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Finally ... 
there·s a new and better way 
to transmit high-speed 
digital data. Copper Circuit Polyester Dielectric 

~~ 
Polyester Cover Sheets 

Better than ribbon cable, twisted pairs, shielded and 
coaxial cable. 

It's AMP-manufactured flat-conductor transmission cable 
assemblies. 

With impedance and cross talk matched to user require­
ments. Closely controlled by our own design and flat­
cable manufacturing process. 

Which brings us to terminations. Connectors specially 
designed for flat-conductor transmission cable. 

Result? Flat-conductor transmission cable assemblies, 
custom made in sizes up to 32 conductors, in lengths 
up to 50 continuous feet , with matched impedance from 
end to end-ready for installation. 

That's it. The whole story except for some technical 
details on our flat-conductor transmission cable assem­
blies which we'll be happy to supply when you write : 

AMP Incorporated, Industrial Division, 
Harrisburg, Pa. 17105. 
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INCORPORATED 

Manufac tu ri ng and Direct Sa les Facilities in : Australia, 
Canada, France, Great Britain, Holland, Italy, Japan, Mexico, 
Puerto Rico , Spain , Sweden, United States and West Germany . 



Testing digital IC's? 

8013A P\JLSE GENERATOR 
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HP's new pulsers give you 
the most capability per dollar 
If digital IC's are your big interest, 
HP's new 8000-Series pulse gener­
ators are for you . You not only get 
versatile capability, but you save 
money as well! These new pulsers 
offer you a choice of price/ perfor­
mance packages to meet your needs, 
within your budget-whether you 're 
working with computers, communi­
cations , telemetry , or any other 
digital system . 

The new 8007A gives you rep rates 
from 1 kHz to 100 MHz, variable 
transition times (2.5 ns to 250 µ,s) , 
± 5 V amplitude, and ± 2.5 V de offset 
- all for $1600. With the 8007A, you 
can design and test the fastest of 
today 's digital devices-EGL IC's 
and bi-polar memories - and have 
" speed to spare" for tomorrow's 
advances. 

If you don 't need 100 MHz, you can 
save. For only $875, you can get the 
new 8012A, which gives you rep 
rates from 1 Hz to 50 MHz. Like the 
8007 A, it offers variable transitions 
from 5 ns to 0.5 s, with ± 5 V ampli­
tude and ± 2.5 V de offset. 

If you don 't need variable transi­
tions, you can save even more. Our 
8013A gives you rep rates from 1 Hz 
to 50 MHz with a fixed transition 
time of < 3.5 ns, ± 5 V with de offset, 
and dual outputs - all for $625. 

All three of these new pulsers give 
you pulse-shaping capabilities , 
allowing control of NRZ or RZ wave­
form parameters w ith the output 
width determined by the input wave­
form width . Normal external t rigger­
ing and gating are also supplied . 

The 8007A also gives you a double-
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8007 A, $1600 

pulse mode, and all three models 
have square-wave capabilities. And 
the 8013A offers simultaneous posi­
tive and negative outputs, with ± 5 V 
amplitude across 50!1 (± 10 V open­
circuit or with high-impedance in­
ternal source). 

Other HP pulse generators, l isted 
in the catalog , begin as low as $225. 

For further information on any of 
these new 8000-Series pulsers, con­
tact your local HP f ield engineer. Or 
write Hewlett-Packard, Palo Alto , 
California 94304. In Europe : 1217 
Meyrin-Geneva, Switzerland . 
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Outstanding advantages include: 

• Reliability 
• Reverse Voltage Capability 
• Almost Unlimited Discharge Current 
• High Ripple Current 
• Low Self-Inductance 
• Unlimited Storage Without Reforming 
• Operating Temperature Range: 

-80°C to+I25°C 

After 26 million component hours of 
testing without a single catastrophic fail­
ure and 400 million hours of actual field 
testing, Amperex announces a solid electro­
lyte aluminum foil capacitor. This new capacitor 
fills the gap between dry aluminum and solid tan­
talum electrolytics where long life , high reliability 
and stability over a wide range of temperatures 
are critical design factors. With electrical charac­
teristics similar to solid tantalum types, the new 
Series 121 capacitors offer higher reliability than 
either dry aluminum or solid tantalum. 

