changes. 

With the 1900 pulse system, you 
can start with a 25 MHz plug-in that 
gives you up to one full amp output. 
Try this one when you are testing 
magnetic memory cores, MOS de-

vices, or any other place where high 
current requirements have been 
tough to meet ... up till now! 

The same plug-in also provides a 
pulse with variable rise and fall times 
from 7 ns to 1 ms. An adjustable volt
age output of up to 25 volts and the 
ability to amplify RZ or NRZ word 
formats. It all adds up to a plug-in 
designed to provide power to spare, 
plus the capability to handle a wide 
variety of testing requirements. 

Or perhaps speed is what you 
need. Another plug-in gives you a 
350 picosecond fixed risetime pulse 
that you can control in width , offset, 
amplitude and polarity. Whether 
you ' re testing storage time in ultra
fast diodes or checking propagation 
delay you can be sure of getting the 
accuracy you require . 

And when you need extremely 
short duration pulses at a rep rate of 
from 0 to 25 MHz, you ' ll appreciate 
the 400 picosecond falltime of this 
pulse. Just adjust for zero width and 
you are ready for impulse testing. 
This is the plug-in that will give you 
the ability to test the most advanced 
circuits available today . .. or to
morrow. 

To give you complete control over 
the digital format of either of these 
plug-ins the 1900 system also pro
vides a word generator. They com
bine to let you generate and shape 
the specific word that best fits your 
system. 

If pulses are your problem ··· 
meet HP's plug-in solution. 



You can get 2- to 16-bit word 
lengths at a 0 to 50 MHz clock rate. A 
pseudo-random noise output and 
RZ and NRZ formats at the flick of a 
switch add to its capabilities. And , 
you are compatible with ECL, TTL, 
DTL, MOS, core memories or any 
other type of circuit you are testing . 

To all of this performance add op
tional analog programming and you 
have the most advanced state-of-the
art pulse system available today! 

HEWLETT~ PACKARD 

SIGNAL SOURCES 

But this is only the start of the 
HP 1900 pulse system 's capability. 
You can select from two mainframes 
to meet your power requirements . 
Both are available with the inexpen
sive optional programming wiring 
that allows you to make the 1900 
completely automatic. 

The four additional plug-ins con
sist of a rate generator, two delay 
generators and a low-power variable 
transition time output (0.2 to 10V). 
Any number of plug-ins or additional 
mainframes can be added to your 
system. They can be stacked, mixed, 
cascaded or programmed to meet 
any configuration requirement .. 
now or in the future. 

Isn 't it time you had the benefit of 
both state - of-the-art performance 
and plug-in versatility? 

For more information on the pulse 
system that will enable you to keep 
up with the changing times, call your 
local HP Field Engineer. For data on 
all of HP's pulse generators, consult 
your 1969 HP catalog starting on 
page 342 . Or, write to Hewlett
Packard , Palo Alto , California 94304. 
Europe: 1217 Meyrin-Geneva, Switz
erland. 

Price : Mainframes, $450 and $750. 
Plug-ins, from $150 to $1750. 
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Everyone knows Varian sells the yvidest possible 
range of thermionic oscillators. But not so well 
known is the variety we sell in solid state, too . 

Consider our line of electronically tuned Gunn 
effect oscillators. They employ GaAs diodes, 
operating directly at the frequency you 
need, with no chains or multipliers. They 
all compare in cost to thermionic 
oscillators, with all the system-simplifying 
advantages only solid state offers. Plus 
the same guaranteed performance 
you've come to expect from Varian . 

For wideband tuning we have an X band 
YIG-tuned oscillator that provides current
controlled frequency adjustment from 
8.0 through 12.4 GHz. Only 2% inches per 
side, it weighs less than 24 ounces. And its 
noise figure is significantly below that of a BWO. 
C and Ku band oscillators soon to come. 

For rapid, continuous narrowband tuning, our 
varactor-tuned X and Ku band oscillators offer up to 
1 % frequency adjustment at tuning rates comparable 
to those of a reflex klystron. Fe can be set mechanically anywhere 
in the entire frequency band. X band units weigh 4 ounces, 
measure 1 213 by 1 2h by 1 V3 inches. 

And for millisecond discrete frequency switching, our PIN-diode tuned 
oscillators are by far the smallest switch-tuning devices you can get. 
These S band microstrip midgets measure only 1 by 1 by V4 inches, 
weigh a fraction of an ounce, and offer options of 2, 4, or even 8 
step-frequency changes across their entire range. Other frequency 
bands can be readily developed. Let's talk. The man who gives 
you the choice you really need in electronic tuned 
oscillators is at our more than 30 Electron Tube and Device Group 
Sales Offices throughout the world. 
Or contact our Solid State 
Microwave Division, 
611 Hansen Way, 
Palo Alto, California 94303. Circle Reader Service No. 42 
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EDITORIAL 

Don't bring back 
the transistor radio 

Whether or not you are using integrated circuits made with metal-oxide semi
conductor field-effect transistors (MOS-FE Ts), you are still probably aware that 
Mos technology is quite new. Only three years have passed since most manufactur
er~ of Mos i.ntegrated circuits finally mastered the technology required to make a 
drift-free oxide. As soon as they learned how to apply this technology to Jes they 
started delivering the first products. And, as with all the other semicond~ctors 
that preceded MOS, these products commanded a rather substantial price, finding 
their way into exotic space or military products that could afford that price. 

Now we see the first signs of maturity in the MOS industry-the standard 
products. You would think, therefore, that these standard products would be 
used by forward-looking American companies in their "top-of-the-line" products, 
just as forward-looking manufacturers of color TV sets started two years ago to 
use integrated circuits in their " top-of-the-line" models. 

Not so. Most of the standard MOS circuits produced in the U.S. (although 
they may be assembled in the Far East) go to Japan, mostly to manufacturers of 
electronic calculators. If this fact doesn't impress you, remember that it was a fledg
ling Japanese electronic industry that, in the mid-19 50's, decided to use transistors 
in the manufacture of inexpensive radio receivers. And they did it so successfully 
that hardly any transistor radios are made today in the United States-save for 
some parts for automobile radios, or expensive tuners for hi-fi sets. 

Do you see the parallel now? We see the same danger signs that we either 
didn't detect, or were unable to forestall fifteen years ago. It was in 1954 that 
Zenith first developed a portable transistor radio, quickly followed by Motorola, 
RCA, GE and other companies that were already in the radio market. But their 
effort was short-lived because these companies made transistor radios in the same 
way they had made radios with electron tubes-they designed high quality circuits, 
and requested the semiconductor manufacturers to either design or select transistors 
that could meet their specs. 

The Japanese engineers, on the other hand, followed the opposite approach. 
They studied those transistors that were most common (and sold for less) and 
designed their receivers around them. Add to that the low labor cost Japan had at 
that time, and the result is history. Japanese transistor radios are glued today to 
the ears of our teenagers, and ride on camels in the dunes of North Africa. Of 
this fantastic market of more than one billion transistor radios , one of the largest 
any industry has ever seen, the United States has received only a small segment 
of the potential market. 

What is the parallel, you may ask, between transistor radios and calculators? 
If the price of calculators goes down from the $2,000 they cost today to, say, $400, 
there will be a world market for more than one million calculators. And, just 
as most of the people who buy transistor radios today would have never bought 
a tube radio, calculators will be bought not only by those who use a slide rule or 
an adding machine today, but even by school children. 

It is this market the Japanese electronic engineers are designing for. And to 
suit their cost goals they design them around the least expensive logic block of 
today: the MOS standard circuit. It is much unlike our method, which consists of 
coming up with an efficient system design, and then ordering an expensive circuit 
to suit. 

Are we going to react to the challenge of calculators iust as we did to transistor 
radios? Perhaps we ought to learn again the meaning of a word Japanese children 
are taugh in grade school; ~ *, a word we often take for granted . 

A f L>u-fv Soc.olo11s~ 
Editor f 

•Ya su. It means economy . 
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UP TO DATE 

Canned color TV: 
The battle lines begin to form 

Robert Patton, Eastern Editor 

Not too long ago, industry seers were predicting a vast 
consumer market for videotape equipment. But their 
vision failed to capture the imagi nation of the con-

CBS Lab's EVR is the only system other than video
tape that is fully operational today. Program 
material, in the EVR system, is carried on photographic 
film with a mag. tape sound track. During playback 
a flying spot scanner and a photomultiplier translate 
filmed information into electrical signals, windows on 
the film supply the sync signals, and a conventional 
tape head picks off audio from the sound track. The 
first EVR players, which will be offered by Motorola 
next year, are commercial units that will cost about 
$800, but nothing in the EVR system precludes the 
development of consumer versions selling at less than 
half of the price of these heavy duty units. 

Electron beam recording is the key to the high 
resolution achieved in a small frame size on the EVR 

Record 

Video input a Electron 

LJl---1 

O ' D Fo~us 
I COii 
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CJ 'Cl 
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Row film stock 

gun 
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sumer. Why? Largely because of cost. Even if the 
consumer were prepared to pay the relatively stiff price 
of the necessary equipment, he would balk at the even 
stiffer price of the tapes . (continued on page 12) 

tape. Performed in a vacuum, the recording opera
tion sweeps, focuses, and modulates an electron beam 
to "paint" images onto the film master in exactly the 
same way that a TV picture tube operates. Once the 
master is ready, duplicates can be manufactured at 
high speed using a. conventional light source to expose 
raw film stock and a magnetic head to record the 
sound track. The EVR format consists of two tracks of 
program material , both picture and sound, although 
in the color version (reported operational, but still 
under wraps) one track is sacrificed to provide the 
color information. 

Like SelectaVision , EVR film production requires 
sophisticated and expensive equipment that rules out 
do-it-yourself efforts by the end user. 

Rep rodu ce 
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for critical Air Traffic Control problems 
Transponders • Beacon Decoding Networks • Airborne 
Computers • DME • IFF • Radar ESC electromagnetic delay 

lines are used in the total Air Traffic Control system. To meet the 

demand for uncompromising reliability, designers of the finest 

ATC instrumentation available have specified ESC products for 

the last seventeen years. 

Fast rise time ... low distortion ond attenuation ... precision 

The Electronic Engineer • Dec. 1969 

taps .. . high density packaging are all illustrated in our new 

ATC Appl ications brochure. Write or call for your copy to: 

ESC Electronics Corporation, 534 Bergen Boulevard, Palisades 

Park, N ew Jersey 07650. Telephone (201) 947-0400. 

ESC Electron1c Co 
a division of General Laboratory Associates 

World's Leading Designer and Producer of Deloy Lines 
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You say you want a 
low-profile snap-in-mount
ing push button switch or 
matching indicator that is 
inte rchangeable with most 
4-lamp displays . . . available 
in a full range of cap colors 
... w ith a choice of bezels 
with or without barriers in 
black, gray, dark gray or 
white. 

and a 
legend presentation that's 
positive (like this one) or 
negative (like the one below) 
or just plain (like the one 
above) ... one that's white 
when "off" and red, green, 
yellow (amber), blue or light 
yellow when "on" . .. or 
colored both "on" and "off." 

and a 
highly reliable switch proven _ 
in thousands of installations 
... available in momentary 
or alternate action ... N.O., 
N.C. or two circuit (one N.O., 
one N.C.) ... that accommo
dates a T-1 3A bulb with 
midget flanged base, incan
descent, in a range of volt
ages from 6-28V. 

etc. 
etc. 
etc. 
Now, for the first time 
Oialight gives you 
custom panel designing 
with a standard line of 
push-button switches and 
matching indicators 

12 

Dialight offers a broader range of switch and 
indicator possibilities than you'll find 

anywhere in a standard single-lamp line. 
Sizes: 3/4" x 1 ", 5/s" square and round. 

Send today for our new full-color catalog L-209. 

DIAL/GI-IT 
Dialight Corporation, 60Stewart Ave., Brooklyn, N.Y. 11237 DT-125 
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UP TO DATE 

(continued from page 10) 
Now RCA has introduced a new concept in pack

aged TV entertainment, billing it as the most significant 
advance in home entertainment since color TV. Whether 
RCA will follow in the footsteps of the videotape ad
vocates remains to be seen, but they do have some 
things going for them. Called Selecta Vision®, the new 
RCA system uses an unperforated plastic tape embossed 
with phase holograms. Materials cost is low-in fact, 
almost negligible. Furthermore, because the tapes are 
embossed at high speed from a durable metal master, 
they can sell for $10 per recorded half hour. 

Whether or not Selecta Vision will ultimately capture 
the imagination-and the dollars of the buying public 
- remains to be seen. While the cost barrier that stop
ped the entry of videotape equipment into the mass 
consumer market appears to have been breached, a big 
advantage of videotape has been lost. Users of RCA's 
Selecta Vision cannot generate their own program ma
terial. Thus, while RCA marketing people are quick to 
suggest that the Saturday afternoon golfer will be happy 
to lay out a few dollars to watch Jack Nicklaus or Arn
old Palmer give a lesson in technique, they seem to 
have overlooked that the same golfer may also like 
to take a look at his own swing. 

Another ingredient for commercial success that is 
still lacking is picture quality. The only prototype sys
tems that exist have serious deficiencies. Even the 
monochrome version lacks the clarity and resolution 
that today's consumer demands, and the color version 
is, at this . stage, little more than a laboratory curiosity. 
Furthermore, neither version boasts a sound track. But 
RCA is going ahead with some strong marketing plans 
and their engineers are confident that they will be able 
to deliver a marketable system by 1972. As a first step, 
RCA plans to market a $400 cartridge player backed 
up by an initial offering of 100 tapes. 

RCA's confidence, however, is matched by the skep
ticism professed by one of their potential competitors. 
Last year CBS Laboratories introduced a system dub
bed EVR (Electronic Video Recording). The CBS ap
proach uses an electron beam to record visual images 
on a photographic medium. During playback, a flying 
spot scanner converts these filmed images back into 
video signals. Motorola, under a licensing agreement, 
will be offering EVR equipment commercially next year 
for about $800. 

No experimental curiosity, EVR is a working system 
that offers broadcast quality picture and sound. Further
more, a color version is in the works, and CBS expects 
to demonstrate broadcast quality color before the end 
of 1969. 

From the sidelines it appears that a full-scale battle 
is shaping up between CBS and RCA. On its side, 
CBS has a system that can offer high quality color now. 
But the RCA system offers the promise of far lower 
cost for recorded materials than their competitor's: 
CBS may get their prices down but they are ultimately 
limited by the relatively high priced photographic 
medium that EVR is tied to. The big question is whether 
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RCA will deliver the quality that they promise. If they 
can, whatever market exists is probably theirs. 

The only other possible combatant in this arena is 
Sylvania, which is presently working on a 8-mm film 
version of the color slide theatre that they are now mar
keting. If fruitful, this approach would allow the con-

RCA's SelectaVision® is based on a Fraunhofer 
holographic recording technique. A laser sends a 
coherent plane wave through the photographic film 
from which the holographic master is made. Each 
point on the film then becomes the center of an ex
panding wave with an intensity that is a function of 
the film density at that point. A lens placed in the 
path of this object beam converts it back to a series 
of plane waves, each at an angle that depends on the 
position of its source on the film plane. 

A reference beam consisting of a second coherent 
plane wave is directed in from one side and meets the 
object beam at the photoresist coated surface of the 
holographic recording medium. The reference and 
object beams interfere at the surface of the photo
resist. This creates a fringe pattern of light and dark 
areas with a spacing that is a function of the angle 
between the reference beam and the specific element 
of the object beam. The smaller this angle, the greater 
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sumer to record his own material with ordinary home 
movie equipment- something that is not possible with 
either the RCA or CBS system. But, while RCA and 
CBS have already shown their systems, Sylvania's 
efforts have been restricted to the lab and the feasibility 
of their approach is yet to be demonstrated. 

the spacing between successive interference fringes. 
After exposure, the tape is chemically developed 

to etch away areas that have not been hardened by 
the laser beam. This forms a 3-dimensional pattern of 
hills and valleys (see inset lower right corner) , the 
spacing of which carries the recorded information. 
This tape is next plated with nickel and then stripped 
away leaving an embossed nickel master. The em
bossed patterns are then transferred to any number 
of transparent vinyl tapes of the same dimensions. 
The ease with which this can be accomplished at high 
speed is a major plus for the RCA system. Thousands 
of SelectaVision program tapes can be made in this 
fashion from a single nickel master. 

At home in the user's set, a beam from a low 
power helium-neon laser passes through the tape to 
reconstruct the image for pickup by a low-cost TV 

camera built into the home player unit. 
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UP TO DATE 

An idea whose time has come? Ion implantation 
Stephen A. Thompson Western Editor 

Engineers at the Hughes' facility, Newport Beach, 
Calif., have moved ion-implanted MOS (IMOS) from the 
laboratory to the production line. The LISR 0064, 64-
bit, IMOS, dynamic shift register is in stock and can be 
purchased in small quantities for $200 apiece. It is a 
low threshold, bipolar compatible device. According to 
Irwin A. Lucks, MOS Product Marketing Manager, it is 
guaranteed to operate at 20 MHz, and can go as high 
as 30 MHz. This compares favorably to the best pre
viously available shift registers which operate up to 5 
MHz. 

A dual, 64-bit shift register is on the way, with mar
ket entry slated for early 1970. It is faster, and will be 
pin compatible with standard dual 64's now on the 
market. 

Hughes has built some IMOS 10-channel multiplexers 
that operate at up to 15 MHz, as compared to the 3 
MHz models currently available. But these improved 
models may be bypassed by the introduction of a multi
plexer with more capabilities some time next year. 
Hughes also hopes to make available by the third 
quarter a 2048-bit ROM. Though specs are not avail
able, access time is said to be excellent. 

Although these four devices have been fabricated in 
lot runs, except for the LISR 0064, none are off-the
shelf items. Hughes would consider !MOS production of 
these or other devices, such as RAMs or counter circuits, 
in quantities of 5,000 or more. Preliminary negotiations 
are being conducted with several customers for device 
production. Following an approximately four month 

HEW proposes X-ray standards 

A proposed standard to establish a maximum level for 
receiver X-ray emissions was announced by the De
partment of Health, Education, and Welfare (HEW). 
It would apply ·to all TV sets coming off assembly 
lines after January 1, 1970. 

The standard would become effective upon republi
cation in the "Federal Register" after at least 30 days 
have been allowed for public comment. 

The proposed standard would limit X-ray emis
sions ·to a maximum of 0.5 milliroentgen per hour at 
five centimeters from any external surface of a set 
operating at a maximum of 130 line volts, under three 
operating conditions listed below. Each of these condi
tions has a high X-ray generation potential. 

1. Sets produced after January 1, 1970 should be 
capable of meeting the 0.5 milliroentgen per hour 
standard at maximum electric power line voltages, even 
though a set owner accidentally should maximize the 
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period to obtain custom IMOS prototypes, 10,000 de
vices could be delivered within the following six weeks. 

Extremely limited production capability exists at 
present, because the implantation steps are being done 
by the research system process pictured on page 73 of 
The Electronic Engineer, January 1969. This process 
allows only one wafer at a time to be processed. By the 
first of the year a much higher production capability 
is predicted after the installation of a multiple wafer 
holder, but that is still an interim measure. The real 
jump in capability will occur between the first and 
third quarter, when a Hughes-designed production sys
tem will have been purchased and installed. 

Costs of !MOS devices are expected to be about 10 
to 20% higher than for other devices initially. How
ever, any prediction depends on the complexity of the 
variables. As serious production begins, competitive 
costs have been predicted. 

Mr. Lucks says that the biggest problem now is that 
IMOS performance is so good that adequate test equip
ment is difficult to obtain. Because of this, Hughes has 
been forced to build much of its own. Clock generators 
and word generators capable of testing MOS processes 
at MOS voltage levels don' t exist at present. 

Complementary IMOS technology is also on the way. 
P-channel devices are standard now. N-channel devices, 
which are within the company's capability, are still 
in the tweaking stage. 

INFORMATION RETRIEVAL 

Integrated circuits, Semiconductors 

receiver's X-ray emission potential by maladjusting 
external controls. 

2. Sets produced after June 1, 1970 should be 
capable of complying with the standard with both 
external and internal controls adjusted to maximize 
X-ray emission potentials. Increases in picture tube 
high voltage settings, for example, have resulted in 
excessive X-ray emissions. 

3. Sets produced after June 1, 197 l should not 
emit X-radiation above 0.5 milliroentgen per hour in 
event of a component or circuit failure which would 
maximize the X-ray emission. Compliance with this 
condition might require the production of receivers 
with devices for shutting off the set or limiting high 
voltage when a critical circuit fails. 

Additional information can be found in the "Fed
eral Register." 
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Get plugged in on 
Beekman's new 
s1stems idea: 
Drn@Ilrn~D~D~~% 
The idea of "inclusivity" applies to compatibility of sys
tem modules. For such modules to be truly flexible and 
versatile, they must be compatible with one another; 
they must be compatible with modules made by all other 
manufacturers; and they must be compatible with the 
widest possible range of applications. 

Beckman introduces inclusivity in its Model 3701 Uni
versal Output Coupler (UOC), a system instrument 
that provides the interface between any known source 
of digital data and any known peripheral output 
device. 

The UOC multiplexes up to ten sources of parallel 
data, with up to 32 bits per input word. Header data 
may be entered by front-panel switches. Other 
switches establish record length. Output rates range 
up to 100,000 characters per second. 

Circle 13 on Inquiry Card 

UNIVERSAL OUTPUT COUPLER SPECIFICATIONS 
INPUT: Up to 10 channels 

Up to 8 bits/character; 9 charac
ters/word ; 32 bits/word maximum 
Up to 9 bits/ character or up to 32 
bits/word, in any format 

INPUT COMMANDS : Record; Channel Hold; Channel 
Skip; Format Control (changes be
tween 2 formats on a channel to 
channel basis); Start; Stop; Error 

OUTPUT COMMANDS : Ready; Begin Scan; Scan Complete 
19" wide x 7" high x 22" deep 
Input multiplexer cards; 

DIMENSIONS: 
OPTIONS: 

Beckman· 

Output device control cards for 
incremental magnetic tape, contin
uous magnetic tape, paper tape, 
teletype, on-line to computer. 

For full information on the 
Model 3701 or any of our sys
tems modules, contact your 
local Beckman sales represen
tative or the factory direct. 

INSTRUMENTS, INC. 
ELECTRONIC INSTRUMENTS DIVISION 
2500 Harbor Boulevard 
Fu llerton, California 92634 

llHlRPU<TICIKAL SU8SIOIMICS AMSllRMM; CAP£ TOWN; GC"['IA; GllNR01HC$, SCOfl.AfllD; LOf'IOOfll; MEXICO CITY; MUNICH; PAlllS: STOCKHOLM; TOkYO; Vt£NNA 

Major products include : voltage-to-binary converters, voltage-to-BCD 
converters, current-to-binary converters, current-to-BCD converters, fre

quency-to-BCD converters, events accumulator, binary-to-BCD converters, 
digital comparators, digital clocks, digital recorders, analog multiplexers, 
digital multiplexers, data formatter, teletype formatters, data processors 
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FOREFRONT 

The EE Forefront is a graphical representation of the 
practical state of the art. You will find here the most 
advanced components and instruments in their class, 
classified by the parameter in which they excel. 

be improved at the expense of others. If there is no 
figure-of-merit available, we either include other signifi
cant parameters of the same products, or we provide 
additional bar graphs for the same products. 

A word of caution 
Keep in mind the tradeoffs, since any parameter can 

Do not use these charts to specify. Get complete 
specifications first, directly from the manufacturers. 

INSTRUMENTS 

Differential voltmeters (de) 
Medistor A -72 
H-P 34 20 

Julie. TDV-1000 / 1 
H-P 7408 
F lu ke 883A 
F luke 881A 

Julie TDV-1000 
Fluke 885A 
Fluke895A 
Fluke 887A 
Pree. Standard IOOO 
Pree . Standard 1002 

Pree. Standards SS-1000 
Pree. Standards SS-1002 

Cahu 365 

0 .01 0 .005 0 .0025 0.002 0 .0015 0.001 
Accuracy 
:!: % of reading 

Cohu Precision Sid's 1000 

t;;-L--~-'--'-~..1.-~~-<-~i..._,_~-'-~~~-'-~~~-+F-l_u_ke---,88IA 
Price 

3500 1550 1375 1350 1300 1215 1150 11 25 1055 965 950 825 $ 

Differential vo/tmeters (oc) 
Julie TDV-1000 
Pree . Standards SS - 1002 
Fluke 887A 

Julie TDV - 1000 / 1 
Fluke 8030 
Fluke 823A 
Fluke 883A Pree. Standards 1002 H-P 7418 

t t 
0.1 0 .05 0.03 0 .0 2 

Counters (automatic) 
Eldorado 1615 
Nanosec . Systems 1721 (scolerl 
Beckman 6380 

Systron-Donner 7035 CMC 
901 

Monsanto 1500A 

47M H-P 5360A 

100 125 135 200 220 

Systron- Donner 7035 
Eldorado 1650 
Fairchild 82 20 wi th FMOI 
G.Radio 11918 with 1157 
Monsanto 1500 with llOIA 

400 500 

Sys Iron- Donner 125 7 
EIP 351A 

320 

Accuracy 
:!: % of reading 

Direct-count 
frequency 

MHZ 

Scaled-count 
frequency 

MHz 

•••• New this month 

18 

Heterodyned 
frequency-GHz 
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INTEGRATED CIRCUITS 
Digital !Cs (DTLJ . 

Fairchild 930 
ITT 930 
Motorola MC930 
Philco-Ford PL9930 
RCA CD2 300 
Rayth eon 200 a 930 
Si gne tics SP600A 
Silico nix 930 a 1830 

tI~5~~i Hu hes HSM930 
Siliconix AOI 

25 20 16 10 
( 23 mW/ gate) ( 7 mW /g ate ) 

Fairchild 930 
ITT 930 
Motorola MC930 
Philco-Fo rd PL 9930 
RCA CD2 300 
Raytheon 200 a 930 
Siliconix 930 a L830 
s-w 930 
T.l.15930 

TI.53/73 
Radiation 500 

Amp erex FCH 101 
Siliconix AOI 

10 8 7 
(25 ns) 

Digital /Cs (TTL) Amperex F HH 
Mot. MTTL II 
Ph ilco -Ford 9620 
Sp rague 54H / 74 H 
Sylv. SUHL 11 
T.I. 54H /74H 

Radiat io n 500 

6 .0 

Fai rchild 9040 
RCA CD2200 

2.3 
(55ns) 

RCA CD2 4 00 
Roy II 

Fai r ch ild 9000 Trans . II 
ITT9000 U.A.200 

Trans. 5 4H / 74H Ro the on Ro III 

8.0 
(12mW/gote) 

7.0 

Amperex FJH 101 
Hughes HS M 5400 
ITT 5400 / 7400 
Motorola MC 54 00 
Notional DM 7000-8000 
NPC 7400 
Philco-Ford 7400 
Raytheon Roy I 

6 .0 

Fairchild 9300 

5. 2 5.0 
( 9mW/ gate ) 

4 .0 
(17mW/ 9ote) 

Signe tics 35400-N7400 A 
Spragu e 54 /74 Amelco 570 
T.l. 54/74 netic SE400 

Notionol 54L 
T.I.5 4L /74L 

Typical prop 
delay-ns 

Power d issipat ion 
mW/gate 

Typical prop 
delay-ns 

Trans . 54 / 74 Amelco 510 
Fairch ild 9300 Amelco530 

Amelco 500 (175 ns) 
Philco - Ford PL 9600 (55 ns) 

9.5 9.0 4 .4 3 .5 2 .0 1.5 , 1.0 0 .5 
(75 ns) ( 32ns) 

Digital /Cs (ECL and special types) 

Mot. MECL-I 
S-WE CL-

Motorola MECL:-II 
S-W ECLII Fairchild CML Motorola MECL Ill 

T. I. 2500 
RCA CDl250 

6 .5 6 .1 5.0 4 .0 3.5 

Fa irchild CML 
T. I . 2500 

RCACD2100 

2.2 

Am ere x FKH III 

0 .9 
( 90mW/ gatel 

Signetics 
LU-SU 300 

Power d issipation 
mW/gate 

Typ ical prop 
delay - ns 

Power dissipat ion 
110 90 70 60 40 302927 16 

(40ns) 

10 mW/gate 
(3.5 ns) (0.9n1) (2.2 ns) (18 ns) (18 ns) (6.5 n1) 

( 4 .0 n1) 

Voltage regulators 

Fairchild A7 23 

100 150 

Notional LM I09 
(T0-5 pock) 

Trans . TVR2000 
Mot .Ml560R 

200 500 

Notional LMl09 
( T0 - 3 pock) 

IA 

Output current 
mA 

The Electronic Engineer • Dec. 1969 



Programming was pretty slow ... 
Now, the Beckman 6401 is programmable to 136 MHz 

In the Model 6401 Programmable Counter and Timer, 
Beckman offers a general purpose laboratory and pro
duction instrument that does what you want it to, at 
a price you can't resist ... $1375. 

The 6401 provides direct frequency measurements 
to 136 MHz and complete programmability from 
contact closures. And the 6401 makes new measure
ments that were "unheard" of in the Good Old Days 
- like pulsed RF frequency or burst frequency mea
surements and period measurements from both chan
nels for calibrated phase timing. 

Timing measurements are a breeze with the ex
clusive trigger point monitor lamps in the 6401 for 
optimum attenuator and trigger adjustments. And 
maximum utilization of field replaceable IC's assures 
highest reliability and the lowest cost of ownership. 

The 6401 is provided in a compact 3 lh" rackable 
package to conserve systems panel space, with 1-2-4-8 
BCD outputs and scope markers as standard features. 
Options for serial input and output data, for nine 
digit display, and oscillator options with stabilities to 
5 parts in 101 0 per 24 hours are available. 

to offer today. For complete information, contact 
your local Beckman office, sales representative or the 
factory direct. 

Specifications 

M easurem ent Modes: Frequency : Input A, 0-136 MHz; 
Input B, 0-10 MHz. Burst Frequency: 0-136 MHz. Time 
Interval: A to B, 0.1 µsec to 10' sec. Period : Input A, 0-10 
MHz. Period Average : Input A, 1 to 10' in decade steps. 
Ratio : (Fx + F y) x M with Fx = 0 to 136 MHz, Fy = 0 
to 10 MHz, M = 1 to 10'. Totalize and Scale : Input A, 
0-10 MHz scale; 136 MHz count, 1 to 10' in decade steps. 
Sensitivity : Inputs A & B, 100 mV rms. Crystal Frequency: 
10 MHz. Stability A ging Rate: Temperature : 2.5 x 10-• 
from 0°C to 50°C; Line Voltage : 1 x 10-1 for ± 10% line 
voltage change. Oscilla tor Output: 10 MHz. External Os
cillator Input: 10 MHz. Tim e Base Output: 3 V p-p. 
Display: 8 digits with overflow indication . Storage ON
OFF. Sample Rate : fast recycle and .1 sec to 10 sec 
display. Gate Lamp. R em ote Programming: by switch 
closure to ground; BCD data at rear panel. T emperature: 
0-55°C. Power: 115/230 V ± 10% ; 50-400 Hz. Price: 
$1375. Options: ACL: Laboratory Stability Oscillator, 
3 parts in 10• per 24 hrs; $400. ACN : Ultra-high Stability 
Oscillator, fast warm up, 5 parts in 1010 per 24 hrs; $800. 
9 digits : $100. Rear Inputs (A and B): $50. 

Regardless of what "programmable" meant in the 
good old days, take advantage of what Beckman has 

Beckman · INSTRUMENTS, INC. 

ELECTRONIC INSTRUMENTS DIVISION 

RI CHMO ND, CALIFO RNIA• 94804 

I NTER NATI ON AL SU B S10 1ARIES: AM STER DAM; CAPE TOWN; GENEVA; GlENROTHES, SCOT LAND; LONDON; MEXICO CITY; MUNICH ; PA RI S; STOC KHOLM ; TOKYO; VI ENN A 
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The AMP point-to-point 
most versatile 

One Technique Covers Widest Range Of 
Interconnection Requirements 

Whatever your interconnection requirements, TERMl 
POINT* products can move in to fulfill them over the 
widest variety of applications . The components shown 
below are only a few of the applications now being used 
in industry. In addition, AMP Engineering is available to 

DUALATCH* 
CONNECTOR 

JUNCTION BLOCKS 

be applied against any particular or unusual interconnec
tion problems you may have in point-to-point wiring. 

AMP Pre-Wired Panels And Component Service 
If you prefer AMP to pre-wire panels or connectors, a 
special division in our Harrisburg plant offers compl ete 

TER M l -TWIST* 
ONE PIECE PRINTEO 
CIRCUIT CON NECTORS 



wiring technique is the 
in theworld 

facilities from taping specifications to finished product. 
Fully tested panels will be shipped ready for installation 
to give you the benefits of automated wiring at lowest 
applied cost. Quotes on your point-to-point wiring require
ments will be supplied on request. 

Write For Special Point-To-Point Wiring Report 
And Complete Product Information 

Send for our 6-page special report, "A Stored Energy 
Connection for Point-to-Point Wiring" plus complete in
formation including specifications and test data on TERM 1-
POl NT Clips, Tools and companion products. Write ..... 
INDUSTRIAL DIVISION, AMP INCORPORATED, HARRIS
BURG, PA. 17105. *Trademark of AMP Incorporated 
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Now in the Potter & Brumfield family! 

Parelco cradle and 
SLIMLINE® relays give you 
many design options 

Reliable cradle 
relay switches 
up to 8 poles 
from dry circuit 
to 1 O amperes 

Compact, versatile, dependable ... 
these features have won for the R10 
cradle relay wide recognition in a 
host of critical applications such as 
computers, data processing equip
ment and precision instruments. 

Contact arrangements up to 8 
PDT (AC relays up to 4 PDT) are 

available. Six contact 
styles including single 
or bifurcated may be 
specified for switch
ing currents from dry 
circuit to 10 amperes. 

Mechanical life is rated at 100 mil
lion operations with electrical life 
ranging from 100,000 to 100 million 
operations, depending on load and 
voltage. 

Design innovations, resulting in 
the optimum distribution between 
the magnetic core, the pole piece 
cross sections and coil volume, with 
a low reluctance armature bearing 
produce a large force-displacement 
product. The result: high contact 
pressure and generous over-travel. 

High density PC 
board stacking is practical 

with SLIMLINE® relays 

The Slimline (R40) has the lowest 
profile of any industrial relay avail
able anywhere (dry reeds excepted)! 
When mounted flat on a printed cir
cuit board, its 0.43" height allows for 
board spacing on 0.60" centers. 

Two or four Form C contacts are 
available in a package measuring 
only 1.200" x 1.40" x 0.43". Select 
from five different contacts with 
switching capacities ranging from 
true dry circuit to 10 amperes. For 
low levels, bifurcated contacts may 
be specified. 

Choose from solder or printed cir
cuit terminals ... or specify sockets 
having straight or right-angle termi
nals. Coil voltages range from 3.0 
VDC for IC interfacing to 115 VDC. 
Mechanical life is rated at 100 million 
operations. Write or call today for 
complete information. 

Small, variable 
time delay will 
switch 4 PDT at 
10 amperes 

Here is the only solid state variable 
time delay capable of switching (with 
a choice of contacts) 4 Form C from 
dry circuit to 10 amperes. Our R12 
Series utilizes the field proved R10 
relay plus a high quality solid state 
circuit. Features include: no false 
operation, small size, high resolu
tion 15-turn potentiometer, timing 
ranges from 0.1 to 120 seconds (to 
300 seconds on special basis). 

SPECIFICATIONS 
Repeatability ± 2% 

Timing Adjustable with 
15-turn potentiometer. 

Reverse polarity Protected. 

Timing capacitor Mil type. 

For complete information about the 
full line of Parelco and Potter & • 
Brumfield relays, call your nearest 
P&B representative or write direct: 
Potter & Brumfield Division of Amer
ican Machine & Foundry Company, 
Princeton, Indiana 47570. 812/385-
5251. 

West Coast states, call or write 
Parelco Operations, 26181 Avenida, 
Aeropuerto, San Juan Capistrano, 
California 92675. 741/493-4507. 

Designers are given many options 
of terminals and sockets for a wide 
variety of mountings. A new, right
angle socket (shown above) allows 
for the R10 to be mounted on a 
PC board at minimum height. 

STANDARD PARELCO RELAYS ARE AVAILABLE FROM P&B DISTRIBUTORS 

~ I PARELCO OPERATIONS 
At\AF POTTER & BRUMFIELD 
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Linear growth is non-linear 

As Fairchild Semiconductor did dur
ing the week before WESCON, Motor
ola is taking its turn at holding linear 
1c seminars across the country. They 
are telling engineers about the new 
building blocks introduced this year, 
and their applications. Clay Tatom, 
Manager of Linear IC Product Plan-

ning claims the number one spot for 
Motorola in both dollar and unit sales 
for 1969. 

Looking ahead at the total linear 
1c market Jim Burns, Manager of 
Linear IC Product Marketing and 
Planning, presented the attached chart. 
He anticipates that sales of linear 1cs 
will increase more rapidly than those 
of digital 1cs, but that digital will con-

Monol it hic linear IC 
worldw ide market 
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tinue to hold the lion's share of the 
market. One feature of the growth of 
linear sales will be a much deeper 
penetration into the consumer market. 

Although not stated at the briefing, 
if sales rise from 67 to 21 7 million 
dollars, and the average price drops 
from $2.30 to $1.03, this implies a 
723 % increase in units produced. This 
translates an increase in industry pro
duction of just over 481/2 % com-

AIAA airs everything from cosmos 
to connectors 

The AIAA Sixth Annual Meeting 
and Technical Display held at Ana
heim, California, was a very thought
provoking affair. The new key word 
in the air is ecology. At last, people 
are thinking more about this closed 
system-Earth. 

Many participants thrashed about 
with the problem of how to clean up 
the mess in the air transport system. 
The problem is that nobody controls 
enough of the action to implement 
anybody's solutions. One could only 
conclude that it is going to get a lot 
worse before it gets any better. 

Two outstanding ambassadors of the 
Soviet Union, Cosmonauts Beregovoy 
and Feoktistov, showed warmth and 
humor while providing thoughtful an
swers to random questions. General 
Beregovoy could foresee a time when 
cosmonauts and astronauts would fly 
together. He indicated that if both 
space programs could have started 
cooperatively, the problems we have 
now would have been solved already. 

Dr. Feoktistov outlined what he 
believed were at least five major direc
tions space exploration should take: 

1. Creation of large stations for 
scientific exploration in polar orbits. 
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pounded annually for five years. 
If the prediction holds, manufac

turers will have to build new produc
tion lines, or use the existing ones 
more efficiently. Either way, Motorola 
should be very happy, because mass 
production in their thing. Prospective 
entrepreneurs should also be happy 
contemplating all the niches they could 
carve out for themselves. 
Stephen A. Thompson, Western Editor 

2. Creation of astrophysical un
manned stations in orbits of many 
thousands of miles. Their main task 
would be exploration of deep space. 

3. Creation of manned space ships 
for flights in the regions of Mars, 
Mercury and Venus. 

4. Creation of powerful automated 
stations for exploration of the far 
planets and solar system exploration 
vertical to the plane of earth orbit. 

5. Development of systems of ap
plications satelli tes for meteorological 
and geological uses, etc. 

A member of the panel on "What 
Type Space Station Program Should 
We Have in the 1970's?", Mr. William 
B. Bergen, President of the North 
American Rockwell Aerospace and 
Systems Group, contended, "We do 
real well at the tough jobs . . . but 
where we have trouble is with the little 
things, like connector pins, wiring, re
lays, and circuit breakers. These are 
the areas where we need break· 
throughs." 

In a subsequent interview he pointed 
out that, obviously, vendors would 
rather develop something that could 
be sold by the thousands to many 
customers, as opposed to rel ays for 15 
Apollo's. 

Stephen A. Thompson, Western Editor 

Looking 
beyond 

the'specs' 
with P&B 

Time Delay Relays 

-+-5% Accuracy 
-+- 1 % Repeatability 
Dependable! 

A wide range of time delay require
ments can be met with these accu
rate, easy-to-use solid state relays. 
All built to P&B's exacting standards 
of reliability, the series offers a 
multitude of advantages, including 
timing repeatability of ± 1%; nearly 
instantaneous (milliseconds) reset; 
a choice of sizes, mountings and 
terminations; long-life inherent with 
non-mechanical solid state switch
ing . Three modes of timing are avail
able - knob-adjustable, resistor-ad
justable , and fixed. 
The CD Series is avai lable fo r delay 
on operate or on release with the 
relay in the same enclosure as the 
solid state unit or with an external 
auxiliary relay. There are four case 
styles in this series : 
The CD-21 designed for use with an 
external KRP relay can also be sup
plied with an internal DPDT relay. 
The CD-31 style designed for use 
with an external KHP relay. 
The CD-38 style has an internal 10 
amp DPDT relay. 
The CD-45 style designed for use 
with an external PR relay . 

PLUS P&B Capabilities and 
Facilities that insure 

•Controlled Duality • Reliability 
• Long Life• On Time Deliveries 

A~F 
PDTTER&BRUMFIELD 
Division of American Machine & Foundry Co . 

Princeton, Indiana 47570 
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Matheson's 
NEW and BETTER way 
to etch silicon 
Chemically speaking, E-GAS® is Matheson's new, specially 
prepared gas for etching silicon. It displaces Hydrogen Chlo
ride as the "NOW" etching method. Practically speaking, 
here's why: 

E-GAS gives more effective etching. It enables you to etch 
through oxide holes with no oxide deterioration or etching 
of back seal. What's more, E-GAS gives a planar etch, forms 
flat bottom perpendicular side holes, is ideal for etching junc
tions prior to mesa passivation and requires a lower operating 
temperature (200°C. less than HCI). 

E-GAS stands for economy. 111\addition to the many operating 
economies accrued, only 1/5 as much E-GAS is required to 
do the job as compared with HCI. 

E-GAS Is easier and safer to handle. It's nontoxic, noncorro
sive and does not contaminate. As a result, there 's no equip
ment damage or operator discomfort. 

You can order E-GAS in No. 1A or No. 3 cylinders. Because 
of its high etching rate, E-GAS is also being offered in mixtures 
for lower etch rate applications such as etching silicon prior 
to thermal or pyrolytic oxidation . These mixtures have a 10% 
concentration of E-GAS in a choice of background gases. 

Ask to see our etching engineering report! Write Matheson 
Gas Products, P.O. Box 85, East Rutherford, N. J . 07073 

MATHIESON GAS PRODUCTS 
A Division of Will Ross Inc. 
East Rutherford , N. J.; Cucamonga, Calif.; 
Gloucester, Mass.; Joliet , Ill.; LaPorte , Texas; 
Morrow, Ga.; Newark, Calif. ; 
Matheson of Canada, Ltd ., Whitby, Ont . 
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SPEAK UP 

Wrong edge 
Sir: 
In the IC Idea "Edger de_velops fast 
pulses" (The Electronic Engineer, July 
1969, p. 79, No. 923) it appears that 
the outputs from the two NAND cir
cuits (first and third outputs) are in
terchanged. If we follow the signal 
through that circuit 

_lL•putto A~c 
•1 ~-

"l' 
we have, at t1· ; A = 0, B = 1, C = 1 

at t 1+; A= 1, B = 1, C = 0 

fl_ Input (A) 

u,...___ Output (C) 

. and so forth. Otherwise, it was a 
good set of circuits, worthy of my 
vote. 