Unlike solid tantalum or dry aluminum types, 
Series 121 capacitors can tolerate substantial re­
verse voltages continuously. For short durations, 
they can withstand reverse voltage equal to the 
rated voltage. In addition, the special construc­
tion results in very high ripple current capability. 
With no limit on the magnitude of discharge cur­
rent that can flow, the need for protective series 
resistance in associated circuits is eliminated. 

The new Series 121 solid aluminum capacitors 
are available in six standard case sizes with values 
from 2.2 to 330 microfarads and ratings from 6.3 
to 40.0 volts. Priced competitively with solid 
tantalum electrolytics, they offer new design flexi­
bility and increased reliability in high quality pro­
fessional and consumer products. 

For technical data and evaluation samples, 
contact: Amperex Electronic Corporation, Com­
ponent Division, Hauppauge, New York 11787. 
Telephone : 516-234-7000. 

A1npere» 
TOMORROW'S THINKING IN TODAY'S PRODUCTS 

A NORTH AMERICAN PHILIPS COMPANY 
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laboratory performance 

a n w portable 

• 60MHz 
• Brighter displays 
•Larger CRT 
• Calibrated mixed sweep 

1 mV /div single trace 

A new model of the most widely used portable oscillo­
scope is now available with even more performance. 
All the features which made that oscilloscope so pop­
ular are retained, many others are expanded and a 
lot of new ones are added. The result is the 453A, a 
new oscilloscope which enhances the field-proven 
ruggedness, performance and portability of the pace 
setting 453. 

The 453A has a new 8 x 10 div (0.8 cm/div) CRT which 
gives you 1/3 more measurement area. 14 kV gives 
you bright displays when you measure low-repetition 
rate pulses in applications such as disk measurements. 

TEKTRONIX@ 
committed to 

technical excellence 

Dual-trace bandwidth is increased 20% to 60 MHz 
at 20 mV/div. It's 50 MHz at 10 mV/div and 40 MHz 
at 5 mV I div. When you want even more gain just cas­
cade the amplifiers for 1 mV /div to 25 MHz. Sweep 
rates are 0.1 ,us/div to 5 s/div. The X10 magnifier in­
creases the rate to 10 ns/div. 

The 453A has calibrated mixed sweep. With this new 
feature you expand the right portion of dense displays 
and " unwind" the pulses, one at a time, for detailed 
examination-or to make calibrated measurements. 

Making the measurement is easier and quicker with 
controls which are functionally color-coded. Faster 
measurements save your most valuable asset-TIME. 

Arrange a demonstration with your Field Engineer. See 
for yourself all that's NEW about the 453A. 
453A OSCILLOSCOPE ...... .. ...... . ...... $2050 

U.S. Sales Price FOB Beaverton , Oregon 
Tektronix lease programs are available In the U.S. 
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New S-D expandable counters. 
The most sensible new approach in coµnter 
design since 1960 ! 
New 6150 series expandable 
universal counter-timers. 
S-D developed this line to handle almost every 
counter/timer requirement- bench and sys­
tems. Four basic models cover frequency 
ranges of 50, 200, 512 MHz, and fully automatic 
3 GHz. Buy for current requirements and up­
grade frequency range at any time. These in­
struments were designed from scratch for 
programmability: single line or binary, total 
control including attenuators, and analog or 
digital trigger level control. 
You can add most expandable features by in­
serting a new PC card . S-D 's expandable 
counter protects you against obsolescence 
for years to come. 

6150 options and features: Choice of 100 nsec 
or 10 nsec TIM resolution- choice of five oscil­
lators-four types of BCD output-up to 9-digit 
readout - versatile remote programming -
3112" height in full rack width-1 OmV rms reso­
lution to 0.1 Hz. 

6050 series frequency counters. 
For those who want to measure frequency in 
a low cost, lightweight instrument, available 
with a battery power source, the answer is 
S-D's new 6050 series. You have a choice of 
four basic frequency ranges to 3 GHz. Like the 
counter-timer series, all units are expandable. 
6050 series features: Automatic operation 
rightupto3GHz-small31h"heightin 112 rack 
width-10 mV rms sensitivity to 200 MHz, 50 
mV to 3 GHz-resolution to 0.1 Hz-expand-

. able to 9 full digits-programmable options. 

Call your Scientific Devices man today for a 
demo or contact Concord Instruments Divi­
sion, 888 Galindo Street, Concord, CA 94520. 
Phone: ( 415) 682-6161. 

50 200 512 3 
MHz MHz MHz GHz 

Frequency Model: 6050 6051 6052 6053 
Counters Price: $ 770 $1050 $1550 $2295 

Universal Model: 6150 6151 6152 6153 
Counters Price: $1195 $1475 $2150 $2995 

SVSTRON 4-lcl::=it~(D~+~D DONN ER 
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Cover photo depicting Gould Ionics' ESD symbol was created by free-lance photographer W. R. Eastabrook. 
The hour-glass shown is symbolic of the long timing problems that are easily solved with components like the 
energy storage device (ESD) described in the article starting on p. 23. 

Design News 
Flat-Panel Displays Will be Here by '72 
American Products Come Through When the Heat's On . 
Design Briefs 

Design Features 

... . ... . .. 14 
. Thick Films Move Into Consumer Products . 

How Big Is a 50-Farad Capacitor? . . . . . . . . . . . . . . . . . . . . . . . 23 
If you are unfamiliar with the energy storage device (ESD), you'll be pleasantly surprised to find out that a 50-
farad ESD fits in a cylinder only 1 inch in diameter and 1/2 inch tall . 
Standardized Thermal Testing-The Number One Way 

to Evaluate Semiconductor Cooling . . . . . . . . . . . . . . . . . . . . . . . . . 31 
SCs can 't survive excessive operating temperatures, so accurate measurement and control are vital . Here are 
proven techniques for both . 
Speakout-Steve Levy of Motorola Speaks Out on Con-

troversies in the. IC Industry . . . . . . . . . . . . . . 38 
- Bill Hittinger of RCA Also Sees Major MOS Thrust . 42 

Design of a Wideband DC-Coupled Differential Switch . . 44 
Here's a design that offers high frequency response, high CMR, thermal stability, good gain linearity, low 
noise and zero de offset. 

Design Ideas 
'Window' Comparator Indicates System Status . . ..... ... . ... ... . ..... . . . . 49 
In many systems go or no-go status depends on some critical voltage being within specified limits. This simple 
and reliable circuit signals that voltage status. 
Phase of Digital Data Fixes Shaft Angle . .. . .... . ... 53 
Synchro-to-digital conversion is accomplished with a two-step process-generate an analog signal represent­
ing the shaft angle and then determine the phase digitally. 

Circuit Design Award Entries . 57 
LED modulator ... Stepped-sawtooth tone generator . . Extraneous pulse detector . . A polar clamp 

Design Interface 

--~ I cp I '~'· 48! BPA 

DESIGN ELECTRONICS 
ELE CTRONICS WEEKLY 
EON/EEE 
ELEKTRDNI K 
ElEKTRON IK- ZE ITUNG 

International 8u~inm INTE R EL ECTRON IQU E 
Preu Auoc:11\H 

Polite Persuasion: Eight Questions Lead the Way . . . . . . . . . ..... .. . . .... . . 61 
Put your next idea or proposal across easier with this personal communication technique. 

Progress in Products 
Updated Tester Checks New Linear ICs 
Three High-Performance Instrumentation Amplifiers . 
Way-Out Frequencies 

Design Products 
Computer Products 
Components/Materials 
Circuits 
Semiconductors . 
Equipment ... . 

Design Departments 
The Editor's Column 
Literature 
Signals and Noise . 
Dataline ... 
Indexes to Products, Lit and Advertisers 
Application Notes . . . . ... 