R. de Cote 
Chief Engineer 
M.R.A., Inc. 
Flushing, N.Y. 

EDITOR's NOTE: Mr. de Cote is right; 
the outputs look like this: 

~"L__ 

~ 50ns,with~ 
TTL ootes a C;IOOOpF 

~---

Also, thanks to many other readers who 
pointed out the same error (and voted 
for the circuit). Incidentally, the input 
inverters were shown in the original cir
cuit as NANDs and NORs, because you 
can use any such gates as inverters. 

Ask Mr. Lissajous 
Sir: 

This is in reference to the IC Idea 
9 l 6, "Zero-beat detector" in the May 
l 969 issue (p. 9 J) of The Electronic 
Engineer. Of course you can put a 
lot of !Cs to work to compare two 
15-kHz signals. But since Mr. T. K. 
Aaltonen mentioned that a dual-trace 
scope was not accurate enough, how 
about a single-trace, old fashioned? 
Ask Mr. Lissajous for details. 

Ingo 0. Kurth 
Design Engineer 
Communications 
Hazeltine 
Little Neck, N.Y. 
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Can a low-cost trimmer succeed 
in a high-class job like this? 

Mohawk Data-Recorders speed input preparation 
by transferring data direct from source document 

to computer-compatible magnetic tape. Dale 
Econo-Trims are used here to control gain in a 

number of amplifier circuits. 

Dale Econo-Trims do! 

Specify Dale Econo-Trims for handling important 
circuit adjustments at a budget price. They combine 
dependability with prices that start under a dollar. 
Mohawk Data Sciences uses the 2317 Econo-Tri m 
to control gain in vital tape readback amplifiers. 
Sealed to withstand automatic soldering, fluxing 
and total immersion, this Y2-wattwirewound is noted 
for its good setting stability. It's just one of 12 
Econo-Trim models now available. You can select 
from Y2, 3/4 or 1 watt models ... film or w;rewound 
elements ... sealed or unsealed. Count on good de
livery, too-less than 2 weeks in 1,000 piece quan
tities. Give Econo-Trims the chance to succeed in 
your circuits. They can help you get ahead , too! 

Get samples and a quote quick
Call Dale Now: 402 - 564-3131 

SPECIFICATIONS ~ 
2300-2400 Series/Wirewound ~o 
8300-8400 Series/Film 

Dimensions: 2300 & 8300 = .36" H x .28" W x 1.00" L; 
2400 & 8400 = .31 " H x .16" W x .75" L 

Standard Resistance: Wirewound models = 10 ohms to 50K ohms ; 
film models = 10ohmsto2 Meg. 

Resistance Tolerance : Wirewound models = :::!:10%; film models = :::!: 10% 
100 ohms thru 500K ohms, :::!:20% all other values 

Power Rating: 2300 = 0.5 watt at 25° C; 2400 = 1 watt at 40° C; 
8300 & 8400 = . 75 watt at 25° C 

Operating Temperature Range : 2300 & 8300 = - 55° C to 105° C; 
2400 & 8400 = - 55° C to 125° C 

Mechanical Adjustment: 2300 & 8300 = 15 turns ; 2400 & 8400 = 20 turns 

Mechanical Stops: None. Clutch permits overtravel without damage 

Models: Sealed or unsealed. Gold-plated PC terminals or gold-plated 
hook type solder lugs (2300/ 8300 only). 

~3!4L2~thE!:~.~~~m~u~l~:. 1 6~~0~· :Ji[: 
In Canada : Dale Electronics Canada, Ltd. 



VISHAY 
announces 

a significant breakthrough in metal film -trimmers 

Now you can exceed the combined specs of both 
wire wounds and non-wire wounds and still have in 

one package 
... non-inductive and 
... no DC offsets and 

... no thermal noise and 

TC of IOppm 
(from -55°C to 125°C) 

Vishay's unique process of bulk metal film set on glass (with the classical 
Vishay resistor stability, load life, and shelf life) permits totally new uses 
of trimmer potentiometers in applications previously impossible. Send 
for your free copy of Bulletin TR-100 describing this new line of total 
performance trimmers : Or, better still - ORDER YOUR EVALUATION 
SAMPLES NOW! 2n -20Kn available immediately from stock. Special 
evaluation price $5.75 each (until 1/15/70) .. and YES! it meets or exceeds 
all requirements of MIL-R-27208 and / or MIL-R-22097 characteristic C. 
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VISHAY RESISTOR PRODUCTS 
63 Lincoln Highway/Malvern, Pa. 19355 

PRECISION RESISTORS • NETWORKS 

DECADE BOXES • TRIMMERS 
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SPEAK UP 

Wrong statement 
Sir: 

In the article "Simplify design with 
computer graphics", [The Electronic 
Engineer, Dec. '68, page 69], the 
program in Fig. 3 has an incorrect 
entry for Branch One. It should read 

'Bl N (0,2), R~2000, E=20' 
instead of 

'Bl N (0,1), R=2000, E=20' 
Richard Jacob Stein 
CRT Engineer 
Tektronix, Inc. 
Beaverton, Ore. 

A sense of purpose 
Sir: 

"Electronics on the moon" [The 
Electronic Engineer, August 1969, p. 
7], points out that electronics should 
be relative to life, not life relative to 
electronics. I hope this small editorial 
will have a big impact on most engi
neers! Great! With this sense of pur
pose, we may have less frustrated 
engineers. 

Kai L. Lee 
E.E. - R&D 
U. C. Lawrence Rad. Lab. 
Livermore, Calif. 

One step backward 

Sir: 
Impending mass layoffs of EEs, 

raises reflecting no more than a cost 
of living increase, forced relocation at 
a personal loss, and uncompensated 
overtime make me sick! 

"One giant leap for mankind . . . 
One step backward for engineers," 
your excellent article in the September 
issue of The Electronic Engineer, p. 
39, was rather candid about our bleak 
outlook. 

I am still young and never hope to 
take an "inferior job with less pay." 
.. . I am leaving my "profession" for 
another profession. 

Will unions help? Maybe . . . some 
day. Would I enter EE again if I had 
to do it all over? Never, nor my kids. 

Paul Singier 
360 Pleasant St. 
Raynham, Mass. 02767 

EDITOR'S NOTE: Mr. Singier is current· 
ly taking business courses, and study
ing evenings toward a law degree. Actu
ally, it will not be necessary for him to 
"leave" thE· profession, since good elec· 
tronic engineers with background in 
either business or law are always in 
great dEmand. They become managers, 
patent lawyers, or why not? - better 
engineers. 

Letters to the editor are published at the 
discretion of the magazine. Please say so 
if you do not want to be quoted. Signed 
letters have preference over anonymous ones. 
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NEW 
. . . from CLARESEARCH 
... Ultraminiature 
reed relays 

LOOK FOR 

• Two new lines of Picoreed®relays give you a wider choice in 
sensitivity, contact configurations and space-saving size. For 
example, note the new low profile of Types PRA and PRB
allows .375" pcb mounting centers. And note the new high sensi
tivity of Types PRAH and PRBH . 

Both lines available in one to five Form A contacts with traditional 
Clare rel iability. 100,000,000 operations at signal levels. 5 volt 
(must-operate 3.75v) , compatible with standard 5 v DTL and 
TTL logic famil ies. 6, 12 and 24 volt standard relays also available. 

For information, circle Reader Service number, or write for Data 
Sheet 971A. C. P. Clare & Co., Chicago, Illinois 60645 .. . and 
worldwide . 

Low Profil e 
High Sensitivity 

Type PRB 

Electrical and 
Types PRA/PRB- Types PRAH/PRBH-

Low Profile High Sensitivity 
Dimensional Characteristics 

Form 1A Form 5A Form 1A Form 5A 

Operate time, inc luding bounce 500 µS 600 µS 600 µ S 900 µ S 

Average nominal power for 5 volt units 65 mw 250 mw 46 mw 140mw 

Pcb mou nting centers .375" .375" .500" .500" 

Length .781 .800 .800 .800 

Width• .250 .675 .400 .800 

Height .187 .225 .350 .350 

•widths vary according to number of switches. One through 5 available. 

a GENERAL INSTRUMENT company 



Ambassador with 
Taut Band Movement 

Ideal Precision has a meter to 
satisfy every meter need - fit 
any specification - or cost 
requirement. 

• Imperial Series 
• Ambassador Series 
• Capitol Series 
• Edgewise Series 
• Statesman Series 
• Diplomat Series 
• Moving Magnet Indicator Series 
• 2500 Long Scale Series 

• Plus a full line of Military & 
Avionic Meters 

And if you have special 
applicatioRs or unique design 
specification~. our Custom 
Service manufactures to fit 
individual specifications. 

For detailed specifications and 
ranges write for your free 
catalog to 

~IDEAL 
~PRECISION 

METER CO., INC. 
214 Franklin St., Brooklyn, New York 11222 
Telephone: 212·383-6904 
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CALENDAR 

JANUARY 
1 2 3 

4 5 6 7 8 9 10 

11 12 13 14 15 16 17 

18 19 20 21 22 23 24 

25 26 121 28 291 30 31 

JJn. 5·7: AMA Conference--lnternation· 
al Corporate Insurance & Manage
ment Concurrent Briefing Sessions, 
Roosevelt Hotel , N. Y. Addtl. Info.
AMA News Relations, American Man
agement Association Bldg. , 135 W. 
50th St., New York, N. Y. 10020. 

Jan. 14-15: ASTM Committee B-1 on 
Wires for Electrical Conductors, 
Shoreham Hotel, Washington , D. C. 
Addtl. Jnfo.-Frank Ham ilton, P. R. 
Director, ASTM , 1916 Race St., 
Phila ., Pa . 19103. 

Jan. 14-16: 3rd Hawaii International 
Conference on System Sciences, 
Honolulu, Hawaii . Addtl. lnfo.-Dr. 
Richard H. Jones (HICSS). Info. Sci 
ence Program, 2565 The Mall, Uni 
versity of Hawaii, Honolulu, Hawaii 
96822. 

Jan. 25-30: 1970 IEEE Winter Power 
Meeting, Statler Hilton Hotel , N.Y. 
Addtl. lnfo.-W. C. Hayes, Public ity 
Chairman, 1970 Winter Power Meet
ing, 33rd St. & 7th Ave., N.Y., N.Y. 
10017. 

Jan. 27-29: 1970 Annual Symposium 
on Reliability, The Ambassador Ho· 
tel , Los Angeles, Calif. Addtl. lnfo.
W. R. Abbott, Program Chairman, 
Lockheed Missiles & Space Co., Dept. 
60-01, Bldg. 104, Box 504, Sunny
vale, Calif. 94088. 

FEBRUARY 
1 2 3 4 5 6 7 

8 9 10 11 12 13 14 

15 16 11 I 18 19 20 I 21 

22 23 24 25 26 27 28 

Feb. 10-12: Aerospace & Electronic 
Systems Convention (WINCON), Bal 
timore Hotel , Los Angeles, Calif. Add
ti. Jnfo.-G-AES, L. A. Council. 

Feb. 11-13: AMA Conference-Annual 
Personnel Conference, Palmer House, 
Chicago. Addtl. lnfo.-AMA News 
Relations, American Management 
Association Bldg., 135 W. 50th St., 
New York. N. Y. 10020. 

Feb. 12-14: 2nd National Conf. & Ex· 
position on Electronics in Medicine, 
Fairmont Hotel, San Francisco, Calif. 
Addtl. lnfo.-Mr. Jerry Brown , Nat'I 
Expositions Co., 14 West 40th St. , 
New York City, N. Y. 

Feb. 18-19: Instrumentation Fair, Inter
national Hotel, Los Angeles, Calif. 
Addtl. Jnfo.-lnstrumentation Fair, 
Inc., c/o Larry Courtney Co., 16400 
Ventura Blvd., Encino, Calif. 91316. 

Feb. 18-20: lnt'I Solid State Circuits 
Conference, Sheraton Hotel, Univ. 
of Penna ., Phila. , Pa. Addtl. lnfo.
T. Bray, Gen'! Elec. Col., Bldg. 3, 
Rm . 261, Electronic Park, Syracuse, 
N. Y. 13201. 

Feb. 25-26: Instrumentation Fair, Fair
grounds of San Mateo, Calif. Addtl. 
Jnfo.-lnstrumentation Fair, Inc., 
c/o Larry Courtney Co. , 16400 Ven 
tura Blvd., Encino, Calif. 91316. 

Feb. 25-27: AMA Conference-Annual 
EDP Conference, Americana Hotel, 
New York. Addtl. lnfo.-AMA News 
Relations , American Management As· 
sociation Bldg., 135 W. 50th St., 
New York, N. Y. 10020. 

'70 Conference Highlights 

IEEE-Institute of Electrical and Elec· 
tronics Engineers lnt'I Convention & 
Exhibition, March 23-26; New York, 
New York. 

WESCON - Western Electronic Show 
and Convention, Aug. 25-28; Los An 
geles, Calif. 

Call for Papers 

June 15-19: 1970 lnt'I Symp. on Infor
mation Theory, Noordwijk, The 
Netherlands. Submit a 300 word 
abstract (no equations) by January 
1, 1970 to Dr. P. E. Green, Jr., MIT 
Lincoln Lab., Lexington, Mass. 
02173. 

May 11·14: 1970 IEEE G·MTT lnt'I 
Microwave Symposium, Newport 
Beach , Calif. Submit five copies of 
a 500-1000 word summary with six 
illustrations by January 30, 1970 to 
Dr. Raymond H. DuHamel , Chair
man, Technical Program Committee, 
Granger Associates, 1601 California 
Ave., Palo Alto, Calif. 94304. 
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Our new line of PM oiltight pushbuttons 
is a whole new look. Square . Smart in appearance. 
Yet functional in performance. 

The advanced square design of our 
Mini-Squares contributes a modern computer look 
to control panels. Moreover, they provide panel 
designers with new flexibility in format, 
new savings in space. 

But there are important functional 
advantages, too. Such as more target area for 
fingers. And more space for legends up front, on 
the button face. A space large enough to divide 
into two, three, even four sections-and still 
contain readable information. 

Which brings us to another Mini-Square 
exclusive. Our PMs are the only small oiltight 
pushbuttons to offer more than two light indications. 
In fact, they can supply up to four separate 
light indications-all on the same button face. 
(We design the face to fit your needs.) 

Modular switching elements permit many 
control possibilities. Up to four single-pole, 
double-throw circuits on a single switch; 
momentary and alternate action. 

Rugged performance is another 
Mini-Square feature. Reliable oiltight performance. 
The same tested quality engineered into all 
MICRO SWITCH oiltight switches. 

Call your MICRO SWITCH Branch Office or 
Distributor (listed in the Yellow Pages under 
"Switches, Electric") for more information on our 
complete line of Mini-Squares. They're so right 
for today, they could start a whole new trend! 

INTRODUCING 
PM "MINl·SQUARES: 

THE NEWEST LOOK IN 
OILTIGHT PUSHBUTTONS. 

MICRO SWITCH Type PM Qi/tight Pushbuttons include both 
lighted and unlighted pushbuttons and indicating lights. 
Lenses and buttons are available in a variety of colors. 
Bezels are available in black and metallic finishes; 
in half-guard and full-guard style, or unguarded for 
indicator lamps. For complete information, ask for 
Product Sheet PM. 

MICRO SWITCH 
FREEPORT. ILLINOIS 61032 

A DIVISION OF HONEYWELL 



a transtormer 
is a transl or1er 
is a transl ormer 

Only Dynamic Instrument 
Corp . the nation's larg
est manufacturer of wall 
mounted transformer assem-

. blies could make a statement 
like that - and make it stick! 
Dynamic offers you a wide 
range of sizes and capabi Ii
ties in external, internal and 
wall -mounted transformers 
that are BETTER than any
thing on the market and YET 
are competitively priced! 
WANT PROOF? Write today 
for this new, Engineers Work
ing Handbook and Technical 
Brochure. It's FREE for the 
asking! 

WANT 
PROOF? 
Write for this 
FREE Engineers 
Working Handbook 
and Technical 
Brochure today ••• 

n.~ . uyuamlC Instrument coRP. 
Oept.T2 115 E. Bethpage Rd. , Plainview, N.Y. 
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WELCOME 

This column welcomes new companies or 
new divisions in the electronics industry. 

Memory subsystems source 

Hauppauge, N. Y., is the home of 
Solid State Data Sciences Corp., a 
new company engaged in marketing 
memory subsystems based on arrays 
of 512 bit Mos chips. 

The fledgling firm will not sell 
separate MOS chips, but instead will 
offer an entire random access, read
write memory subsystem consisting 
of an MOS array interconnected with 
clock driving circuits and sensing 
hardware. The system will have an 
access time of 500 nanoseconds and 
power dissipation of 1 milliwatt per 
bit. Plans for putting the system on 
the market are scheduled for early 
1970. Its exact price has not yet 
been determined, but a spokesman 
for SSDSC indicated that cost will be 
competitive with the lower perfor
mance core memories. Customized 
subsystem design for use in compu
ters, computer terminals and data 
terminals is presently underway. 

Advantages in using the com
pany's systems approach to LSI sub
systems include greater reliability in 
testing, greater flexibility, the ability 
to control the design of a specific 
chip, and the ability to 'tailor the 
chip to a specific application. 

The financing of Solid State Data 
Sciences Corp. was handled by 
Leeam Lowin, a Wall St. investment 
firm. It is a privately owned com
pany. 
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Instrumentation men make ICs 

Silicon General, Inc., located in West
minster, Calif., was founded by James 
S. Johnson-founder and former pres
ident of Datapulse-who will serve as 
president of the new company. The 
objective of the company, Johnson 
states, is "to become a prime source 
for both special and standard inte
grated circuits. The potential is here 
for an alert, fast-acting company with 

the engineering and manufacturing ca
pabilities and a willingness to cope 
with a wide range of IC requirements." 

Silicon General will design, manu
facture and market monolithic linear 
1cs and related prdoucts, including 
voltage regulators, balanced modula
tors, sense amplifiers and operational 
amplifiers. Another goal is the design 
of linear circuits with digital inputs. 

The combi.nation of digital and lin
ear circuit items, Johnson states, is an 
area of the microelectronics field he 
and the contributing founders of the 
company found open for development, 
and an area in which the small, con
temporary company can provide effi
cient and reasonable service. 

Johnson believes that the market 
and talent of his company are ex
tremely promising and that the instru
mentation background of several of 
the key men involved will contribute 
significantly to the company's success. 
"Having designed equipment, instru
ments and systems ourselves, we are 
thoroughly familiar with the problems 
the designer encounters. This experi
ence is an essential ingredient in our 
plan to provide ICs which offer better 
solutions to many of today's design 
needs." 
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Are you interested in 

COMMUNICATIONS and in 
INTEGRATED CIRCUITS? 

Then, you must be interested in 

COMMUNICATIONS ICs 

Attend the seminar organized 
by The Electronic Engineer 
magazine, in Philadelphia, 
on February 17, 1970 
(the day before ISSCC) 

For details 
Circle 420 on Inquiry Card 
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No, it's not 
a new conneetor. 

It's a new kind of connecting. 
The little connectors above are 
really one connector. You take as 
many pieces as you need, mix them 
together, and use them to connect 
any size of p.c. board to a mother 
board. 

That's not spectacularly new. 
Connector modules for use in 
bread-boarding have been around 
for a while. 

But these new Mojo™ Series 
6308 p.c. connector modules* are 
not just for bread-boards and 
prototypes. 

Not hardly. 
When used with plated-through 

holes on the mother board, they are 
one of the slickest production 
tricks to come along in quite a 
while. Contact tails combine a 
square wire-wrapping post with a 
specially designed locking feature 
which, when press-fitted into a 
plated-through hole, provides a 
gas-tight and reliable electrical 
connection. 

No, you don't have to solder. 
Yes, you can wire-wrap if you 

want. 
And, yes, you'll save time and 

money in moving from prototype 
into production. Because connectors 

• Patent pending 

of virtually any size can be built 
up economically from just two 
sizes of modules, you don't need a 
large inventory. Or custom con
nectors. And you only have to 
insert modules where connectors 
are required, saving a few more 
pE>nnies. 

PCCllRD 
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~~ 
And, no, you don't give up a bit 

of connector reliability. The ex
clusive swaged single-beam design 
of the dual-readout contact provides 
optimum spring rate and deflection 
characteristics. A preload applied 

OJO p.c. E~COM 
•TM 

Connectors 

to the contact nose in the insulator 
makes sure that the contact really 
holds on to the card, while keeping 
the contacts well apart when the 
card is removed from the connector. 

MojoT" p.c. connector modules: 
Specs in brief 

Material 
Glass-filled DAP 

Contacts 
Cantilevered-beam, dual read
out, bifurcated nose .. 150" 
centers. Center modules have 6 
contacts. End modules have 4 
contacts, molded-in card guide. 

Tails 
.031" square wire-wrapping 
type 

Mounting 
Press fit, in .048" dia. plated
through holes, 3/ 32" to 1/ 8" 
thick board. 

For more information, write, 
wire, call, or TWX us for our 
Mojo™ p.c. connector module 
data sheet. Elco Corporation, 
Willow Grove, Pa. ~· · 
19090. 215-659-7000; = 
TWX 510-665-5573. 
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Not everyone needs a multimeter that 
can measure the resistance of a 
piece of solder. 
But you may be looking for a digital multimeter that will measure relay contact 

resistance. Or check cable continuity. Or handle other applications that require 

100 µ.ohm resolution without error caused by lead resis-

tance. If that's the case, you may be looking for our 
5500/ 135 DMM. 

And it's more than an ohmeter. You can 

turn it loose on de volts, mV, de/ de ratios, or 

square, triangular, sawtooth and sine waves. 

It will give you the true rms of an ac wave

form, so accurately and distortion-free that 

we call it Computing RMSw and have a patent 

pending on this revolutionary new technique. 

But it is possible that the 5500 is more or 

less multimeter than you need. If that's the case, 

don't buy one. Buy one of our 32 others instead. We 

make them for labs and production lines, for use on the 
bench and in systems, militarized models, 4- and 5-digit, from $1150 

to over $8000. (Actually, with our unique plug in modules, you can 

create some 300 different configurations. For every imaginable 
application. To fit every budget). 

Which one suits you best? Ask for the decision maker. Our free 
brochure. 

Dana Laboratories, Inc., 2401 Campus Drive, Irvine, California 92664. 
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CAREERS 

How to write reports 
that bring results 
Are your reports as good-
and as well received-as you'd like them to be? 
Before you answer, consider how five steps can help you 
to organize and write better reports 

Raymond E. Herzog, Supervisor, Technical Services 
General Electric , Portsmouth , Virgin ia. 

Engineers are not well known for their wntmg 
achievements. But with the "information explosion," 
and the need for quick, concise reading in our 
profession, it is becoming increasingly important that 
engineering reports be presented as clearly as possible. 

Now, it's not that an engineer has to be a Hemingway. 
What is expected, though, is that an engineer be able to 
say what he means in his writing. 

Perhaps you have found that some of your reports 
have been misunderstood or have not achieved their 
purpose. Or maybe you'd like your writing to be more 
concise and concrete. If so, here are five steps in organ
izing what you want to say that can improve your writ
ing. As this article will show, these five steps are: 

• Prepare the writer's thoughts to help him reach 
his objective. 

• Catch the reader's attention so that he may quickly 
know the significance of what he is about to read. 

• Arouse the reader's interest to let him know why 
he should read the report. 

• Effectively present the text of what the writer wants 
to say. 

• Ask the reader for action or bring him to a 
conclusion. 

Let's now put these steps to work for us. We'll use, 
as an example, a design review you might prepare for a 
project leader. 

Planning ahead 

Step one in organizing a report can be stated as: 
"Know what you want to say before you say it." When 
your thoughts are incomplete and unorganized, it's easy 

~Circle 26 on Inquiry Card 

for your writing to become confusing and illogical. So 
to help assure that you present your report logically, 
first write down the general topic of your presentation. 
Write it in one sentence, before you start the report 
itself . This capsule sentence is not part of the report, 
but it is the start of your writing and heads you toward 
the report's final objective. 

The following might be such a theme sentence: 

The Equipment Engineering group re
viewed the ABC design and recom
mends that it be used for project X. 

Catching the reader's attention 

The second step in organizing your writing is to 
quickly tell the purpose of the report-the who, what, 
when, why, where, and how of the subject. Unless the 
reader knows right away what you're talking about, how 
can he follow the rest of your report? 

Here, for example, is an opening that tells the back
ground which led to a report, and then gives its 
intention: 

The Equipment Engineering group re
viewed the ABC design on March 7 in 
accordance with Task Order # 123. 
This report summarizes the review and 
gives our conclusions and recommen 
dations. 

This immediately gets the reader's attention by telling 
him who did what, when and why. It also lets the reader 
know the purpose of the report as soon as he starts read
ing, so he can better understand its objective as he reads 
on. 

Here is another opener that expresses the main idea 
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of the report, helping the reader to follow more easily 
the supporting presentations : 

The March 7th review of the ABC de
sign shows that it excels in all require
ments. As detailed in this report, the 
Equipment Engineering group strongly 
recommends this ABC design for pro
ject X. 

Another type of opening outlines the plan by which a 
report is to be developed. Readers will find this espe
cially helpful for long reports. 

In this report, the Equipment Engi 
neering group discusses: 

1) results of the ABC review made 
on March 7th for Task Order 
# 123 

2) techniques used in conducting 
review 

3) recommendations 

In the three expressive openers above, the reader 
knows what he is going to read, and therefore may 
better finish the report knowing what he has read. 

Developing reader interest 

The third step brings the reader into the picture 
telling him why the report is significant to him. For 
instance, he may have to decide or act on the report's 
recommendations. Or he may need to be reminded that 
he requested that the report be prepared. In brief, think 
of your reader's needs and make the report interesting 
to him. 

Here are some examples that emphasize the report's 
significance: 

You will be pleased to know that the 
ABC design meets all requirements 
for project X. 

or 
You will realize, as you read this re
port, that this is the design which you 
asked to be studied on Task Order 
#123. 

or 
You will need this information to com
plete the work on project X. 

These interest arousers make the reader aware of the 
report 's importance to him, and in so doing breathe a 
personal feeling into the reading. 

Minding your writing manners 

Are you watching your writing manners carefully? In 
organizing the test of a report, you should follow good 
writing practices (see "How to use words more -effec
tively, The Electronic Engineer, Oct. 1968, pp. 41 -44). 
And in this respect, more important than perfect English 
and grammar is perfect understanding. This is the fourth 
step-making the text of the report clear to the reader. 
Here are some techniques for doing this . 

Word familiarity. Be sure that your reader is famil
iar with words that you use. 

Word meaning. To convey a specific meaning, and 
for quick, concise reading, use a concrete, easily recog
nized work. Save abstract terms for a more philosophical 
treatment. 
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Verbal voice. The active voice emphasizes the sub
ject and adds a dynamic tone to writing. Unfortunately, 
we write much of our business communication in the 
passive voice, which is less personal. The passive voice 
also subordinates the subject and lets the thought of a 
sentence develop slowly. You should use whichever 
voice creates the desired effect on your reader. 

Sentence length. A variation in the length of sen
tences makes reading more interesting. Short sentences 
emphasize, where long ones conveniently bring to
gether many ideas. 

Paragraphs. There may be many different ideas in a 
single report. You can help your reader absorb these 
distinct thoughts by using good paragraphing. A single 
topic and its modifying sentences make up one para
graph. The topic sentence is usually either the first or 
the last sentence in a paragraph, since these positions 
get the reader's eye. 

Concluding so you get results 

The fifth and final step in organizing a report is to 
bring your reader to a rewarding conclusion. Rewarding 
to the reader in that he feels his time has been well 
spent. Rewarding to the writer in that the reader 
responds to the report as desired. 

A report may bring either good results or confusion. 
Your final step can help assure the former. Let's con
sider the effectiveness of two typical report endings
the first, expressed in general, passive terms; the second, 
in a direct way. 

general 
terms 

explicit 
terms 
(preferred) 

It is requested that this recom
mendation, if approved, be for
warded to proper personnel so 
that appropriate action may be 
taken to process it. 

You may show your approval of 
these recommendations by send
ing form 10 to Mr. S. T. Smith in 
the Pr.ogram Office. Then, in ac-
cordance with department policy 
# 456, Mr. Smith can place an 
order with the ABC Company. 

Wouldn't you be more Likely to follow a request when 
direct physical steps are spelled out? 

Wouldn 't it work for you? 

The ideas outlined in this article give you a check
list for writing. See how you can improve your reports 
by following these organizing steps : 

• Before you start to write a report, first summarize 
in your mind the objective of your writing. 

• Then begin the report by telling the reader the 
who-what-when-why-where-how. 

• Develop his interest by bringing him into the pic
ture. 

• Keep good writing manners. 
• And finally, end the report on a feeling of reader 

direction or satisfaction. 
Organized writing can help make reports that bring 

results. Wouldn't it work for you? 

INFORMATION RETRIEVAL 
Careers 
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MC1556 combines most wanted features 
and makes other Op Amps obsolete! 

Most high-performance op 
amps today are of monolithic con
struction - to save space and to 
increase r elia bility. A few a re 
inte rnally-compensated - to 
reduce the need for external com
ponentry and the associa ted costs. 

Onl y on e off e rs a ll thr ee 
features . . . high performance, 
monolithic construction and in
ternal compensation. That 's the 
M C1556, an opera tional ampli
fier tha t promises to be the new 
"Standa rd of the Industry." H ere 
are some of the reasons why : 

• Low Input Offset Voltage -
4.0 mV (max ). 

• F ast Unity-ga in Slew R a te -
2.5 v I µ S ( typ ). 

• High Open Loop Gain -
100,000 (min ). 

• Large Power Bandwidth -
40 kHz ( typ ) . 

• Low Power Consumption -
45 mW (max) . 

For compa rison of these and other 
parameters with those of other op 
amps plus a visual description of 
performance characteristics, see 
the back of this pa ge. 
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TYPICAL INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT versus TEMPERATURE (MC1556G ) 

~T BIAS CURRENT 

}..... 

-~ _9. INPUT OFFSET CURRENT 

ot:::::t:::=;::===::::!::=::!==±=:::::i 
- 55 - 25 25 50 75 100 125 

TA ' AMB IENT TEMPERATURE (°C) 

The MC1556 and its reduced 
tempera ture - range counterpart, 
the M C1456, a re characterized as 
ope rationa l amplifiers d esigned 
for use as summing amplifiers. 
integra tors, or a mplifie r s with 
ope ra ting ch a racte ri s tics as a 
function of the external feedback 
components. 

Both of these n ew linear cir
cuits a re currently available from 
di stributo r s tock in the 8-pin 
(T0-5) m e ta l packa ge. 100-up 
pri ces a r e: M C 1456 - $ 15. 00 ; 
M C 1556 - $28.00 . For d e ta il s, 
turn page: • 

• High Input R esistance -
10 M eg Ohm ( typ) . 

• Low Input Offset Current -
2.0 nA (max ) . 

-wMie tkp~ ifuJMdieni t.i ea;ze/ (fj;:. MOTOROLA - \.0 Integrated Circuits 



Compare the performance of the 
MC1556 with other 
internally-compensated Op Amps. 
You'll see why the others 
are obsolete! 

MC1556 
CHARACTERISTIC SYMBOL MIN TYP MAX MIN 

Input Common Mode CMV;. ±12 ±13 ±11 
Voltage Swing 

Common Mode CM,.i 80 110 70 
Reject ion Rat io 
f = 100 Hz 

Output Impeda nce Zo 1.0 2.0 
(f = 20 Hz) 

Output Voltage v ... ±12 ±13 ±11 
Swing. 

R, = 2.0 K11 

Power Su pply s+ 50 100 
Sensitivit y 5- 50 100 
v- = co nst ant 
Rs ~ l OK 
V " =const ant 
Rs ~ lOK 

Power Su pply lo+ 1.0 1.5 
Current lo- 1.0 1.5 

2.0 15 4.0 lOOK 2.5 40 45 
MCl 556 nAdc nAdc mVdc V /V VI µs kHz mW $28.00 

MC14S6 10.0 30 10 ?OK 2 .S 40 90 $1S.00 

RM4131 10 so 2.0 SOK 2.0 S7 $20.00 

MC1s39''' 60 500 3.0 50K 4.2 50 150 $ 7.50 

MC1741 200 soo S.O SOK 0.8 S.O 85 $15.00 

µA71S " 250 ?SO 5.0 50K 20 210 $48.00 

LM107 10 7S 2.0 SOK 0.5 90 $33.00 

'' Not Internally Compensated 

For complete specifications and applications information, circle the 
reader service number on the opposite page, or write: 

-wtk~·~ · ,~MOTOROLA 
w. p. IAff- uwze. \CY Integrated Circuits 

M otorola Semiconductor Products Inc. I P . 0 . B ox 209 1 2 / Phoenix, Arizona 85036 

MC1456 
TYP MAX UNIT 

±12 V peak 

110 dB 

1.0 2 .S K11 

±12 V peak 

7S 200 µV/V 
7S 200 

1.3 3 .0 mAdc 
1.3 3 .0 

VOLTAGE·FOLLOWER PULSE RESPONSE 

2 1,S/ Oivision 

__ --1,..._., .• 
..._ __ ___. v_, 

MC1556G (T0-99 Pkg.) 

.. 



EEs GET AHEAD 

Engineering power 

William G. Howard, Jr. 
LIC Research Manager 

The Semiconductor Products Divi
sion of Motorola, Inc. has appointed 
William G. Howard, Jr. as manager 
of linear integrated circuit research 
where he will direct the development 
of new ideas and techniques applied 
to the design of ucs. 

Mr. Howard stresses the importance 
of cooperation among the specific di
visions within the company. The en
gineering and design of semiconductor 
products are best done in association 
with the production effort to maximize 
design effectiveness , and it is up to the 
research effort to supply the new uc 
ideas and designs to keep the produc
tion line moving in new directions. 

A self-imposed aspect of his respon
sibility is his belief in looking beyond 
the present product line in order to 
make his department beneficial to the 
company. Looking to future develop
ments, Howard will concentrate on 
the design methods for ucs, because 
new methods lead to new products and 
to progress in his field. Howard be
lieves in the use of computer-aided 
design to keep up with uc develop
ments. 

Mr. Howard received his BS from 
Cornell in 1964 and his MS, also from 
C ornell , in 1965. His PhD was 
awarded from Berkeley in 1967, and 
all of his degrees were earned in the 
field of electrical engineering. He re
mained with the academic environ
ment at Berkeley serving as an assist
ant professor of engineering until his 
recent appointment with Motorola. 

Howard stresses to young engineers 
the importance of remembering the 
practical engineering problems and re
minds them not to become too dis
tracted by theory. Engineering is a 
" real world field" where people are 
working not only with circuits and 
computers, but with each other . 

~Circle 27 on Inquiry Card 

Hamilton has added a new plant- just to produce precision, 
Photoformed® parts! 

This new facility is equipped with the most modern photo -etching 
machinery on the market. The new equipment will produce 
precision parts in large quantities to the llighest standard <;>f 

dimensional accuracy. 

Now, you can get from the Precision Metals Division, finished parts 

to the same degree of precision as world wide metal users have 
come to expect in Hamilton's strip and foil. 

Hamilton offers the Total Capabilities of a completely integrated 
facility controlling every step from melt to finished strip or foil 

and now to finished parts. This means that you get the same 
adherence to metallurgical standards and dimensional accuracy 
that has become the hallmark of Hamilton. 

For the complete story on the capabilities of Precision Metals 

Division and what it can do for you, write for your copy of the 
new Photoforming brochure. It's yours for the asking - write today! 

PRECISION METALS DIVISION 

# !.r~~~~!c,!,~~ 
• PHONE (717) 394-7161 

Circle 30 on Inquiry Card 37 



DESIGN FEATURES 

Get true-rms 
voltage regulation 
. . . inexpensively 

Two common components- a light bulb and a phototransistor
team up to form the heart of an rms voltage regulator. 

By lmre Gorgenyi, Applications Engineering, 

Motorola Semiconductor Products, Inc., Phoenix, Ariz . 

Holding the output of an ac voltage regulator to a 
preset true-rms value is not an easy task. Such regula
tors are usually complex, and thus too costly for many 
applications. But a novel design approach often re
duces cost, and such is the case with the circuit de
scribed here. Though inexpensive, you can use this 
regulator wherever the primary need is to hold the 
load regulation constant while the input voltage changes. 

The circuit also has application where the load regu
lation is adequate, but where you need good line regu
l~tion, and where a choke filter or constant voltage 
transformer would be too bulky. A good example of 
such a case is a 5-A battery eliminator or a power 
supply for constant loads at, say, 100 V and 2 to 3 A. 

By using a step-up transformer, you will find other 
applications. With constant loads, you'll get good regu
lation at fairly high currents in the range of 1 to 20 
kV. (Regulator transistors for such high voltages are 
not now available, but diodes are easy to find.) 

The new regulator's operation hinges on the fact 
that the light output of an incandescent lamp is very 
sensitive to the rms value of the voltage across it. 
Thus, the circuit uses a lamp and a phototransistor 
as the sensing network. This optical coupling scheme 
gives you a bonus, in that the sensing and control 
portions of the regulator are electrically isolated from 
each other. 
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Projection-lamp regulator 

Figure 1 shows a block diagram of the voltage 
regulator, along with its circuit realization. The lamp 
load is in series with a rectifier bridge, which must 
be able to carry the full load current at the highest 
line voltage applied. A unijunction transistor (UJT) 
and a timing capacitor (C) make up the phase-control 
circuit. The capacitor gets its charging current from a 
two-transistor constant-current source ( 0 1 and 0 2). 

An output-adjust potentiometer supplies a potential 
to base 2 of the UJT. Thus, if the line voltage rises, 
the UJT's interbase voltage rises with it, causing the 
UJT to fire later in the cycle. This, in turn, delays the 
firing of the silicon controlled rectifier (scR) by short
ening its ON time, thus reducing the power delivered 
to the load. The potentiometer serves two purposes: 
First, it lets you adjust the regulator's output voltage 
(by changing the voltage at which the UJT fires); sec
ond, it lets you compensate for differences in 7J (the 
intrinsic stand-off ratio) among various UJTS. 

The heart of the system is the phototransistor, 0 3 . 

It diverts part of the current flow to the timing capaci
tor in relation to the light input received from the 
lamp load. Because the phototransistor is very sensi
tive, it saturates easily. To prevent this, you must use 
an optical filter or iris (Fig. 2) to reduce the light 
intensity. Such a filter also serves as a coarse adjust
ment of the voltage output. Since the output-adjust 
potentiometer provides fine resolution, it is easy to 
make very close adjustments. 

The Electronic Engineer • Dec. 1969 
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Lamp load 

Line 
input 

Fig. 1. The basic concept. A light bulb, 
a device very sensitive to the rms value 
of its input drive, passes any rms vari
ations to a phototransistor. This optical 
coupling link is part of a feedback loop 
which acts to maintain a constant rrns 
drive to the bulb. In this block diagram 
and its circuit realization, the rms 
sensing element-the bulb--is the load 
itself. Such a circuit is useful in equip
ment in which constant lamp bright
ness is essential: projectors, copying 
machines, and so forth. 

Paper filter 

Fig. 2. Coupling the lamp to the photo
transistor. The filter is very simple; al
most any material having a small hole 
is suitable, including paper and card 
board , as long as it sufficiently atten 
uates the light intensity. You must 
check the filter experimentally. To do 
this , first use only one layer of paper. 
Then add more layers until you have 
coarsely adjusted the output voltage to 
the value that you need. 
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Adjust able 
constant
current 
source 

Input 
10 5 t o 180 Voe 

01 6 0 2 : MPS651 6 

UJ T 
pha se 

co ntr ol 

S en s in g lin k -------------------------, 

10 k ll 
2 W 

3 .3 kll 
tW 

22kll 

l.5kll 

I 
I 
I 
I 
I 

S CR 

7.5kll 
2W 

Ou tput 
adjust 
50 - SOV 

2N4473 
( heat -sink) 

0 3: MR03 00 L.~~~--.l>--~~~_._~~-<I>--~+-~~~~~-+~~~~ 

Input 1 

10 5 - 135 Voe 

MDA920- 4 

Co ntr o l ci rcuit 

l k.0. 

Sensing l i nk --------, 

2 k.0. 

T1 

' ' 

'--~+--~ ,--~t--~ 

C2 

' 

0 1 6 0 2 :MP S6516 0 .lf-'F 

0 3 : MR D300 L..~~~~~~~~~~~~~~~~~~--<._.._2_0_0___,v 

Fig. 3. A power-supply preregulator. This circuit _uses the 
same principle as that of Fig. 1, except that the light bulb 
isn't the load itself, but is placed across the load . In such 
a position, it monitors variations caused by both line and 
load changes. If T, has a high turns-ratio, you have here a 
regulated high-voltage supply with a power capability de
termined by the bridge rectifier, D,. 

Load 
+ 
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Now Available ... 
A course in 
TELEMETRY 
A special course on Telemetry is now being 
offered to all electronic engineers. It appeared 
originally in The Electronic Engineer. The course 
analyzes the fundamentals of telemetry and de
scribes the function of telemetry equipment. The 
course consists of several parts, each one pat
terned after one specific po~tion of a telemetry 
system. 

Today, more than ever before, there is a critical 
need for more reliable, smaller, lighter data 
gathering hardware. This course provides a 
sound insight into the modern methods of data 
acquisition , processing and display and how 
they are organized. Some of the areas covered 
are: 

- Sensors, Transducers and 
Signal Conditioning 

-Multiplexers and Encoders 
-Analog to Digital conversion 
-Demultiplexing and Decoding 
-Processing and Display 

This course is especially useful to digital de
signers, design engineers, engineering mana
gers, telemetry engineers, instrument designers 
and computer designers. 

The complete 5 part course is available for just 
$3.00 and this includes a test. All those success
ful in passing the examination will receive a 
formal Certificate of Completion tha't is suitable 
for framing. 

To get this course , fill out and mail the cou
pon below. Send your order to The Electronic 
Engineer, Chestnut and 56th Streets, Philadel
phia, Pennsylvania 19139. 
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Yes , I do want to participate in your course in 
Telemetry. Send me _ complete course(s) at 
a cost of only $3.00 each. My check, (cash or 
money order) is enclosed. Send the course to 
me at : 

Address ________ Company ______ _ 

City ________ State ______ Zip __ _ 

Send me special quantity prices D 

You can monitor the regulating action on an oscil
loscope connected across the SCR. This will show you 
the phasing-back action as the line voltage rises. If 
the regulator is adjusted properly, a true-rms volt
meter will read 80 V across the bulb, constant within 
1 % for an input-voltage variation from 105 to 180 V. 
And if you don't have a true-rms voltmeter on hand, 
you can still check regulation by monitoring the light 
output of the lamp load with a light meter. As a fur
ther aid, this table shows average-reading meter indi
cations for an 80-V true rms constant output. 

Input, V Output, V 

105 63 
115 59 
125 56 
135 54 
150 52 
180 48 

The circuit has a long operating life. Resistors are 
ordinary 5%, composition-types ; but the 0.1-µ,F ca
pad.tor must be temperature-stable, so use either a 
paper or a mylar unit. 

A power-supply regulator 

Although the circuit is inexpensive enough to use 
in many consumer products, such as . projectors or 
photocopiers that require constant brightness, you can 
apply the same principle with loads other than light 
bulbs. Simply connect a pilot bulb across the load to 
develop the feedback signal for the phototransistor. 
In this way, you can build power supply preregulators 
with 1 % line and 10% load regulations. This is an 
especially effective way to regulate the output of very 
high voltage supplies. 

Figure 3 shows such a circuit. A small bridge recti
fier, Di, furnishes power to the control circuit only. 
Transformer T 2 isolates the control circuit from the 
sensing circuit; its primary should be designed for about 
90 V rms. For low-voltage needs, the Triad F-90X 
series transformers are useful because of their many 
taps, one of which will give you the desired de voltage 
output. The secondary of T 2 feeds a bridge, D2; your 
voltage and current requirements determine the size 
of this rectifier, as well as the value and rating of 
capacitor C3 • 

A small bulb, Type 327 (28 V, 40 mA), is the sens
ing element, and couples to the phototransistor, Q3 , 

as in Fig. 2. You should pick the value of R 1 so that 
the lamp glows dimly at the desired output voltage. 
Such a low filament voltage prolongs bulb life by or
ders of magnitude. Transformer T 1 is a small pulse 
transformer (Sprague 11Z12 or equivalent). Resistor 
R2 and capacitor C2 form a dv/ dt suppression network 
to prevent false triggering of the triac by line transients. 

INFORMATION RETRIEVAL: 

Power supplies, Circuit design 
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Today at Hughes, we're 
developing digital radar signal 
processors for a variety of 
important airborne applications. 
An engineering model of one of 
these processors has been 
developed for real-time operation. 
It uses the Cooley Tukey, or fast 
Fourier transform algorithm, to 
form a bank of 512 narrowband 
doppler filters, together with 
their associated detectors and 
threshold circuits. 
The scope photographs show a 
processor input signal 12 db 

The Electronic Engineer • Dec. 1969 

Time 

NOISE EMBEDDED SIGNAL 

below wideband input noise, and 
the resulting processor output 
signal 15 db above rms noise in 
one digital filter output. 
Several programs are now starting 
to carry this technique and others 
further toward operational radar 
systems. 
It's a rapidly expanding field . 
And Hughes wants to grow with 
it. That's why qualified engineers 
and scientists are needed now. 
Particularly those with digital 
circuit design experience, signal 
processing analysis and 

subsystem design experience, 
and microelectronic circuit 
applications background. 

Interested? Please airmail 
resume today to: 

Mr. Robert A. Martin 
Head of Employment 
Hughes Aerospace Divisions 
Dept. 33 
11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 

An equal-opportunity employer 
-M&F 
U.S. citizenship is required 

r------------------, 
I I 

: HUGHES : 
I I L __________________ J 

HUGHES AIRCRAFT CO MPANY 

Al: .. 0 8 P ACll'. DIV1810N 8 

41 



42 Circle 34 on Inquiry Card 

For Years T 
I , exas I 

e ectronic ch . nstruments h 
em1cals to · as been 

They've Work r Just one custorne~anufacturing 
them Th ed so Well to . ourselves. 

h. . e same che . r us, we'd lik 
19h-tempe m1cals we use . . . e You to try 

rature 9 in silico 
ogy, All of h' as reactions and . n .Production, 

W 1ch req · ep1tax1al t h 
Parts-per b·11 · u1re. as you k ec nol · . - 1 ion sta d now · 
nty in lot-to-lot un 'nf ar~s plus extrernely higphunty to 

1 orm1ty. integ-

Perhaps the wealth of ::::.~--:.._......_.._......_~ 
can offer you some i;xpenence behind Tl chemic-a-ls __ ....,. 
the security of a new sb~~vements ... even if it's just 
should contain the tollow·ce. din either case. your files 

• E · . ing ata sheets: 
s~r~~~s G~~i~sjnchlorosilane (5 and 55 gallon 

• Epitaxy G~ade Silicon Tetrachloride (5 and 55 
gallon stainless drums) 

• Boron Tribromide Dopant (50 and 100 gram 
ampules) 

Please write. You'll find us very eager to double our 
satisfied customer list. 
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Project Management: Dec. 15-19, 
Washington , D.C., NSIA members and 
government personnel $275; non
members $300. Designed to provide 
a working knowledge of the current 
principles and practices of project 
management. Will review the impact 
of major DOD requirements on project 
management. The National Defense 
Education Institute, 11 Arlington St., 
Boston, Mass. 0211 6. 

Electrical/ Electronic Insulation: Jan . 
12-16, Hotel Manhattan , N.Y.C. The 
course will cover basic concepts and 
definitions, dielectric conductivity, ca
pacitance and loss, high voltage, wire 
and cable, insulators and insulating 
systems, dielectric materials and di
electric engineering. Fran Zimmer, In
ternational Plastics Industry Consul
tants, Inc. , Hotel Manhattan , New 
York, N.Y. 10036. 

Fundamentals of Thick Film Hybrid 
Microcircuit Technology: Jan: 12-16 
State College, Pa., $500. If you're a 
non-expert in the field (engineer or 
otherwise) you'll appreciate this basic 
and informative course providing you 
with information on the development 
and design of thick film circuits. State 
of the art, 1315 South Allen St., State 
College, Pa. 16801. 

An Introduction to Vibration and 
Shock Testing: Jan. 12-16, Spring
field , Va. ; Jan. 19-23, Van Nuys, Calif. 
Designed for quality assurance. evalu
ation and test personnel concerned 
with maximum reliability of missiles, 
aircraft, electronics, etc., where vibra
tion and shock are hazardous environ
ments. The seminar concentrates on 
modern practices and techniques. Tus
tin Inst. of Tech., Drawer Q, Santa 
Barbara, Calif. 93102. 

Strain Ga{!e Techniques: Jan. 19-23, 
Univ. of Miami, Coral Gables. Theory 
and application of the resistance strain 
gage. Conference Coordinator, Div. of 
Continuing Education, Box 8005, 
Univ. of Miami , Coral Gables, Fla. 
33124. 

Measurement Engineering: Jan. 26-30, 
Arizona State Univ., Tempe, $275. 
Emphasis on unity between theoretical 
and experimental approaches. The ap
plication of engineering principles to 
the design of measuring systems is 
stressed. Prof. Peter K. Stein , Engin
eering Center, Arizona State Univ., 
Tempe, Ariz. 85281. 
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Designing with Plastics: Jan. 26-30, 
Hotel Manhattan , N .Y.C. The course 
will cover criteria by which a product 
is produced in plastic from a tech
nical, structural, economic and manu
facturi ng standpoint. Fran Zimmer, 
J nternational Plastics Industry Con
sultants, Inc., Hotel Manhattan, New 
York, N.Y. 10036. 

Direct Energy Conversion: Jan. 26-30, 
Ariz. State Univ., Tempe, $275. The 
course will cover the physical prin
ciples underl yi ng conversion devices 
and will present a unified theory of 
energy converters which enables them 
to be classified and compared. Dr. C. 
E. Backus, College of Engineering Sci
ences, Arizona State Univ., Tenipe. 
Ariz. 85281. 

Topics in Quantum Electronics: Feb
ruary 2-6, Univ. of Calif. Extension, 
Berkeley, $300. Topics include Q
switching and mode-locking of lasers, 
self-focusing and defocusing of laser 
beams, laser deflection and modula
tion , generation and propagation of 
ultra-short optical pulses, far infra-red 
sources, non-linear optics and high
power lasers. Continuing Education in 
Engineering, Univ. of Calif. Extension , 
2223 Fulton St., Berkeley, Calif. 
94720. 

Computer-aided Circuit Optimization: 
Feb. 16-19, Tampa, Fla. The course 
will provide you with a working knowl
edge of optimization techniques in cir
cuit design. Topics covered will in
clude circuit analysis, modeling of 
solid state devices, sensitivity analysis, 
optimization techniques and applica
tions. Dr. George W. Zobrist, Dept. 
of E.E., Univ. of S. Fla., Tampa, Fla. 
33620. 

Reinforced Plastics: Feb. 16-20, Hotel 
Manhattan, N .Y.C. Will provide par
ticipants with a working knowledge of 
reinforced plastic materials, produc
tion methods, applications and design . 
Fran Zimmer, International Plastics 
Industry Consultants, Inc., Hotel Man
hattan,. New York, N .Y. 10036. 

Liquid ' Crystals Workshop: Feb. 19-
20, Penn State Univ. Extension, Se
wickley, Pa., $155. Will present a 
background of basic theory to give 
participants an understanding of the 
properties of liquid crystals. Penn State 
Continuing Education, New Kensing
ton Campus, 3550 Seventh Street Rd .. 
New Kensington, Pa. 15068. 
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READ THESE BOOKS 

Maintainability: Principles and 
Practices 
By Benjamin S. Blancher,_ Jr. & E. Edward Lowery. 
Published 1969 by M cbraw- H i ll Book Co .. 330 
West 42nd St ., N .Y., N.Y. 10036. Price $12.50. 336 
pages. 

This book covers a subject which is 
never out of date. And obviously, as 
systems become larger and more com
plex, the maintainability becomes more 
critical. This book frankly discusses 
the problems of maintainability and 
how to circumvent these problems. 

The book contains maintainability 
detailed check lists which are very 
useful. While some of the things may 
seem basic, they're usually the areas 
where the greatest problems keep 
appearing in new equipment. If main
tainability and its problems are your 
responsibility then we recommend that 
you read a copy of this book. 

Statistica l Communication Theory and 
Applications 
By Harold R. Raemer. Published 1969 by Pren
tiss-Hall Inc., Eng lewood Cliffs, N. J. 07632. 
Price $12.95. 482 pages. 

This book centers on the applica
tion of statistical co mmunication 
theory engineering systems analysis, 
specificall y in the areas of radar and 
radio communications, i.e., those sys
tems involving detection of radio sig
nals and extraction of information 
from them. It is written for people 
who are not necessarily theorists, but 
would like Lo know how this theoreti
cal discipline can be used in a simple 
way. 

Basic theory is contained in the 
early chaplers with treatment of more 
advanced topics later in the text. The 
advanced topics are applicat ion s 
oriented. 

Understand and Using Unijunction 
Transistors 
By Stu Haberman. Published by Howard W. Sam! 
& Co., Inc., Ind ianapolis , Indiana 46268. Price 
$2.50. 95 pages. 

Computerized Approximation and 
Synthesis of Linear Networks 
By Jeri Vlach. Published 1969 by John Wiley & 
Sons, In c., 605 Third Ave., New York, N. Y. 10016. 
Price $1 4.95. 477 pages. 

Logical Design of Switch ing Cir· 
cu its 
By Douglas Lewin. Published 1969 by A merica n 
Elsevier Publishing Co., Inc., 52 Vanderbilt Ave., 
New York, N. Y. 10017. Price $10.50. 368 pages. 

Thin Film Dielectrics 
Edited by Frederick Vratny. Published by the 
Electrochemical Society, Inc., 30 East 42 Street, 
New York, N. Y. IOOl7. Price $12. 669 pages. 

Ohmic Contacts to Semiconductors 
Edited by Bertram Schwartz. Published 1969 bv 
Electrochemical Society. Inc. , 30 East 42 Street, 
New York, N. Y. IOO l7. Price $1 0. 356 pages. 

Thin-Film Transistors 
By A. C. Tickle. Pu blished 1969 by John Wiley & 
Sons, Inc., 605 Th ird A ven ue, N.Y., N.Y. 10016. 
Price $9.95. 144 pages. 
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On permanent magnets and 
PM motors 

Ceramic Permanent-Magnet Motors: 

Electrical and Magnetic Design and Applica
tion,,_ by James R. Ire land. Publ ished 1968 by 
Mcbraw-H il l Book Co. , 330 West ~2nd St ., New 
York, N. Y. 10036. Price $9 .95 . 202 pages . 

It isn't too hard to find books that 
wi ll tell you how to design fractional 
horsepower and induction motors. It 
isn't hard either to find books that will 
explain all about permanent magnets. 
Mr. Ireland's book, however, is the 
first one that comprehensively dis
cusses both ceramic permanent mag
nets and small motors that use such 
magnets for their magnetic field. 

On first thought, one would assume 
that the design of the motor with 
permanent magnets should be simpler 
than that of a motor with coils since 
there is no need to design these coils 
(a calculation that must be done by 
trial and error) . That is exactly the first 
myth that Mr. Ireland dispels. The 
field of a permanent magnet is not con
stant, and the author tells you why 
and how it varies. He also reminds 
you quite forcefully that all the power 
to the circuit must come through the 
armatu re. 

Even if you don't design PM motors, 
and your interest is limited to perma
nent magnets. the book is still the best 
you can fi nd on that subiect. Basic, 
yet factual and. above all , very prac
tical. the book takes you by the hand 
to show you how to design motors 
that are findin!t increasing applicat ions 
to drive portable tools, small mech
anisms, and automotive accessories. 

Electronic Spectra of Transition 
of Metal Complexes 
By B. Sutton. Publ ished 1968 in England bv 
McGraw-Hill, ltd ., McGraw-Hill Book Co., 330 
West 42 Street, New York, N. Y. 10036. Price 
$8.50. 208 pages. 

Mathematics for Science and Engi
neering 
By Phillip A. Alger. Published 1969 by McGraw
H ill Book Co., 330 West 42 Street, New York, 
N. Y. 10036. Price $9.75. 374 pages. 

Control Systems for Technicians 
By G. T. Bryan. Published 1969 by Hart Publish· 
inq Co., Inc., 510 Sixth Ave., New York, N. Y. 
1001 1. Price $12.50. 328 pages. 

The Art of Computer Programming 
Volume 2 Seminumerical Algorithms 
By Donald E. Knuth. Published 1969 by Addison
Wesley Pub lishing Co., Inc., Reading, M ass . 
01867. Pr ice $18.50. 624 pages. 

Co'lor TV Reception and Decoding Tech
nique 
By B. W. Osborne. Published 1969 by H art 
Publ ishina Co., Inc., 510 Sixth A ve., New York, 
N. Y. 1001 1. Pr ice $12.50. 168 pages. 

Semiconductor Plasma Instabilities 
By Hans Hartnagel. Publ ished 1969 by America n 
Elsevier Publishing Co., Inc. 52 Vanderbilt Ave .• 
N.Y., N .Y. 10017. Price $11.00. 206 pages. 

Immediately 
available from 
TRW distributors 

CALIFORNIA-Los Angeles Area 
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5645 E. Washington Blvd. 
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Ft. Lauderdale , Florida Enterprise 1776 
ELECTRONICS WHOLESALERS, INC. 
345 Graham Avenue 
Orlando, Florida (305)841-1550 
MASSACHUSETTS 
CRAMER ELECTRONICS, INC. 
320 Needham Street 
Newton, Mass. 02164 (617)969-7700 
NEW JERSEY 
EASTERN RADIO CORP. 
312 Clifton Avenue 
Clifton, New Jersey 07015 (201)471-6600 
New York, New York (212)CH4-2268 
NEW YORK 
CRAMER/.ESCO INC. 
96-10 23rd Avenue 
Elmhurst, New York 11369 (212)478-4000 
TERMINAL-HUDSON 
ELECTRONICS, INC. 
236 W. 17th Street 
New York, New York 10011 (212)234-5200 

CRAMER/ROCHESTER 
23595 Winton 
Rochester, N.Y. (716)275-0300 

OHIO 
ELECTRONIC MARKETING CORP. (E MC) 
814 W. 3rd. Avenue 
Columbus, Ohio 43212 (614)299-4161 
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ALMO INDUSTRIAL ELECTRONICS INC. 
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... Tunable ... + .003°/o per 0 /C stability . 
The new BP-200 microelec
tronic active filter is the smallest, 
most stable and most versatile 
audio frequency filter in exist
ence. It is a universal filter : a 
single unit can be connected to 
function as a bandpass, low pass 
or high pass element . And 
modules can be cascaded to 
provide almost any complex fil 
ter function. 
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Both resonant frequency and 
Q of the BP-200 are inde
pendently variable , and can be 
controlled externally. A single 
resistor can tune the unit over 2 
octaves. Q values up to 500 are 
obtainable for bandpass filtering . 

The B P-200 not only el im i
n ates the need for bulky inductors 
and capacitors , but for magnetic 
shielding as well. It can also re-

place vibrating reeds and other 
mechanical filters , to eliminate 
shock and vibration interference. 

For complete information and 
applications assistance, contact 
any TRW distributor. TRW Semi
conductors, Inc. is a subsidiary 
of TRW Inc. 

TRK! 
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MICROWAVES 

Storage CRTs for radar 

Displays with a variable memory-here's the 
how and why of tubes that remember. 

Terry Ballou, Display Systems Design Engineer 
Dalmo Victor Co ., Belmont, Calif. 

Display storage tubes (DST), used in today's radar sys
tems, are electrostatically or magnetically deflected, 
high light output display tubes. They give high resolu
tion, variable persistence and writing speeds up to one 
million in./s. Manufactured in different sizes and 
shapes for various applications, their cost is greater 
than a conventional cathode-ray display tube. 

Compared with a conventional CRT, a DST has addi
tional elements and lenses (see Fig. 1) which give it 
the ability to store written information for controllable 
time periods. It can retain this information for periods 
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lasting from seconds to minutes and, under the proper 
conditions, up to a week's time. This property gives the 
tube flexibility in a great variety of applications. 

Today, DSTs are mostly found in military and com
mercial radar display systems, mainly because they 
offer the system designer a wider range of functions 
than the cathode-ray tube does. First, the DST can use 
a considerably lower sweep rate because of its ability 
to retain information. Also, since the high voltage 
needed for a given light output is less than that re
quired for a CRT, a DST allows a smaller and more com
pact indicator package. 

Because of its storage capability, the tube acts as an 
integrator. This means that the target (a constant) that 
was once obscured by noise (random) can now be 
seen with a DST. This increases the target detection 
capability of the system. As a result DSTs have been 
used to create new radar system modes of operation, 
such as high resolution mapping and new navigation 
modes. In addition, oscilloscopes for time studies use 
D~Ts where retention of information is desired. Scope 
display photographs are taken more easily with a DST. 
They are also useful in transient studies, where the 
mechanical chart recorder was previously the only 
available instrument. DsTs improve the memory and 
scan circuits of certain computer systems as well. 

Storage tube operation 
The writing gun used in a DST has the same con

figuration as that used in a CRT. Mechanical spacings 
and sizes of the individual components define a partic
ular gun's characteristics. The significant factor is that 
its electron beam is focused such that the electrons con-
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Collimating lens 
(Conductive surface 
on insi de of tube) 

Collector 
Storage surface 
Backing electrode 

Suppressor 
(High contrast only) 

..__ ___ Faceplate 

Writing beam 

Flood beam 

Writing gun 

Flood or 
viewing gun 

(Phosphor coated inside) 

Fig. 1. Internal structure of a high-contrast display stor
age tube. By changing the voltage on the backing electrode 
you can control the number of electrons (from the flood 
gun) that reach th e phosphor-coated faceplate. With a 
negative voltage level, the backing electrode prevents any 
electrons from passing through (cutoff), and the face of 
the tube is dark. 

The flood gun side of the backing electrode has a layer 
of a dielectric material, and the writing gun is focused so 
that its beam converges on this dielectric. Electrons from 

verge at the storage surface on the backing electrode. 
A storage tube has an additional electron gun, as op

posed to a CRT, in which the electrons are collimated 
(travel parallel) to the tube centerline. The additional 
electron gun provides a circular beam of electrons 
equal in diameter to the viewing area and it is com
monly referred to as the "flood" or "viewing" gun. 

The three elements contained in the front of the 
tube, the suppressor, the collector and the backing elec
trode, are constructed of electroplated wire mesh. This 
mesh can have as few as ten lines or wires per inch or 
up to as many as 1500 lines per inch. Design consid
erations, such as resolution, will determine the number 
of lines. The thickness of the wire is based on the de
sired transmission. A typical, medium resolution tube 
would have 500 lines/ in. and a transmission of about 
50%. Each wire mesh is welded to a metal ring which 
is mounted and insulated from the other two meshes on 
an assembly in the front end of the tube. 

The backing electrode (BE) is the heart of a storage 
tube. The backing electrode mesh is similar to the 
suppressor and collector meshes with one major dif
ference: it has an insulator, a few microns thick, evap
orated on the flood gun side. This is called the storage 
surface. The insulating material used must have a 
high dielectric constant and a secondary emission ratio 
large enough to meet performance requirements. A 
common insulator is magnesium fluoride ( MgF 2 ). 

Secondary emission occurs when a free electron with 
enough energy strikes and dislodges an orbiting elec
tron. Several factors determine the number of second
ary electrons freed. These factors are the energy con
tained in the primary electron, the angle at which it 
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the write gun travel fast enough to cause seconda ry· elec
tron emission in the dielectric . This em ission from smal l 
areas of the dielectric raises th e potential of these areas 
and a llows flood gun electrons to pass through the back
ing electrode. These flood electrons now reach the phos
phor and give a light output on the tube face. 

By raising the voltage level of the backing electrode and 
then return ing it to its normal level, you can achieve a 
cutoff condition again. 

strikes, and the type of material it strikes. The prin
ciple of secondary emission allows the storage opera
tion in a DST. 

The backing electrode and the collector function in 
the following manner. The flood gun cathode potential 
is ground or 0 V. The application of heater voltage 
causes electrons to leave the cathode. A positive po
tential on a grid within the flood gun accelerates them. 
The electrons path parallels the tube centerline because 
of the positive potential on the collimating lens and 
the collector. Since the collector is at a higher positive 
potential, it forms a lens effect between itself and the 
collimating lens. 

Initially the BE potential is ground, allowing the max
imum number of flood or viewing electrons to pass 
through both the BE and the collector. The high positive 
potential of the phosphor attracts them. All of the 
electrons do not strike the phosphor; some strike the 
collector and BE wires. Those that do not strike wires 
cause the phosphor to emit light. The electrons that 
strike the collector cause a collector current, and those 
striking the storage surface are diverted. The majority 
of the diverted electrons are collected by the collector. 
If the BE and the collector are 50% transmissive, ap
proximately half of the electrons arriving at each grid 
strike the wires. The rest reach the phosphor to pro
duce brightness and this is the maximum light output 
that can be obtained from the tube (saturation light 
output). 

The BE can control the number of flood electrons 
which penetrate the mesh and arrive at the phosphor 
to create brightness. A negative voltage level, where 
no flood electrons pass through the BE, is defined as 
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Fig. 2. An equivalent circuit for a storage tube is shown 
on the left. Plate (a) of C, is the wire mesh of the back
ing electrode; the storage surface is the dielectric of C,_ 
Plate (b) represents flood electrons striking the storage 
surface. D, shows that the electrons travel in one direction 
only and R, is the impedance of the flood beam. 

The graph shows how you develop a negative voltage 
level (cutoff) on the storage surface by varying the back
ing electrode potential. At t, the switch is closed which 
turns on the flood electron beam. These electrons reduce 
the potential on the storage surface to 0 V. The backing 
electrode is raised to +6 V at t,, also raising the storage 
surface voltage. Again, flood electrons reduce the storage 
surface potential to ground. Now, at t,, the backing elec
trode returns to its normal level. The storage surface, which 
was at ground, is also reduced. This puts it at -4 V, 
which in this case is the cutoff potential. 
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Fig. 3. A typical secondary emission curve for a dielectric 
material used in storage tubes_ The curve shows that by 
bombarding the material with primary electrons at energies 
above first crossover you can raise the potential of the di
electric. 
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+ .2V 

0 

Di s crete or eo of the diele ct r ic 
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Fig. 4. One write cycle of a storage tube. At time t ,, the 
write gun bombards a small area of the storage surface. 
Because secondary electrons are freed, the voltage of the 
area rises to 0 V. Flood electrons now pass through the 
backing electrode and "write" on the tube face . At time t,, 
the voltage of the backing electrode and storage surface is 
raised to +6 V prior to erasing the tube . When enough 
flood electrons have been attracted to the storage surface 
to return its voltage to zero (t,), the backing electrode 
returns to 2 V and the storage surface goes to cutoff. This 
eases the written spot from the face of the tube. 
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mesh, or storage surface, cutoff. In this case, the elec
trons return to, or through, the collector because it is 
at a high positive voltage. Figure 2 shows how you 
develop this cutoff potential in a storage tube. 

If the tube contained no gas, this negative charge 
on the dielectric would remain indefinitely. However, 
since a perfect vacuum does not exist, the collision of · 
gas atoms and flood electrons between the BE and the 
collector generates positive ions. The negative poten
tial on the dielectric attracts these ions and they grad
ually remove the negative potential causing the bright
ness of the display to increase. This ion bombardment 
is significant because it limits the storage time of the 
tube. 

Displaying information 
A method must be established to change the dielec

tric charge from the cutoff value to a value that will 
allow flood electrons to penetrate the mesh. A writing 
gun accomplished this in a DST. Figure 3 shows a typi
cal secondary emission curve of a dielectric material 
commonly used in storage tubes. The first crossover 
voltage is in the order of 50 V. 

Now, let us assume we start with the storage mesh at 
cutoff in Fig. 4. The writing gun at t1 bombards a dis
crete area on the dielectric. The cathode voltage on 
the writing gun provides electron energy above first 
crossover to free secondary electrons from the dielec
tric. Theoretically, these electrons are collected by the 
collector mesh. The bombardment results in a positive 

In addition to the tube using the backing electrode 
described in the article, a second type of storage 
tube is in use today. This unit, used by Tektronic 
Inc. in their storage oscilloscopes, has two stable 
states and is, in fact, called a bistable storage tube. 

The bistable tube does not have a backing elec
trode; instead, it uses the phosphor coating on the 
faceplate as the dielectric storage surface. The 
two stable states are phosphor voltage levels cor
responding to points 1 and 3 on the secondary 
emission curve in F ig. 3. 

At these two points the ratio of secondary elec
trons to primary electrons is one, and the net 
transfer of charge from the phosphor is zero. Also, 
since the curve has a negative slope at these points, 
any small change in phosphor voltage is neutralized. 
For example, if the phosphor is at point 3 and its 
voltage becomes slightly more positive, the secondary 
emission ratio becomes Jess than one. This means 
that the phosphor now accumulates negative charges 
and returns to point 3 on the curve. These two 
states correspond to a write condition at point 3 and 
an erase condition at point 1. 

In the erase state, the negative voltage on the 
phosphor repels flood gun electrons, darkening the 
tube. The write gun bombards the phosphor directly 
and causes secondary emission above the first 
crossover point. The loss of negative charges causes 
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change in voltage on the dielectric. If the writing beam 
bombards this spot for a sufficient amount of time, the 
voltage approaches zero and saturation brightness 
occurs. Except for the gas ion bombardment, which 
alters the storage surface voltage, the written spot would 
be stored indefinitely after the writing beam has been 
cut off. It is important to realize that the visual bright
ness of the stored image is not due to the writing beam 
electrons, but to the flood beam electrons exciting the 
phosphor. The write gun simply alters the charge on 
the dielectric and allows flood electrons to pass through. 

The writing speed capability of storage tubes is about 
a million in./s. The system time constant determines 
the speed at which the charge on the storage surface 
can be altered. Controlling factors are storage mesh 
capacity, amount of writing beam, and the time of 
bombardment. A complete display of information can 
thus be. written and retained for fixed time periods with 
a high brightness and detailed pattern. 

Erase time is defined as the minimum pulse width at 
the smallest amplitude needed for complete single pulse 
erasure of the spot. The single frame erasing method 
shown in Fig. 4 is one desirable and useful mode of 
operation. However, many applications require some 
method of obtaining variable persistence. 

Variable persistence 
The DST accomplishes variable persistence by divid

ing the erase time pulse into many pulses. If the erase 
time is 10 ms, the erase pulse can be divided into ten 
1-ms pulses. At t1 of Fig. 5, a spot is written, and at h, 

the phosphor to charge to its second state at point 
3. Here, the positive potential attracts flood gun 
electrons with enough energy to cause them to 
write on the face of the tube. 

To erase this type of tube, the collector is pulsed 
negative. About one-half of the negative change is 
capactively coupled to the phosphor reducing it 
below the first crossover point. Since the collector 
is negative with respect to the phosphor, secondary 
electrons are now collected by the phosphor and it 
continues to charge in a negative direction to its 
erase state. 

The bistable storage tube has several disadvantages 
compared with the backing electrode tube in the 
article. The bistable tube has just two stable states 
and these correspond to either full brightness or no 
brightness. The tube therefore cannot give you any 
gray scale or half tones. Also, because the tube is 
either full on or full off, you cannot vary the 
persistence as you can with the backing electrode 
tube. 

In addition, certain problems associated with using 
the phosphor as a storage surface limit the thickness 
of phosphor that can be used on the tube. This 
means that the bistable tubes give you a lower light 
output and poorer contrast than you can get from 
the high-contrast tube. 
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Fig. 5. The storage tube gives you variable persistence by 
dividing the erase pulse into many shorter pulses. At t ,, the 
write gun raises the storage surface voltage to 0 V result· 
ing in the appearance of a spot on the faceplate. The first 
of ten short erase pulses is applied at t,. As you can see, 
the voltage level on the storage surface becomes more 
negative after each erase pulse. This decreases the num
ber of flood electrons that penetrate the backing electrode 

and cause brightness of the spot on the tube face . Finally, 
at the end of the tenth erase pulse, the storage surface 
is back at its cutoff level and the face of the tube is dark. 
By varying the pulse width, its amplitude, or the fre· 
quency of the pulses, you can control the length of the 
time the image remains on the tube. 

Fig. 6. The WX-30593 storage tube, made by Westinghouse 
Electronic Tube Div., Elmira, N. Y., can display both stored 
and nonstored information . Representative of the high con· 
trast type described in the article, this tube has a writing 
speed of 5 x 105 in ./ s and a resolution of 60 lines / in. 
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the first erase pulse appears on the BE. The voltage of 
the area increases to that of the erase pulse. Flood 
electrons start to land trying to bring the voltage to 
zero. However, the pulse is only present for 1 ms. Since 
the erase pulse time is 10 ms, only a small portion of 
the charge is removed. When the first pulse drops ( t3) , 
the dielectric also drops. A small amount of flood elec
trons do land so that the dielectric does drop into the 
negative region. Each succeeding pulse allows more 
flood electrons to land and increases the negative 
potential of the dielectric until the spot is entirely erased 
after the tenth pulse. 

Persistences from 16 ms to 60 s have been obtained 
with this technique. For practical purposes, the follow
ing equation holds : 

Erase time 
Persistence = ---------

Erase pulse duty cycle 

Pulse width 
Where duty cycle = 

Period 
This method of obtaining variable persistence is prob
ably the most commonly used in storage tube appli
cations. By continuously applying the erase pulses, 
writing and erasing can occur simultaneously. With the 
single erase pulse, each must be accomplished 
separately. 

A disadvantage of this typical DST is the background 
brightness created by the erase pulse. Whenever the 
dielectric is at 0 V or above, saturation brightness 
occurs on the display. If the erase duty cycle used is 
10% , then the background brightness is at a level 
which is 10% of saturation brightness as long as the 
period exceeds the flicker frequency. The eye integrates 
the brightness from each erase pulse into sorhe average 
light level. This can noticeably reduce the contrast of 
the tube at high erase pulse duty cycles or in applica
tions with numerous duty cycles. 

Some methods of eliminating background brightness 
exist that will not seriously alter the effect of the erase 
pulse on erasure. One method drops the phosphor 
voltage coincident with the erase pulse so that the 
brightness cannot be seen. An obvious drawback is the 
fact that the screen voltage is often above 5000 V. 

Another method used places another mesh, referred 
to as the suppressor* between the backing electrode 
and screen. This mesh can be pulsed negative, coinci
dent with the erase pulse, to prevent flood electrons 
from striking the phosphor. The pulse amplitude nor
mally . used on the suppressor is about 80 V. Tubes 
using this method are called high-contrast types. 

Certain applications require the use of special tech
niques to extend the storage time capability of the 
tube. One of the factors that limits the storage time is 
the ions created by gas molecules colliding with flood 
electrons. Obviously, a decreased number of flood elec
trons increases the storage time. This can be accom
plished by operating any electrode which controls flood 
gun emission at a predetermined duty cycle.** The 
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tradeoff is output brightness, since it will decrease as a 
function of the same duty cycle. 

External circuitry 

Operation of a DST requires positive and negative de 
operating voltages for the various electrodes. Regulation 
of the de supplies is not critical. The writing gun, 
ca thode-supply voltage is in the - 500 Vdc to - 3000 
Vdc range depending on the specific tube type used. 
The flood gun supply range is usually between +200 
Vdc to + 300 Vdc. Resistive bleeders from the two 
supplies es tablish the other electrode voltages for both 
guns. 

If a high-contrast tube is being used, the generation 
of the erase and suppressor pulses requires external 
circuitry. With a low-contrast type, a circuit can be 
added to disable the high voltage during the erase pulse 
and thus reduce background brightness and provide 
high-contrast operation. This is commonly called dunk
ing. 

The erase pulse circuitry should contain frequency, 
amplitude and pulse width control. Variable persistence 
can be obtained by many methods, but the most 
common fixes an initi al amplitude and pulse width at a 
given frequency and then varies the persistence with 
frequency variation. For environments that require 
several fixed persistences, amplitude and frequency are 
usually fi xed initally and then several different pulse 
widths provide the required fixed persistences. A fre-
quency range of 100 Hz to 10 kHz, a pulse width of 3 
µ,s to 100 ms, and an amplitude of 0 to 10 V is the 
average range of erase pulse operation. It, too, depends 
on tube type and system requirements. 

A high contrast DST requires a suppressor pulse 
coincident with the erase pulse and having a width that 
is the same as, or slightl y greater than, the erase pulse. 
It must also be a large enough negative pulse to change 
the suppressor potential ( + 60 to + so Vdc) to - 5 to 
- 10 Vdc. 

The tube's resolution capability determines the fre
quency of operation which usually covers a range of 
5 to 250 lines per inch . Video frequency capabilities are 
best described by an example : Suppose a television 
raster has an horizontal sweep time of 50 µ,s , a hori
zontal line length of 5 in. and a tube with a resolution 
of I 00 lines per inch. This means it sweeps across 500 
lines in 50 µ,s so that a line occurs every 100 ns. This 
corresponds to 10 MHz. 

* Westinghouse patent 3088048 
* * Hughes Aircraft Co. patent 2903618 

INFORMATION RETRIEVAL 
Electron tubes, Microwave and microwave products 
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FOR THE PROTECTION OF ALL TYPES OF 

ELECTRONIC & ELECTRICAL CIRCUITS & DEVICES 

The complete BUSS line of fuses includes dual
element "slow-blowing," single-element "quick

acting" and signal or visual indicating types . . . 

in sizes from 1/500 amp. up- plus a companion 

line of fuse clips, blocks and holders . 

Only a representative listing is shown here of 

the thousands of different types and sizes of fuses 

and holders available from BUSS. 

All standard items are easily obtained through 
your BUSS distributor. 

When special fuses, fuse clips, fuse blocks or 
fuseholders are required, our staff of fuse engi
neers is at your service to help in selecting or 
designing the fuse or fuse mounting best suited 
to your requirements. 

For detailed information on the complete 
BUSS line write for BUSS bulletin SFB. 

~ ~~~ ~ , ~ (/'. ~ . Q \ 
~- Buss In-the-Line or . Buss Screw or 

Solder Terminal 
Fuse Blocks 

Buss AGX Fast 
Acting Fuses 

Buss AGC and MTH Fusetron FNM Fibre Fusetron FNA Panel Mounted Buss Panel Buss Porcelain Base 
Fuse Blocks Glass Tube Fuses Tube Fuses Indicating Fuses Fuse/ Holder Mounted Holders 

Buss AGC Glass 
Tube Fuses 

Buss Indicating 
Fuses 

Fusetron MDL Buss ABC Ceramic 
Fuses Tube Fuses 

Buss GJV Pigtail Buss SFE Standard 
Fuses Fuses 

/ ~n JA / • :.: 
Buss Sub - mini~ture Tron Sub-miniature Buss Lamp Silicon Rectifier Buss Indicating 

Aircraft Fuses Fuses and Holders Pigtail Fuses Buss HPC Holders Indicating Holders Fuse Blocks 

Buss GMT Fuse Buss High Voltage Buss Space Saver 
and HLT Holder Fuses Holders 

Fusetron Type N 
Fuses and Holders 

Buss In -the-line 
Holders 

Buss HLD Visual 
Indicating Holders 

~. c!Ji:i~:d 
Holders 

~~ ~ Limitron KTK 
Fusetron ACK Stud High Interrupting 

Mounted Fuses Capacity Fuses 

- II! Buss Signal Fuse Buss Miniature 
Glass Tube Fuses Blocks Tron Rectifier Fuses 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107 

The Electronic Engineer • Dec. 1969 Circle 37 on Inquiry Card 51 



on't buy another chart recorder ... 
until you learn about VIDAR 5400 
Digital Data Acquisition Systems 
The VIDAR 5400 D-DAS .• can eco
nomically upgrade data recording 
whe re you have used strip-chart or 
graphic recorders. Although useful in 
many situations, chart recorders suf
fer from many shortcomings which are 
overcome by VIDAR systems which 
offer new benefits you ' ll want to con
sider: 

Rel tive cost per channel - of VIDAR 
D-DAS is comparable to chart record
ers for a few channels and much more 
economical above 10 channels. Chart 
reco rders require an amplifier for 
every channel, but VIDAR Systems 
use a single amplifier with a built- in 
0.003% 1-volt standard for calibra
tion . 

Data interpretation All chart-re
corded data must be visually inter
preted and translated into numerical 
values by people. VIDAR 0-DAS gives 
" instant resu lts " in numerical (digital) 
form that eliminates human errors in 
interpretation and allows computer 
data processing. 

VIDAR D-DAS records absolute digi
tal readings which are not subject to 
visual I manual setti ng or reading I in
terpretation errors. Chart recorder ac
curacy and human reading uncertainty 
produce errors ranging from 2% to 
5% under the best conditions. Super
imposed noise can further degrade 
chart trace uncertainty. VIDAR digital 
systems offer 15 times better linearity 
and produce absolute reading accura
cies in the range of 0.025% to 0.2%. 
Data averaging (integration) elimi
nates superimposed noise effects. 

When an event occurred or a value 
was reached may be very signi fi cant. 
Interpretation of time based on mea
sured chart distance is subject to 
cumulative chart-speed errors, mark
ing errors and interpretation errors 
because the chart speed is not auto-

matically recorded . The VIDAR 5400 
systems eliminate these errors by 
recording the time with the data, or 
recording the data at precise time 
intervals. 

Dynamic range capability - ratio of 
the highest to the lowest discernible 
value - is a measure of preci s ion . 
Single-channel pen rec 0rders may 
achieve 46dB (200 :1 ), but multi-chan
nel ones seldom achieve better than 
26dB (20 :1) . .. a reading uncertainty 
of 5% . VIDAR Digital Data Acquisti
tion Systems provide over BOdB 
(10,000:1) regardless of the number of 
channels. 

Amplitude-ranging problems - pen 
recorders require known signal am
plitudes so that amplifier setting• will 
keep each channel 's readings " in 
scale." Not all phenomena " cooper
ate," and regardless of care, opera
tors frequently find pen recorders 
pinned against full scale. You just 
can 't turn your back on a pen re
corder. VIDAR Systems automatically 
change ranges within 4 milliseconds 
to stay " in sca le," maintaining the 
best accuracy range for all data chan
nels. Range is identified in the re
corded data, so there is no ambiguity 
or error in interpretation. 

Partnership with pen recorders -
VIDAR 5400 inputs can be connected 
to chart recorders to provide digital 
data logging on punched tape or mag
netic tape to allow your computer to 
analyze the process or test measure
ments - without need for intermediate 
interpretation by people. 

Have the best of both worlds - with 
the monitor and display options of the 
VIDAR data systems, you can have all 
of the advantages of automatic digi
tal data logging and still observe 
selected data in numeric form - or on 
a monitor pen recorder. 

For all the facts on VIDAR D-DAS 
versus Chart Recorders, 
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write or ca ll 

-VID.AR® 
77 Ortega Ave., Mountain View, California 94040 
Phone (415)961-1000 

Circle 38 on Inquiry Card 

CHART RECORDERS 
DATA INPUTS 

Data amplifiers 
commonly 
required. System 8 expands by buying 
more chart 
recorders. 

Data is not ready for use 
after the test run. Data 

L •••• _.,..traces or " pictures" must 
be manually sorted out, 
measured, and converted 
to numbers before any 

...._ _____ computation can be 
accomplished manually 
or with a computer. 
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MICROWORLD 

The price of TTL 
Two tables that list prices of 
the most popular TTL lines. 

By Arthur J. Boyle, Technical Editor 

Competition among digital integrated circuit manufac
turers is as fierce as you will find in any market place. 
With this situation, you, as the user, can benefit by 
shopping for the best deal for your IC dollar. 

Reading through the alphabet of logic types, the fast
est growing share of today's market belongs to TTL. 
And, in TTL, the two most popular lines are Series 
54/7 4, introduced first by Texas Instruments, and 

· SUHL, developed by Sylvania. To these two lines, there
fore, we have devoted the comparison tables of the 
following pages. 

Rather than attempting to list every type of circuit 
available, we have instead compared prices in the most 
competitive area-standard circuits designed to operate 
over the industrial temperature range of 0 to 70°C 
(such as Series 7400) . We have deliberately omitted 
such variations as Series 7400 high-speed and low
power types, and SUHL's high-fanout circuits. 

The upper price level in each category is the maker's 
list price for that circuit in unit quantities. The lower 
price is for the same circuit in 100 piece lots. 

Series 7400 

Table I, Series 7400, lists pieces for three standard 
packages: a plastic dual-in-line, a ceramic dual-in-line, 
and a .flat pack. The one exception to this breakdown 
is Sylvania's 7400 line, which is packaged in their own 
Cerdip package. Prices for Sylvania are listed under 
plastic since the Cerdip package competes in price with 
other manufacturers' plastic DIP . 

As stated in the footnote to the table, the circuits 
listed for Fairchild in Table I represent a portion of 
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their 9000 series and may not be exactly interchange
able with 7400. On the other hand, we understand that 
Fairchild plans to introduce a 54/ 74 line in the near 
future. The exact devices to be included in this line, as 
well as their prices were not available at this time. 

SUHL 

Table II, the SUHL circuits, also lists three package 
types . A flat pack and a ceramic and metal DIP are 
standard. Prices for a third package, listed as a low-cost 
DIP, are also included. For most manufacturers this 
means SUHL in an all-ceramic DIP (such as Sylv~nia's 
Cerdip). The exception in this case is Motorola whose 
lowest priced package is a plastic dual-in-line. ' 

For more information on these manufacturers and 
their TTL product lines, please use the reader circle 
numbers below. 