. Low-Cost Digital Shaft Encoder . 
66 

. Two DVMs for 

72 
75 
78 
81 
84 

9 
87 
91 
92 
94 
96 

© 197 1 BY ROGERS PUBLISHING CO .. INC., A SUBSIDIARY OF CAHNERS PUBLISHING CO .. INC. ALL RIGHTS RESERVED. Norman L. Cahners, 
Chai rman of the Board ; Saul Goldweitz, President; H. V. Drumm, Executive Vice President/Magazines ; Ned Johnson, Senior Vice President/Maga­
zines. EDN/EEE (formerly Electrical Design News) is published semi-monthly by Rogers Publishing Co., Inc. E. S. Safford, President ; T. F. McCor­
mish, Execut ive V. P .. G. F. Taylor. W. M. Pia«. Vice Presidents. Editorial, Advertisin g, Subscription Offices, 270 St. Paul, Denver, Colo. 80206. Tele­
phone 303 388-4511 . Printed a1 85 West Harrison St .. Chicago, Il l. 60605. Controlled circulation postage paid at Chicago, Ill. Send form 3579 to 
subscription office. EDN/EEE is circulated to electronic design engineers and engineering managers in electronic original equipment manufactur­
ing industries. Plants having more than twenty em ployees and manufacturing electronically operated or controlled equipment of their own design 
are considered part of th is industry. Engineers in such plants res ponsible for specification of components. materials and test equipment for elec­
tronic appl ication may receive EDN/EEE without charge. Completed qualification form and company letterhead required. Subscriptions to others in 
cont inental United States, $2 per copy. $20 per year. Send reques1s for qualification forms and change of address to subscri ption office in Denver, 
Colo. 80206. 

5 





We make components 
for guys who can't 

stand failures. 

Whoops! 
Somehow the electronic widget 

lifter jumped into the super express 
mode. And by the time this guy gets 
off, he' ll be ready to set out on a 
life-long journey to find the engineer 
who designed the system. 

Some guys have such little 
patience and understanding when a 
"minor" electronic problem occurs. 

And that's where we come in. 
We make resistors and capacitors 
for guys who can't stand failures . 
Guys like your most important 
customers, guys like you. 

We build an extra measure of 
reliability into all our components 
to help you build extra reliability 
into all your systems-to head off 
problems like this. 

To be specific, we make tin 
oxide resistors-now including both 
miniature RLR05's and flame 
proofs-and glass and Glass-Km 
capacitors. They're the best you can 
get, though they'll cost you no more. 

Take our tin oxide resistors-
no other resistors can deliver the 
same stability and reliability over 
life. They offer guaranteed moisture 
resistance across all ohmic values, 
for reliability that can't be matched 
by metal film, wirewounds, carbon 
comps or metal glaze resistors. 

This kind of extra performance 
comes in miniature size, too. Our 

new RLR05 (commercial style C3), 
developed for dense packaging 
applications, competes costwise 
with carbon comps. 

And we lead the field with flame 
proof resistors . Ours will withstand 
overloads in excess of 100 times 
rated power without any trace of 
flame. And because they open rather 
than short under severe overload, 
they provide protection for the rest 
of the system-a vital consideration 
in critical and expensive EDP, tele­
communications, and instrumen­
tation gear. 

Or take our glass capacitors. 
The Air Force has confirmed they 
have much better stability and much 
higher insulation resistance than 
the ceramic, mica, and other capac­
itor types tested. That's why our 
glass capacitors have been designed 
into so many major aerospace and 
missile projects. And why industry 
has designed them into the most 
important EDP and instrument 
applications. 

Or our Glass-K'"' capacitors­
we developed them to give you the 
volumetric efficiency and economy 
of monolithic ceramic capacitors, 
but with the much improved stabil­
ity and reliability that only a glass 
dielectric can add. Our Glass-K'"' 
capacitors are now being used in 
pacemaker heart units and in several 
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major EDP systems. And these 
Glass-K'"' capacitors can now be used 
in BX characteristic applications. 

As you might expect, both our 
resistors and capacitors meet Estab­
lished and High Reliability stand­
ards, such as MIL-R-39017, MIL-R-
55182, and Minuteman. 

At Corning we make compo­
nents for guys who can't stand 
failures . Guys like your most im­
portant customers . Guys like you. 

And even though you might 
expect to pay a lot more for these 
features, you don't. Because as the 
largest manufacturer of these type 
components, our production volume 
affords us economies that enable us 
to be competitive in price. 