Amperex 201 Raytheon 
Fairchild 202 7400 210 

ITT 203 SUHL 211 
Signetics 212 

Motorola Sprague 213 
7400 204 Sylvania 
SUHL 205 7400 214 

National 206 SUHL 215 
Nucleonic 207 Texas Instruments 216 
Philco-Ford Transitron 

7400 208 7400 217 
SUHL 209 SUHL 218 

For a copy of this article, circle 219 on Inquiry Card. 

INFORMATION RETRIEVAL 

Integrated Circuits, Charts and 
nomographs 
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TABLE I. Standard series 74 circuits. 
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Circuit Package 

7400 - quad, 2-input pos. Plastic 1.85 1.45 2.25 1.86 1.86 1.86 1.86 1.70 
NAND gate Dip 1.00 1.12 1.55 1.20 1.25 1.26 1.26 1.26 1.15 

Ceramic 2.35 1.83 3.15 1.85 2.33 2.33 
Dip 1.55 1.25 2.10 1.26 1.58 1.58 

Flat- 3.65 3.75 3.54 3 .54 3.54 3.54 
Pack 2.50 2.50 2.40 2.40 2.40 2.40 

7401 - quad 2-i nput pos. Plastic 1.95 1.45 1.86 1.86 1.86 1.70 

NAND gate with open Dip 1.05 1.12 1.20 1.25 1.26 1.26 1.15 
collector output Ceramic 1.83 3.15 1.85 2.33 2.33 

Dip 1.25 2.10 1.26 1.58 1.58 

Flat- 3.75 3.54 3.54 3.54 3.54 
Pack 2.50 2.40 2.40 2.40 2.40 

7402 - quad 2-input pos. Plastic 1.95 1.70 2.13 2.13 2.13 2.13 2. 13 1.96 
NOR gate Dip 1.05 1.30 1.45 1.45 1.45 1.45 1.45 1.32 

Ceramic 2.12 3.50 2.04 2.67 2.67 
Dip 1.45 2.35 1.41 1.81 1.81 

Flat- 4.05 4.06 4 .06 4.06 4.06 
Pack 2.70 2.76 2.76 2.76 2.76 

7404 - hex inverter Plastic 1.80 2.33 2.33 2.33 2. 14 
Dip 1.40 1.58 1.58 1.58 1.45 

Ceramic 2.85 2.26 4.05 2.22 2.9 1 2.91 
Dip 1.90 1.55 2.70 1.53 1.97 1.97 

Flat- 4.55 4.50 4.42 4.42 4.42 
Pack 3.05 3.00 3.00 3.00 3.00 

7405 - hex inverter with Plastic 1.80 2.33 2.33 2.14 
open collector output Dip 1.55 1.58 1.58 1.45 

Ceramic 2.26 2.22 2.91 2.91 
Dip 1.55 1.53 1.97 1.97 

Flat- 4 .42 4.42 4.42 
Pack 3.00 3.00 3.00 

7410 - triple 3-input pos. Plastic 1.85 1.45 2.25 1.86 1.86 1.86 1.86 1.70 
NAND gate Dip 1.00 1.12 1.55 1.20 1.25 1.25 1.26 1.26 1.15 

Ceramic 2.35 1.83 3.15 1.85 2.33 2.33 
Dip 1.55 1.26 2. 10 1.26 1.58 1.58 

Flat- 3.65 3.75 3. 54 3.54 3.54 3.54 
Pack 2.50 2.50 2.40 2.40 2.40 2.40 

7420 - dual 4-input pos. Plastic 1.85 1.45 2.25 1.58 1.58 1.58 1.58 1.45 
NAN D gate Dip 1.00 1.12 1.55 1.20 1.07 1.07 1.07 1.07 .98 

Ceramic 2.35 1.58 3.15 1.57 1.99 1.99 
Dip 1.55 1.07 2.10 1.09 1.35 1.35 

Flat- 3.65 3.75 2.99 2.99 2.99 2.99 
Pack 2.50 2.50 2.03 2.03 2.03 2.03 

7430 - 8 -input pos. Plastic 1.85 1.45 2. 25 1.58 1.58 1.58 1.58 1.45 
NAND gate Dip 1.00 1.12 1.55 1.20 1.07 1.07 1.07 1.07 .98 

Ceramic 2.35 1.58 3.15 1.57 1.99 1.99 
Dip 1.55 1.07 2.10 1.09 1.35 1.35 

Flat- 3.65 3.75 2.99 2.99 2.99 2.99 .. 
Pack 2.50 2.50 2.03 2.03 2 .03 2.03 

7440 - dual 4-input pos. Plastic 1.95 1.70 2.50 2.13 2.13 2.13 2.13 1.96 
NAN D buffer Dip 1.05 1.30 1.70 1.20 1.45 1.45 1.45 1.45 1.32 

Ceramic 2.12 3.50 2.04 2.67 2.67 
Dip 1.45 2.35 1.41 1.81 1.81 

Flat- 4.05 4.06 4 .06 4 .06 4.06 
Pack 2. 70 2.76 2.76 2.76 2.76 

7441A - BCD to decimal Plastic 8.25 15.20 14.65 10.36 10.36 10.36 9.45 
decoder/ driver Dip 6.35 10.40 9.80 7.03 7.03 7 .03 6.00 

Ceramic 16.30 12.96 11 .35 
Dip 10.85 8.80 7.80 
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TABLE I. Standard series 74 circu its . (Continued) 
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Circuit Package 

7442 - BCD to decimal Plast ic 9 .50 9 .15 
decoder D ip 6 .45 6.19 

Ceramic 9.50 1 1.90 11 .90 
D ip 6.45 8.08 8.08 

7443 - excess 3 to dec imal Plastic 9 .50 9.15 
decoder Dip 6.45 6.19 

Ceramic 9.50 11.90 11.90 
Dip 6.45 8.08 8.08 

7444 - ex cess 3 Gray t o Plastic 9 .50 9 .15 
dec imal decoder Dip 6 .45 6.19 

Ceramic 9 .50 11 .90 11.9 0 
Dip 6.45 8 .08 8 .08 

7450 - expandable, dual Plastic 1.95 1.45 2.50 1.86 1.86 1.86 1.86 1.70 
2-wide 2-input AND -OR- Dip 1.05 1.12 1.70 1.20 1.25 1.25 1.26 1.26 1.15 
INVERT gate Ceramic 1.83 3.50 1.85 2.33 2.33 

Dip 1.25 2. 35 1.26 1.58 1.58 

Flat - 4.05 3.54 3.54 3 .54 3.54 
Pack 2.70 2.40 2.40 2.40 2.40 

7451 - dual 2 w ide 2-input Plastic 1.85 1.45 2.25 1.86 1.86 1.86 1.86 1.70 
AND-OR -INVE RT gate Dip 1.00 1.12 1.55 1.25 1.25 1.26 1.26 1.15 

Ceramic l .83 3.15 1.85 2.33 2.33 
Dip 1.25 2.10 1.26 1.58 1.58 

Flat- 3.75 3.54 3 .54 3 .54 3.54 
Pack 2.50 2.40 2.40 2.40 2.40 

7453 - expandable 4 w ide Plastic 1.95 1.45 2.50 1.86 1.86 1.86 1.86 1.70 
2-2-2-3 input AND-OR - D ip 1.05 1.12 1.70 1.20 1.25 1.25 1.26 1.26 1.15 
INVERT gate Ceramic 1.83 3.50 1.85 2.33 2.33 

Dip 1.25 2.35 1.26 1.58 1.58 

Flat- 4.05 3.54 3 .54 3 .54 3.54 
Pack 2.70 2.40 2.40 2.40 2.40 

7454 - 4 wide, 2-input Plastic 1.85 1.45 2.25 1.86 1.86 1.86 1.70 
AND-OR -INVERT gate Dip 1.00 1.12 1.55 1.25 1.25 1.26 1.15 

Ceramic 1.83 3.15 1.85 2.33 
Dip 1.25 2.10 1.26 1.58 

Flat- 3.75 3.54 3.54 3.54 
Pack 2.50 2.40 2.40 2.40 

7460 - dual 4-i nput Plastic 1.70 1.10 1.80 1.39 1.39 1.39 1.39 1.26 
expander Dip .95 .85 1.20 .94 .94 .94 .94 .94 .85 

Ceramic 2.90 1.39 2.45 1.39 1.74 1.74 
Dip 2.00 .94 1.65 .96 1.18 1.18 

Flat- 2.90 3 .00 2.65 2.65 2.65 2.65 
Pack 2.00 2. 00 1.80 1.80 1.80 1.8 0 

74 70 - J-K flip-flop Plast ic 2. 75 2.80 2.80 2.80 2.56 
Dip 1.50 1.90 1.90 1.90 1.74 

Ceramic 2.88 2.78 3.49 3.49 
Dip 1.90 1.92 2.37 2.37 

Flat- 5.3 1 5.31 5.31 5.3 1 
Pac k 3.60 3.60 3 .60 3 .60 

7472 - J-K master slave Plastic 2 .75 2.00 2.60 2.60 2.60 2.60 2.60 2.40 
flip-flop Dip 1.50 1.55 1.77 1.70 1.70 1.77 1.77 1.77 1.62 

Ceramic 2.50 5 .10 2.59 3 .25 3.25 
Dip 1.70 3.40 1.79 2.2 1 2.2 1 

Flat- 5 .25 4.95 4.95 4 .95 4.95 
Pack 3.50 3.36 3 .36 3 .36 3.36 

7473 - dual J-K master- Plastic 4.40 3.40 5.90 4.29 4 .29 4 .29 4 .29 4.12 
slave f lip-flop Dip 2.35 2.60 4.00 2.85 2.85 2.91 2.91 2.9 1 2.79 

Ceramic 4.20 7.50 4 .25 5.36 5.36 
Dip 2.85 5.00 2.94 3 .64 3.64 

Flat - 7.50 8. 14 5.36 
Pack 5.00 5.52 3 .64 
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TABLE I. Standard series 74 circuits . (Continued) 
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Circuit Package I 
74 74 - dual D-type Plastic 3.60 2.90 5.65 3.72 3.72 3.72 3.72 3.57 

edge-triggered ff Dip 1.95 2.25 3.85 3.60 2.45 2.52 2.52 2.52 2.42 

Ceramic 3.60 7.20 3.70 4.66 4.66 
Dip 2.45 4.80 2.56 3.16 3.16 

Flat- 7.35 7.07 7.07 7.07 7.07 

Pack 4.90 4.80 4.80 4.80 4.80 

7475 - quad bistable Plastic 5.15 10.00 5.80 9.50 6.56 6 .54 6.56 6.31 

latch Dip 3.95 6 .90 6.35 4.35 4.35 4.45 4.27 

Ceramic 6.40 6.45 10.55 8 .19 8.19 
Dip 4.35 4.48 7.00 5.56 5.56 

7476 - dual J-K master- Plastic 4.25 3.50 6 .20 4.51 4.51 4.51 4.83 
slave with separate preset Dip 2.55 2.70 4.20 3.75 2.95 3.06 3.06 3.26 
& clear Ceramic 4.35 4.45 5.63 5.63 

Dip 2.95 3 .07 3.82 3.82 

7480 - gated full adder Plastic 4.05 5.65 5.02 5.02 5.02 
Dip 3.40 3.80 3.40 3.40 3.40 

Ceramic 5.02 6.30 6.28 6.28 
Dip 3.40 4.20 4.26 4.26 

Flat- 9.52 9.52 9 .52 9 .52 
Pack 6.46 6 .46 6.46 6.46 

7482 - 2-bit binary Plastic 7.45 7.45 7.18 
full adder Dip 5.05 5.05 4.85 

Ceramic 7.45 7.40 9.31 9.31 
Dip 5.05 5.10 6 .32 6.32 

Flat- 11 .98 11 .98 11 .98 
Pack 8 .13 8.13 8.13 

7483 - 4-bit binary Plastic 11 .82 13.25 11 .82 11.82 11.39 
full adder Dip 8.02 8.90 8 .02 8 .02 7.70 

Ceramic 11 .82 11.80 14.70 14.79 14.79 
Dip 8.02 8.12 9.75 10.04 10.04 

7490 - decade counter Plastic 7.80 6.10 11 .10 11 .05 7.66 7.66 7.66 7.22 
Dip 4.20 5.15 7.55 7.55 7.40 5.20 5.20 5.20 4.99 

Ceramic 7.65 12.25 9.57 8.80 
Dip 5.70 8.15 6 .50 5.95 

Flat- 17.75 14.53 14.53 14.53 14.53 
Pack 11 .85 9.86 9 .86 9 .86 9.86 

7491 A - 8-bit shift Plastic 10.38 10.38 10.38 9 .96 

register Dip 7.05 7 .05 7.05 6.77 

Ceramic 10.38 12.96 12.96 
Dip 7.05 8 .80 8.80 

Flat- 14.17 19.90 14.17 14.17 
Pack 9.62 13.50 9 .62 9 .62 

7492 - divide-by-twelve Plastic 12.20 11 .05 7.66 7.66 7.66 7.35 
counter Dip 8.30 7.40 5.20 5.20 5.20 4.99 

Ceramic 7.66 12.25 9 .57 9.57 
Dip 5.20 8.15 6 .50 6.50 

Flat- 14.53 14.53 14.53 14.53 
Pack 9.86 9 .86 9 .86 9.86 

7493 - 4-bit binary Plastic 6.10 12.20 11 .05 7.66 7.66 [ 7.66 7.35 
counter Dip 5.15 8.30 7.40 5.20 5.20 5.20 4.99 

Ceramic 7.66 19.70 12.25 9 .57 9.57 
Dip 5.20 13.15 8.15 6 .50 6.50 

Flat- 14.53 14.53 14.53 14.53 
Pack 9.86 9 .86 9 .86 9.86 
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TABLE I. Standard series 74 circuits. (Continued) 
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Circuit Package 

7494 - 4-bit SR Parallel -m , Plastic 8.21 8 .21 7.91 
Serial -out Dip 5.57 5.57 5.35 

Ceramic 8.21 10.27 10.27 
Dip 5.57 6 .97 6.97 

7495 - 4-bit Right-shift Plastic 8.21 8.21 8 .21 7.91 
Left-shift Register Dip 5.57 5.57 5.57 
Parallel-in, Parallel out Ceramic 8.21 10.27 

Dip . 5.57 6.97 

Flat- 14.57 14.57 14.57 
Pack 9.89 9 .89 9.89 

7496 - 5-bit SR Dual - Plastic 9.84 9.84 
Parallel -in, Parallel -out Dip 6.68 6 .68 

Ceramic 9.84 12.31 10.27 
D ip 6.68 8 .35 6.97 

( 1) Fairchild circuits are part of their 9000 series, they may not be exactly interchangeable with series 7400. 

121Sylvania's Series 7400 circuits are packaged in their Cerdip pack which is an all ceramic dual -in-line. These ci rcuits are shown in the 
plastic DIP category because they are price competitive with other manufacturer' s plastic packages. 

TABLE II-A. SUHL 1 circuits with standard fanout capability. Temperature range 0 to 70° C. 

"' c: c: 
0 0 "' e .. ·c: .. 
0 ~ "' 

·;;; 

0 >. > c: 
> "' ~ "' .: a: Cll 

"' c: g 0 0 .!! ., 
0 ~ c: ·;;; .. "' 0 > > c: 

"' > f! 
~ a: Cll I-

Ref. No. and Circuit Ref. No. and Circuit 
Description Package Description Package 

SF 13 - Set-Reset flat 4.10 4.10 4.50 SF 63 - J-K flat 4.80 4.80 4 .80 4.80 
flip-flop pack 2.75 2.75 3.05 flip-flop, OR pack 3.20 3.25 3 .25 3.25 

ceramic & 3.60 4.50 4.50 input ceramic & 5.15 4.80 4 .80 4 .80 
metal DIP 2.40 3.05 3.05 metal DIP 3.45 3.25 3 .25 3.25 

low cost 2.00 low cost 2.60 3.55 4.60 
DIP 1.55 DIP 2.00 2 .50 3.10 .. SF 23 - two phase, flat 4.10 5.55 5.55 5.55 

SR clocked fl ip-flop pack 2.75 3.75 3.75 3.75 
SF 83 - dual "D" flat 7.35 7 .30 12.90 
flip-flop pack 4.90 4 .95 8 .80 

ceramic & 3.60 5.55 5.55 5.55 ceramic & 7.35 7 .30 7.30 
metal DIP 2.40 3.75 3.75 3.75 metal DIP 4.90 4 .95 4 .95 

low cost 2.00 5.30 low cost 3.65 5.50 6.95 
DIP 1.55 3.60 DIP 2.80 3.85 4.70 

SF 33 - single flat 4.85 6.15 3.95 6.15 SF 103 - dual tlat 7.35 7.35 7 .35 7.35 
phase, SR triggered pack 3.25 4.15 2 .60 4.15 35 MH z J-K ff , pack 4.90 4.95 4 .95 4.95 
flip-flop 

ceramic & 4.25 4.80 5.95 6.15 
separate clock cerami c & 7.35 7.35 7 .35 7.35 

metal DIP 2.85 3.25 3.95 4.15 metal DIP 4.90 4.95 4 .95 4.95 

low cost 2.40 5.85 low cost 3.65 5.20 7.00 
DIP 1.85 3.95 DIP 2.80 :1. 65 4 .70 

SF 53 - J-K flat 4.80 4.80 4.80 4.80 
flip-flop, AND pack 3.20 3.25 3.25 3.25 
input 

ceramic & 5.15 4.80 4 .80 4.80 

SF 113 - dual flat 7.35 7.35 7 .35 7.35 
35 MHz J-K ff , pack 4.90 4.95 4 .95 4.95 
common clock ceramic & 7.35 7.35 7 .35 7.35 

metal DIP 3.45 3.25 3.25 3.25 metal DIP 4.90 4.95 4 .95 4.95 

low cost 2.60 3.55 4.60 low cost 3.65 5.20 7.00 
DIP 2.00 2.50 3.10 DIP 2.80 3.65 4 .70 
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TABL E II -A. SU H L 1 circuits w ith standard fanout capabi l ity . Temperature range 0 to 70° C. (Continued) 

c c 
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is -s 'iii .. ~ > c 
0 > I.! 

:E a: CJ) I-

Ref. No. and Circu it Ref. No. and Circu it 
Descript ion Package Description Package 

SG 43- dual f lat 3.50 3.50 2 .55 3.50 
4 - input pack 2.35 2.40 1.70 2.40 
NAND/NOR gate ceramic & 3.20 3.50 3.45 3.50 

metal DI P 2.15 2.40 2.30 2. 40 

SG 143 - quad flat 3.50 3. 50 2.55 3.50 
2-input pack 2.35 2.40 1.70 2.40 
NAN D/NO R gate ceramic & 3.20 3. 50 3 .45 3. 50 

metal DIP 2.15 2.40 2 .30 2.40 

low cost 1.80 1.86 3.35 
DIP 1.40 1.26 2.30 

low cost 1.80 1.86 3.35 
DIP 1.40 1.26 2.30 

SG 53 - expandable, flat 3.50 3.50 2.55 3.50 
quad 2-input OR pack 2.35 2.40 1.70 2.40 
gate ceramic & 3.66 3.50 3.45 3.50 

metal DIP 2.40 2.40 2 .30 2.40 

SG 153 - quad flat 3.05 3.05 2 .70 3.05 
2-input OR .pack 2.05 2.05 1.80 2.05 
expander ceramic & 2.75 3.05 3.05 3.05 

metal DIP 1.85 2.05 2 .05 2.05 

low cost 1.80 1.86 3.35 
DIP 1.40 1.26 2.30 

low cost 1.60 1.95 2.90 
DIP 1.25 1.35 1.95 

SG 63 - single f lat 3.50 3.50 2.55 3.50 
8 -input pack 2.35 2.40 1.70 2.40 
N AN O/NOR gate ceramic & 3.20 3.50 3.45 3. 50 

metal DIP 2.15 2.40 2.30 2.40 

SG 163 - trip le f lat 4.10 4.10 3.65 4.10 
2-input pack 2.75 2.75 2.40 2.75 
bus driver ceramic & 2.00 4.10 3 .80 4.10 

metal D IP 1.70 . 2.75 2.50 2.75 

low cost 1.80 1.86 3.35 
DIP 1.40 1.26 2.30 

low cost 2.00 2.76 3.90 
DIP 1.70 1.90 2.65 

SG 73 - expandable, flat 3.50 3.50 2.55 3.50 
dual 2-input pack 2.35 2.40 1.70 2.40 
exclusive OR gate ceramic & 3.90 3.50 3.45 3.50 

metal DIP 2.60 2.40 2.30 2.40 

low cost 2.00 1.86 3.35 
DIP 1.55 1.26 2.30 

SG 173 - dual flat 3.05 3.05 2.70 3.05 
4-input OR pack 2.05 2.05 1.80 2.05 
expander ceramic & 2.75 3.05 3.05 3.05 

metal DIP 1.85 2.05 

I 

2 .05 2.05 

low cost 1.60 1.95 2.90 
DIP 1.25 1.35 1.95 

SG 83 - dual pulse flat 4.10 4.10 3.95 4.10 
shaper /delay AND pack 2.75 2.75 2 .65 2.75 
gate ceramic & 4.10 4.10 4.05 4.10 

SG 183 - d ual flat 3.0 5 3.05 2.70 3.05 
4-input AND pack 2.05 2.0 5 1.80 2.05 
expander ceramic & 2.75 3.05 3.05 3.05 

metal D IP 2.75 2.75 2.70 2.75 metal DIP 1.85 2.0 5 2.05 2.05 

low cost 2.20 2.60 3.90 low cost 1.60 1.95 2.90 
DIP 1.70 1.85 2.65 DIP 1.25 1.35 1.95 

SG 93 - exclusive flat 3.50 2.55 3.50 
OR with compliment pack 2.40 1.70 2.40 

cerami c & 3.50 3.45 3.50 

SG 193 - triple flat 3.50 3.50 2.55 3.50 
3-input pack 2.35 2.40 1.70 2.40 
NANO/NOR gate ceramic & 3.20 3.50 3.45 3.50 

metal DIP 2.40 2.30 2.40 metal DIP 2.15 2.40 2.30 2.40 

low cost 1.86 3.35 low cost 1.80 1.86 3.35 
DIP 1.26 2.30 DIP 1.40 1.26 2.30 

SG 103 - flat 3.50 3.50 2. 55 3.50 SG 333 - quad f lat 2. 80 3.50 
expandable, triple pack 2.35 2. 40 1.70 2.40 2-input NOR pack 1.90 2.40 
3-input OR gate ceramic & 3.60 3.50 3.45 3.50 

gate ceramic & 3 .50 3.50 
metal DIP 2.40 2.40 2.30 2.40 metal DIP 2.40 2.40 

low cost 1.80 1.86 3.35 low cost 2.13 3.35 
D IP 1.40 1.26 2.30 D IP 1.45 2.30 

SG 11 3 - flat 3. 50 3.50 2.55 3.50 
expandable, dual pack 2. 35 2.40 1.70 2.40 
4-input OR gate ceramic & 3.60 3.50 3.45 3.50 

metal DIP 2.40 2.40 2.30 2.40 

SG 353 - quad flat 3.80 4.10 
2-input pack 2 .55 2.75 
lamp driver cerami c & 4 .10 4.10 

metal DIP 2.75 2.75 

low cost 1.80 1.86 3.35 
DIP 1.40 1.26 2.30 

low cost 2 .88 3.90 
DIP 1.97 2.65 

SG 123 - flat 3.50 3.50 2.55 3.50 
expandable, singl e pack 2.35 2.40 1.70 2.40 

SG 373 - flat 4 .10 3.20 3.90 
hex inverter pack 2.75 2. 10 2.65 

8-input ceramic & 3.60 3.50 3.45 3. 50 NANO/NOR gate metal DIP 2.40 2.40 2.30 2.40 
ceramic & 3.60 3.80 3.90 
metal DIP 2.40 2.50 2.65 

low cost 1.80 1.86 3.35 low cost 2.20 2.33 3. 70 
DIP 1.40 1.26 2.30 D IP 1.70 1.58 2.55 

I 
SG 133 - dual I flat 4.10 4.10 3.65 4.10 
4-input l pack 2. 75 2.75 2.40 2.75 
line driver / lamp driver I cerami c & 3.60 4.10 3.80 4.10 : metal DIP 2.40 2.75 2.50 2.75 

low cost 1.80 2.76 3.90 
DIP 1.40 I 1.90 2.65 

I 
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TABLE 11-B. SUHL 11 circuits with standard fanout capability . Temperature range Oto 70° C. 

"tl c: .. 0 c: g 0 L1. 0 . ~ 
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Circuit 0 ~ > > c: 
.:: .. > ~ 

Description Package :::; D.. a: ti) I-

"tl c: .. 0 c: g 0 L1. 0 .. 
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Ref. No. and £ 6 £ .. ·;;; 

Circuit ~ > > c: 
0 .. > ~ :::; .:: Description Package D.. a: ti) I-

SF 93 - flat 8.05 8.05 
dual '"D'' pack 5.45 5.45 
flip-flop 

ceramic & I 8.05 8.05 
metal DIP 5.45 5.45 

SG 233 - ceramic & 2.75 2.70 3.05 3.05 3.05 
quad 2-input metal DIP 1.85 1.70 2.05 2.05 2.05 
OR expander low cost · 2.00 1.95 2.90 
(continued) DIP 1.55 1.35 1.95 

low cost 6.00 7.65 SG 243- flat 3.95 3.20 3.95 3. 10 3.45 
DIP 4.20 5.20 dual 4-input pack 2.65 2.15 2.65 2.05 2.65 

SF 123 - flat 8 .15 8. 15 8.15 8. 15 
dual 50 MH z pack 5.45 5.50 5.50 5.50 
J-K ff separate ceramic & 8 .15 8. 15 8.15 8.15 
clock metal D IP 5.45 5.50 5.50 5.50 

NANO/NOR 
ceramic &- 3.90 3.20 3.95 3.8 0 3.95 gate 
metal DIP 2.60 2.15 2.65 2.50 2.65 

I 

low cost 2.20 2.33 3.75 
D IP 1.70 1.58 2.55 

low cost 4.30 5.70 7.75 SG 253 - flat 3 .95 3.25 3.95 3.10 3.95 
DIP 3.30 4.00 5.25 expandable pack 2.65 2.25 2.65 2.05 2.65 

SF 133 - flat 8.15 8.15 8.15 8.15 
dual 50 MHz pack 5.45 5.50 5.50 5.50 

quad 2-input 
cerami c & 4.20 3.25 3.95 3.80 3.95 OR gate 
metal DIP 2.80 2.25 2.65 2.50 2.65 

J-K ff commo n ceramic & 8.15 8.15 8.15 8.15 
clock metal DIP 5.45 5.50 5.50 5.50 

low cost 2.20 2.33 3.75 
DIP 1.70 ! 1.58 2.55 

low cost 4 .30 5.70 7.75 SG 263 - flat 3.95 3.20 3.95 3. 10 3.95 
DIP 13.30 4.00 5.25 

SF 203 - f lat 1 6. 80 6.15 6.80 5.60 6.80 
single pack 4.55 4.10 4.60 3.80 4.60 
50 MHz ceramic & 6.30 6. 15 6.80 5.60 6.80 J-K ff AN D 
input 

metal DIP 4.20 4.10 4.60 3.80 4.60 

single pack 2.65 2. 15 2. 65 2.05 2.65 
8-input ceramic & 3.90 3.20 3.95 3.80 3.95 NANO/NOR 

metal DIP 2.60 2. 15 2.65 2.50 2.65 
gate 

low cost 2.20 2.33 3.75 
DIP 1.70 1.58 2.55 

low cost 2.90 4.10 6.50 SG 273 - flat 3.05 2.70 3.05 2.70 3.05 
D IP 2.25 I 2.85 4.50 

SF 213 - flat 6.80 6.15 6.80 5.60 6.80 
single pack 4.55 4 .10 4.60 3.80 4.60 
50 MHz : 

ceramic & J-K ff OR 6.30 6.15 6.80 5.60 6.80 

input 
metal DIP 4.20 

I 

4 .10 4.60 3.80 4.60 

low cost 2.90 4.10 6.50 
DIP 2.25 2.85 4.40 

dual 4-input pack 2.05 1.70 2.05 1.80 2.05 
OR expander 

ceramic & 2.75 2.70 I 3.05 I 3.05 3.05 
metal D IP 1.85 1.70 2.05 I 2.05 2.05 I 
low cost 2.00 I 1.95 2.90 
DIP 1.55 1.35 1.95 

SG 283 - flat 3. 65 4.10 3.65 4 .10 
expandable pack 2.45 2.75 2.45 2.75 

SF 253 - f lat 5.90 6.15 5.90 5.90 5.90 
J-K flip-flop pack 3.95 4 .10 4.00 4 .00 4 .00 
AND input 

ceramic & 6.30 6.15 5.90 5.90 5.90 

d ual 4-input ceramic & 3.65 4.10 3.80 4.10 AND/OR metal DIP 2.45 2.75 2.50 2.75 gate 
low cost 2.60 3.90 

metal D IP 4.20 4.10 4.00 4.00 4.00 DIP 1.85 2.60 

low cost 2.90 5.60 SG 293 - flat 2.70 3.50 3.05 3.95 
D IP 2.25 3.80 dual 2 and 3 pack 1.70 2.40 2.05 2.65 

SF 263 - flat 5.90 6.15 5.90 5.90 5.90 
J-K flip-flop pack 3.95 4 .10 4.00 4.00 4.00 

input OR 
ceramic & 2.70 3.05 3.80 3.95 expander metal DIP 1.70 2.40 2.50 2.65 

OR input 
ceramic & 6.30 6.15 5 .90 5.90 5.90 low cost 2.33 3.75 
metal DIP 4:20 4.10 4.00 4.00 4.00 DIP 1.68 2.55 

low cost 2.90 I 5.60 
DIP 2.25 3.80 

SG 303 - flat 3. 95 3.25 3.95 3.10 3.95 
expandable, pack 2.65 2.25 2.65 2.05 2.65 

SG 203 - flat 3.95 3.25 3.95 3.10 3.95 
ex panr ~ble, pack 2.65 2.25 2.65 2.05 2.65 
si ngle 8 -i nput 

cerami c & 3 .25 3.95 i 3.80 3.95 NANO/NOR 
gate metal DIP 2.25 2.65 ! 2. 50 2.65 

trip le 3-input ceramic & 3.95 3.25 3.95 3.80 3.95 A ND/NOR metal DIP 2.65 2.25 2.65 ! 2.50 2.65 gate 
low cost 2.40 i 2. 33 3.75 
DIP 1.85 1.58 2. 55 

low cost 2.20 2.33 3.75 SG 323 - flat 3.95 3.20 3 .95 3.10 3.95 
DIP 1.70 1.58 2.55 triple 3-input pack 2.65 2.15 2.65 2.05 2.65 

SG 2 13 - · flat 3.95 3.25 3.95 3. 10 3.95 
expandable , pack 2.65 2.25 2.65 2.05 2.65 

NANO/ NOR ceramic & 3.90 3.20 3.95 3.80 3.95 gate metal DIP 2.60 2.15 2.65 2.50 2.65 
dual 4-input 

ceram ic & 4 .20 3 .25 3.95 3.80 3.95 OR gate 
metal DIP 2.80 2 .25 2.65 2.50 2.65 

low cost 2.20 2.33 3.75 
DIP 1.70 1.58 2.55 

low cost 2.20 ! 2.33 3.75 SG 343 - flat 3.10 3.95 
DIP 1.70 1.58 2.55 quad 2-input pack 2.05 2.65 

SG 223 - flat 3.95 3.20 3.95 3.10 3.95 
NOR gate 

ceramic & 3.80 3.95 
quad 2- input pack 2.65 2.15 2.65 2.05 2.65 metal D IP 2.50 2.65 
NANO/ NOR 

ceramic & 3.90 3.20 3.95 3.80 i 3.95 gate 
metal DIP 2.60 2.15 2.65 2.50 I 2.65 

low cost 2.20 2.33 3.75 
DIP 1.70 1.58 2.55 

I 

low cost 2 .33 3.75 
DIP 1.58 2 .55 

SG 383 - flat 4 .25 4.40 3.65 4 .35 
hex inverter pack 2.85 3.00 2.05 2.95 

SG 233 - flat 3.05 2. 70 3. 05 2.70 3.05 ceramic & 4.35 4.15 4.35 
quad 2-input pack 2.05 1.70 2.05 1.80 2.05 metal D IP 2.90 2.75 2.95 
OR expander low cost 2.55 2.60 4 .15 

D IP 1.95 1.85 2.80 
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1. High sensitivity (100 mV DC), automatic polarity, non-blink ing display. 
2. BCD and Decimal outputs to drive remote display or pr inter un it s. 
3. Modular construction and case design allow cal ibrat ion and removal of chas

si s through the front panel. Bezel 2.87511x 5. 125". 

The options you want 
are standard on this D PM 

That's because Triplett's long experience in the 
design and manufacture of high quality panel meters 
has guided the development of this one all the way. 

A 3V2 digit display with accuracy of ± 0.1 % full 
range -+- 1 digit and an over-range capability of 50%, 
the new Model 5000 digital panel meter has 15 
standard features that you'll want. In addition to an 
over-range indicator, remote display capability and 
front calibration, you get automatic polarity selec
tion and indicator, both BCD and decimal outputs 

to drive remote display or printer units, movable 
decimal point, non-blinking display, integral power 
supply and lots more. 

The Triplett Model 5000 digital panel meter is 
available in ranges from 100.0 mV to 1000 VDC and 
from 10.00 uA to 1.000 A DC. Suggested USA user 
net price $300. 

For more information, contact your Triplett repre
sentative or write : TRIPLETI CORPORATION, Bluff
ton , Ohio 45817. 

TRIPLETT 
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MANUFACTURERS OF THE WORLD 'S MOST COMPLETE LINE OF V-0 -Ms 

Circle 39 on Inquiry Card The Electronic Engineer • Dec. 1969 



.. 

MATH TOOLS 

Data smoothing: ironing out the wrinkles 

Plotted data sometimes shows a disappointingly rough, erratic shape. 

Data smoothing forces such scattered points to conform 

to a more natural curve, and a computer greatly simplifi·es the task. 

By Paul H. Dillinger, 
Fairchild Semi conductor. Mountain View, Calif. 

It would be convenient if data always fell into line, 
so that all subjectivity could be removed from curve 
plotting. Since this seldom occurs, we develop methods 
for smoothing the data we have. This article presents 
an algorithm for smoothing data and furnishes a com
puter program for performing the actual calculations. 

Two general types of scattered data are shown in 
Fig. 2. Type 1 is data that looks fairly good, but con
tains some misaligned points. These are the result 
of misreading a dial, miscalculations, and so forth . 
Type 2 data is simply scattered in the region of the 
true curve. Factors such as poor instrument resolution, 
low signal-to-noise ratio, or a change in some other 
variable during the measurements can cause this kind 
of data spreading. 

Given an input f(x) and a system g(x), the output 
h ( x) is described by the convolution integral ,1 

"' 
h(x) = J f (x)g (u - x) du 

f ( x ) )>-----I g ( x ) 1----· h {x) 

In this discussion f ( x) represents the original data, 
g(x) the operation performed, and h(x) the smoothed 
data. 

Since f(x) is a discrete function consisting of a 

'For a discu ssio n of convolution integra ls , see R. M . B racewell , 
The Fo1tri.er Transform and Its Application, New York: McGra w 
Hill , C h apte r 3. 
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Fig. 1. Two attempts to plot identical data points. Even 
though the plot (b) goes through every data point, it 
is difficult to believe that the funct io n behaves in such 
a way. The curve (a) is probably a much better ap
proximJtion to the actual function. 

The underlying assumption of data smoothing is 
that curves, in general, should be smooth . Data that 
plots continuously, in a straight line or a gradual 
curve, inspires confidence; experience has taught it 
is usuall y more in accord with nature than data re
sultmg in zig-zags. It is thus wise to avoid sudden 
bends, erratic changes, or discontinuities. 

For example, identica l data points are connected 
differently in Fig. 1. The plot (a) is preferred, even 
though the (b) plot goes through every data point. 

61 



Type 2 dof o 

Fig. 2. The general types of data-point scattering. Type 1 
points are far out of alignment, probably beca use of an error 
such as a misread d ial or a misca lculation . Type 2 data 
consists of points scatte red about the true curve. 

finite sequence of numbers i a1 a2 a3 •• • an r, the in
tegral over an infinite interva l reduces to a summation 
over a finite interval : 

h (x) = j f (x)g (u - x ) d i1 -> L f ; (/i - i 

i 

The questions to be answered are: 
(a) How is the summation to be performed? 
( b) What is the function, g, that tends to smooth a 

sequence with which it is convolved? 
( c ) Wh at modification of the end points is required 

due to the finiteness of the series? 

The method of summing: seria l products 

To find L fj g; -i , take the serial product of f (x) and 
g(x). Serial products are of the same form as poly
nomial multiplication.2 You get the serial product of 
two sequences by multiplying polynomials, where the 
coefficients are the values being multiplied. For ex
ample, the serial product of i a 1 a2 aa a4 a5 ( and i 1 2 1 ( 
is: 

a1x4 + a2x3 + a 3x2 + a4x + a, 

1x 2 + 2x + 1 

a1x6 + (2a 1 +a, )x5 + (a1 +2a 2 + a 3)x4 + (a2 +2a,+a ,)x3 

+ (a, + 2a,+a,)x2 + (a 4 +2a5)x + a, 

and the resulting sequence is : 

\ (a 1) (2a1+a2) (a 1 +2a,+a 3) (a2 + 2a,+a,) 

(a 3 +2a,+a ,) (a 4 + 2a 5) (a,)} sequence A 

The form of the above sequence is important and will 
be referred to later. 

In the foll owing numerical example, the x's are 
omitted, since they never actually enter into any cal
culation and serve only a place-holding function: 
~p. 30. 
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10 

')(. {1 2 6 6 10 11} 

• {t 2 ~579t 11} 
)( Ro w dote 

• S mooth~d dole 

Fig. 3. This shows how a data smoothing program gene_rated 
a set of data points that are easily connected to give a 
better picture of the appea rance of the function. 

11 4 2 5 1} . \ 1 2 1l = \1 6 11 13 13 7 l} 
since 

4 2 5 1 

1 2 1 

1 4 2 5 1 

2 8 4 10 2 

4 2 5 1 

6 11 13 13 7 

l\'ote that the resulting sequence is two places longer 
than the original sequence. 

Smoothing sequence g (x) 

A good data point is one that reflects the informa
tion contained in both the previous and the subsequent 
point. If a data point fa ils to reflect this information, 
then you are inclined to move it more in line with 
its two nearest neighbors. It .follows that the required 
~moothing sequence is the one that geometrically aver
ages three points. The sequence that does this is 
i 1 2 1 (. 

Why the sequence i 1 2 1 ( works best can be shown 
graphically. The geometric average of two points is 
the midpoint of the line connecting them, and the 
average of the midpoints is the midpoint of the line 
connecting them. 

Mi dp oints 
m

12 
and m

23 

The new value for a2 is m123 . Note that it is now more 
in line with a1 and a3 as in the following sketch. 

Be f ore smooth ing Af t er smoo th i nQ 
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( o ) Insuf f ic ient data ( b ) Amp le data 

Fig. 4. With insufficient data, as in (a), smoothing tends to 
create a smooth curve that departs radically from a repre· 
sentation of the real world. Ample data, as in (b), gives a 
curve that approximates the original. 

Analytically 

and 
a2 + aa 

m,, = - - 2--

The midpoint of the midpoints is thus given by: 

m12a = 

Note that the numerator (a1 + 2a2+ a3 ) is of the same 
form as the middle three terms in sequence A. Thus, 
finding the geometric average between three points 
is the same as taking the serial product of the data by 
~ 1 2 1 (. If you compare the expression for m1 23 with 
sequence A , you'll see that the serial product is four 
times too large. To correct for this, merely divide each 
term in the serial product by four. 

Modification at the end points 

There are two reasons for adjusting the ends of the 
new sequence. First, the ends of the new sequence are 
not of the form ( a1 2a2 a3 ) and therefore do not give 
the smoothing required. Second, the resulting sequence 
is longer than the original data. The increased length 
results when you assume that the length of the data 
is infinite, and thus attempt smoothing where data does 
not exist. This creates an extra data point at each end 
of the sequence. 

Since they reflect non-existent data, the points must 
be removed. This leaves two new end points, which are 
replaced by the original data end points because they 
are not in the ~ 1 2 1 r form- a reasonable substitution, 
since these points certainly contain some information, 
which is better than no data at all. 

Summary 

Here is the general procedure for smoothing: 

smoothing sequence: ( 1 2 

produces: ( bo b, b2 ba b, b6 l 
+ 4 ! Co c, C2 C3 C1 cd 

remove end points : ( c, c2 ca c1 l 
replace new end points with original: (a1 c2 cs a,l 
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Fig. 5. Oversmoothing has the same effect as insufficient 
data : it tends to straighten any curve, and can cause a sub
stantial departure from the true function . 
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' •• 
Fig. 6. This data was taken on a Fairchild Model 500 trans
istor tester, and smoothed by an SDS 930 computer using 
the program described in the text. When you connect the 
original data points with straight lines, the plots are tan gled . 
The smoothed data removes the confusion. 
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The Smoothing Program 
Here is a subroutine that takes a string of data (100 
points max) , and returns the original data along 
with the smoothed data. You can smooth the data 

Use : 

NSMOOTH number of times with one calling of the 
subroutine. The program is written in FORTRAN II ; its 
various sections are explained below. 

CALL DATA SMOOTH (NDATA, DATA, SMOOTH , NSMOOTH) 

Where : 

NDATA 

DATA 

SMOOTH 

is the number of data points ( 100 max.) 

is the vector containing the raw data. 

is the vector containing the smoothed 
data. (This need not be zeroized 
before use.) 

NSMOOTH is the number of smoothings desired. 

SUBROUTINE DATA SMOOTH (NDATA, DATA, SMOOTH, NSMOOTH ) 

DIMENSION DATA (100 ) , SMOOTH (100), PASCAL (3), CONVOLVE (102 ) 

) PASCAL ( 1) 1.0 
Section A PASCAL (2) 2.0 

( PASCAL (3) 1.0 

1 DO 200 I = 1, NDATA 
Section B 

200 SMOOTH(!) = DATA(!) 

DO 202 I 1 , NSMOOTH 202 DO LOOP starts 

1 DO 204 J = 1, NDATA+2 
Section C 

204 CONVOLVE(J) o. 

Section D 

) DO 206 J 1, NDATA 

DO 206 K = 1, NDATA 

(206 CONVOLVE(J+K- 1) = SMOOTH (J ) *PASCAL(K) + coNVOLVE (J + K- 1) 

DO 208 J = 1, NDATA 

Section E ~ SMOOTH (J ) CONVOLVE(J+l)/4.0 

SMOOTH(!) DATA(l) 

(208 SMOOTH(NDATA ) DATA(NDATA) 

202 CONTINUE 

RETURN 

Section A sets the { l 2 l J smoothing sequence. 
The name Pascal was selected because { l 2 1 isl 
really the third line of Pascal 's triangle. 

Section B is a DO LOOP that places all of the data 
into an array called SMOOTH. This preserves the 
original data. The 202 DO LOOP repeats the smooth
ing NSMOOTH number of times. 

Section C sets the array, CON VOLVE = 0. It clears 
it for zero initial conditions. 

Section D is the actual convolution. The compu
tation in line 206 takes on a slightly different form 
from that of normal multiplication, in that the calcu-

202 DO LOOP ends 

lations are made up of the diagonals, as shown here : 

a b c d e D ata 

2 I Smoothing sequence 
~~~~~~~-

a b c d e 

2a 2b 2c 2d 2e 

a b c d e 

and so forth 

Section E divides each smoothed point by four , 
and places the data back into SMOOTH. Then, the 
first data point is pl aced into SMOOTH( 1), and the 
last data point is placed into SMOOTH(NDATA). 
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The following numerical example is shown in Fig. 3. Figs. 4 and 5. 

seria l product: I 1 2 6 6 10 11 \ 
A third pro blem is over-smoothing. Figure 5 shows 

the effects of smoothing ten times. All the original 
data, except the end points, were lost. A rule of thumb 
is that the more linear the function , such as base-to
emitter ON voltage V bc(ON» the more smoothings it can 
take. With sufficient data points, non-linear curves 
such as plots of beta (hr. ), can be smoothed two or 
three times without ill effects. Any curve smoothed 
often enough will result in a straight line between the 
two end points. 

2 

2 4 12 

2 6 6 

produces: {1 4 11 20 

+- 4 {0.25 2.75 5 

remove end points: 11 2.75 5 7 

replace new ends: {1 2.75 5 7 

Plotting both, {1 2 6 6 

\ 1 2.75 5 7 

Words of caution 

6 

12 

10 

28 

7 

9.25 

9.25 

10 

9.25 

{ 1 2 l \ 

6 10 11 

20 22 

11 

37 32 u \ 
9.25 8 2.75\ 

s\ 
u \ 
u \old data 

ll \ smoothed 
data 

Finally, there is a problem concerning the end points. 
Since the final smoothed data has the same end points 
as the original data, the question immediately arises: 
Wh at if the end points themselves are bad data points? 
If an end point is a poor data point, the curve wi ll shift 
inordinately at that end. The amount of shift will de
pend on the degree of smoothing. 

You never get something for nothing, and this tech
nique proves no exception . There is a small price 
that must be paid to achieve the desired smoothing. 

There are two ways to minimize the chance of end 
point problems. The first is to take many data points. 
By sheer brute force the good data will not move as 
quickly under smoothing. The second way to minimize 
the effects of poor end points is to take data slightly 
beyond the range of interest on both ends. Any tend
ency to oversmooth because of the poor quality of 
the new end point data will be minimized over the 
range of interest. 

First, you must take the data at uniform intervals. 
A slight amount of irregularity can be tolerated, but 
unequal intervals can easily exaggerate the smoothing 
and cause the intervals to be smoothed irregularly. If 
the plot is to be on a logarithmic scale, then any con
venient multiples of values may be used (e.g. , 1, 2, 4, 
8, 16, and so forth , or even 6, 8.4, 11.7, 16.4, 23.0-
multiples of 1.4) , as long as they appear evenly spaced. INFORMATION RETRIEVAL: 

Second, you must take enough data points-the 
more the better. Taking too few points causes extreme 
smoothing and distortion results. For examples, see 

Instruments and measurements, 
Computers and peripherals, 

Data acquisition and processing 
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underestimate 
the power of 
appearance . . . 

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

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 ... versat i lity. 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 
mati c des ign, withstands abuse and con
t in ues to look like new for yea rs . 
MET-L-WOOD panels are easy to work 
w ith , requiring no special tools , or may 

be prefabricated for easy assembly. Learn 
for yourself how MET-L-WOOD fits into 
your housing plans . Write for brochure 
to : MET-L-WOOD CORPORATION , 6744 
West 65th Street, Chicago 60638 . 

~ (r~.~i.} 
·~· 

MET-L-Wooo 
Corporation 

STRUCTURAL LAMINATES SINCE 1925 
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you can apply 
our solders 
any way you 
apply paint 

Alpha solder creams-homogeneous combinations 
of finely powdered solder and flux-can be pre
placed by spraying , screening , masking , automatic 
dispensing , roller transfer or by hand. Only Alpha 
makes curable formulations in so many alloy com
binations, viscosities , degrees of activation and 
mesh sizes. If we don1 have the exact formulation 
to fit your specific requirements, we'll develop one. 

Meeting your special needs is SOP at Alpha. We've 

led the way with oxide-free Vaculoy@ processed 
bar solders and anodes, flux-coated solder pre
forms, a foam flux that meets the MIL-F-14256, 
Type A specification and many more. Back this 
with a full range of highest quality industrial sol
ders, fluxes and soldering chemicals, the largest 
research staff and the most proficient technical 
service, and assistance in the industry, and you 
have a suppl ier you can really rely on . Call or write 
today for full information. 

Alpha bar solders 
and solder and ti n 
anodes are Vaculoy® 
processed to be 
oxide-free. 

Alpha solde r creams 
for all solderable 
materials, in continuous 
and indexed mass 

' production operations. 
(Ill. : bonding packaged 
mic roc ircuits to 

Alpha Milfoam 613 Foam 
Flux meets MIL-F-14256, 
Type A specification. 

66 Circle 50 on Inquiry Card 

PC boards) . 

ALPHA METALS, I NC. 

8 56 WATER STREET, JERSEY CITY, N. J. 07304 • 201 • 434-6778 

Alpha Metals, Inc., Los Ang eles, Cal if. 
Alphaloy Corp. (Div.) Ch icag o, Il l. 
Alpha Metals, Inc . (U.K.), Ltd ., London, England 

to eae-A 
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:n 316 2• EPIP DIST 12 ;n 5/6 27 716 27 l/C 27 716 ll• 
35 3/6 27 l/6 EPIPOR C l 30 3/lf 30 3/lf 30 3/lf 30 3/lf ,, . 
•• 21f l/6 ENJ> JOHN 2 21f l/2 21f l/2 21f l/a 21f l/2 ll• 
I.If J./2 ., END JOHN Pf ZlO 5l Sl 5l Sl l/2 
31f l/lf l6 716 ENGLH "IN •2 21f 3/lf 25 2't l/2 21f 716 ll• 
lf2 lo/If 2& l/lf ENNIS BUS " 3"1 l/'t 3"t 3/1+ ,, ,, 31• 
3, 3/lf 33 EQUT GAS • 31f S/6 31f SI& 31f l/& 31f l/6 11' 
]If 3/lf 22 SI& ESB INC H 25 25 l/2 25 25 l/2 ,,. 
l\ l/6 lo& 3/6 ESQUIRE ?l 21 7/A 22 3/6 21 3/l!i 22 l/lf ll• 
lfl. 3/& 31 l/l!i ESSEX INT bl 35 l/6 3b l/lf 31f 3/6 31. l/6 SI• 
31. 3/lf 22 3/lf ETHYL. CP lbS 25 3/lf 2& l/lf 25 3/lf 2• + 2 
53 ],/If 31f 3/lf ETHYL Pf .. 3, l/2 lfO l/2 3, l/2 lfO 3/6 31• 
27 51& l5 EUROFNI> 7 l, 3/lf l, 3/lf l'I 3/6 l, S/i! 31• 
b2 ,. EYANS P ,. ., If? l/2 .... 31& lf7 l/2 ll• 
215 3/lf 12 l/6 EYERSH.utP U3 2• 2& l/2 2• 2• l/2 
37 3/6 22' 3/lf EXCELLO ,. 21f S/6 25 3/6 21f 5/6 25 3/6 l/2 ,. 2b 3/lf FAB£RG£ •• 37 l./6 37 l/2 31. 3/lf 37 3/6 "' If? 3/lf 33 3/6 FACTOR A •2 .. lfS 3/1.f .. l.fS l/2 716 

102 l/A 57 l/lf fAIRCHC .,, ·u 112 "II. 3/A "' ,5 l/l.f + 2 
21f l/lf lD 716 f .URCH HILLER 222 lS S/& l.7 l/6 lS 3/6 17 + l. l/6 
27 l/lf ,. FAIR"ONT 3l u H 3/lf l& u l/6 ,,. 
17 3/6 lO f'ALSTAH ... l3 l./2 u 3/lf 12 71& 13 3/lf 
2& :va " FAPI FIN ,, 20 l/2 20 3/lf 20 l/& 20 l/2 ll• 
33 7/tJ J.3 316 f AN ST££L INC .. J.S l/2 ,. 15 l/2 J.S 3/lf ll• 
2• l5 FU WEST l"IN ' 17 l/2 J.7 l/2 17 l/6 17 l/2 
&? l/l.f 36 112 FARAH "' 53 Sb ,. Slf l/2 SS - l 3/lf 
I.fl ),/If l, l/2 FAS INT 27 2 .. SI& 27 l/l.f 21. l/2 27 l/6 + ll• 
33 S/6 22 l/lf f£1»>£RS .. 3l 3J, l/lf 30 716 30 71& l/2 
37 l/2 2b l/6 ftD PIOG l7 27 l/2 27 5/6 27 3/6 27 5/6 
2"1 l/2 16 3/lf FED PAC ELEC ., 21 l/2 22 l/lf 21 l/lf 21 716 ll• 
2't l/2 '' I' PAC Pl' • 21 ),/If 21 ],/If 21 J,/6 21 l/6 
35 21 716 FED PAP Bl> • 25 l/2 25 l>/2 25 l/6 25 l/6 SI• 
If] l/2 22 l/2 f'EI> SIGNS ' 32 l/6 32 l/6 31 l/2 32 ll• 
l't l/6 3l FED 1>£PT »TR 2SS ,, 3, 3/6 ,, ,, ll• 
l"t 316 6 3/1.f FED PITG INV • lD l/lf 10 l/2 l.O l/lf 10 ),/If "' 26 l/2 2lBl FERRO CP 35 21f ),/If 25 7/& 21f l/lf 25 5/6 + l va 
If] 3/lf 23 l/6 ftBREBJ> ,. 25 l/& 21. l/lf 25 l/6 2l. ),/If 11• ., 23 l/lf FIELJ>CT n b 2"1 l/2 2"1 l/2 2"1 l/l.f c, l./lf 
Slf 316 3l 3/6 FIL TROL l ]If l/2 ]If l/2 31f l/2 31.f l/2 ll• 
37 l/2 21 3/lf FIN HRtl>ATN ... 2• 21f l/6 23 5/6 23 3/lf SI• 
.... l/2 ... 3/lf FIRE ST NE 3• Slf 5/6 SS l/6 Slf l/2 SS ,,. 
so 3/'I 32 3/lf FST CHRT n• lfS l/2 lfS 516 .. lfS l/6 - l 3/6 
62 716 .. FST ,. CITY ,. 

b• .. , l/lf b• •• SI• 
lfO l/lf 31 ]/If FST ,. STR l5 31. l/lf 31. S/6 3 .. l/6 3 .. S/6 ll• 
35 718 2 .. 3/lf FISCHBCH 7 31f l.16 ]If 5/6 ,. ]If SIB l/6 
21.f l/2 l, l/'1 FISHR f'D 2• 22 22 l/lf 21 3/lj 22 l/lf 31• 
27 l3 l/B FISHER SCI .. J,7 l/lf l7 l/lf li. l/2 ll. l.12 31• 
23 3/6 l3 l/lf FLEPIING l3 llf ),/If llf S/6 l'f l/lf llf l/li 
32 J./2 23 l/6 flINTKOTE ,. 26 l/lf 26 ]/If i!6 l/6 26 ]/If l/4 
'f3 l./6 31.f ]/If FLINT Pf l 3• 3• 3• 3• CONTINUU.,. 

You meet more characters in this business. 

When you do business with Fairch ild-DuMont, your display tube hang-ups 
dissolve, your horizon widens. You can think of computer readouts with 1000, 
2000, even 4000 characters. You can think of tubes that are smaller than an 
inch across - or nearly three feet. You can choose magnetic or electrostatic 
deflection - or both. Most of all , you can think of Fairchild-DuMont - the 
prime source for precisely any display tube you need. Chances are the de
sign is in stock. If not, we design it for you. 

Every size and shape . . . the optics, resolution and phosphor type to suit 
your specific kind of alphanumeric or graphic display . . . and the parameters 
you need built into the tube rather than solved in the circuit ... that 's the 
kind of business we' re in. 

Fairchild-DuMont tackles your problem from all standpoints - glass, gun, 
phosphor and operating requirements. We've designed more guns, coated and 
modified more glass, and met tougher specs than anybody in the information 
display tube field. 

But there 's a way to find out for yourself. Discuss with us the CRT you 
need. We can usually have a sample on your desk in ten days . .. plus a 
quote . .. plus the fastest delivery of production tubes anywhere. Anything 
less would be out of character for us. Try us. And see. Call Computer Tube 
Sales at (201) 773-2000 for technical sales assistance. 

l=~IRCHIL.CJ 

DU MONT ELECTR O N T UBES 
A DIVISION OF FAIRCHILD CAMERA ANO INSTRUMENT CORPORATION 

750 BLOOMFIELD AVENUE, CLI FTON , N. J. 07015 
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l-t 1-13111 m BEITER QUALITY ANO RELIABILITY THROUGH CONTROL 

Shown 2Yit ~ Actual Size 

Capacitor Problems That Require A Lot Of 
Self-Control ... Chemically Speaking 
Problem 1: How to make sure the silver paste composition used for electrodes provides 
the best resu lts for each electrical parameter in a given capacitor design? 

Problem 2: How to improve the recognized moisture reliability of our dipped m ica capaci
tors without adverse ly affect ing li fe reliabi lity? 

Problem 3: How to upgrade the reliability of molded mica capacito rs to equal that of dipped 
mica capacitors so designers can take advantage of body uniformity and axial lead design? 

Solution: Chemical self-control! To do this we operate ou r own chemical manufacturing 
plant where we formulate silver pastes, phenolic dipping compounds, and epoxy molding 
compou nds - all under strict control s. 

Result : Dipped mica capacitors and molded mica capacitors of equally high reliability that 
operate up to 150°C. Send for technical literature and always insist on El-Menco brand ca
pacitors ... your assurance of better quality and reliability through control. 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC, CONNECTICUT 06226 

Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimmers & Padders 
Mylar-Paper Dipped • Paper Dipped • Mylar Dipped • Tubu lar Paper 

West Coast Manufacturers contact: COLLINS& HYDE CO., 900N. San Antonio Rd., Los Al tos, California 94022 
5380 Whinie r Blvd., Los Ange les. California 90022 

ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS 
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Feature article abstracts 

Published information is vital to your job. 

To save time in finding this information, 

we have abstracted the important technical features 

from eight electronic engineering publications. 

Should any of these articles interest you , contact the magazine

names and addresses are listed below. 

Reprints of articles with an asterisk are available free. 

Save this section for future reference. 

Amplifiers 

Feed bac k amplifiers are a snap, John De Falco , 
Honeywell, "Electronic Des ig n," Vol. 17, No. 21, 
October II , 1969, pp. 98-101. A topological flow 
graph analysis of a voltage-series feedback 
amplifier is used to find output and input im· 
pedonces. Feedback amplifiers are more difficult 
to analyze than ordinary amplifiers, but this 
method allows the analysis to be done in the 
shortest time. 

Consider dual JFET in put stages Fred Palen 
schat, Gamma Scientific, Inc., "Electronic De
sign," Vol. 17, No. 21 , October II, 1969, pp. 
86-88. Compared to discrete JFETs, dual JFETs 
have matched characteristics that minimize wide 
parameter spreads and wide divergence of 
pinchoff vol tag e as a function o f temperature. 
Careful design reduces possible latchup or 
breakdown of input stages to acceptable levels, 
so that they ca n be considered for ampl ifiers 
requiring low offset voltage and good tempera 
ture tracking. Design examples are given. 

New log amp cascades to desired range, Richard 
Hughes

1 
U.S. Naval Weapons Center, "Electronic 

Desig n, ' Vol. 17, No. 22, October 25, 1969, pp. 
86-89. A fi ve-s tep procedure for using differential 
amplifiers in cascade to obtain a logarithmi c 
amplifier is set forth. Rise times as low as 10 
nanoseconds and equal operation on posit ive or 
negative sig nals are obtained. 

Charts and Nomographs . 

*The price of TTL, Arthur J. Boyle , Tech. Ed itor, 
" The El ectro ni c Eng ineer ," Vol. 28, No. 12 , Dec. 
1969, pp. 53-59. The fastest g rowing logic form 
in digital integrated circuits appears to be 
TTL. These tab les give a price compari,on in 
the most competit ive area, commercial grad e 
Series 7400 and SUHL devices. 

Circuit Design 

SCR model sim plifies computer programs, D. N. 
Harstad , Sandia Labs., "Electron ic Design," Vol. 
17, No. 22, October 25, 1969, pp . 92-95. A 
reason a bly a ccu rate model of SCRs is obtained 
for use in ci rcu it -design programs. It is based 
in piecewise approximations and was originally 
developed to be used with SCEPTRE. 
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Cut binary-to-BCD conversion costs, Roland 
And erson, Bunker-Ramo Corp.

1 
" Electronic De 

sign," Vol. 17, No. 21, Octooer 11 , 1969, pp . 
104-1 10 . Equations for each decade of the BC D 
nu mber a re developed step-by-step from the 
general expressions for binary numbers. Non
sequent ial circuits using only full adders and I
to + inp ut TTL gates are developed that reduce 
the overall IC packages needed, wh ile keeping 
conversion speed up . 

Communications 

Pion notional private.line microwave net, Mi
cha~I Riezenman 1 Technical Ed ito r, 11 Electronic 
Design," Vol . 17 , No. 22, October 25, 1969, pp. 
32-34 . A nationwide private-li ne microwave com
munications network is being constructed that 
features ded icated commu nicat io ns for its sub
scribers, as opposed to telephone type networks 
where anyone ca n call anyone else . Analog and 
digital services ore available. and customers 
may even be charged by the bit t ransmitted . 
Cost benefits are also outlined . 

Preparing a technical paper? , Roger D'Aprix, 
Xerox Corp., " Electronic Design, " Vol. 17, No. 
21, October 11 , 1969, pp . 112-113. A few words 
of advice about how to prefare a paper are 
presented with a check list o things to be sure 
you hove done for either on oral or written 
presentation. 

Computers and Peripherals 

Selecting servomotors and servosystems, Richard 
E. Whipple, Honeywell Inc., and Bil ly L. Rh odes, 
Electro-Technology, "Electro-Technology," Vol. 84, 
No. 3, Sept. 1969, pp. 59-67. Greatly increased 
use of servomotors in com puter peripheral equip
ment and in machi nery and industrial control 
applications has led to many changes in their 
design and pe rfo rmance. Th is article discusses 
the evolution of a new generation of high per
formance servos, tells how to se lect servomotors 
and lists some useful definitions used to describe 
performance characteristics of servomotors. 

Speeding up ferrite -core memories, Robert M. 
Whalen, IBM, "Electronics ," Vo l. 42, No . 21, 
0ct. 13 , 1969, pp. 108-110. By making ferrite 
cores smaller for memories. the memory speed 
is increased . But, as the cores become smaller 
mechanical problems increase , raising their cost. 
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ABSTRACTS 

Bu il d d igital models of ana log systems, M. 
Silberg & C. Luke IBM, " Electroni c Design," 
Vol. 17, No. 21, October 1,1 1 1969, pp . 90-95. 
IBM 's Conti nuous System Modeling Program 
(CSMP) package is recommended for a naloq 
simulation of ci rcu its, even for t hose with no 
programming experience. Once the circuit has 
been put into bloe< diagram form, the language 
permits funct ional blocks and t heir interconnec
t io ns, and other parameters, to be specified. 
An example is given. 

'Cache' turns up a treasu re, Donald H. Gibson, 
Systems Development Div., IBM , & W . Lee 
Shevel, Componen t Div. , IBM, "Electronics," Vol. 
42, No. 21, Oct. 13, 1969, pp. 105- 107. One 
method of getting memories to act fas ter , or at 
least appear to do so is to use a second 
memory. This sma ller memory can serve as a 
chance to store data need ed by the computer. 

Desktop computers and minicomputers, Hardware 
Report, " Electro-technology," Vol. 84, No . 4, 
Oct. 1969, pp. 53-60. Th is report discusses the 
evolution of computers and especially the small 
desk-top types . It covers the un its now available 
and the ir features. A table of characteristics 
and a handy source guide is included. 

Integrated Circuits 

Large scale integration in systems design- b i
polar technology, Wm. E. Wicks, Texas Inst ru
ments, Inc., "Electro-technology," Vol. 84, No. 
4, Oct. 1969, f p. 61-67. The author be~ins with 
a discussion o the evolution of electron1cs, from 
t he vacuum tube to Larg e Scale Integratio n. 
He th en discusses the manufacturing techniques 
for bipolar LSI arrays. Test ing, packagin9 a nd 
interfacing methods ore also covered. F1nall v, 
he comments on the future potential of LSI, 
inclu?ing radiation hardened structures. 

The Hall Effect : Success at 90, Jim McDermott, 
East Coast Ed itor, "Electron ic Desig n," Vol. 17, 
No. 21, October 11, 1969, pp. 38-45. Alter sev
eral false starts, Hall Effect devices seem to 
be tak ing hold . In addition to generators a nd 
magneto-resistors, there are two new devices: 
the mag neto-diode a nd mag nistor. Prob lems of 
the devices are discussed, including cost, stabil
ity and sensitivity. A key factor is that IC tech
nology has enabled the required circuitry to be 
fabricated on the same substrate as a Hall 
ge nerator. 

Computers make a big d ifference in MOS de
signs, La wrence Curra n, Asso . Editor, " Electro n
ics ," Vol. 42I No. 21, Oct. 13, 1969, pp . 82-
92. Because o the increasing demand for custom 
MOS circuits, the computer has been doi nq 
most of tne desig n job. W ith a mi nim um of 
design information the computer ca n partitio n 
the circuit, and when necessary, desig n sp ecial 
new cells : After a quick review of its des ign 
f;r ef~t~i~~~i~nt.he computer prepares instru ctio ns 

Chip bond inc;i : promises and perils , Raymond 
Speer, Technical Editor, "Electronic Design," 
Vol. 17, No. 22 , October 25, 1969, pp . 61 -79. This 
extensive report covers three chip bonding tec h
niques : spider bond ing, beam-leads, and flip 
chips. All ore adapted to fast, re liable , auto
mated bonding techniques. Pros a nd cons of 
each are discussed with manufacturers and users. 
Vendors extol the virtues, but users are still 
skeptical. Each method increases the cost of 
the chip , but pays off in packaging. However, 
sophisticated handling equip men t is required in 
both ma nufacture and packagi ng . Desig ners are 
faced with some new problems too, such as 
poorer heat dissipation caused by poo rer therma l 
paths. 

Microwaves and Microwave Products 

Merging technoloqies-microelectronics and mi
crowaves, Ja mes E. Cunningham and Harry F. 
Cooke, Texas Instruments , "EON, " Vo l. 14, No. 
19, Oct. I, 1969, pp. 61-6.8. Only recently has it 
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become possible to build complex microwave 
equipment with solid-state compone nts . Such a 
capability comes fro m adva nces in microwave 
devices and circuit design, and from adva nces 
in microelectronic packm;1i ng techniques. The au
thor discusses the new m1crowove, solid-state de
vices and the ir impact on microwave technology . 
Mu ch of the art icle devotes itself to microwave 
integ rated circuit technoloqy: circuit layout , sub
strates, th in- and thick-film construction, and 
module packagi ng . 

Tubes st ill pack most muscle, A llan Scott, Varian 
Associates, "EON," Vol. 14, No. 19, Oct. I, 1969

1 pp. 55-59. This article com pares sol id -state ana 
tube devices. Such a capab ility compa rison is 
necessary in order to select the most suitable de
vice for any part icular a ppl icatio n. For example! 
transi stors a re suitable for low-noise, low-leve 
amplifrers a t frequencies to about 4 GHz; above 
this frequency yo u must use a TWT amplifier. And 
you must use tubes at f.requencfes above 2 GH.z 
fo r medium-power amplifiers with outputs in ex· 
cess of I W. Also , the au t ho r demonst rates how 
system requ irements determine the choice of an 
osci llator device. Here you must consider such 
factors as noise and frequen cy -coherence 1 as well 
as power level. The several charts which accom
pany the article show a verage power capabili
ties a nd efficiencies fo r bot h amplifiers and oscil
lators versus frequency. 

•storage CRT's for radar, Terry Ba llou, Dal mo 
Victor, "The Electronic Engineer," Vol. 28, No. 
12 , Dec. 1969, pp. 46-50. Storage display tubes 
with a variable persistence capability find 
widespread usage in radar systems . Th is article 
shows the construction of such a tu be a nd 
describes the properties that make it so useful. 

Power Supplies 

Get true· rm s voltage regulation ... inexpen
sively, lmre Gorgenyi, Motorola Semico nductor, 
"The Electronic Engineer," Vol. 28, No. 12, Dec. 
1969, pp. 38-40. This is a description of a voltage 
regulation technique useful from low volta9es to 
ma ny kilovolts . The circui t is novel in that 1t uses 
a n incand escent lamp as the rms sensing e lement. 
The lamp's brightness output is led back to a 
pholotronsistor, and thus closes the regulator's 
control loop. 

Semiconductors 

Trade-offs in varactor-tunad oscillators, William 
D. He ichel and Th omas R. Bushnell , Wa tk ins
Joh nso n, "EON ," Vol. 14 No. 19, Oct. I 1969 
pp . 73-74 . Th is article lists 13 parameters o l 
varactor-tu ned osci llators. A tab le ind icates t he 
effect on each of t he 12 other parameters, when 
one of the 13 is improved . A series of short para
graphs-each correspond ing to a parameter 
shown in the table-s upple ments the table's in
formation. 

Solid-state power electronics in the U.S.A. 
H. F. Storm, Gene ral Electr ic Co., " IEEE Spec
trum," Vol. 6, No. 10, Oct. 1969, f P· 49-59 . 
The author reviews the capabilities o semico n
ductor devices in the power conversion field. 
In cluded are rating s for silicon rect ifier diodes

1 

th yristors 1 tridcs, and tran sistors 1 and a discus
sio n of numerous applications. 

Solid-state at microwave frequencie~1 Robert E. 
Koeper, Manag ing Ed itor, "EON," vol. 14, No . 
19, Oct . I, 1969, pp . 45-52. This presents a ser ies 
of brief descriptions of semicon d uctor devices for 
microwave frequ encies . The components d escribed 
include bulk-effect and lSA devices , lmpatt and 
Trapatt diodes, transistors , tunnel diodes, PIN 
diodes, Schottky-barri er · diod es, and varactors. 
The art icle includes a short table of representa
t ive so lid-state microwave components classified 
as oscillators and sources, harmonic generators, 
mixers, switches , delay lines, attenuators. coup
lers, a nd amplifiers. 

Systems 

Why doesn't radar prevent m·idair collisions?, 
Jim Mc Der mott, East Coast Editor, " Electronic 
Desig n," Vo l. 17, No. 22, October 25, 1969, pp. 
25-3 1. Some of the limits of groun d eq uipmen t , 
money, and bureaucracy are exam in ed against 
the background of the recent Indianapolis mid
air co llision . Conflicting points of view and al 
legations cloud the issue of what performance 
is available and what can be done to im
prove it . 

Test and Measurement 

• o a ta smoothin 9 : iro ning out the wrin kle s, Paul 
H. Dil li nger , Fairchild Semico nductor, " The Elec
tronic Engineer," Val . 28. No. 12 , Dec. 1969, 
pp. 61-65. How would you like lo always have 
nice nea t cu rves of your d a ta? The autho r 
presents a n algorithm for smoothing data an d 
fhe:c~~~h i~vol~~J.uter program that performs 

Taking the heat off thermocouple failu res, Ronald 
S. Harmo n, Leeds & North rup Co., "Electro nics," 
Vol . 42, No . 21 , Oct. 13, 1969, pp. 96- 100. 
Thermocouples used in process control appli
catio ns ca.n ope n. He nce, no readi ngs or inputs · 
to co mputers are available. This mea ns that ' 
the thermocouples ha ve to be mo nitored in some 
manner as a safeguard against failu res. Th is 
article describes a fas t, practical t est method . 

Miscellaneous 

•How to write reports that bring results , 
Ray mond E. Herzog , General Electric Co., " The 
Electron ic Eng ineer," Vol. 28, No. 12, Dec . 1969I 
pp. 33-34. While engineers are not thou<Jhl o 
as particularly good writers , they must 1n the 
course of their duties

1 
resort to the written re

port. Here's an artic e that shows you how to 
make those reports more effective . 

One Step Ah ead of Need (Never Two ), Rich a rd 
L. Turmai l, Monagement & Careers Ed ito r, 
" Electronic Desig n, " Vol. 17, No . 20 , September 
27, 1969, pp. 78-82. 
The editor interviews Paul Butler, Ass ista nt LM 
Prog ram Director for SCAT, wh ich had t he 
responsibili ty for assembling and test ing the 
LM. Paul discu sses some of the r,roblems that 
were overcome and some of his philosop hy about 
eng ineers, including his op ini ons that e ng ineers 
work fo r challenge , not mo ney, and that pay
ment of his salary e nt it les the company to a 
professional performance without additiona l re
wards. 

Convert Boolean algebra to arithmetic, B. Engel 
& P. Thorne , Baltimo re City Hospi tal s, "Elec
tronic Design," Vol. 17, No . 22, October 25. 1969d 
pp. 82-84. The reader IS introduced to a metho 
of avoidi ng d iffi cu lt ma nipu latio ns of Boo lea n 
exp ress ions. Th ey ca n be converted into equiva
lent ari t hmetic exp ression s and manipulated al 
gebra ically. Exa mp les are given . 

Ara yolf engineering your career?, Richard Tu r
mail, Ma nagement & Careers Editor, "Electron ic 
Des ig n," Vol. 17 No. 22 , October 25, 1969, pp. 
98-1 03 . Th is article surveys 515 engineers by age , 
title, salary, experie nce, and education . Ques
tions concerning likes and d is likes a re aired . An 
engineer ca n get a general feeling of his posi
t io n from the dota , but can not pi npoint himse lf 
wit h the accura cy of a salary cu rve. 

Are engineerin~ unions the answer?, P. S. Bayer 
News Editor, ' EON, " Vol . 14, No . 19, Oct. 1' 
1969, pp. 89-97. Wil l union izat ion degrade o; 
improve the status of eng inee rs as professionals? 
Will such organization imp rove ou r econom ic 
status a nd job security at the expense of ind i
vidua l c reativity? Statemen ts by representatives 
of several engineering un ions, t he Engineers Joint 
Council, the National Society of Professional En
gineers, and the IEEE present some pros a nd 
cons as we ll as some ramifications of engi nee ring 
unio nization. 
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New from the new DUMONT ... 

the 1050, the scope that 
wants to trigger! 

Featuring a remarkable new 
triggering capability. 
0 No loss of trigger, either 

channel, any position. 
0 No trace flicker in dual trace. 
0 No trigger level readjusting 

after repositioning. 
PLUS unequalled simplicity of 
operation for a 50 MHz bandwidth, 
1 MV sensitivity scope. 

The Electronic Engineer • Dec. 1969 

For full information write 
DUMONT OSCILLOSCOPE LABORATORIES, INC. 
40 Fairfield Place, West Caldwell, N.J. 07006 
(201) 228-3665/TWX (710) 734-4308 ~ 
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in all Helipot Cermet Trimmers 
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This significant advance in Helipot's 
cermet technology is now available 
at only a dime/unit more ... 100 
ohms thru ~megohms. In addition, 
you get essentially infinite reso
lution, environmental stability, 
reliability, no catastrophic fail-
ures - all superior to wirewound 
trimmers. We'll also deliver off
the-shelf, locally stocked trimmers 
with a standard tempco of 
±100 ppm/ °C in the 100 ohm 
thru 2 megohm range. 

Beckman 

INSTRUMENTS, INC. 

HELIPOT DIVISION 
FULLERTO N, CALIFORNIA• 92634 

INlERNATlONAL SUBSIOIARIES; AMSTERDAM, CAPE TOWN, GENEVA, GLENROTHES, 
SCOTLAND; LONDON; MEIUCO CITY; MUNICH ; PARIS; STOCKHOLM ; TOKYO; VIENNA 
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IC IDEAS 

An inexpensive, absolute value amplifier ............... . .... ... ... 967 

Fake one-shot lowers system costs .. . ... .. . . ...... . ... . . .. ..... .. 968 

Function generator has variable polarity exponents .969 

Rep rate comparison made easy . ... . . . ..... . . . . . . .. ..... ..... . . .. 970 

Vote for the one you like best. 

Send US practical, reproducible ideas that are 
original with 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 the 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 the July 1969 issue is, "Delay 
circuit makes handy timer." 

The Electronic Engineer • Dec. 1969 

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 your IC Ideas to: 
Alberto Socolovsky 

Editor 
THE ELECTRONIC ENGINEER 

Chestnut & 56th Sts. 
Philadelphia, Pa. 19139 

Ou r winning author is G. 
Detlof, an engineer at Tel. 
AB L.M . Ericsson, in 
Stockholm, Sweden. Eric
sson is a well -known man
ufacturer of telephone and 
electronic equipment. Mr. 
Detlof has chosen the 
Simpson Model 270 mul
titester as his prize. 

73 



74 

967 An inexpensive, absolute value amplifier 

Harry C. Morgan 
Consultant, Anaheim , Calif. 

Absolute value amplifiers are preci
sion rectifiers in which the high 
gain of an op amp minimizes the 
errors caused by the rectifiers. Such 
circuits commonly use two op amps, 
two diodes, six precision resistors, 
and three 5 % resistors. 

The illustration shows a different 
type of absolute value amplifier
one which dramatically reduces 
parts cost. A single-chip Fairchild 
µA 711 dual comparator replaces 
the two op amps. Because the com
parator amplifiers share a single out
put stage, the rectification function 
is performed saving the two diodes . 
.And the circuit eliminates two re
sistors, because it clips the negative 
swing inside the comparator. 

You must adjust resistors R 1 

and R 2 for zero output. Calibrated 

909.{l,1% 

I k.{l 

Rz 900.{l , I% 

with de levels, the circuit operates 
to beyond 5 MHz. Because the 
compensation circu it introduces a 
1-fLS delay, waveform-area accuracy 
is 0. 1 % at 1 kHz, improving as 
the frequency decreases. 

968 Fake one-shot lowers system costs 

James J. Klinikowski 
Koll morgen Color Systems, Tatamy, Pa . 

Here's a circuit that gives you short 
duration, fixed width pulses suitable 
for timing markers, counter drive 
pulses , reset pulses , and so forth . 
And this circuit saves you money 
because its capacitor, two resistors, 
and two NOR gates replace a rela
tively expensive IC one-shot multi
vibrator. 

The illustration shows two such 
simulated one-shots used to derive 
a two-phase timing signal from a 
single-phase clock input. This circuit 
uses a Texas Instruments SN7400 
quad NOR gate. 

Resistive voltage dividers hold 
the inputs of gates C and D below 
their voltage thresholds . But when 
the output of gate A or B goes posi
tive, the capacitor charges and 
briefly raises the input of gate C or 
D , respectively, above threshold. 

+5V 

+5V 

This causes a narrow output pulse. 
To drop enough voltage across 

the grounded resistors and thus 

VOTE: 

5pF 

5p F 

9k.{l ,1% 

for the one 
you like best. 

The circuit as shown has a lOX 
gain. At gains lower than this, in
stabi lity can develope because of 
phase shift in the amplifier. Ca
pacitive loadi ng should eliminate 
this difficulty, however. 

In put 

Ip =40 ns for C=50 pF 

lp=250 ns for C=350pF 

guarantee threshold crossing, gates 
A and B should be TTL or similar 
low output-impedance devices. 
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Our new dry test bath 
is getting a great reception 
This should give you a pretty clear picture of 

what Fluorinert® Brand Electronic Liquids 

are all about. 

They give you a dry test bath for tem

perature and gross leak testing of electronic 

and microelectronic units and integrated 

circuits. They d etect flaws and leaks with 

great accuracy ... and are effi cient over a 

wide range of temperatures. 

The Electronic Engineer • Dec. 1969 

Fluorinert Liquids have high dielectric 

strength . .. which means you can safely test 

on-circuit. They do not react with the most 

sensi tive of materials ... which means you 

can test about anything. 

Fluorinert Liquids drain clean, dry fast 

and leave no messy residue. You can use 

and ship units direc tly out of the test bath, 

without cleaning. 

In fact, Fluorinert Electronic Liquids are 

now approved fo r the MIL-Standard 883 

and the MIL-Standard 750A gross leak 

tests for microcircuits. 

We have lots more information about 

this remarkable new test bath . The cou

pon will bring it all or call your local 3M 

representative. 

FIUQJ:iJ~ert® Electronic Liquids 3m 
3M Company, Chemical Division, 3M Center Dept. KYZ 12-69 
St. Paul, Minn . 55101 
Send me al l the details about Fluorinert Brand Electronic Liquids. 

Company ________________ Title ________ _ 

Address __________________________ _ 

City _____________ State ______ Zip _____ _ 
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VOTE: for the one 
you like best. 

969 Function generator has variable polarity exponents 

William Neeland 
Kaiser Aerospace and Electronics, Palo Alto, Calif. 

You can generate a linear sawtooth 
waveform in many ways (as, for 
example, with a constant-current 
source charging a capacitor). But 
suppose, instead, you have need of 
an exponential sawtooth for non
linear function generation-how 
would you generate such a signal? 
One way is to use the circuit shown 
here: its output is an exponential 
function in which you can vary the 
magnitude and sign of the exponent. 

Resistors R 1 and R 2 control the 
amount of positive feedback around 
the op amp-a National Semicon
ductor LMIOl-and thus also the 
circuit's exponential output. The 
output is of the form ek• where 

k = (R, - R2)/R1 R2, 

kt 

and e0 = 2e;(e c - l )/kR,. 

You generate exponentials of vari-

15 k!l. 

-= 
ei 

0 .,_ 
"' R2 
"' 2 _fl 0 
> Jc -; Reset 
a. -= 
-; 
0 

ous powers by adjusting the ratio of 
R1 to R 2 • 

If R1 = R 2 , then k = 0 and the 

eo 

k<O 

equation for e0 reduces (by !'Hos
pital's rule) to that of a linear saw
tooth waveform: e0 = 2e;t! CR1• 

970 Rep rate comparison made simple 
S. Shou 
Westel Co . , Redwood City, Calif. 

Most usual methods of comparing 
the repetition rates of pulse trains 
to some reference frequency em
ploy counting and gating circuits . 
But such components are not neces
sary if you use analog-to-digital 
conversion techniques. 

An example of such A / D circuitry 
is shown here, in which a voltage 
level corresponding to the input 
pulse rep rate is compared to a 
level which corresponds to the ref
erence frequency. 

The pulse train input triggers a 
single-shot multivibrator made from 
half of a Motorola MC724 (a quad , 
2-input NOR gate). This single
shot's output-a pulse of constant 
width- feeds a Fairchild µ.A 709 op 
amp wired as an integrator. You 
must allow the integration enough 
time so that the integrator's output 
voltage is proportional to the input 

I /2 MC724 
IOOk!l. 

0 .22µ.F 
Output 

pulse repetition rate. 
The integrator feeds one input 

of a µA710 voltage comparator, 
which has its other input connected 
to a reference voltage. This refer
ence level corresponds, through 
calibration, to the desired compar
ison frequency. The comparator's 
output switches to a logic 1 (or 

22pF 

HIGH) whenever the input rep rate 
is equal to or greater than the ref
erence frequency. 

If you wish to monitor the upper 
and lower excursions of the input 
rep rate, substitute a µA 711 dual 
comparator for the µA710, and use 
two reference levels which corre
spond to the frequency limits. 
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We're big in bipolars. 
Big because we've got fast-thinking, bright young engi
neers working with some of the real pioneers in the 
business. All supported by the resources of a $14 billion 
corporation. Take a look at the results. 

High-speed T2L! 30 types in production, more to come
Series 9600, pin-compatible with SUHL • II. 

Medium-speed T2L: 20 types in production, more coming 
-Series 74 with clamp diode input ... improved hermetic 
cerdip packaging. 

DTL: More than 30 commercial, hi-rel, and radiation
hardened circuits .. . Series 9930 now in high-volume 
production. 

RTL: Popular Milliwatt and Mlcrologic** types in volume 
production. 

Linear IC's: 11 standard types--in cerdip packaging for 
top reliability. 

MSI: 9300 Series on the way. 

A comprehensive line? You're right. It's backed by an es
tablished reputation tor quality. And by high-volume pro

duction capability. We're one of the largest IC facilities in 

the country. No wonder our sales have increased 50% in 
the past year. 

So if it's a bipolar IC, check with us. Write or call Bipolar 

Marketing, Philco-Ford Microelectronics Division, Blue 
_Bell, Pa. 19422. (215) 646-9100. 

•Trademark of Sylvania Electric Products, Inc. 
••Trademark of Fairchild Camera & Instrument Corp. 

The better idea people in bipolar /C's. PHILCO 
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NEW PRODUCTS 

Solid state vs electromechanical: 

About a year ago, H oneywell intro
duced a solid-state keyboard that elim
inated contact bounce and rfi, and 
held out the promise of reduced cost 
to the OEM. Compatible with logic 
circuits, the keyboard used a solid
statc switching arrangement bui lt 
around a magnetically actuated IC that 
combined a Hall generator, a trigger 
circuit, and an amplifier. Now Honey
well engineers have drawn upon MOS 

technology to improve the capabilities 
of the original keyboard and to further 
reduce its cost. 

In the new keyboard, a single MOS 

encoding circuit, developed for Honey
well by Texas Instruments, performs 
functions that could require more than 
100 discrete components in a typical 
communications keyboard. But the big 
advance is flexibi lity for the designer. 
For example, you can now specify a 
keyboard with both ASCII and BCD 

capability, with three or four modes, 
or perhaps with a standard typewriter 
configuration. Each key on the new 
keyboard can generate up to four 
levels of code and the system is com
patible with any system logic. At no 
extra cost, you can specify keytop 
character pairings of codes to suit 
your specific needs, whether logically 
or non-logicall y paired. 

Honeywell has its sights zeroed-in 
on a I 97 I price of $88 each- in 
2500-pc. quanti ties-for a 50-key, 
fu lly encoded array. Prototypes are 
about $200 each. and should be avail
able this month. 

Another keyboard entry, this one 
from Transducer Systems, Inc., is 
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TSl's alphanumeric keyboards are solid state throughout, and offer bounce-free 
operation via the manufacturer 's proximity key switch for data entry. Individually 
moveable and replaceable keys give you fl exibility in use, and easy maintenance. 

neither mechanically nor magnetically 
actuated. Instead , the Series K-9000-A 
uses TSI's proprietary proximity key 
for data entry . This key operates as a 
non - mechanical, non-contacting, 
bounce-free switch. 

These keyboards (ten to 73 keys) 
have eight data lines (seven lines 
ASCTI plus a parity line) and a strobe 
line. The maximum data entry rate is 
40-chars./ s , and TTL res are used 
throughout. Electronic shift and shift 
lock are stand ard , as is the electron ic 
interlock . This interlock, or two-key 
rollover. inhibits the strobe if you 

should inadvertently strike two keys at 
the same t ime. 

Optional features of the TSI key
boards include multiple key outputs 
(up to eight per key) , special codes 
or code combi nations, and so forth. 

Key layouts and combinations are 
flexible ; you can specify the configura
tion that you need , including that 
of a standard typewriter keyboard. 

The Model K-9000-A , in a 50-
key version. sells for about $75 each 
in 1000-pc. lots. unencoded . And 
you can buy the same board fully en
coded . including the two-key rollover, 
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for $150 (1000-pc. lots). 
Although some companies may be 

ready to lay the mechanical keyboard 
to rest, Mechanical Enterprises of 
Alexandria, Va., has other ideas. Their 
brain-child is an electro-mechanical 
keyboard of modular design with no 
printed circuit boards and no soldered 
connections. 

Called the Mercutronic Coding Key
board, it uses plug-in key modules with 
built-in encoding diodes. Mercury 
switching within the modules elimin
ates the problems of contact bounce 
associated with other mechanical 
switches. Each individual key module 
simply snaps into the keyboard base, 
making contact with a continuous, flat 
11 -wire cable. A user can change his 
keyboard confi guration or replace a 
key module at any time without the 
use of special tools and without fac
tory assistance. The keyboard is nor
mally supplied in Asen code (upper and 
lower case) but the versatility of the 
encoding module allows the use of any 
code up to ten bits. Available as plug
in modules are such options as strobe 
signal, shift and lock, and strobe-signal 
inhibit (when more than ·one key is 
depressed). 

For a 50-key, fully encoded array, 
this keyboard will cost you $75 ea., in 
lots of 1000 pcs. But the two-key roll
over option adds $40, which means 
that a more realistic price is about 
$115. 

For fur ther information on the Mer
cutronic Coding Keyboard contact 
Richard A. Thomas, Mechanical En
terprises , Inc., 5249 Duke St., Alexan
dria , Va. 22304, or call (703) 751-
3030. Additional information on the 
Honeywell Keyboard can be gotten 
from Fran Kafka, Micro Switch, Div. 

Key moduli 

Plug·in key modules are the secret of the Mercutronic Cod ing Keyboard 's versatil ity. 
Encodi ng diodes are built-in , and mercury switches give bounce·free switching. 
Standard typewriter keyboard configurat ions are ava ilable. 

or Honeywell , 11 Spring St., Freeport, 
lll. 61032, or call (8 15) 232-1122. 
And for more information on TSI's 
keyboard, contact Burton F. D rill , 
Transducer Systems, Inc. , Easton and 
Wvandotte Rds.. Willow Grove, P a. 
19090, or call (215) 657-0800. 

For Mechanical Enterprises, Inc.: 
Circle 221 on inquiry Card 

For Honeywell Micro Switch Div.: 
'Circle 222 on Inquiry Card 

For Transducer Systems, Inc.: 
Circle 223 on Inquiry Card 

Digital to analog converter 
Here is a circuit that gives you a 

complete D I A converter in a 1 x 1 
in. package. Fairchild combines hy
brid Mos/ LSI, linear and thick film 
technologies to make this unit, the 
SH 8090. Dual metalization of the 
master substrate provides the inter
connect patterns required for a de
vice of this size and complexity. 

The unit has 10 bit resolution with 
9 bit accuracy. The converter uses 
MOS logic levels , and you can enter 
the digital word in serial or in parallel. 
Maximum clock frequency is 100 kHz, 
giving you a word rate of 10,000 
serial words/ s, or 100,000 parallel 
words/ s. Settling time is 6 µs in serial 

The Electronic Engineer • Dec. 1969 

operation and l 2µs for parallel. 
Analog output of the device is 0 to 

-5 V ±5 mV. The output is short 

circuit protected and is provided with 
an offset null capability. 

Basically, the unit consists of Fair
child 's 3750 MOS chip, a thick fi lm 

resistor array and a µA 741' op amp 
as the output stage. The resistor array 
is mounted on alumina, which in turn 
is mounted on the master substrate 
(also alumina). This approach allows 
testing of the array before it gets 
mounted and results in increased yields. 

The SH 8090 has an operating tem
perature range of -20 to 85 °C and it 
comes in a hermetically sealed fl.at 
pack. 

Prices are $225 ea., 1-24 pcs.; $195 
ea., 25-99 pcs.; and $140 ea., 100-999 
pcs. Fairchild Semiconductor, 313 
Fairchild Dr., Mountain View, Calif. 
94040. (415) 962-3563. 

Circle 220 on Inquiry Card 
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A FEW EXAMPLES OF POWERTEC'S BROAD LINE; OF POWER SUPPLIES 

GR SERIES SV-2.SA 549 
• 31 STANDARD MODELS • FULL RATING TO 71 ° C 
• 47 TO 440 HZ INPUT o COMPUTER GRADE 
COMPONENTS 

SR SERIES 5V-35A 5249 
• 64 MODELS AVAILABLE • OPTIONAL OVP • RE
MOTE SENSE CAPABILITY • HIGH EFFICIENCY 

ML SERIES 5V- 20A 5379 
• 100% MILITARY • MEETS MIL-E-16400, MIL-T-
21200 • ± .00075% REGULATION • DOCUMENTA-

HP SERIES 5V-30A 5789 
• MILITARY AIRBORNE TO MIL-E-5400 • 400 
HZ, 3 PHASE INPUT • 24 MODELS AVAILABLE 
• 2 WATTS PER CUBIC INCH 

FC SERIES 5V-5A 5179 
• 1/s THE SIZE OF CONVENTIONAL SUPPLIES• HIGH 
FREQUENCY SWITCHING APPROACH • 20 STAND
ARD MODELS • OPTIONAL OVP 

CUSTOM DESIGN 
POWERTEC HAS A COMPLETE FAMILY OF BASIC 
BUILDING BLOCK CIRCUITS THAT ARE READILY 
ADAPTABLE TO YOUR CUSTOM SYSTEM SPECIFI-

TION PACKAGE CATIONS 
SEND FOR OUR NEW 1970 CATALOG 

~I RTRON ICS 
NCO R PORATED 

POWERTEC DIVISION 
9168 DESOTO AVE .. CHATSWORTH, CALIF. 91311 •Phone (213) 882-0004 
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NEW PRODUCTS 

Miniature power supply 

improved by switching transistors 

Ics have shrunk circuit size literally 
out of sight, but, at the same time, the 
power supplies for them cannot. be 
arbitrarily reduced. ACDC Electronics, 
now located in Oceanside, California, 
recently introduced its JR miniature, 
0.1 % regulated de power supply. Re
quests for evaluation samples have 
consumed production to date. 

The 5 V, 10 A model is housed in a 
1 :Ys by 3Vs in. package that weighs 
1112 pounds. Different outputs cover 
the range from 3 to 20 V. The power 
density is about 1.9 W/ in3 , which is 
almost double the best previously 
available, according to K. R. Kilpat
rick, Vice President and Director of 
Marketing. 

The JR is a switching type of regu
lated supply. Line voltage is immedi
ately rectified and rough filtered. The 
keys to improved performance are 
two RCA switching transistors that 
switch the voltage into a h:gh fre
quency transformer at 25 kHz. High 
frequency operation allows a much 
smaller transformer to be used. 

Until recently, power transistors 

that would handle 300 V peak-to-peak 
and operate at these frequencies were 
not available. T he electronically con
trolled transistors produce a pulse 
width corresponding to the desired out
put of the transformer. Loop response 
is fas ter than 1 ms. 

The ac- to-dc conversion efficiency is 
between 70 and 80%. High efficiency 

Wei ghing less than 1 lh pounds, ACDC 
Electronic's new 50 W power supplies 
are expected to find service where size 
and weight are important. 

Basic diagra m (left) of ACDC's JR type 
power supply. Key switching transistors 
are colored. 

means a lower heat rejection require
ment, allowing a smaller package size. 

The supplies are priced at $225 in 
quantities of 100 or more and are 
now available within 60 days from 
ACDC Electronics, Oceanside Indus
trial Center, Oceanside, Calif. 92054. 

Circle 407 on Inquiry Card 

Digital pressure meter pushes state of the art 
As instruments become more sophis

ticated, it is sometimes difficult to 
determi ne who approximates an abso
lute measurement better, the manu
facturer or the Bureau of Standards. 
Non-Linear System's D igital Pressure 
Meter, the X-5 , is an example of an 
instrument that is within the accuracy 
of the pressure standard. There is no 
standard adequate to test the instru
ment. 

The two pressure standards com
monly recognized a re the dead weight 
piston gauge, which has an accuracy 
of about ± 0.015 % of reading, and 
the dual-cistern mercury manometer 
which is good to about ± 0.005 % of 
reading. Both are time consuming to 
use. The X-5 has a combined error of 
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:t: (0.01 % full-scale +0.005 % of read
ing) for three months. 

Heart of the instrument is a new 
forced-balance transducer which is 
position insensitive. Special alloys are 
used to minimize temperature effects. 
Pressure is converted to an analog 
voltage, then a high resolution DVM 

converts the voltage to digi tal format 
and displays it. 
Three pressure ranges are offered with 
direct digital readout in psi or inches 
of mercury. The lowest range extends 
from 0.001 to 33.000. Two more 
ranges extend to 60.000 and 100.000 
inches of Hg. Sampling rates are as 
high as 30 per minute. Moving the 
instrument one foot vertically at sea 
level will change the las t digit. 

It has applications in barometric 
pressure readings, altimeter calibration , 
air data computer cali bration, and 
engine pressure ratio system calibra
tions. Price is $6,000 from Non-Linear 
Systems, Inc., Box N, Del Mar, Calif. 
92014 . (714) 755-1134. 

Circle 408 on Inquiry Card 
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NEW PRODUCTS 

Laser trimming system 
is completely automatic 

New tape or computer-controlled system 
provides a rapid, inexpensive method of trimming 
both thick- and thin-film resistors. 

The problem of how to trim hybrid 
circuit resistors has continued to 
plague manufacturers. The most pop
ular of the methods currently available 
(abrasive, electric discharge , laser, rf 
and ultrasonic) has been the abrasive 
trimming method, despite its inherent 
disadvantages. It has a slow trimming 
rate, leaves the resistor material 's edge 
exposed, must be shut off mechanical
ly, and is a "dirty" operation. Also, 
although the initial equipment cost is 
not great, the process can be expensive 
due to excessive downtime for probe 
and nozzle set-up and for the constant 
loading and unloading of substrates. 

Laser trimming systems solve many 
of these problems. They trim by va
porizing the material under their beam. 
As they move on, the material at the 
edge of the focused spot solidifies, 
resealing the edge. 

They are fast, but are still limited 
by the Z-Y table speed and the circui
try's response time. High accuracy 
trims are possible due to fast shutoff. 
And response times are fast because 
the beam can be electronically con
trolled. 

Laser trimming is a very clean proc
ess and active circuits can be trimmed. 
And finally , even though the system 
cost is many times that of abrasive 
trimming systems, many feel it is 
actually less expensive because little 
time is wasted with "non-trimming" 
activities such as set-up time. 
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Why, then, is abrasive trimming 
more popular than laser trimming? 
The main reason seems to be the high 
initial cost. 

Now, however, a completely auto
matic laser trimming system has been 
announced that takes full advantage of 
the capabilities of YAG and C0 2 

lasers. The system has a probing station 
which probes all the resistors on a sub
strate at one time and sequences from 
one resistor to the next electronically. 
Other system components are a high
speed (4 in .l s) X-Y stage for posi
tioning the laser beam over the sub
strate; a programmable bridge for 
blank test. trim stop and final test ; 
a system for electronically shuttering 
the . laser beam; and a punched taoe 
reader for program control with the 

option of using a small process control 
computer for program control. 

The Mark VII Nd :YAG system can 
trim both thick- and thin-film resistor 
materials to ± 0.5 % for as low as 
$0.002 / trim. It can make more than 
two trims per second (7200 trims/ 
hour) . The 7200 trims/ hour are per
formed on all the resistors on a sub
strate. Only one substrate handling op
eration and one set-up are needed to 
trim an entire substrate as contrasted 
with the many handling operations 
necessary with the abrasive trimmer. 
An economic comparison of the two 
systems is shown in the accompanying 
chart. The company states that it is 
a direct trim/ hour comparison and 
does not include the value of the time 
saved by eliminating the extra sub
strate handling and set-up operations. 

The Mark VII has programmable 
switching speeds of less than 100 µs. 
Typically, it can be programmed to 
trim eight resistors on a single 3/ 4 in. 
substrate , to within 0.5 % of eight 
different values, in less than 1 s. 

There are two basic systems avail
able, each using essentially the same 
components. The Mark VII-ML moves 
the laser beam over a fixed , probe
contacted substrate and the Mark VII
MS moves the probe-contacted sub
strate under a fixed laser beam. 

While the company will supply the 
system with a Q-switched C02 laser, 
they recommend that you specify it 

The Electronic Engineer • Dec. 1969 



with the Nd:YAG laser. Even though 
the Y AG laser is currently about one 
and one-half times as expensive as the 
C02 type for a given power output, 
they feel that the Y AG has the follow
ing advantages: 

1. The Y AG beam can be focused 
to a spot size ten times smaller because 
the Y AG's output is at 1.06 µm versus 
10.6 µm for the C02's. 

2. The high peak power of the Q
switched pulse is what enables the 
laser beam to vaporize the resistor 
material while maintaining a low aver
age power to minimize substrate heat
ing. While both types are Q-switched, 
the Y AG laser has rep rates of 10 kHz 
or more, while the C02 laser's rep rate 
is about 5 kHz. 

3. Another factor is the beam turn
off time which helps determine the 
system's accuracy. The Y AG's re
sponse time is about 1 µs. Response 
time of the C02 type is about 200 µs. 
Thus, at a Q~switch rate of 5 kHz 
there is an ambiguity of ± 1 pulse in 
turning off the beam after the stop 
value has been sensed. 

4. Relative material removal effec
tiveness of the Y AG unit is better than 
the C02's when they are both focused 
to equivalent power density. This is 
because the YA G's shorter wavelength 
radiation is more readily absorbed by 
the resistor material under the focused 
beam. 

5. Finally, the Y AG 's head meas
ures only 4 x 4 x 15 in. as compared 
to a typical C02 head measuring 
4 x 6 x 48 in. 

Mark VII 
Laser Abrasive 
Trimmer Trimmer 

System cost $60K $18K 
One shift op. 

(2000 hr / yr) 
Depreciation $20.0K $ 6K 

(Three year 
straight line 
depreciation) 

Operating cost .5 4 
Operator 7.0 7 
Labor burden 7.0 7 

Total $/yr $34.5K $24K 
Trims/hr 7200 1000 

Trims/yr 14.4x106 2.0x106 
$/trim 0.0024 0.0120 

Micronetics, Inc., 60 Arsenal St., 
Watertown, Mass. 02172. 

Circle 400 on Inquiry Card 
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ELAPSED TIME INDICATOR 
Pushhutton resettable. 

Model T30A indicator with push
button reset is available in either four 
or five digits with a choice of scales 
in hours, minutes or seconds. Tenths 
are shown in red. The indicator has 
a universal bracket for easy mounting 
and interchangeability. Costs $12.53 
in 100 lot quantities. ENM Co., 5306 
W. Lawrence Ave., Chicago, Ill 60630. 
(312) 282-8787. 

Circle 401 on Inquiry Card 

NEEDLE-WIRE WELDER 
For welding memory cores. 

Model 1550D is a butt welder for 
memory core needle-wire assemblies . 
It can join (in smooth, round welds) 
0.002 through 0.006 dia. high carbon 
steel needles to 44 gage through 36 
gage magnet wire. Its simplicity of 
operation lets the operator produce 
2500 assemblies in an 8 hr. shift after 
only a short training period. Trueline 
Instruments, Inc., Box 1357, Engle
wood, Colo. 80110. (303) 781-6621. 

Circle 402 on Inquiry Card 

DIGITAL INDICATOR 
Wide spectral BW 

DG-19 series "Legi" 8 segment dig
ital indicator provides a low voltage, 
low power, planar readout device. 
Digits, symbols and letters are com
posed of efficient phosphor-coated seg
ments providing clarity between digits 
at up to 40 ft. distances. Gridded de
sign offers good strobing characteris
tics for the most economical design. 
Legitron, 3118 W. Jefferson Blvd., Los 
Angeles, Calif. 90018. 

Circle 403 on Inquiry Card 

CERAMIC TERM INAL STRIPS 
Simplify component replacement. 

These Alcostrips feature a perma
nent bond between metal and ceramic, 
and are fired to prevent metal from 
loosening. They can be mounted flush 
or elevated. Tinned copperplate on 
silvered ceramic facilitates component 
and lead soldering. Alcostrip Div., 
Alco Electronic Products, Inc., Box 
1348, Lawrence, Mass. 01842. (617) 
686-3887. 

Circle 404 on Inquiry Card 

HIGH STRENGTH ADHESIVE 
Room curing. 

Flexobond has high strengths, par
ticularly when used with rubber type 
material , many thermoplastic and 
thermosetting plastics, and other typ
ically more difficult to bond plastics. 
It is useful as a thermal and mechani
cal shock resistant bonding agent for 
metals and in areas where high peel 
strength is required. Allaco Products, 
Inc., 130 Wood Rd., Braintree, Mass. 
02184. 

Circle 405 on Inquiry Card 

LIGHTWEIGHT RELAY 
Operates over a wide freq. range. 

Model 501 Omni-Hertz Relay op
erates over a wide range of frequen
cies, performing equally well on ac or 
de. No iron or copper is used in its 
manufacture. SPDT contacts are pro
vided and carry a rating of 5 A at 28 
V de or 110 Vac. Operating time is in 
the range of 0.25 to 0.5s in both di
rections. Allard Instrument Corp., 770 
Main St., Westbury, N.Y. 11590. 
(516) ED 4-8742. 

Circle 406 on Inquiry Card 
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SYSTEMS EQUIPMENT 

S/D CONVERTER 
On three 5 x 8112 in. PC cards. 

Model A602-SA solid state synchro
to-digital converter is smaller, less ex
pensive and weighs less than an equiv
alent conventional unit. It measures 3 
wire synchro inputs and converts them 
to a 13 bit binary output with a peak 
error from all causes of 0.044 ° 
(± LSB). Astrosystems, Inc., 6 Nevada 
Dr., Lake Success, N . Y. 11040. (516) 
328-1600. 

Circle 246 on Inquiry Card 

DATA SETS 
Interface with teletype machines. 

The TMX-202G is a desk-top, sin
gle-channel-end FSK data set that op
erates at rates to 1800 bps. The digital 
interface meets RS-232, CCITI V24, 
or Mil-Std- l 88B specs. Calculated 
MTBF is about 20,000 hrs. The TMX-
202C data set provides up to 12 full
duplex FSK channel ends within a 
single 19-in . rack module, 8% in. high 
by 21 in. deep. Collins Radio Co., 
19700 Jamboree Blvd., Newport 
Beach, Calif. 92663. 

Circle 247 on Inquiry Card 

MINI-COMPUTERS 
For ruggedized environments. 

Comp-16 and Comp-18 computers 
have a 1.0 µ,s full memory cycle time, 
6 memory index registers, simple (but 
powerful) command structure, parallel 
II 0 bussing, octal readout on the 
front panel, DMA interface, and lith
ium core, expandable to 65,536 words 
(either 16 or 18 bits). The basic 
Comp-16 costs < $10,000. UniComp, 
Inc., 18219 Parthenia St., Northridge, 
Calif. 91324. (213) 886-7722. 

Circle 248 on Inquiry Card 
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MEMORY STACK 
For 650 ns full cycle operation. 

This 2 Y2 D commercial unit is for 
high speed, main frame large-capacity 
memory systems. The Nanostak NS-
3020 has a 3-wire, 2Y2 dimension or
ganization with 20 mil cores. Word 
capacities available are 8, 192 and 16,-
384 for up to 40 bits and 32, 778 for 
20-bit word lengths. Electronic Mem
ories, 12621 Chadron Ave., Haw
thorne, Calif. 90250. (213) 772-5201. 

Circle 249 on Inquiry Card 

DIGITAL MODULE TESTER 
Has built-in computer. 

New tester is for automatic func
tional checkout of res, arrays, PC 
cards, and complete subsystems. Mod
el 4400 generates and monitors up to 
20,000 tests / s, enabling up to eight 
different test stations to be multiplexed. 
It performs Go/ No Go testing and 
alternately acquires parametric read
ings of either current or voltage at 
any pin or bias supply within the sys
tem. Datatron Inc., 1562 Reynolds 
Ave., Santa Ana, Calif. 92705. 

Circle 250 on Inquiry Card 

GP COMPUTER 
Sells for less than $12,000. 

Add time of the Supernova "mini" 
computer using normal core memory 
is 800 ns. Using read-only memory 
(ROM) , which is interchangeable with 
core, add time is 300 ns--one machine 
cycle. A basic setup has 4096 words 
of 16-bit core memory. High~peed 
ROM may be interchanged with core, 
and the two types can be mixed. Data 
General Corp., Southboro, Mass . 
01772. (617) 485-9100. 

Circle 251 on Inquiry Card 

ANALOG/HYBRID COMPUTER 
Totally modular system. 

New AD/ five 10 V-reference com
puter is a totally modular system that 
permits ease of expansion at a rela
tively low cost. It can be "married" to 
any digital computer to form a single 
hybrid system. When not serving as a 
multiple-console hybrid, it can func
tion as a stand-alone analog computer. 
App lied D ynamics, Box 1488, Ann 
Arbor, Mich. 48106. (313) 971-4444. 

Circle 252 on Inquiry Card 

DISC MEMORY 
For small computers. 

I 

Model M200C is a fast access, head
per-track type mass memory. It is 
available in four capacities ranging 
from 426,000 to 3,408,000 bits. Aver
age access time is 8.7 ms. The number 
of data tracks varies from 16 to 128 
with 26,624 bits/ track . Three timing 
tracks are included providing a bit 
clock, sector and origin pulse. Applied 
Magnetics Corp., Computer Memo
ries Div., 75 Robin Hill Rd ., Goleta, 
Calif. 93017. (805) 964-4881. 

Circle 253 on Inquiry Card 

SERVO AMPLIFIER 
High power. 

i 

Linear transistorized de servo amp
lifier Model 2000SRA, is for driving 
de torque motors, servo motors, and 
other loads requiring proportional 
power up to 2000 W. It delivers a 
cont. output of ± 60 Vdc and ±35 A. 
Adjustable current limiting is included 
as a std . feature. Control Systems "Re
search , Inc., 1811 Main St. , Pitts
burgh, Pa. 15215. (412) 781-1887. 

Circle 254 on Inquiry Card 
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DATA TERMINAL 
Portable, acoustically coupled. 

New terminal operates on six ordi
nary batteries and weighs only 7 V2 
lbs., including its attache carrying case. 
Designed for use with computer-con
trolled voice response systems, it con
verts an ordinary di al telephone into 
a remote II 0 terminal. $230. Techni
trend, Inc ., 7300 N . Crescent Blvd., 
Pennsauken, N. J. 08110 (609) 665-
4910. 

Circle 255 on Inquiry Card 

SHAFT TO DIG. CONVERTER 
With 4 digit readout. 

'.] ,-(;! DIGITAL ANGtE .'f/mjl 

2 4 6 .8 

·. 
These SS shaft to digital converters, 

convert any shaft input into four char
acter BCD information. Their output 
corresponds directly to th~ shaft an.gl.e. 
They simultaneously pr.ov1de a 4 d1~1t, 
O to 359.9' 0 display, with a resolution 
of 0.1° , and an accuracy of ± 0.1 °. 
They can make 400 conversions/ s. 
Computer Conversions Corp., 6 Dun
ton Ct., E. Northport, N . Y. 11731. 

Circle 256 on Inquiry Card 

ANALOG MULTIPLEXER 
H andles high level signals. 

The A70 is a 12-channel unit on a 
single 4.65 by 3.3 in. carci. Digital 
input to each channel is buffered with 
a DTL / TTL compatible interface. Test 
points along the top edge of the card 
facilitate system checkout. Switch
ing time is 1 µs. Monitor Systems, 40 1 
Commerce Dr., Ft. Washington, Pa. 
19034 (215) 646-8100. 

Circle 257 on Inquiry Card 
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SERVO POWER AMPLIFIER 
Drives dynamic loads to full ratings . 

CORE MEMORY SYSTEM 
Full cycle time is 900 ns. 

Model PA-201 has a heat transfer 
design that allows a continuous power 
rating of 100 W. Output current rat
ing is ± 5 A at ± 20 V . It fea.tures 
high de gain , 25,000 V / V, low input 
drift, and short circuit protection. Tor
que Systems Inc., Box 167, Waltham, 
Mass. 02154. (617) 891-5122. 

Circle 258 on Inquiry Card 

ComRac 1010 core memory system 
uses 3D selection, fast switching 20 
mil cores, and 1cs to achieve high 
speed , high reliabi lity, and high den
sity . Access time is 350 ns with mem
ory capacities up to 32 k words by 
36 bits. In formation Control Corp., 
1320 E. Franklin Ave., El Segundo, 
Calif. 90245 . (213) 322-6930. 

Circle 259 on Inquiry Card 

Magnetic/Electrostatic Shielded Coil Forms 
and Custom Wound Coils 

Miller enginee rs w ill be happy to help with you r 
coi l designs, and also wil l furnish cu stom w o und co il s to 
you r perfo rm ance o r detailed specifi catio ns. 

51A 

::t 

Ferrite cup core provides greatest flux 
confinement for magnetic shielding. 

/ Powdered iron or 
ferrite core threads 
into base. 

Neoprene washer /O? 
provides moisture 
proof seal around • 
top adjustment. 

Straight coil form or bobbin spool . 

Powdered iron washer 
on base around core 
adjustment gives tight 
magnetic shielding, 
provides greater Q, 
increases inductance 
value. 

Das h 

- 1 
- 2 
- 3 
- 6 
- 7 
-10 
-12 
-SO 
-Sl 

available for those who want to wind 
their own coils. 

SlA (Top Tu ned) 
S2A (Bollom T•med) S4A (Bollom Tuned) 
S3A (Top/ Bollom Tu ned) SSA (Top/Bottom Tuned) 

Freq 
MHz 

.3-1 
.4-10 
.1-. 6 

10-SO 
S-30 

2S-100 
SO-l SO 
.01 -.6 
.01 -.4 

Core Dash 
Freq 

Core Dash 
Freq 

Core MHz MHz 

CARBON YL C - 1 .3-1 CARBONYL C - 1 .3-1 CARBONYL C 
CARBONYL E - 2 .4-10 CARBONYL E - 2 .4-10 CARBONYL E 
CARBON~L HP - 3 .01- .4 CARBONYL HP - 3 .01 -4 CARBONYL HP 
CARBONYL SF - 6 10-SO CARBONYL SF - 3F .01-4 FERRITE 
CARBONYL TH - 7 S-30 CARBONYL TH - 6 10-SO CARBONYL SF 
CARBONYL W -10 2S-100 CARBONYL W - 7 S-30 CARBONYL TH 
IRN - 8 -12 SO-l SO IRN - 8 -10 2s-·100 CARBONYL W 
FERR ITE -12 SO-lSO IRN - 8 
FERRITE NOTE: Resinite coil form; or nylon bobb in 

fo rms ava ilab le for all model s. 

Wri te fo r more detai led specifica ti ons 
and general ca talog. 

J. W. MILLER COMPANY 
19070 REYES AVE. • P.O. BOX S82S • COMPTON, CALIFORN IA 90224 
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NEW MICROWORLD PRODUCTS 

TRIPLE 66-BIT DYNAMIC SHIFT REGISTER 
With MOSFET gates. 

Each of the three registers on the MC1141 has an 
independent input and output, and common supply- and 
clock-lines. Each register also contains a single-ended out
put buffer. The unit operates from 10 kHz to 1 MHz in 
the temperature range of 0 to 75°C. It has a power 
dissipation of 1 mW I bit at I MHz, typical clock input 
capacitance of 80 pF, and diode-protected inputs. The 
MCl 141 G comes in a hermetically sealed, long-lead ver
sion of the TO-] 00 metal can , and sells for $21, JOO to 
999 pcs. Immediate delivery is ava il able. Technical Infor
mation Ctr., Motorola Semiconductor Products Inc., Box 
20924, Phoenix, Ariz. 85036. (602) 273-6900. 

Circle 224 on Inquiry Card 

BIPOLAR 64-BIT RAM 

On a 90 x I 05 mil chip. 

Model RR6100, is organized as a 16-word x 4-bit array 
and has a word accessability rate of < 45 ns. The write 
recovery time is < 35 ns, and the minimum write pulse 
width you need is < 30 ns. On-chip address decoding, chip 
enable, write enable, and uncommitted collector output 
give you simplified connections into larger arrays. The 
total chip dissipation is 420 µW max. The RR6100 comes 
in the 16-pin dual-in-line package. Price for military grade 
in quantities of 100-999 is $51.50. The commercial grade 
is $38 in the same quantities. Raytheon Co. , Semiconduc
tor Operation, 350 Ellis St., Mountain View, Calif. 94040. 
(415) 968-9211. 

Circle 225 on Inquiry Card 
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EIGHT CHANNEL MULTIPLEX SWITCH 

Uses silicon gate technology. 

The 3708, a silicon gate oxide semiconductor (SGOS) , 
has a channel switching speed of 0.4 µs typical. The device 
interfaces directly with npn current sinking logic elements 
(DTL and TTL) without the need of level shifting circuitry. 
Jt also gives you a binary coded logic control and output 
enable control , right on the chip. Three line decoding se
lects any one of the 8 channels at r andom . One type multi
plexes at - 5V to +5V signal levels, and a second unit 
from 0 to +5 V. In a 16-lead DIP, prices are - 5 to +5 V 
unit, $75; 0 to + 5 V unit , $65 , 1-24 pcs. Fairchild Semi
conductor, 313 Fairchild Dr., Mountain View, Calif. 94040. 
(415) 962-3563. 

Circle 226 on Inquiry Card 

MONOLITHIC OPERATIONAL AMPLIFIER 

The LM108 out-performs PET amplifiers by a factor of 
10 over the military temperature range. Maximum input 
bias current is 3.0 nA and offset current is less than 400 
pA. The unit's de performance so closely approaches that 
of the ideal op amp (zero input current, zero offset voltage, 
and infinite gain) , that leakages in PC boards and avail
able capacitors and resistors, limit its performance more 
than its own design. The LM I 08A has offset voltages less 
than 1.0 mV and drifts less than 5 µV /° C, from -55 to 
J 25 °C. Prices are LM108, $60; LMJ08A, $150; 100-999 
pcs. National Semiconductor Corp., 2975 San Ysidro Way, 
Santa Clara, Calif. 95051. (408) 245-4320. 

Circle 227 on Inquiry Card 
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FIRST FULLY 
DECODED 64-BIT 
BIPOLAR LSI 
A winner for 
scratch pad 

• memones 
i-3101 

• Fast 60 nsec access 
• Low power dissipation (6 mW per bit) 
• DTL and TTL compatible 
• OR-Tie capability 
Guaranteed switching speeds 

Test parameter Speed 

Read cycle (chip select and / 60 nsec 
or address to output delay) max 

Write recovery time 45 nsec 
max 

Guaranteed DC characteristics 

Test parameter 

Input load current 
Input leakage current 
Input clamp voltage 
Output " low" voltage 
Output leakage current 

Power supply current 

Input "high" voltage 
Input "low" voltage 

Prices 

Limit at 
0°, 25° & 

85°C 

-1 .6 ma max 
40 µa max 
-1.0 v max 
0.45 v max 
100 µa max 

105 ma max 

2.0 v max 
0.85 v min 

Conditions 

2.5v pulse in. 
5 ns rise & 
fall from 1 v 
to 2v 
Vcc= 5.0v 
TA= 25 ° C 

Conditions 
· (Vee= 
5.0v ± 5%) 

V;,= 0.45v 
V;,= 5.25v 
lc= 5.0 ma 
Vw=Vs=O v 
Vw = 5.25 v 
Vs=2.5 v 
V,=V,=Vd= 
Ov 

1 to 9 units : $99.50 100 to 249 units : $43.00 
10 to 24 units : $73.50 250 or more units: $38.50 
25 to 99 units : $53.00 

Available at over 40 locations 
throughout the U.S. and Canada. For del ivery, call 
your Intel distributor, Cramer Electron ics or 
Hamilton Electro Sales . 
If more convenient, write or phone us directly. Call 
collect (415) 961-8080. 
Intel Corporation is at 365 Middlefield Rd ., Moun
tain View, Cal if. 94040. Telex INTEL 34-8366. 
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NEW MICROWORLD PRODUCTS 

WAFER ANALYZER 
Profiles impurity density. 

. This device plots, in seconds, the 
impurity density vs. depth for semi
conductor wafers. The instrument can 
measure densities as low as one atom 
in one billion over distances as small 
as 10 5 in . Research & Development 
Products Co., 1 70 Tenth St. , Piscata
way, N. J. 08854. (201) 968-1255. 

Circle 228 on Inquiry Card 

LEVEL SHIFTER 
Converts DTL/TTL levels to MOS. 

These units have a typical switching 
speed of 200 ns. The device operates 
over the military temperature range 
and uses a supply voltage of 40 V. 
You can get these circuits in T0-8 cans 
or DIP packages with two level shifters 
in each package. Mepco, Inc. , Colum
bia Rd ., Morristown, N . J . 07960. 
(201) 539-2000. 

Circle 229 on Inquiry Card 

PLASMA SYSTEM 
For R&D studies. 

The Model 3001 is a complete sys
tem for work in the areas of rf sputter
ing, nitridation and oxidation, polymer 
surface treatment and other plasma 
reactions. The only other components 
you need are a vacuum fore pump 
and tank gases. Monte Toole Assoc., 
25222 Cypress Ave. , Hayward, Calif. 
94544. (415) 783-2067. 

Circle 230 on Inquiry Card 
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ZERO VOLTAGE SWITCH 
In a 14-lead plastic DIP. 

The CA3059 is for 50 to 400 Hz 
thyristor control applications. The de
vice has a threshold detector and trig
ger circuit that pulses the triac gate 
at the zero-voltage point. Temperature 
range is 0 to 70 °C. $1.95 ea., in 1000 
pc. lots. RCA Electronic Components, 
415 S. 5th St., Harrison, N. J. 07029. 

Circle 231 on Inquiry Card 

OP AMP POWER BOOSTER 
Unity voltage gain ; de to 4 MHz. 

Model 823 is a hybrid, cermet thick 
film device. The unit has an output 
voltage swing of ± 26 V and a slew 
rate of l 60 VI µs. Temperature range 
is - 55 to l25 °C. $8.95. Technical 
In forma tion Section, Helipot Div., 
Beckman Instruments, Inc. , 2500 Har
bor Blvd., Fullerton, Calif. 02634. 
(714) 781-4848. 

Circle 232 on Inquiry Card 

LOW POWER TTL CIRCUITS 
Plastic/ ceramic DIP or flat pack. 

The SN54L04/ 74L04 is a hex in
verter, while the SN54L86/ 74L86 
gives you a quad, 2 input, exclusive
OR function. Power dissipations are 
typically I mW/ gate for the inverter, 
and 3.75 mW for the exclusive-OR. 
Texas Instruments Inc. , Inquiry An
swering Service, Box 5012, MS 308, 
D allas, Tex. 75222. (214) 238-3741. 

Circle 233 on Inquiry Card 

MATRIX DRIVER 
Compatible with RTL, DTL and TTL. 

You can use the IT 303 in CRT and 
indicator drive circuits. The unit has 
five independent channels, and con
verts an input signal to a 90 V output 
drive. Price is about $15 on medium
quantity orders. Industro Transistor 
Corp., 35-10 36th Ave., Long Island 
City, N. Y. 11106. (212) 392-8000. 

Circle 234 on Inquiry Card 

PASSIVATED DICE 
Made of silicon glass. 

Typical size of these dice is 16.5 
x 16.5 x 5 mil. They have < 2 pF ca
pacitance and recoveries < 4 ns. The 
dice meet or exceed Mil-S-19500 and 
Mil-STD-202 without further treat
ment or encapsulation. Price $0.15 ea. 
in 1000 pc lots. MicroSemiconductor 
Corp., 11250 Playa Court, Culver 
City, Calif. 90230. (213) 391-8271. 

Circle 235 on Inquiry Card 

MOS MEMORY 
To 1,600 bits . 

The MOS-85 is a sequential-access 
memory on a 5% x 5% in. card. It 
comes in configurations ranging from 
50 one-bit up to 200 eight-bit words. 
A typical module with 150 eight-bit 
words is $300 in quantities of 100. 
Delivery, 30 days. Cambridge Memo
ries, Inc., Newtonville Ave., Newton
ville, Mass. 02160. (617) 332-3100. 

Circle 236 on Inquiry Card 
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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 thi ck- 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 
characterist ics and good heat-transfer properties . 

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

DUPLEXER 

Field tunable. 

LB 
The DB-4096 is a 950-960 MHz 

duplexer with 3.6 MHz separation. 
The unit has 75 dB transmitter noise 
suppression and 75 dB receiver isola
tion. Included are silver plated cava
ties, invar tuning rods and RG142/ u 
cable. $375; immediate delivery. Deci
bel Products Inc., 3184 Quebec St. , 
D all as, Tex. 75247. (214) 631-0310. 

Circle 237 on Inquiry Card 

SWEEP GENERATOR 
From 0.1 to 24 GHz. 

Series 101 sweeper divides its range 
into 5 bands. They are 0.1 to 4.2 
GHz, 4.2 to 8.2 GHz, 8.2 to 12.4 
GHz, 12.4 to 16.4 GHz and 16.4 to 24 
GHz. You can adjust output power 
from - 120 to +3 dBm. Prices range 
from $4,380 to $9,800, delivery 90 
days . SpaceKom, Inc., Box 10, Go
leta, Calif. 93017. (805) 967-7114. 

Circle 238 on Inquiry Card 

STROBED LATCHING MONITOR 
For 10 binary data points. 

' ' J ~ 1 • •• • ••• LOGALOG . ~1c:t;~~~,!'6,.110o1t Li ;...... "'·' 

aoooo ooo· 
. -· ·--"'"'"" i " ® ~ @ ·'" £0 O - -The Logalog Model 33 continuous!; 

monitors 10 points and when strobed, 
stores and displays the data. The unit 
is compatible with TTL, DTL and RTL 

circuitry. With 5-way binding post in
puts, $225. The 33B with BNC connec
tors is $240. Industrial Inventions, Inc., 
RD 2, 463 US 1, Monmouth Junction, 
N. J . 08852. (201) 329-6000. 

Circle 239 on Inquiry Card 

90 

DVM COMPATIBLE PRINTER 
Fixed or fl oat ing decimal point. 

The Addressoprint 1100 accepts 
parallel BCD, parallel decimal, excess 
3 and excess 3 Gray and serial codes. 
It has printouts up to 10 columns with 
2, 10, or 12 characters/ column. The 
unit also gives you a 1 out of 10 
contact closure/ decade for a remote 
displ ay. Dytro Corp., 63 Tee St., 
Hicksville, N . Y. 11800. 

Circle 240 on Inquiry Card 

COERCIVITY METER 
Measures permanent magnets. 

-• 
The MC-1 gives you measurements 

related to permanent flux density, co
ercivity, operating flux density and 
intrinsic coercivity. Standard H ranges 
are 1, 4, and 10 KOe full scale. B 
ranges are 1, 4, and 1 0 kG full scale. 
Magnetic Systems & Instruments Div., 
0 . S. Walker Co., Inc. , Rockdale St., 
Worcester, Mass. 01606. 

Circle 241 on Inquiry Card 

RECORDING OSCILLOGRAPH 
H as speeds from 0.1 to 100 in./ s. 

~~ ~ 
-~ 

Type 5-134 records 6, 12, or 18 
channels of data on 7 in. wide direct
print paper. Recording speed is servo 
controlled and the unit records con
tinuously or in a burst mode. $2,495; 
delivery, 60 days. Bell & Howell Co., 
E.lectron ic Instrumentation Group, 360 
Sierra Madre Villa, Pasadena, Calif. 
91109. (213) 796-9381. 

Circle 242 on Inquiry Card 

LINE VOLTAGE REGULATORS 
For bench or rack mounting. 

[ 
The R-1300 Series give line regula

tion better than 0.1 % . Output is ad
justable from 110 to 120 Vac, and all 
units have overload and short-circuit 
protection. Three models are available; 
1 kYA for $375, 3 kVA for $575, 
and 5 kYA for $775. Wanlass Instru
ments, J 540 E . Edinger Ave., Santa 
Ana, Calif. 92707. (714) 546-5613 . 

Circle 243 on Inquiry Card 

PULSE GENERATOR 
Rep. ra tes of 1 Hz to 50 MHz. 

Model 5101 gives you a square 
wave, single pulse, single pulse de
layed with respect to a trigger pulse, 
or a double pulse with desired delay 
between pulses. The output can be 
either posit ive or negative. Price is 
$525. E lectronic Counters, Inc., 235 
Jackson St., Englewood, N. J . 07631. 
(201) 567-5300. 

Circle 244 on Inquiry Card 

FET TEST SET 
With plug-in modules 

· • §.,J 

The IPT-200 tests N and P-channel, 
MOS and junction, and depletion 
and enhancement mode FETS. The 
first module available measures 100 pA 
leakage currents with a 2 pA resolu
tion . A second module will measure 
leakage currents as low as 10-13 A. IPT 
Corp., 1140 W. Evelyn Ave., Sunny
vale, Calif. 94086. (408) 245-1000. 

Circle 245 on Inquiry Card 
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Camera Shy? 
Don't be. Here's a truly compact CCTV camera (2 Vs" head) 

that delivers over 1,200-Iine horizontal resolution. 

The Fairchild TCS-950B 
It's ideal for those who have shied 
away from high reso lution cameras 
because of their large sizes and 
price tags. Fairchild's new TCS-
9508 gives the sharpness and 
clar ity of over 1,200-line horizontal 
resolution and 700-line vertical 
resolution. With the sma llest head 
on the market and exceptionally 
compact design, the TCS-9508 is 
perfect for data transmiss.ion, 
microscopic component inspec
ti on, fli ght simulation, photo 
interpretation, medica l observa
tion and a multitude of other 
appl ications. 

If your CCTV needs are varied and 
somet imes unusual, you should 
also consider the versatility avail 
able with the TCS-9508: 
• Switchable scan rates (either or 

both scan directions) . 
• Interlaced or sequential frame 

scan. 
· Video polarity reve rsal. 
·Scan polarity reversal. 
· Militarized construction. 
Reliabil ity of the TCS-9508 is 
ensured by Fai rchi ld's solid-state 
Micrologic® circuitry. For its size 
and high resolution performance, 
it's one of the lowest priced 
cameras on the market. 

For specifications •••••••••••••••• 
and performance data, 

contact: F=A.I RC HI LCJ 

SPACE AND DEFEN SE SYSTEM S 
A DI VISION OF FAIRCHILD CAMERA AND I N STRUMENT CORPORATION 

30 PARK PLA C E. PA R A MU S , NEW JERSEY 07652 
TEL . 20 1 · 26 2- 7000 I T W X 7 10 - 990-6610 

New: The TC-177. You ' ll get 
remarkably stab le, crisp, high
contrast video signals from this 
self-contained camera . Features 
Micro logic® circu itry, 800-line 
resolut ion (standard); 2: 1 inter
lace, EIA sync remote control , 
high reso lution (over 900-line) , 
video polarity reversal and other 
options available. 

The Elect ronic Engineer • Dec. 1969 Circle 4 1 on Inquiry Card 

84 8 

91 



PR16MATIC 
A NEW REFERENCE BOOK SERIES 

designed to keep you aware of the produl'ls . techniques. 
and systems in measurement and control. 

ACCELEROMETER SURVEY 
14-page tabulation giving specifications of over 30 
manufacturers' instruments, including range , linearity , 
frequency, impedance, etc. 

DOC TUNING REFERENCE BOOK 
Five different approaches to the tuning of digital 
controllers. 

ANALOG SYSTE MS REFERENCE BOOK 
36 pages of analog systems and techn iques, including a 
comprehensive survey of commercially available opera
tional amplifiers. 

ELE CTR ICA L MEASUREMENTS REFERENCE BOOK 
Thirteen useful articles dealing with signal conditioning, 
precision measurements, ratio me try , potentiometry , etc. 

DIG ITAL INSTRUMENTATION REFERENCE BOOK 
36-page text presents design considerations and operating 
principles of digital voltmeters, plus a survey of instru
ments representative of 42 manufacturers. 

FLOW MEASU REMENT REFERENCE BOOK 
Comprehensive survey of the flowmeter market , plus 
practical discussions of hydraulic system calibration and 
differential pressure cell applications. 

FLUID CONTROL REFERENCE BOOK 
A review of manufacturer capabilities in the fluidics and 
moving part logic industries, along with articles describing 
fluidic sensors, oscillators, displays, counters, and motor 
controls. 

COMPUTER CONTROL REFERENCE BOOK 
64-page guide to the computer as a control system ele
ment , including a tabulation of fifty small-computer 
manufacturers, and seven articles on computer control, 
stability criteria, data monitoring, digital controller 
specificaticm, and automation terminals. 

Instruments and Control Systems 
1025 Beaver Avenue, Pittsburgh, Pa. 15233 

Please send the following (quan tity rates on request) : 

D Accelerometer Survey (2.00) 
0 DDC Tuning (2.00) 
D Analog Systems (2.00) 
D Elec trical Measurements (2.00) 
D Digital Instrum entation (2.00) 
D Flow Measurement (2.00) 
D Fluid Contro l (2.00) 
D Computer Control (4.00) 

____ copies 
____ copies 
___ copies 
____ cop ies 
____ co pies 
___ cop ies 
___ copies 
___ copies 

Name -------------------

Address -------------------
City _______ _ State ____ Zip ____ _ 

D Payment enclosed. D Send invoice. 
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NEW LAB INSTRUMENTS 

DUAL CHANNEL OSCILLOSCOPE 
From de to 50 MHz in both channels. 

The Dumont 1050 has a unique triggering device that 
eliminates the trace flicker usually encountered in the 
dual trace mode with composite triggering. The unit main
tains signal synchronization regardless of the vertical po
sitioning of either trace, and eliminates the need to readjust 
the trigger level con trol to maintai n the desired reference 
level after trace repositioning. The instrument is solid state 
throughout with PET input amplifiers and micrologic 
switching circuits. T his gives you quick warm-up time and 
low trace drift. D umont Oscilloscope Laboratories, Inc., 
40 Fairfield Pl. , W. Caldwell , N. J . 07006. (201) 228-3665. 

Circle 302 on Inqu iry Card 

SWEEP GENERATOR 
Operates from 5 to 300 MH z. 
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This instrument, Model I 001 , is an electronically tuned 

and swept generator with an output of + 13 dBm (1 V 
rms). You can program center frequency tuning, sweep 
width, and variable attenuation parameters. Output is 
flat ± 0.25 dB at the maximum sweep width of 300 MHz. 
Output impedance of the unit is 500. The unit gives you 
variable sweep rate, internal or external am or fm , marker 
size and tilt controls, and manual or single-shot sweep for 
use with x-Y recorders. Price of the I 001 is $995 with a 
delivery of 30 days. Wavetek, Box 651, San D iego, Calif. 
92112. (714) 279-2200. 

Circle 303 on Inqu iry Card 
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SURFACE TEMPERATURE TRACKING SYSTEM 
Measures su bstrate temperature during vacuum deposition. 

The Temptrak is designed to give you two important 
temperatures in the vacuum deposition process; the tem
perature of the substrate surface before deposition starts 
and the true surface temperature during the actual grow
ing of the thin film. The sensor is a deposited film thermistor 
50 x l o-•; in . thick on a 0.040 in. thick glass substrate. The 
linear range is 50 to 300°C. T he system consists of the 
temperature instrument, a dual vacuum chamber feed
through, a sensor holder with coaxial cable, external 
coaxial cable, and 5 thin film sensors . Price of the total 
system is $590. Sloan Technology Corp., Box 4608, Santa 
Barbara, Calif. 93103. ( 805) 963-4431. 

Circle 304 on Inquiry Card 

BENCH POWER SUPPLY 
Gives Mil-Std-704 power output. 

Here is a unit that delivers kW of 400 Hz sinewave 
power while drawing less than 15 A from a 60 Hz input. 
The l-FXD-400 gives you outputs of a fixed 115 Vac 
± 1% and a variable 100-130 Vac. Its output frequencies 
are a fixed 400 Hz ±Yi % and a variable 360 to 440 Hz. 
Total harmonic distortion of the output sinewave is < 2 % 
at full load. A current limiting output gives protection 
against overload or short circuit, and you can operate 
the unit from 20 to 50 °C. Models with other output 
ratings are also available, including a 3 KV A, 3-phase 
unit . Topaz Inc ., 3802 Houston St. , San Diego, Calif. 
92110. (714) 297-4815. 

Circle 305 on Inquiry Card 
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LSI TEST SYSTEM 
Has 64 channels with 1 O" bits/ channel. 

Model l OA is a high speed functional test system for 
LSI / MSI devices. The system drives the input of an LSI 
devi ce with a preselected pattern of ones and zeros and 
compares device outpu ts with expected outputs. Active 
probe circuits located within 2 in . of the device perform 
this driving and comparing. The system is organized 
around a HP 21l4A computer that contains the execu
tive program for system operation . The logic chassis routes 
the computer signals to the appropriate system compon
ents such as power supply programming resistors and 
storage registers. Pacific Western Systems, Inc., 855 W. 
Maude Ave., Mountain View, Calif. 94040. 

Circle 306 on Inquiry Card 

PAL VECTORSCOPE 
For signals with a color subcarrier of 3.575611 MHz. 
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Type 522 measures luminance, hue, and saturation of 
525 line 60 field PAL color TV signals. The instrumen t has 
dual inputs for time-shared comparison of input-output 
signal phase and gain distortion. A precision ca libra ted 
phase shifter with a range of 30° spread over 30 in. of 
dial length gives you excellent resolution for making 
small phase measurements. You can match cable length 
for time delay at the subcarrier frequency to less than 0.5 ° 
phase difference . The cabinet model is $2400 while a rack 
mount version costs $2425 . Avail ability, first quarter of 
1970. Tektronix Inc., Box 500, Beaverton , Ore. 97005 . 
(503) 644-0161. 

Circle 307 on Inquiry Card 
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NEW PRODUCTS 

SPIRAL INDUCTORS 
On a 0.01 in. thick alumina substrate. 

New thin-film series (MCH5800 
through MCH5805) inductors feature 
small size, low cost, high Q (20 
through 30), consistent inductance val
ues (28 through 230 nH), and high 
self-resonant freq. (0. 7 through 1.8 
GHz). They are for use in uhf and 
microwave hybrid circuits for tuning 
and biasing. Motorola Semiconductor 
Products Inc., Box 20924, Phoenix, 
Ariz. 850~6. (602) 273-6900. 

Circie 260 on Inquiry Card 

VOLTAGE REGULATORS 
Thick film hybrid units. 

YR series regulators come with 
fixed voltage outputs (variable by an 
ext. pot) of positive 5, 6, 9, 12, 15, 18, 
22, 24, 28, 32, and 36 Y and negative 
12, 15, 24, 28, 32 and 36 Y . They 
have: foldback current limiting, 0.01 % 
line and load reg., 0 .005 % I °C Tc , 
and up to 40 Y input. $56.00. Trans
former Electronics Co , Box 910, 
Boulder Industrial Park. Boulder, Colo. 
80302. (303) 442-3837. 

Cfrcle 261 on Inquiry Card 

RADIAL LEAD CAPACITORS 
Require minimum PC board area. 

New radial lead capacitor series is 
rated at 50 Y with nearly 100 std. 
values from 0.0010 to 5.0 µF. These 
capacitors meet applicable require
ments of Mil-C-18312, Mil-C-272137 
and Mil-C-19978. Lead breakout is 
on 0.100 in. increments. Engineered 
Components Co. , 2134 W. Rosecrans 
Ave .. Gardena, Calif. 90249. (213) 
321-8294. 

Circle 262 on Inquiry Card 
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FET INPUT OP AMPS 
Fast slewing, rapid settling. 

A-136 and A-137 op amps slew 100 
Y/ µs min ., settle to 0.01 % of final 
value in 1 µs max., and have 94 dB 
min . CMR. Drifts of the A-136 and 
A-137 are 10 µV /°C and 5 µ.Y /° C 
respectively. Output is 20 mA. The 
units also guarantee 10 MHz band
width , 10 pA bias current and 1.2 
MHz full output freq . Intech Inc., 
1220 Coleman Ave., Santa Clara, 
Calif. 95050. (408) 244-0500. 

Circle 263 on Inquiry Card 

PRECISION POTS 
With servo mounts. 

Series 7620, 10-turn, wirewound 
pots have a min. practical resistance 
to!. of ± 1 % and independent linearity 
of ± 0.2 %. Power rating is 5.0 W at 
+40 °C derating to 0 at 85 °C. New 
series offers a range of total resistance 
of 1000 to 648,0000, and an amb. 
temp. range of - 65 °C to +85 °C. 
$15 .00. Helipot Div., Beckman Instru
ments, inc. , 2500 Harbor Blvd., Full
erton , Calif. 92634. 

Circle 264 on Inquiry Card 

SS LIGHT SOURCE 

Only $1.50 each in quanity. 

The MY 50 red light source is a 
diffused planar gallium arsenide phos
phide light-emitting diode which peaks 
at 6,500 A. lt has a light output of 
750 ft. lamberts with a forward cur
rent of only 20 mA. This provides 
direct compatibility with 1cs. Monsan
to Electronic Special Products, 10131 
Bubb Rd ., Cupertino, Calif. 95014. 
(408) 257-2140. 

Circle 265 on Inquiry Card 

HIGH-PURITY BERYLLIA 
For metall ized components. 

A high-purity (99.5 % ) grade of 
beryllia is for use in metallized beryllia 
components. Resistivity is 1018 R.T. 
0-cm and conductivity is 150 BTU/ 
ft 2-hr- °F-ft @ 25°C. These properties 
make Berlox K-150 ceramic good for 
ceramic-to-metal electronic compo
nents, such as heat sinks and packages 
for microelectronics. National Beryl
lia Corp., Greenwood Ave., Haskell, 
N .J. 07420. (201) 839-1600. 

Circle 266 on Inquiry Card 

THERMAL CHAMBER 
Bench type model. 

Small , economical thermal cycling 
chamber is good for handling about 
1h lb . workloads of such items as 
modules and chips. Offering a temp. 
range from -65°C to +200°C, it has 
a SS indicating control instrument 
with two pots for cycling from high to 
low temp. and back again. Blue M En
gineering Co. , 138th & Chatham St., 
Blue Island , Ill. 60406. (312) FU 5-
9000. 

Circle 267 on Inquiry Card 

EMI FILTERS 
Feature high insertion loss. 

One of these miniature filters, Part 
51-301-030 (at left) offers 20 dB at 
30 kHz; 60 dB at 1 MHz; and 70 dB 
at 10 MHz through 10 GHz at a cur
rent rating of 10 A and a voltage rat
ing of 100 Y at 85 °C or 50 Y at 
125 °C. Cost is $12.80 each (1-49 
pieces) . Spectrum Control, 152 E. 
Main St. , Fairview, Pa. 16415. (814) 
494-5593. 

Circle 268 or. Inquiry Card 
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AC MOTORS 
On a 1 23 / 32 in . dia . frame. 

Type CFC line includes 3 hysteresis
synchronous versions with output 
speeds of 1200, 1800, and 3600 rpm, 
and 3 induction types producing 2.5 
oz. in . at 3050 rpm, 2.0 oz. in . at 1400 
rpm, and 1.0 oz. in. at 800 rpm . All 
motors operate on 115 Vac, 600 Hz, 
single phase. Weight is 11.5 oz. $58.00. 
Globe Industries Div., of TRW, Inc., 
2275 Stanley Ave ., Dayton, Ohio. 
45404. (513) 228-3171. 

Circle 269 on Inquiry Card 

CRYSTAL CAN RELAY 
Features welded seals. 

~ 

~: 
~ 

New Type SR and Type LS half 
crystal can relays meet requirements 
of Mil -R-5757 E/ 9. Elimination of 
flux contamination coupled with mi
crosonic multi-bath cleaning produces 
contact resistance in critical low level 
circuits as low as 10 mO. Both the 
2PDT and 4PDT non-l atching units 
are included in the 0.4 x 0.4 x 0.8 in. 
size. Branson Corp., Vanderhoof Ave., 
Denville, N .J . 07834. (201 ) 625-0600. 

Circle 270 on Inqu iry Card 

MODULAR POWER SUPPLIES 
Series regul ated. 

SR Series includes 64 different "off
the-shel f" models ranging in voltage 
from 3.6 to 48 V and currents to 
35 A. Specs include 0 .075 reg. (load 
and line) , ripple < 5 mV pk-to-pk, 
transient response 20 to 50 µs and full 
current rati ng at 55 °C. Powertec D iv .. 
of Airtronics . Inc., 916 8 D eSoto Ave., 
Chatsworth, Calif. 91311. (2 13) 882-
0004. 

Circle 271 on Inquiry Card 
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WIREWOUND RESISTORS 
Have a ± 10 ppm/ °C temp. coeff. 

New prec1s1on bobbin wirewound 
resistors come in six models, 0.15 
through 0.50 W . They meet require
ments of Mil-R-39005 and Mil-R-93. 
Feature non-inductive winding, com
plete welded construction and good 
moisture resistance. They are available 
in a to!. range from 0.05 % to 1 % . 
Resistance range is from 100 to 5.4 
MO. Dale Electronics, Inc., Box 609, 
Columbus, Nebr. 68601. 

Circle 272 on Inquiry Card 

RESISTIVE SUBSTRATES 
For microstrip applications. 

Both sides of these substrates are 
metalized with chrome film . Metaliza
tion is provided on 99.5% Al 20 a on 
0.025 in . ground substrate with a sur
face finish of < 10 µin . There is a 
choice of resistivity of 50, 100, 200, 
or 400 O /sq. A 300 µ.in . gold con
ductor is metal ized on the chrome. 
Avai lable sizes are 1 x 1, 1 x 2 and 
2 x 2 in. Tek-wave, Inc ., Raymond 
Rd., Princeton, N. J . 08540. 

Circle 273 on Inquiry Card 

COMBINATION DC SUPPLY 
Two voltages in one package. 

The PM796 consists of a 4. 8 V to 
6.3 V at 3 A logic power supply and 
a 180 V at 40 mA display power sup
pl y. Line and load reg. is ± 0.05% on 
the 5 V sub-assembly and ± 0.5 % on 
the J 80 V sub-assembl y. Operating 
temp. range is 0° to 65 °C and TC is 
0.05 % I °C. Computer Products, Inc., 
2709 N. Dixie Hwy, Box 23849, Ft. 
Lauderdale, Fla. 33308 . 

Circle 274 on Inqu iry Card 

High Voltage 
Silicon 
Rectifier. 
For large 
screen color 
television. 
Available in production 
quantities now! 

45KV 

~e~:n$2.QQ 
@ 100,000 Pcs. 
45 ,000 volts 

T hi s si licon rec ti fie r was designed to 
prov ide high vo ltage D C for the pi c ture 
tube in hybrid color te lev is ion receive rs. 
A lower cos t vers ion is ava ilable fo r use in 
a ll -so lid -state rece ive rs. 

Varn a lso makes a comple te line o f high 
vo lt age rect ifiers fo r b lack and white re
ce ive rs . 

A comp le te line of vo ltage multiplie r 
devices arc a lso ava il ab le in produc tio n 
quantiti es . 

Whe n you thin k of Varo semiconduc to r 
prod ucts . reme mbe r thi s - we· re the co m
pany th a t not o nl y made the first s ilico n 
high vo ltage rec ti fie r eve r used in co n
sumer T V se ts. but we rece ived the fir~t 

orde r fo r mult iplie rs to be used in consumer 
TV prod uc tion. too. 

VARO 

SEMICONDUCTOR DIVISION 1000 N. SHILOH 
ROAD, GARLAND. TEXAS 75040 (214) 272-4551 

Circle 28 on Inquiry Card 



NEW PRODUCTS 

PC CONNECTORS 
Meet Mil-E-5400 (Rev. K) . 

1
·
11
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Series 8228 metal-to-metal connec
tors are available with 17, 29, 41, 53, 
and 65 VariconTM contacts spaced on 
0.050 in. centers. The plugs are de
signed for PC card mounting; the re
ceptacles, which can be fitted with 
solderless wrap PC tab,. or wire hole 
contacts, can be mounted on panels, 
mother boards, and racks. Series 8228 
units also conform to Mil -E-8189 and 
Mil-T-21200. Elco Corp., Willow 
Grove, Pa. 19090. (215) 659-7000. 

Circle 275 on Inquiry Ca rd 

IC FLATPACKS 

These flatpacks provide max. cavity 
space .and bonding pads. Low-profile 
"Kovar"-to-glass (or ceramic) assem
blies c·ome in 7 std. styles. Many sub
strate sizes are avaliable from 0.148 
x 0.183 to 0.250 x 0.300 in . with from 
J 0 to 40 leads. Special versions may 
be ordered to meet virtually any ap
plication. Tekform Products Co., 2780 
Coronado St., Anaheim, Calif. 92801. 

Circle 276 on Inquiry Card 

OP-AMP SUPPLY 
For direct PC board mounting. 

Supply is l 1h x 11/2 x 1 in. and 
weighs 2. 7 oz. It provides ± 15 V at 
150 mA from an ac source of 115 V, 
50-400 Hz. Regulation is 0.05 % (line 
and load). Ripple 2 mV rms. An octal 
plug base is available. Palomar Engi
neers, Box 455, Escondido, Calif. 
92025. 

Circle 277 on Inquiry Card 
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CIRCUIT CARDS 
With high packaging density. 

"Accra-point" process uses a st1tch
wiring method to interconnect com
ponents. Packaging densities of 80 
tiatpaks or 54 DIPS on std. 4 x 9 in. 
boards are possibie. It includes de
coupling and bussed pwr. and gnd. 
Cost is $3 .00l 1c installed on PC board 
and interconnected. Process accepts all 
customer board size requirements. A
P AC Corp., 20729 Dearborn St., 
Chatsworth, Calif. 91311. (213) 341-
9512. 

Circle 278 on Inquiry Card 

ACTIVE FILTER 
Has low power consumption. 

Model FS-60 hybrid 1c filter re
quires only 0.3 mW of power at ±2 V , 
making it suitable for use in battery
operated equipment. It sells for $10 in 
large quantities . Operating in the freq. 
range from de to 10 kHz, it has rnulti
loop negative feedback for high stabil 
ity and a Q range of from 0.1 to 500. 
Kinetic Technology, Inc., 3393 De La 
Cruz Blvd. , Santa Clara, Calif. 95051. 

Circle 279 on Inquiry Card 

MINIATURE HV DIVIDERS 
In an alumina substrate. 

Series HD precision tapped resistors 
track. to < 25 ppm for changes in 
temp. and IO ppm IV I in. (i.e., per 
inch of resistor track length) for 
changes in voltage. Unit shown is a 
500 MO, J 0 kV resistor with taps. 
Microtek-Electronics Inc., 138 Alewife 
Brook Pkwy, Cambridge, Mass. 02138. 

Circle 280 on Inquiry Card 

FET SWITCH 
Features stable "oN" resist_ance. 

FM 1000 Series PREDictable FET 
(PRED-FET) switch guarantees precisely 
specified "oN" resistance which re
mains stable regardless of amb. temp. 
variations. It offers FET switching with 
precision resistance reliability. This ca
pability is important in fast A I D or 
D I A conversion, multiplexing or chop
ping applications. Film Microelectron
ics, Inc., 1 7 A St., Highland Ind. 
Park, Burlington, Mass . 01803. (617) 
272-5650. 

Circle 281 on Inquiry Card 

HEAT SINKS 
Fit most semiconductor cases. 

These heat sinks will fit most cases 
that use a single tab mounting hole. 
Included are SCRs, power transistors, 
triacs and quadracs. The 6106 series 
offers max. mounting surface with min. 
circuit board space requirements. The 
in-line veins red11ce wasted space with
out sacrificing performance. Thermal
loy Co., 8717 Diplomacy Row, Dallas, 
Tex. 75247 . (214) ME 7-3333. 

Circle 282 on Inquiry Card 

INDICATOR LIGHT 
Lenses available in IO styles. 

The 856 comes complete with new 
Q lens and accepts T 1 % based in
candescent lamps or T2 based neon 
lamps. The Q lens is molded from 
Lexan. Bezel design permits 180° 
visibility, and is anodized aluminum 
with a matte silver appearance. The 
Sloan Co., Box 367, 7704 San Fer
nando Rd., Sun Valley, Calif. 91352. 

Circle 283 on Inquiry Card 
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PC CONNECTOR MODULES 
With 0.025 in.2 solderless wrap tail. 

Miniature PC connector modules 
come in a two-position size, with or 
without card guides. Tail terminals are 
on 0. 125 in. spacing for use on alumi
num plate PC connector assemblies . 
Modules are for single or double read
out of 1/ 16 in. PC boards . They have 
mounting bosses for press fit retention 
in 0.080 in. thick Al plates with 0.073 
in. dia. holes. Cinch Mfg. Co., 1501 
Morse Ave., Elk Grove Village, Ill. 
60007. 

Circle 284 on Inquiry Card 

MINIATURE FILTERS 
High volumetric efficiency. 

er-) 
Series 1400 tubular filters are for 

use in systems where EMI/ RFI energy 
must be eliminated. Using ceramic 
capacitor elements , these filters achieve 
space savings from 25 % to 70 % com
pared to comparable ceramic filters . 
They come in L, Pi and T configura
tions . Filters & Capacitors , Inc., 425 
N. Fox St., Box 1272, San Fernando, 
Calif. 91341. (213) 356-3228. 

Circle 285 on Inquiry Card 

DIRECTIONAL COUPLER 
Covers I to 12.4 GH z. 

Model DC M 1-20 provides 20 dB cou
pling wi th directi vity better than 20 dB 
in L-, S- , a nd C-bands and better than 
15 dB in X-ba nd . Max imum VSW R is 
1. 5: I and inserti on loss ra nges from 0.2 
dB to 0.4 dB fr om L-ba nd throug h X
band . App lied Techn ology, 3410 Hill
view Ave., Sta nford Indu stri al Park , 
Palo /\Ito, Ca lif. 94304. (41 5) 32 1-5 135. 

Circle 286 on Inquiry Card 
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HV POWER SUPPLIES 
For CRTs and other displays. 

-·--· v 
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These precision supplies feature low 
ripple and accurate digitally-selectable 
output voltage . Outpnt is continuously 
adj. from 1 kV to 20 kV at 3 mA on 
the Model 160, and from 10 kV to 
30 kV at 1 mA max. on the Model 
170. Accuracy of the output is within 
0.25 % of the selector switch settings. 
Output voltage is line and load regu
lated to within 10 ppm. Velonex, 560 
Robert Ave., Santa Clara, Calif. 
95050. (408) 244-7370. 

Circle 287 on Inquiry Card 

ANALOG IC KIT 
Contains 10 different ICs. 

Model KIC-1 analog IC kit contains 
10 different analog ICs plus complete 
application information. It allows you 
to build 85 different analog type cir
cuits. Kit contains: 2 analog multi
pliers, I analog comparator, 1 analog 
timing device, I bipolar regulator, 4 
op amps and 1 application book. Opti
cal Electronics, Inc., Box 11140, Tuc
son, Ariz. 85706. (602) 624-8358. 

Circle 288 on Inquiry Card 

REGULATED POWER SUPPLY 
IC supply ripple is below 1 mV. 

Model PS-30 provides a regulated 
(0.01 % ) continuously adjustable out
put covering the range from 0 to 30 
V at currents from 0 to 1 A. Output 
voltage and current are monitored by 
a front panel meter and are isolated 
so that either terminal may be ground
ed. AUL Instruments, Inc. , 139-30 
34th St., Flushing, N.Y. 

Circle 289 on Inquiry Card 

Your battery operated or low voltage DC product 
is OUTDATED if you permit hot, high voltage AC 
to go directly from the wall outlet to your prod· 
uct! Modern manufacturers employ the simple, low 
cost DYNAMIC SYSTEM which keeps hot AC at the 
wall outlet and delivers only cool, low voltage DC 
to your battery operated or low voltage DC prod· 
uct completely eliminating the need for a bulky 
internal transformer! 
UPDATE your product NOW with the famous U/L 
listed DYNAMIC SYSTEM! 

your free copy of 
Dyn1mic's TechniCll 
Brochure which de
scribes the Dyn1mic 
System TODAY! 

Dynamic lnsbument CORP. 
115 E. Bethpa&e Rd., Plainview, N.Y. 

Circle 58 on Inquiry Card 



NEW PRODUCTS 

DC POWER SUPPLY 
Replaces five conventional units. 

pd 
.. 
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Model 6050 "Uniply" TM delivers 
min . outputs of 0-7 V at 5 A, 0-15 V 
at 3 A, 0-25 V at 2 A, 0-50 V at 1 A 
and 0-60 V at ~ A. Control is com
pletely electronic; no manual switch
ing of operating ranges is necessary. 
Operation beyond ratings is instantly 
indicated by a flashing lamp. This 
supply is not limited in power output 
rating by min. ac line input voltage 
considerations. While it meets publish
ed ratings at 105 Vac line, its useful 
output can safely increase up to twice 
normal levels at higher line voltage 
levels. Power Designs Inc., l 700 
Shames Dr., Westbury, N.Y. 11590. 
(516) 333-6200. 

Circle 308 on Inquiry Card 

Phone or write today . 

RO\l\IE 
INDUSTRIES, INC. 
1702 Airport Highway, 

Toledo, Ohio 43509 
Phone: 419-382-5666, 

TWX: 810-442-1734 

~ 
High-Voltage 
Corona-Free 

Type JA 
Connectors 

Type JA Rowe Con 
nectors for econom
ical use in lasers, 
power supplies, 
display sys tem s, 
etc. 
• Unmated fla sh
over value 12KV DC 
e Mated 20 KV DC, 
unmated 10 KV DC 
• Corona inception 
in excess of 5 KV at 
75,000 feet 
• Dperati ng tem
per at u re range 
-55°C to 125°C 
• Current 2 amps 
DC 
• Quick-disconnect 
Al so available in 
complete cable as
semb ly form. 
Type JA Connectors 
are adaptable to 
standard coaxial 
cables RG -58, -59, 
-54, etc. with re
duced ratings. 

Circle 61 on Inquiry Card 

PC CARD 
Offers complete IC mix capability. 

"Omnicard," an all-purpose system
design PC card has a continuous matrix 
of 768 DIL pilot holes which will ac
commodate all std. components. It 
accepts 14-pin (up to 12), 16-pin (up 
to 10), 24-pin (up to 6) and 28-pin 
DIP 1cs (up to 6). It also takes 8- and 
10-pin T0-5s and discrete components 
together with any mix or combination 
of DIP res-all on one card. AP Inc., 
72 Corwin Dr., Painesville, Ohio 44077. 
(216) 357-5597. 

Circle 309 on Inquiry Card 

PRODUCTION CAMERA 
For microcircuitry. 

The high-precision microphotogra
phy Dekacon III Alpha camera is for 
the production of re reticles for Mos, 
LSI, and large-area high-density micro
circuits. It is especially recommended 
for IC reticle making using a Nikon 
135mm Ulgra-Micro-Nikkor lens at 
20X, 25, and 30 reductions. HLC 
Mfg. Co., Inc., 732 Davisville Rd., 
Willow Grove, Pa. 19090. (215) 657-
1700. 

Circle 310 on Inquiry Card 

ELECTRONIC CHASSIS 
Speeds assembly. 

~ 
This welded wire chassis permits 

easy access for component insertion 
and assembly. Thus, assembly costs 
are lower and components can be 
added much faster. Skeletonized de
sign also combines maximum strength 
with minimum weight and improved 
component cooling. E. H. Titchener & 
Co., Binghamton, N.Y. 

Circle 311 on Inquiry Card 

POTTING COMPOUND 
With high thermal conductivity. 

New two-component Epo-Tek 920-
FL epoxy compound is a smooth
flowing paste when mixed, with a 
viscosity at 79 °F of 14,000 cps. It has 
an 8 hr. pot life, and cures in 1 to 2 
hr. at 60 °C, and in 30 min. at 80 °C. 
Thermal conductivity by the compara
tive method is 7.55 BTU in/ ft2 hr. °F . 
Dielectric constant at 1 MHz is 6.07 , 
with a diss. factor of 0.021. Epoxy 
Technology, Inc., 65 Grove St., Water
town, Mass. 02172. 

Circle 3 12 on Inquiry Card 

POWER MODULES 
Continuous operation to 71 °C. 

OEM Series provides 26 models 
from 3 to 48 V, from 0.70 to 9 .0 A. 
All have remote programming and 
sensing, automatic recovery after re
moval of overload, self cooling, and 
fast response time for pulsed digital 
loads. Specs include 0.05% reg., 1 mV 
rms ripple and noise, 0.1 % stab. and 
10 µs recovery ti me. De Itron , Inc., 
Wissahickon Ave., North Wales, P a. 
19454. (215) 699-9261. 

Circle 313 on Inquiry Card 

CRYSTAL FILTER 
Features excellent selectivity. 

........... ~ 

~ 

Model SB212A single side band fil
ter has a carrier frequency of 1750 
kHz with a 4 dB high and low BW of 
+3.5 kHz and +300 Hz respectively. 
The carrier rejection is 30 dB min. 
Temperature range is -40°C to 
+ 85 °C and a ripple of 1.5 dB maxi
mum. Microsonics, 60 Winter St. , 
Weymouth, Mass . 02188. 

Circle 314 on Inquiry Card 
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CONTACT CLEANER 
No pressure required. 

Ace Bright cleans off non-conduc
tive films without damaging the base 
materials . It's easy to use, with light 
strokes across the area to be cleaned 
all that is necessary. For di.fficult jobs 
you just increase the number of 
strokes. Use it to clean relay contacts, 
contact fingers , RFI/ EMI gasket con
tact surfaces , switch contacts , and 
sliding contacts. Metex Corp., 970 
New Durham Rd. , Edison , N .J . 08817. 
(201) 287-0800. 

Circle 315 on Inquiry Card 

FLAT CABLE HARNESSES 
With impedances from 50 to 1500. 

Mektron harnesses come with im
pedance controlled to ± 5% or better 
and terminations with matched imped
ance. Desired values are achieved by 
varying the width and spacing of con
ductors and grounds. Crosstalk is 
held below 5 % levels. Conductors are 
etched continuously from copper-clad 
rolls of Duroid 8150, a high-temp. 
poly-amide-imide insulation. Rogers 
Corp. , Rogers, Conn. 06263. 

Circle 316 on Inquiry Card 

HIGH-LOSS SHEET 
For microwaves. 

___, 
Eccosorb FDS is a flexible material 

based on silicone rubber. When 
bonded to a metal surface, it will effec
tively p revent the flo w of m icrowave 
currents. Rad iation patterns of anten
nas can be mod ified by usi ng it to 
elements, dishes, horns, and so forth. 
Emerson & Cuming, Inc., Canton, 
Mass. 02021. (61 7 ) 828-3300. 

Circle 317 on Inquiry Card 
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RESISTORS 
Adjustable molded metal film. 

IBJ ______ _ 

FixTrimi!il resistors exceed perfor· 
mance characteristics of Mil-R-55182 
and Mil-T-10509. They may be used 
to replace set and lock trimpots or to 
minimize inventories of fixed trim
ming resistors. The new line has 14 
values adj . from 10 0 to 100 kQ TCs 
available range from ± 25 ppm/ °C to 
± 100 ppm/ ~c from -55 °C to 
+ 175 °C. Angstrohm Precision Inc. , 
78 11 Lemona Ave., Van Nuys, Calif. 
91405. (213) 989-3064. 

Circle 318 on Inquiry Card 

PC BOARD SOCKETS 
Accept varying diameter leads. 

"Cirkut Sockets" are installed in cir
cuit boards by a simple swaging oper
ation . They are then wave or bit 
soldered. Sockets project only 0.040 
in . above PCB surface, while actual 
mating of pin and socket occurs within 
the thickness of the board. Costs from 
$0.05 to $0.15 . SAE Advanced Pack
aging, Inc., 1357 E. Edinger Ave., 
Santa Ana, Calif. 92707. (714) 547-
3935. 

Circle 319 on Inquiry Card 

WIDE-BAND AMPLIFIER 
Has 0.5 MHz to 400 MHz BW. 

These rf amplifiers are constructed 
using hybrid thick film techniques. 
Model 400-20 has a 1 dB BW from 
500 kHz to 400 MHz. Gain is 20 dB 
± l dB. Amplifier NF is a max. of 4 
dB, and vswR, both input and output, 
is 2: 1 max. $275. Sierra Systems, Inc., 
2255 Old Middlefield Way, Mountain 
View, Cali f. 94040. (415) 969-3056. 

Circle 320 on Inquiry Card 

TRANSIENT RECORDER 
Connect to input power lines. 

Recorder provides a long term, 
permanent record of the amplitude, 
duration , and time of occurrence of 
any power line voltage transient. 
Transients ranging from 5 µs to > 128 
ms in duration and 1 to 100 V in 
amplitude can be detected and re
corded. Detection accuracy is ± 1% 
for amplitude detection and ± 3% for 
duration detection. Data Research 
Corp. , 2601 E. Oakland Park Blvd., 
Ft. Lauderdale, Fla. 33306. 

Circle 426 on Inquiry Card 

WIRE TYING STRAP 
Doubles as mounting clamp. 

TY-54M cable tie eliminates all 
cl amps, mounting bases , screws, bolts, 
rivets, and other hardware associated 
with installing wire bundles. It is a 
self-locking T y-Rap® strap with a 
push-in mounting device in the head. 
Just tie the wire bundle with this strap, 
drill a 0.187 in . hole, and plug in the 
wire bundle. The Thomas & Betts Co., 
36 Butler St. , Elizabeth, N .J. 07207. 
(20 l) 354-4321. 

Circle 427 on Inquiry Card 

CERMET PRECISION POT 
With a 5 W power rating. 

Model 139 single-turn pot comes in 
a molded, glass-filled nylon housing. 
A heat-formed rear lid eliminates the 
use of adhesives. It has a range of 
500 0 to 1 MO, essenti ally infinite 
resolution, and a std . independent lin
earity of ± 0.5 % . Spectrol Electronics 
Corp. , 17070 E . Gale Ave., City of 
Industry, Calif. 91745. (2 13) 964-6565. 

Circle 428 on Inquiry Card 
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NEW PRODUCTS 

RESISTOR MATERIALS 

Have high power handling capacity. 

"Birox" thick film resistor compo
sitions come in resistivity values from 
100 to 300 kO/ sq. They are 1021, 
100 0 / sq.; 1031, lkO/ sq.; 1041, 10 
kO/ sq.; 1051, 100 kO/ sq.; and 1053, 
300 kO/ sq. They are designed for 
screen printing with conventional 
woven screens. Dynamic chemical 
changes to the resistive material do 
not occur during firing. E . I. Du Pont 
de Nemours & Co., Electrochemicals 
Dept. , Wilmington, Del. 19898. 

Circle 290 on Inquiry Card 

MICROWAVE TRANSISTOR 

Jn a 4 leaded microstripline pack. 

Type 2N5717 is for use in class 
A or C power amp and oscillator cir
cuits up to 3 GHz. Power input is 
500 mW c w at 2 GHz with min . eff. 
of 15% in class A operation. It has 
9 dB gain at 2 GHz and operates 
from a 28 V source. Semiconductors 
Inc. , 14520 Aviation Blvd., Lawndale, 
Calif. 90260. (213) 679-4561. 

Circle 291 on Inquiry Card 

INSTRUMENTATION AMPS 

Only 0.4 in. high and 1.5 in. sq. 

These two amplifiers can be mount
ed on a PC card or inserted into a 
mating connector. Model 3264/ 14 has 
a max. input drift of ± 10 µ V / °C, 
and costs $29.90 ea. (in 100 quan.). 
Model 3263/ 14 has a max. drift of 
only ±3 µ V /° C from -25 °C to 
+85°C. The 3263/ 14 is $45 ea. (100 
quan .). Output of each amplifier is 
± 10 V at ± 5 mA. Burr-Brown Re
search Corp. , International Airport 
Ind. Park, Tucson, Ariz. 85706. 

Circle 292 on Inquiry Card 

THICK-FILM PASTES 

TC of < 100 ppm. 

"Cermalloy," pastes are for cermet 
hybrid circuits and trimming pots . 
They are warranted "batch-to-batch 
reproducible" for resistive or conduct
ive applications. Sheet resistivities 
range in seven discrete steps from 1 
0 / sq. to 500 kO / sq. Cermet Div. , 
Bal a Electronics Corp., 14 Fayette St., 
Conshohocken, Pa. 19428. (215) 828-
4650. 

Circle 293 on Inquiry Card 

FERRITE MATERIAL 

Computer grade. 

New MMF 35-101 ferrite is com
pletely compatible with widely used 
ferrites such as 4R5 and CN2002. 
MMF 35-101 maintains its low Joss 
characteristics beyond 10 MHz and 
has excellent machinability. It can be 
supplied in ground core configura
tions, ceramic bonded, or even tor
oidally wound for direct use in pad 
assemblies. Michigan Magnetics, Ver
montville, Mich., 49096. (517) 726-
0590. 

Circle 294 on Inquiry Card 

ADHESIVE HEAT SINK 

Cools power transistors. 

Kool-It is a one part adhesive for 
bonding components directly to metal 
chassis and/ or heat sinks for more 
effective heat transfer. It has high 
thermal conduction and high electrical 
insulation. The room temp. , air cured 
bond is tough , resilient and has good 
ad hesion to clean metal surfaces. Vigor 
Tool Co., 53 W. 23rd St. , New York, 
N .Y. 10010. (212) YU9-5522. 

r.ircle 295 on Inquiry Card 

NEWfromGRC®I 
Molded NYLON 
SOCKET HEAD 
CAP SCREWS 

GRC's new Hex Socket Cap ~ 
:~~:7~1 a~:th:::ci:~d wi;:te~t:~ ~ 
machines to deli'ler the fa-
mous GRC big difference-
precise, uniform, flush-free, 

low-cost. Unusual properties 
make them suitable for wide 
range of applications: electri
cal insulating, vibration-proof, 

corrosion-resistant, with high 
strength-to-we ight . And they 

are off-the-shelf - ready for 

shipment . 

THREAD SIZES: #4. 6, 8, 10, V." Jij 
L'EHGTHS: 'la" lo I". 

~~ 

w o rld's f oremost producer of small 
d•e c astings & plastic m o ldings 

165 Beechwood Avenue, New Rochelle, N. Y. 10802 • 19141 633-8600 
Plants in: New Rochelle. N. Y.; Warren, R. I.; Toccoa, Ga . 

In Canada : Gries Div ., Dynocast Ltd . Lachine, Que. 

100 Circle 63 on Inquiry Card 

Are you interested in 

COMMUNICATIONS and 

INTEGRATED CIRCUITS? 

Then, you must be interested in 

COMMUNICATIONS ICs 

Plan now to attend the Seminar being organized 

by The Electronic Engineer magazine, at the 

Sheraton Hotel in Philadelphia, on February 17, 

1970. (this is the day before ISSCC) 

For Details 

Circle 420 on Inquiry Card 
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CONDUCTIVE GLASS 

For electronic displays. 

New Nesatron low-resistance elec
trically conductive glass features a 
vacuum-deposited metal oxide film that 
heats at low voltage. While it is effec
tive at relatively low voltages , it also 
has high light transmission-more 
than 80 % at resistivities ranging from 
I 0 to 10000/ sq. In contrast, visibility 
through most other coatings decreases 
as the resistivity decreases. PPG Indus
tries. Inc., One Gateway Ctr., Pitts
burgh, Pa. 15222. (412) 434-3011. 

Circle 296 on Inquiry Card 

PASTE SOLDER 

For soldering stainless steel. 

New solder, WCA, is for soldering 
300 and 400 series stainless steel as 
well as other "hard-to-solder" base 
metals. WCA is effective in removing 
oxides from 300 °F to 525 °F. It is 
avail able with all standard soldering 
alloys such as the popular tin / lead, 
tin / silver, and tin / antimony classes. 
Fusion Inc., 4658 E. 355th St., 
Willoughby, Ohio 44094. (216) 946-

33oo. Circle 297 on Inquiry Card 

IVlicroDiiniature 

DIFFERENTIAL AMPLIFIER 

DC to 100 kHz at a gain o!' 1000. 

Model 175 amplifier is not an op. 
amp. but a complete ready to operate 
(without ext. feedback resistors or 
roll-off capacitors) instrumentation 
amplifier. Features include : Input 
imp., 1 MO; gain adj . from 10 to 
1000; noise, < 1 µ. V rms below 1 kHz 
or < 5µ.V rms wideband at a gain of 
1000; output, ± 10 V @ 50 mA; 
CMRR, 90 dB; drift, typ. < 5µ.V /°C. 
California Electronic Mfg. Co., Inc., 
Box 555, Alamo, Calif. 94507 . 

Circle 298. on Inquiry Card 

CHIP CAPACITOR 

TC is 0 ± 30 ppm (-55 ° to +125°C). 

ATC 700 series NPO porcelain chip 
units measure 50 x 110 mils. Capacity 
range is 0.1 to 1500 pF; working 
voltage, 50; to!. 5, 10, and 20. Rugged 
silver metallization doesn't leach off 
when soldered. Pre-soldered termina
tions are also available for re-flow 
mounting. American Technical Cera
mics, 1 Norden Lane, Huntington Sta., 
N.Y. 11746. (516) 271-9600. 

Circle 299 ori Inquiry Card 

Elapsed TiDie Indicators 
for industrial use I , """ """"° I 

FLAME SPRAYED FERRITE 

Absorbs EM & X-radiation. 

A new process allows thin ferrite 
coatings to be formed on complicated 
substrates. It is particularly effective 
on ceramic and glass. Ferrite is spray
ed through a high temp. flame onto the 
surface of a substrate, forming a 
continuous, adherent coating. Several 
grades of ferrites are available to 
match different substrates. Samples 
can be produced on request. Stack
pole Carbon Co., Electronic Compo
nents Div., St. Marys, Pa. 14857. 

Circle 300 on Inquiry Card 

GENERAL PURPOSE RELAY 

Switches low level loads below. 

This bifurcated contact version of 
the company's KHP relay is enclosed 
in a white nylon dust cover. It is 
offered with DPDT or 4PDT contacts 
and coils for 6 to 120 V ac or de 
operation . Relays of this design will 
be available at single Jot prices of 
$5.75 to $6.85. Potter & Brumfield, 
Princeton, Ind. 47570. (812) 385-
5251. 

Circle 301 on Inquiry Card 

& 

a 
a 

--.llllilllllliilifiil.iliiliiilO' ... L · ,, ,,,. "' ~ 

If your application requires an elapsea time indicator but 
available space is at a premium, here's an ideal solution to your 
problem. These microminiature indicators measure only 37/ 64' 
square x 1-1/ 4' long! 

1 
.,...._~ 11l1tOf'l f tYIMGCOIO 

Vot.11G\AS Sl4'00 SU~ING 
lt trl'f"' ' la 

Choose front or side-readout, for through-panel mounting or 
installation inside or outside equipment. Use 60 or 50 Hz. 
Elapsed time readings are in "Hours," on a four-digit counter. 

You can use these tiny devices to indicate recalibration tim, 
on test equipment ; lubrication, overhaul or adjustment time on 
tools or machinery; and time for replacement of critical com
ponents in computers and complete processing systems. In fact, 
you can use them to indicate the actual operating tim~ of any 
piece of electrical or electronic equipment. 

Send for information now! 

NORrn AMERICAN PHILIPS.Ml AYDON w~~=r~~;~~ ~~~ns~:;~o 
COMP!ANY See EEM for local 

K Representatives in U. S. 

In Europe : s.a. Polymotor • 29 Av . Paul Henri Spaa~ • Brussels 7 • Tel. 23.40.83 

Timing Ii Stepper Motors • Electromechani cal L Electronic Timin& Devices L Systems 

Circle 64 on Inquiry Card 

a 

•• 11 CL.o\Ul·AI ' a 

506 W. Court St. 
Rome . N .Y. 13440 

Circle 65 on Inquiry Card 101 
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Using spot ti.es fOf 
wire ha.rn.e.ssln.g 1 

HERE IS THE 

GUDEBROD 
SYSTEM 11S 11 

- SPEEDS THE WORK- SAVES MONEY, TOO I 

GUDE-TIES CUT LENGTHS -Specifically produced for spot 
knotting these handy cut lengths of Gudebrod Flat Braided 
Lacing Tape are dispenser packaged for one hand, speedy with
drawal. Available in 6 ", 8 ", 10 ", 12 11

, 15 11
, 18 11

, 20 /1 and 22 /1 

lengths (other lengths on order). Meet or exceed MIL-T Specs, 
no-slip knots hold firmly without cutting insulation. 

GUDE-SNIPS -These palm-of-the-hand snips cut cleanly, 
easily . For r ight or left hand use, spring action, DuPont Teflon 
bearing. Allow operator to have free use of fingers without con
stant reaching for knife or shears. Save motion, save time. 

GUDEBROD SWIVEL-TILT HARNESS BOARD MOUNT
Balanced, two dimensional action brings every section of the 
harness within easy reach. No stretching, no straining. Knots are 
tied in an easy, natural position. Cuts fatigue - speeds work. 

Here you have the Gudebrod System " S" for spot tie lacing, 
based on the high quality, high speed Gudebrod Lacing Tape
if you 're interested in saving money while speeding the harness 
work, get in touch with us. (For continuous tying, ask about 
System "C". ) 

Available also in other types 
of Gudebrod Lacing Tapes 

UDEBRDD Gudebrod Swivel -Til t H a rness 
Board M ounts available 
in severa l sizes 

GUDEBROD BROS. SILK CO .. INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107 
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Navy manual for microelectronics 
If you use integrated circuits

whether the equipment you design is 
for the Navy or not-you'll find this 
Navy guidelines manual very helpful. 
Actually, the manual does not tell you 
how to design with microelectronic 
circuits. In that respect, it resembles 
more a course on microelectronics than 
a design manual. But, since it states 
specifically the types of microelectronic 
circuits and packages it recommends 
for the Navy, it will save you many 

NAVY SYSHMS DUIGN 
GUIDfllNl MANUAL 

" " .. ,,o ·• '·"••oo• ..... ,. ....... 
_ .. , ......... 

.......... ·•1"<· . '"' 

false starts. Included is material on 
manning, support, repair and main
tenance important in Navy contracts 
and unavailable elsewhere. You can 
obtain a copy (while they last) of 
"Microelectronic Applications" Navy 
systems design guidelines manual, by 
writing on yo ur company letterhead to 
Mr. Thomas E. McDuffie, Project En
gineer, Naval Applied Science Lab., 
Brooklyn, N. Y. 11251. In addition to 
(not instead of) your letter, 

Circle 322 on Inquiry Card 

Software controlled system 
A software package for a computer

operated circuit test system, designated 
the P484, is discussed in a 20-page 
catalog. Designed for applications in 
manufacturing and use of res, circuit 
boards and other circuit modules, the 
software package's sal ient features are 
listed. Testing procedures are described 
in the literature and operational illus
trations are provided. T eradyne, 183 
Essex St., Boston , Mass. 02111. 

Circle 323 on Inquiry Card 

Transistor chips 
A 6-page catalog (CN-164) de

scribes 26 different silicon planar 
epitaxial trans istor chips for use in 
hybrid circuits. Probed-parameter elec
trical characteristics are listed , physical 
geometries are clearly illustrated and 
dimensions are included. Sprague Elec
tric Co., North Adams, Mass. 01247. 

Circle 324 on Inquiry Card 
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Connector wal l chart 
A comprehensive pin and socket 

connector and assembly tool wall chart 
includes specs and applicable circuit 
requirements for six rack-and-panel 
connector families. The chart contains 
photographs, line drawings, electrical 
characteristics and mechanical specs 
on the company's 17 series Min-Rae® 
connector line. The chart is fully cross
referenced by general application area. 
Amphenol Industrial Div., Bunker. 
Ramo Corp., 1830 South 54th Ave., 
Chicago, Ill. 60650. 

Circle 325 on Inquiry Card 

Test instruments 
A 16-page bulletin (2080) intro

duces five new instruments and gives 
complete operating specs for equip
ment serving needs for industrial elec
tronic and electrical testing, including 
radio and TY servicing, communica
tions , ai r conditioning, refri geration 
and heatin g. Instruments described in
clude a model 202 Accu-Log VOM, 
portable chart recorders, multi-test
ers. a current leakage tester and a 
solid state voM. Simpson Electric 
Co., Div. of American Gage & Ma
chine Co .. 5200 W. Kinzie St ., Chi
cago, Ill. 60644. 

Circle 326 on Inquiry Card 

Design directory 
A compilation of literature and ser

vices offered by Texas Instruments is 
contained in bulletin CM-102A. The 
12-pager briefly describes the resources 
available, contains an explanation of 
their specific purposes and provides in
formation on how to obtain them. An 

Tex:a..<i Instruments 
Integrated Cin:uil.S ond 
Discrete Components 

index guide to Tl's application reports 
and notes is included, as is a compre
hensive summary of the application 
publications. Texas Instruments, Inc., 
MS 308, Box 5012, Dallas, Tex. 
75222. 

Circle 327 on Inquiry Card 

Precision instrumentation testing 
A compendium of advanced testing 

and measuring devices describes power 
aging systems for components and 
res. Various life test systems are dis-

lTT 

cussed and components and specs 
are included for each. Micro Instru
ments, 12901 Crenshal Blvd., Haw
thorne, Calif. 90250 . 

Circle 328 on Inquiry Card 

Power supply catalog 
A 76-page catalog lists over 3,500 

models of power modules and includes 
prices and application photos. The 
catalog features the company's new 60 
Hz to de model R line and new de to 
60 Hz model P and K lines. Hermet
ically sealed modules for aerospace 
applications, meeting, for example, 
Mil-E-5272C and Mil-E-5400 require
ments, are also available. Abbott 
Transistor Labs. Inc., 5200 W. Jeffer
son Blvd ., Los Angeles, Calif. 91106. 

Circle 329 on Inquiry Card 

Mounting PC boards 
A 4-page data sheet describes a new 

and efficient way to mount PC boards 
to metal panels and chassis by using 
teflon spacer/ bushings. Each item is 
fully described , and photographs, 
drawings, tables and schematic di a
grams show how to install the spacer/ 
bushings. Sealectro Corp., 225 Hoyt 
St., Mamaroneck, N .Y. 10543. 

Circle 330 on Inquiry Card 

Relays 

A 44-page catalog presents a com
plete line of mercury-wetted , mercury
displacement and dry-reed relays. Gen
era l information is given for each line, 
and charts and illustrations provide 
detailed information on each product. 
Adams & Westl ake Co., Sub. of Allied 
Products Corp., J 025 N . Michigan 
St., Elkhart, Ind. 46514. 

Circle 331 on Inquiry Card 
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LITERATURE 

Precision switches 
Photographs , cutaway illustrations, 

descriptions , detai led specifications .and 
application data for hundreds of 
standard switches and variations com
prise a new 44-page catalog. A major 
part of the catalog is devoted to coil 

spring snap-action switches and in
cludes a switch selector-locator pl us 
20 pages of snap switch terminology 
and data. Cherry Electrical Products 
Corp .. 1650 Old Deerfield Rd ., High
land Park , III. 60035. 

Circle 332 on Inquiry Card 

Breadboard data 
A versatile solderless breadboard 

providing over 2,000 instant plug-in 
tie points for use with all dual-in-line 
packages, TO-S 's and discrete compon
ents is described in a 2-page data 
sheet. The sheet lists all dimensions 
and component capacity as well as 
materials specs. AP Inc., 72 Corwin 
Dr., Paine s vi I 1 e (Cleveland), Ohio. 
44077. 

Circle 333 on Inquiry Card 

MPP cores 
A 76-page .catalog and designer's 

guide on moly permalloy .powder cores 
offers pertinent technical information 
to the design engineer. Charts and 
tables state the physical and electrical 
specs for 25 standard-sized cores, and 
"Q" curves show permeability availa
ble with each size. Arnold Engineering 
Co., Box "G ," Marengo, Ill. 60152. 

Circle 334 on Inquiry Card 

Thru-lug term inals 
Dimensions and specs for a line of 

thru-Iug, double-ended , through-the
board terminals used for wire-wrapping 
or solder connections are discussed in 
a 2-page bulletin. Also offered is a 
5eries of bench presses tooled to meet 
customer needs . Berg Electronics Inc. , 
New Cumberland, Pa. 17070. 

Circle 335 on Inquiry Ca rd 
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Microwave calibrations 
What is the total (rms) uncertainty 

of the time and frequency standards 
at the National Bureau of Standards? 
It's 4 .7 parts in I 012 . How many 
microwave standards does NBS have, 
what is their accuracy, and how many 
calibration services does NBS offer 
for microwave instrumentation? For 
the answers to these and other ques
tions on rf measurements, get NBS' 
Technical Note 373, "Radio-frequency 
measurements in the NBS Institute for 
Basic Standards," sold for $1 by the 
Supt. of Documents , U .S. Government 
Printing Office, Washington , D .C. 
20402. 

High voltage capacitors 
Capacitors used in high voltage cir

cuits of various types of electronic and 
electrical equipment are discussed in 
catalog MP101. The capacitors em
ploy a solid dielectric system of re
constituted mica and thermo-setting 
resin and are suggested for military 

and industrial applications. The ref
erence provides environmental charac
teristics, salient features and applicable 
military specs for the capaci tors. Per
formar ce curves, design data and type 
designations are included. Axel Elec
tronics, Inc. , 134-20 Jamaica Ave., 
Jamaica, N . Y. 11418. 

Circle 336 on Inquiry Card 

Electronic hardware 
Solder terminals, insulated terminals , 

panel hardware, chassis hardware and 
related tooling are illustrated in a 33-
page handbook in an "easy to specify" 
engineeri ng drawing style. Information 
is given on Mil-T-55155 terminals , 
time-proven industry-standard termi
nals , spacers , handles and clinch nuts , 
all of which are stocked parts. Elec
tronic H a rd ware Div., Positronic In
dustries Inc.. 1906 Stewart Ave., 
Springfield. Mo. 65804. 

Circle 337 on Inqu iry Card 

Defects in epitaxial wafers 
The various defects occurring during 

epitax ial growth on silicon and their 
possible causes are described and clas
sified in a 6-page article. Photomicro
graphs of representative si licon surface 
layers accom pany the study. Wi ll iam 
J . Hacker Co. Inc., Box 646, West 
Caldwell , N .J. 07007. 

Circle 338 on Inquiry Card 

Ag/AgCI and hybrid electrodes 
Product bulletin 123 ( 4 pages) in

troduces a family of sintered silver/ 
silver chloride and hybrid electrodes 
for precision bioelectric recording and 
stimulation . Descriptions, applications 
and ordering information are included . 
Vivo Metric Systems, 10709 Venice 
Blvd. , Los Angeles , Calif. 90034. 

Circle 339 on Inquiry Card 

Test methods 
An 8-page booklet is suggested as a 

reference for testers and designers of 
rf equipment. Titled Test Method and 
Interfacing Notes , bulletin # 102 has 
been prepared to aid engineers in the 
application of products and their sub
sequent testing. Schem atics are includ
ed. Vari-L Co., Inc., Box 1433, Stam
ford , Conn. 06904. 

Circle 340 on Inquiry Card 

Negative drafting system 
Technical bulletin 1002 (8-pages) 

describes and illustrates a new method 
of making negative artwork for print
ed wiring board prototypes without 
photography by using negative drafting 
symbols, components and opaque 
masking. The method allows the de-

signer to coat a copper-clad board 
with photoresist, to expose, develop 
and etch it, and to come up with a 
printed wiring board ready for drill ing 
and assembly in as little as 90 minutes. 
Bishop Graphics . Inc., 7300 Radford 
Ave., North Hollywood, Calif. 91605. 

Circle 341 on Inquiry Card 
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If you thought all 
Daystro 
were q 

• 

••• lool< again! 
Rectilinear components are still a neces
sary requirement in many circuit appli
cations. That's why Weston has rounded 
out its high-performance potentiometer 
line with two new rectilinear models. 
RT-12 styles 534 and 535 are designed 
for both general-purpose and military 
applications. They feature the same 
± 5% tolerance, 10 ohm to 50K range, 
and slip clutch stop protection that are 
standard with Daystrom Squaretrim® 
units, plus 24-turn adjustability and 

humidity proofing. Also new this year 
. .. models 553 half-inch and 543 three
eighth-inch Squaretrim potentiometers 
in military and commercial versions. 
Save board space as well as money with 
our field proven 501 Series multi-turn 
and 504 Series single-turn•;,." Square
trims offering values to 20K in a 0.02 
cubic inch case. All Squaretrim Diallyl
Phthalate cased pots give you Weston's 
patented "wire in the groove" construc
tion and your choice of flexible leads, 

pin and screw configurations. Whether 
your trimmer needs are military, indus
trial or commercial, you'll find the answer 
in this complete new low-cost line. 
Write today for data sheets and evalu
ation samples. DAYSTROM potentio
meters are another product of WESTON 
COMPONENTS DIV., Archbald, Pennsyl
vania 18403, Weston Instruments, Inc., 
a Schlumberger company 

WESTON® 



LITERATURE 

Electronic buyer's guide 
A 1970 catalog of electronic equip

ment for industry and government lists 
a wide range of items for R&D, pro
duction , communication, education 
and controls. More specifically, the 
600-pager lists IC devices, semicon
ductors, relays, transformers, resistors 
and various other electronic compon
ents. Other products in the roundup 

ALLIED 
lfiiUUSIR!AI fl£CTRO~ICS CAIAlDG 1910 

A LLI ED ELEC TRON ICS 

include test instruments, power sup
plies and electronic counters. Specs, 
descriptions and illustrations are pro
vided for each device. Featured in the 
catalog are a product index, a manu
facturer's index and an index of prod
ucts that meet military soecs. Allied 
Electronics Corp., Box 8528 , Chicago, 
Ill. 60680. 

Circle 342 on Inquiry Card 

Laser diodes 
A data file comprised of six data 

sheets provides information on gallium
arsenide laser diodes, diode a rrays, 
pulse generators and de-de converters. 
Included in the data are performance 
characteristics of the diodes and ar
rays and operating characteristics of 
the generators. The components are 
represented by photographs and di
mensional outlines, and their opera
tion is described in full. Laser Diode 
Labs., Sub. of The United Corp., 
Dept. B, 205 Forrest St. , Metuchen, 
N .J . 08840. 

Circle 343 on Inquiry Card 

Process computer 
The GE-PAC 30 mini-process com

puter series is the subjec t of a 16-page 
bulletin (GEA- 8 8 3 8) . The bulletin 
describes equipment that employs 1cs 
for high reliability in real-time ap
plicati ons. The series offers a choice 
of standard or custom read-only mem
mories and uses plug-in modules for 
easy field modification. General Elec
tric 's Process Computer Dept., 2255 
W. Desert Cove Rd ., Phoenix, Ariz. 
85029. 

Circle 344 on Inquiry Card 
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Multiconductor cables 
A 2-page data sheet describes a 

family of kits containing assortments 
of miniature multiconductor cables 
for use in research and product de
velopment labs. Six kits are described , 
each containing a different assort
ment of cables in sufficient quantities 
to aid in the development of proto
types . Caltron Industries, 20 15 Second 
St. , Berkeley, Calif. 94710. 

Circle 345 on Inquiry Card 

IC test rate increase 
The development of plug-in input

output turrets enables the company's 
type 852 1c sorter to test and sort 1cs 
up to 7.200 per hour. This new unit 
is described in a 2-page bulletin com
pl ete with photos and a brief descrip
tion of its operation and const ruct ion . 
Daymarc <:;orp. , 40 Bear Hill Rd ., 
Waltham, Mass. 02154. 

Circle 346 on Inquiry Card 

Relay and reed switches 
A 4-page catalog introduces a line 

of mercury-wetted relays, reed relays, 
and reed switches. Contact ratings and 
operating parameters are given for 
each as well as physical characteris
tics and life and reliability data. New 
Product Engineering, Inc., Sub. of 
Wabash Magnetics, Wabash, Ind. 
46992. 

Circle 347 on Inquiry Card 

Semiconductors and !C chips 
This 6-page catalog describes si licon 

chips and wafers , and lists 13 separate 
catego ries of transistors and 1cs with 
their type numbers and important 
parameters. Fifteen chip-die diagrams 
are illustrated with size and thi ckness 

information . The catalog also covers 
parameter testing, shippin g package 
information. AQL levels and customer 
services. Union Carbide Corp .. Semi
conductor Dept. , Box 23017. 8888 
Balboa Ave .. San D iego. Calif. 92123 . 

Circle 348 on Inquiry Card 

Metallizing process 
Low temperature metallizing tech

niques for alumina ceramics and other 
dielectric materials are described in 
a 9-page bulletin ( # 18). The proc
esses discussed are primarily for plat
ing nickel on non-conductive materials. 
However, other applications are cover
ed. Detailed instructions and pro
cedures of the processes are included. 
Transene Co. , Inc., Route 1, Rowley, 
Mass. 01969. 

Circle 349 on Inquiry Card 

Components 
Rf, i-f and microwave components 

are the subject of a 100-page catalog 
containing complete price and tech
nical information on the entire line. 
The catalog is divided into product 

Oft:i:.~~:-:~s 
fll'llCftOWAYI!: CO Ml"ONl!NTS 

sections covering such items as 
quadrature (90 ° ) hybrids, hybrid 
junctions, attenuators and mixer and 
phase comparators . Merrimac Re
sea rch and Development Inc., 41 F air
field Pl ace, West Caldwell, N .J. 

Circle 350 on Inquiry Card 

Silicon power transistors 
A 4-page catalog contains listings 

of a complete line of diffused mesa 
silicon NPN power transistors and radi
ation -hardened silicon NPN power 
transistors . Also included in the cata
log are case drawings of the transistors 
giv ing complete dimensions and specs. 
Power Physics Corp ., Industri al Way 
West. Box 626, Eatontown , N .J. 
07724. 

Circle 351 on Inquiry Card 

Sealants for high vacuum work 
Bullet in 43 deals with such sealants 

as oil s, greases and waxes. The 8-
pager provides a selection source of 
the ri ght grade for a particu lar appli
cation . Salient features of the prod
ucts are discussed along with suggested 
applica tions and technical data. James 
G . Biddl e Co .. Plymouth Meeting, Pa. 
19462. 

Circle 352 on Inquiry Card 
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Hybrid computation 
Designated the EAi 590, a com

puting system , which is said to have 
the capability to handle a broad 
spectrum of scientific computation, is 
described in a 16-page brochure. The 
system combines analog and di gital 
computing elements for greater ef
ficiency, whil e allowing each subsys
tem to function independently. Sug
gested applications are included in the 
catalog. EAi, Inc., West Long Branch, 
N.J . 07764. 

Circle 363 on Inquiry Card 

RFI shielding tests 
A 5-page report contains test find

ings on the effectiveness of foam/ foil 
laminate RFI shield ing. The sample test
ed was composed of a laminate of 
self-adhesive foam and beryllium cop
per foil designed to reduce RFI shield
ing problems found in modular com
partment communications equipment. 
Results of the tests are included in 
the booklet, as is a shielding effective
ness level chart. Tapecon Inc., Box 
4741, 475 R iver St., Rochester, N.Y. 
14612. 

Circle 364 on Inquiry Card 

Magnetic tapes 
Five new magnetic tapes designed 

to fulfill the requirements of today's 
technology are described in five 4-
page brochures-bulletin kit 1652S. 
The products discussed include wide
band instrumentation recording tape, 
"A" oxide audio magnetic recording 
tape. "B" oxide audio magnetic re
cording tape. "A" oxide standard tele
metering and "B" oxide extended range 
telemetering. Bell & Howell, 360 
Sierra Madre Villa, Pasadena, Calif. 
91109. 

Circle 365 on Inquiry Card 

Biomedical research procedure 
Catalog LS-100 describes an electro

mechanical procedure, coupled with 
pulsed constant-power polarization, 
which results in high resolution elec
trophoresis for biomedical research. 
Included in the description is a discus
sion of the equipment used in the 
process. Those involved in any kind 
of research , and specifically biomedi
cal, should find this booklet a useful 
and informative reference. Ortec, 1000 
Midland Rd., Oak Ridge, Tenn. 37830. 

Circle 366 on Inquiry Card 

UNIVERSAL 
AMPLIFIER 

Complete in one standard DIP 
package (no pots or resistors 

needed) for use as a Diff Amp, 
Instrument Amp or whatever. 

• PRECISE GAINS FROM 1 TO 1000 
• INPUT R , 10K TO 300 MEGS __.l 
• OUTPUT ± 10 VOLTS ............... T'aoo I 

Dielectric materials 
A line of thermally conductive di

electric materials is described in a 4-
page folder presenting illustrated ap
plication data on each product and 
information on typical uses, mix pre
paration and cure temperature. The 
products are designed especially for 
bonding, encapsulating, coating or 
sealing with electrical/ electronic com
ponents where a high rate of heat 
transfer is a consideration. Emerson & 
Cuming Inc., Canton, Mass. 02021. 

Circle 367 on Inquiry Card 

Semiconductor measurement 
"Methods of Measurement for Semi

conductor Materials, Process Control 
and Devices" is a 45-page booklet that 
will be of great use to readers involved 
in the evaluation of seminconductor 
reliability. It touches, for example, on 
little understood areas such as the 
evaluation of ultrasonic wire bonds and 
the measurement of inhomogeneities 
that affect silicon. Well worth the 50 
cents it costs from the Superintendent 
of Documents, U.S. Government Print
ing Office, Washington, D .C., ask for 
NBS Technical Note 495. 

e DRIFT < 3 µ. v /°C 1 i;,o 1 
e ZERO OFFSET ~ . 

en 
2 
0 

• UL Listed 
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$19.90 each 

BASIC UNIT, 
100 LOT PRICE 

You tell us the specs you require. We'll draw a 
universal amp from stock , make the required in
ternal connections and have it on its way to you 
w ithin two weeks. 

FOR MORE SPECIFIC INFO- WRITE OR CALL .. 
MEGADYNE ••• 

MEGADYNE 
INDUSTRIES, INC. 

1665 Buffalo Road· Ro cheste r. N.Y 14624 ·Tel. 716 -328-4242 
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• 30° Angle Of Throw 

• 2 To l l 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 Roted Load 

For your Grayh ill Engineering Catalog 
offering complete technico/ data-contact 

543 Hillgrove Avenue 
LaGrange, Ill inois 60525 
Area Code 312, Phone 354-1040 

... the Difference Between Excellent and Adequate 
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Test sockets for ICs 
This 12-page catalog introduces a 

new product line for the engineer con
cerned with fast, reliable test or tem
perature aging of res. All sockets, 
carriers and devices cataloged are 
specifically built for the easy inser
tion of devices over many thousands 

TEST 
li..:::.:iill..it::W.. SOCKETS 

of cycles with no loss of contact 
performance or device damage. A 
variety of accessories and universal 
type sockets are also included. Robin
son-Nugent Inc., 800 E. Eighth St. , 
New Albany, Ind. 47150. 
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Computer terminal 

A computer terminal that combines 
plotting and typing capabilities in a 
single mechanism is described in an 
8-page technical brochure. The bro
chure contains specific examples of 
the terminal's plotting and typing ca
p ::ibilities, application information and 
a description of the software. Typa
graph Corp., 7525 Convoy Court, 
San Diego, Calif. 92111. 
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PC connectors 
Complete with PC connector index, 

a 52-page guide describes a metal-to
metal connector series that conforms 
to Mil-C-5400, Mil -E-8 189 and Mil-T-
21200. Available connector types are 
discussed in detail with sal ient features 
and specs for each. Elco Corp., Re
search and Engineering Center, 155 
Commerce Dr. , Fort Washington, Pa. 
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Aluminum knobs 
A new 8-page catalog lists an ex

panded line of machine aluminum 
anodized knobs. Types of knobs in
cluded are standard series, concentric, 
spinner, skirted and knurled models, 
and sizes available are 1,1:z in ., 3A in ., 
l in., and 11/<i in . Natural, black, gold 
or two-tone models are available. Alco 
Electronic Products Inc., Box 1348, 
Lawrence, Mass. 01842. 
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Strips for shielding and sealing 
Conductive strips for EMI/ RFI 

sh ielding, sealing, grounding and static 
discharge, are the subject of a 2-page 
data sheet, EMC 853. The material 
used in the strips is Consil, which is a 
composite, homogeneous material con
sisting of a lattice structure. It per
forms in temperature ranges of - 65°F 
to + 450 °F and will not deteriorate 
electrically or become brittle in this 
aging environment. Spec tables are in
cluded in the literature as are physical 
and electrical properties. Technical 
Wire Products, Inc., 129 Dermody St., 
Cranford, N. J. 
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Information display system 
Completely flexible information dis

play panel systems for computers, 
process control or any system re
quiring man-machine interface are 
illustrated in this 12-page brochure. 
Complete information is provided on 

the Data-Panel® Display System. Elec
trical / electronic interface capabilities 
are described , and illustrations show 
mechanical mounting and bezel op
tions . Special Display Systems Mkt. 
Dept. , TEC Inc., 6700 S. Washington 
Ave .. Eden Prairies, Minn . 55343. 
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Corona test report 
A 55-page evaluation report on the 

performance and reliability of im
proved capacitors of Mylar dielectric 
has been prepared. The report in
cludes photographs of corona and re
sulting acoustic activity at different 
voltage levels. Also included are re
sults of several 60 Hz ac and de life 
tests with the temperature both 
:.:ycled and static, and the results of a 
physical environmental test program. 
Requests for copies should be made 
on company letterhead and addressed 
to Sales Dept. , Electro Motive Mfg. 
Co., Willimantic, Conn. 06226. 

Basic switches 
This 6-page "ABC guide to Micro 

Switch basic switches" will help you to 
determine both rapidly and accurately 
the switch that will meet your require
ments. Ten switches are illustrated and 
described , and a handy chart keyed 
to application needs helps you in the 
selection of your "basic switch solu
tion ." Micro Switch, Div. of Honey
well , Freeport, III. 61032. 
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Stepping motors 
Twenty new, stock model, stepping 

motors designed to position loads re
motely in 20 ° or 30° increments are 
the subject of an 8-page catalog. Both 
unidirectional and bidirectional ver
sions are discussed , and tables and 
graphs show performance characteris
tics under varying operating condi
tions. Ledex Inc., 123 Webster St., 
Dayton, Ohio 45402. 
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Components for communication s 
A 6-page article reprint describes 

and illustrates the use of bridges in 
quality control testing of communica
tion components. Details on applica
tions of the manufacturer's bridges, 
signal generators and detectors for 
capacitance measurements and for 
measurements of inductances are in
cluded. Siemens America, Inc., 350 
Fifth Ave., New York, N .Y. 10001. 
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MOS/LSI implementation guide 
For those interested in designing 

their own Mos/ LSI circuits and having 
masks and wafers fabricated by an 
outside source a new 12-page guide is 
available. The brochure covers tech-

SEPTEMBER 1969 

MOS/LSI 
iMPLEMENTATION 

GUIDE 

LC CARTESIAN.INC. 

nical aspects of MOS electrical charac
teristics. process parameters. design 
guidelines , design situations to avoid 
and suggested input protection. Car
tesian Inc. , 10432 North T antau, 
Cupertino. Calif. 95014. 
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Noise measurement 
"How to Characterize and Measure 

Noise in Operational Amplifiers" is an 
8-page paper giving you a unique 
outlook on the complex problems as
sociated with noise measurement. The 
paper touches on such subjects as 
types of noise encountered, how to 
measure and minimize noise, noise 
specsmanship, noise problems in typi
cal applications and test circuits for 
measuring noise. Applications article 
P / N-10. Philbrick/ Nexus Research, 
Allied Dr., Dedham, Mass. 02026. 
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Research seminar series 
A 37-page publication contains a 

brief discussion of the topics dealt with 
at Owens-Illnois Technical Center 
during 1968. Subjects covered in tech
nical depth at the seminar included 
experiments, ideas, hypotheses, the
ories and literature references pertain
ing to the scientific and engineering 
disciplines. Research Seminar Com
mittee, The Research Library, Owens
Illinois Technical Center, Box 1035, 
Toledo, Ohio 43601. 
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Binary ladder network 
A 2-page catalog sheet describes 

the cermet thick film Model 815 bi
nary ladder network. The information 
is complete with schematic and out
line drawings, specifications and per
formance characteristics. This particu
lar unit is designed for D / A and 
A l D conversion when a max. of 8-
bits is required . Technical Informa
tion Section, Helipot Div., Beckman 
Instruments Inc. , 2500 Harbor Blvd., 
Fullerton , Calif. 92634. 
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Plastic fasteners 
Primary specifications, special de

scriptions and recommended applica
tions for a complete line of fastener 
types are offered in a 24-page cata
log/ price schedule. N e w products 
have been added to the listing, includ
ing such items as molded nylon ma
chine screw hex nuts, phenolic screw 
spacers and threaded stand-offs, PVC 

threaded rod and nylon wing screws. 
Product Components Corp., 13 Wash
ington Ave . , Hastings-on-Hudson, 
N.Y. 10706. 
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A leader in inertial navigation 
systems, such as the F14 and 
S3A programs, announces open
ings for circuit design special
ists. BSEE's with 5-10 years 
experience in either platform 
electronic and control systems, 
power conversion or signal 
processing. 

Please write J. D. Anderson 

rn GUIDANCE & CONTROL 
SYSTEMS DIVISION 
LITTON INDUSTRIES 

A n equal opportu n ity employe r M / F 

Stepper motors 
A new, low cost line of 5-volt, four 

phase and eight phase permanent 
magnet stepper motors is featured in 
a 16-page catalog. Three classifica
tions are described-the ID line for 
industrial use, the PD line for instru
mentation and computer applications , 
and the SMD line of servo mounts 
for Mil Spec requirements . Charts 
and tables illustrate essential design 
and operating characteristics. A. W. 
Haydon Co., 232 N . Elm St. , Water
bury, Conn . 06720. 
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Ceramic capacitor products 
A 12-page catalog describes a com

plete line of monolithic ceramic ca
pacitors and features the Kemet 
stable K series and capacitors manu
factured to Mil-C-110150 and Mil-C-
39014A requirements . These products 
feature high temperature solder con
struction. molded epoxy cases and in
process controls and insoections to 
stricter than Mil requirements . Union 
C::i rbide Com .. Electronics Div., Box 
5928 , Greenville, S. C. 29606. 
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CRYSTAL CLEAR EPOXIES, 
SILICONES, ETC. FOR 

ELECTRONICS & DISPLAY 

ECCOCLEAR designates a broad line of trans
parent casting resins useful for visual display 
and inspection o f electrical I electronic com
pon en ts. New folder presents 11 systems , 
including dig-out & repair types , complete with 
properties selector chart. 
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ECCOAMP 
ELECTRICALLY CONDUCTIVE 

ADHESIVES & COATINGS 

New four page folder describes materials 
from 0 .0001 to 100 ohm-cm . Adhesive pastes 
to replace hot solder, thin liquids, silver lac
quer in aerosol spray, lossy coat ings, etc . 
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ECCOMOLD® 
EPOXY MOLDING 

COMPOUNDS 

I 

Comparative physical, electrical and pro
cessing properties of Eccomold transfer 
molding compounds are in colorful chart. 
Typical applications are indicated. 
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Emerson & Cuming, Inc. 
CANTON, MASS. 
GARDENA, CALIF. 

NORTHBROOK, ILL 
Soles Offices 
in Principal Cities 

EMERSON & CUMING EUROPE H. Y., Oevel , Belgium 

LITERATURE 

Asynchronous buffer memory, with in
puts and outputs DTL and TTL com
patible, to provide intermediate stor
age of 32 8-bit digital words, 2-page 
data sheet. Mostek, 4403 N . Central 
Expressway, Dallas, Tex. 75205. 
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Optical coatinJ?s, including multi-layer 
and thin -film, for solid state lasers-2-
page data sheet. Korad , Subs. of 
Union Carbide Corp., 2520 Colorado 
Ave., Santa Monica, Calif. 90406. 
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Vacuum fluorescent readouts, to meet 
requirements of multi-readout displays, 
feature compact size, greater visibility , 
reliability and low cost-2-page techni
cal data sheet T438 . Marketing serv
ices Div., Wagner Electric Corp., 1 
Summer Ave. , Newark, N. J . 07 104. 
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Cyclic A/ D converters (model 850), 
provides conversion speeds of lµ. s or 
less for 8 bits, don 't require a sam ple 
and hold, and are asynchronous and 
accurate to within ± 0.2 % over the en
tire range-4 pages. Bunker-Ramo 
Corp., Defense Systems Div., 8433 
Fallbrook Ave ., Canoga Park, Calif. 
91304. 
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Induction motors, including open drip
proof and enclosed fan cooled electric 
motors, available in standard and spe
cial designs. Dept. 14, Dynam atic 
Div., Eaton Yale & Towne Inc., 3 l 22-
I4th Ave., Kenosha, Wisc. 53140. 
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Photofabrication, a process which 
saves 58 % of the cost of making 
small metal parts, uses a photographi
cally produced master pattern , a pho
tosensitive resist and an etching bath 
-Bulletin F3-248. Magnetics, Inc., 
Components Div., Butler, Pa. 16001. 
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High temperature connectors, designed 
to meet MIL-C-5015 fl ameproof test 
conditions, operate at + 35 ° F, catalog 
HT-2 (23 pages) . ITT Cannon Elec
tric, Div. of ITT Corp ., Dept. M, 
3208 Humboldt St. , Los Angeles, 
Calif. 90031. 
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CLASSIFIED ADVERTISING 

GROWTH POSITIOHS Sl 2,000-$25,000 
MANAGEMENT - ENGINEERING - SALES 

RESEARCH - MANUr-ACTURING 
Nati onwide C o verage 

Fees company paid . Includ e present salary, min i
mum salary requirem ent and location fl ex ibility 
with re sume . Longherry Empl oym ent Service . In c .. 
910 Niles B :i nk Bldg ., Nil es, Ohi o 4444 6. (2 16 ) 
652· 5871. 

Rotary thumbwheel switches, mini in 
size and designed without PC boards 
for use in multi-station (up to 34 sta
tions) assemblies-6 pages. Electronic 
Engineering Co. of Calif., 1441 E. 
Chestnut Ave., Santa Ana, Calif. 
92702. 
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Electrical insulation selection chart (2 
pages) contains data on various ther
mosetting electrical insulatin~ tapes for 
OEM applications-DT-77 A. Johns
Manville , Dutch Brand Div., Box 
HJW-29, 22 E . 40th St., New York, 
N . Y. 10016. 
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Tunnel diodes, including amp, detector 
(back), mixer (back) , and swi tching, 
are available in germanium, gallium 
arsenide and gallium antimonide with 
cutoff frequencies of 50 GHz. Publi
cation 105 (4-pages). Aertech Indus
tries, 825 Stewart Dr., Sunnyvale, 
Calif. 94086. 
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Digital computer designed to be in
tegrated into a system, instrument or 
control loop, features low cost and a 
programmed system of priority in
terrupt. Elron Electronic Industries, 
9701 N_ Kenton Ave., Skokie, Ill. 
60076. 
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Trigate pulse transformers for com
mercial and industrial SCR triggering 
appl ications have been designed for 
use on PC boards-engineering bulle
tin 40003B (4 pages). Technical Litera
ture Service, Sprague Electric Co., 
Marshall St., Nort h Adams , Mass. 
01247. 
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Power supplies, including ac line volt
age regu lators, and high speed pro
gramming units, have been designed 
for digital and servo system applica
tions- catalog 691 (124 pages). Ray
theon Co., Sorensen Operations, Rich
ards Ave., S. Norwalk, Conn. 06856. 
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Mini indicator lights that don't require 
added hardware are suggested for con
fined applications or where weight is 
an important factor-bu 11 et in . 69-
005B. Shelly Associates, Inc ., 111 Eu
calyptus D r. , EI Segundo, Ca lif. 90246. 
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Metal lugs for stand-off, wiri ng and 
tie-point app lications meet require
ments of MJL-T-55155-catalog 294 
(6 pages) . Circuit Components Div., 
Sealectro Corp., 225 Hoyt St., Ma
maroneck, N .Y. 10543. 
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Why National Semiconductor buys 
Teradyne J259's by the dozen 

National Semiconductor can 
trace its considerable success as an 
IC manufacturer to many factors. One 
of the most important is the productivity 
of its testing facility , built around a 
lineup of 12 Teradyne J259 computer
operated test systems. "The Teradyne 
systems," according to Jeff Kalb, Na
tional 's TTL product manager, "give us 
the economy of testing that is so i m
porta nt to profitable high-volume 
production." 

National, along with most other 
major IC producers, has found that the 
J259 boosts productivity in many ways. 
No other test system, for example, gives 
its user as much multiplexing freedom 
as does the J259, which lets National 
leverage its investment by making each 
J259 support several test stations do
ing several different jobs. 

Reliability is another all-important 
key to productivity. National experi
ences minimal downtime with its 
J259's. This is as itshould be; we design 
and build our equipment to work shift 
after shift, year after year, in industrial 
use. Teradyne systems are right at 
home on production lines like Na
tional's, where the workload is heavy 
and continuous. And operation never 
has to be interrupted for ca libration; the 
J259 has no ca libration adjustments. 

The J259's great versatility is also 
put to good use at National. The same 
systems that test wafers and packages 
also generate the distribution and end
of-life data that engineers need to con
trol production processes and ensure 
high device reliability. Production, en
gineering, QC, and final test - all share 
simultaneously in the benefits from 
National's J259's. --.. ,.. ... :~: --. ., .. - - - . --:::..: ..... .. .;. . . . .. ~ ~ .. . 

A computer-operated system is 
only as good as its software, which in 
the case of the J259 is the best there 
is. National's J259's are orchestrated 
by Teradyne-supplied master operat
ing programs for datalogging, classifi
cation, and evaluation. As Teradyne up
dates and improves its software, Na
tional is kept fully informed. 

.,.; ... 
' A~· ""~ 

National 's array of J259's handle 
the testing of its digital IC's smoothly 
and economically. For its linear-IC test
ing, National has turned to Teradyne's 
J263 computer-operated linear-IC test 
system. 

Teradyne's J259 makes sense to 
National Semiconductor. If you 're in 
the business of testing circu its - inte
grated or otherwise - it makes sense 
to find out more about the J259. Just 
use reader service card or write to 
Teradyne, 183 Essex St., Boston, Mass. 

Teradyne makes sense. 
Circle 2 on Inquiry Card 



New IC Switch from the Triac Leader 
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RCA-CA3059 Zero-Voltage Switch 
for New Economy, New Simplicity 
in Thyristor Trigger Circuits 
$1.95 (1000 units) 
Here's RCA's economical, new approach to Thyristor 
triggering-the CA3059 monolithic zero-voltage 
switch, at $1.95 (1000 units). For efficient triggering 
of Triacs and SCR's with current ratings to 40 am
peres- in applications such as electric heating, 
motor on/off controls, one-shot controls, and light
flashing systems-CA3059 offers these important 
new design advantages: 
• Triggers Thyristors at zero-voltage crossing for 
minimum RFI in applications at 50, 60, 400 Hz. 
• Self-contained DC power supply with provision for 
supply of DC bias current to external components. 
• Built-in protection against sensor failure. 
• Flexible connection arrangement for adding hys
teresis control or proportional control. 
• External provisions for zero-current switching with 
inductive loads. 

• On /off accuracy typically 1 % with 5 kn sensor; 
3% with 100 kn sensor. 
• Range of sensor resistance at control point-2 kn 
to 1 oo kn. 
• 14-lead DIP package for -40°C to + 85 °C opera
tion. 
For further details, check your local RCA Represen
tative or your RCA Distributor. For technical data 
bulletin, file no. 397, and Application Note ICAN4158, 
write RCA Electronic Components, Commercial En
gineering, Sect ion J-12 /CA0014, Harrison, N.J. 
07029. In Europe, contact: RCA International Mar
keting S.A. 2-4 rue du Lievre, 1227 Geneva, Swit
zerland. 

RGll ln_teg~ated C1rcU1ts 
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