So the next time you're design-
ing a system, design-in an extra 
measure of performance. Reach for 
your CORNING® resistor and 
capacitor catalogs or look us up in 
EEM. Or for in-depth technical 
information write us at: Corning Glass 
Works, Electronic Products Division, 
Corning, New York 14830. 

Then call your local CORNING 
authorized distributor for fast off­
the-shelf delivery. He not only 
stocks components for guys who 
are demanding, but he offers service 
to match, too. 

CORNING 
ELECTRONICS 

7 



Best for Hybrid Circuits ... 

DOMINO® Molded 
Solid-electrolyte Tantalum Capacitors 

Designed for hybrid circuit and low-profile flatpak 

printed circuit board applications. Fully-molded 

construction for superior mechanical and humidity 

protection. Excellent stability. Compatible with 

automatic insertion equipment. Available with and 

without extended tab terminals. 
Write for Engineering Bulletin 3532. 
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MONOL YTHIC® 

Chip Ceramic Capacitors 
Offer a unique combination of high volumetric 

efficiency, wide selection of capacitance ranges and 

body formulations, and moderate cost. Excellent 

adherence of metallized terminations eliminates 

problems often encountered with other chip ceramic 

capacitors. Avai lable in four EIA-preferred chip sizes. 
Write for Engineering Bulletin 6200. 
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Editorial 

An Ounce of Human Engineering· 
Is Worth a Pound 
Of Sophistication· 
Why do people buy? Why do people not 
buy? There is a raft of reasons, and even 
after many years of formal research , the 
answers to these questions remain ob­
scure. 

Probably the most serious problem fac­
ing the technical community today is a 
marketing problem. A few short years ago, 
who would have thought that the public 
would no longer be buying the space pro­
gram? Who would have thought that pro­
jects such as the SST would be dropped? 
Who would have thought that tens of 
thousands of able engineers would be out 
of work? 

There are many who say that the flag­
ging aerospace industry should redirect 
its efforts toward solving the nation's do­
mestic problems. But listen to Dr. Morris A. 
Steinberg, deputy chief scientist for Lock­
heed Aircraft Corp. 

" The problem is simply that the market 
for these activities (high-speed ground 
transportation, communication and infor­
mation systems, water purification ... ) 
either does not exist at all or, if it does, it is 
so highly fragmented that it can be culti­
vated only at costs too great for any private 
organization under the present circum­
stances." 

And it is a fact that many aerospace 
companies have invested heavily in high 
technology solutions to domestic prob-

I ems only to find there is no visible market. 
If the public sector continues to be the 

reluctant or nonexistent customer, the 
next logical market is the private sector 
- business, industry and consumer. In­
deed, these customers are buying in spite 
of current economic problems. Computers, 
calculators, entertainment products and 
industrial controls all are moving at a brisk 
pace. 

Since customers are changing, our ap­
proach to the marketplace must change. 
There is ample evidence that expensive 
complex solutions to large complex prob­
lems aren't selling. There also is evidence 
that cost-effective electronic solutions are 
selling in business and industry. But there 
is another very human angle to the new 
marketplace that is worth paying atten­
tion to. The tip comes from one of our 
regional editors and is offered verbatum 
from a recent memo. 

"The designer should be certain that he 
understands the equipment operator's 
behavior and should see to it that his elec­
tronics does not add extra work rules. I 
have heard this point made over and over 
by those who seem to be successfu l in to­
day's markets. Let LSI make the lazy, 
stupid , unmotivated operator appear bril­
liant, fast and accurate! Then you will sell 
product at profit. " 

Editor 
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T ecnetics converter 

Best little thina that euer 
naooened to circuits 
Looking for more desig n f lexibility 
in your portable instruments or so­
phisticated systems? Then take a 
long hard look at our new series of 
3 watt hybrid microelectron ic DC­
DC converters. 

These Tecnetics converters were 
designed especially for on-card 
mounting in point-of- load applica­
tions. Which means you are now 
able to design without a large, 
bulky, highly regulated , multi-out­
put central power supply. You can 
buss a single voltage around your 
circuit . . . and then convert it to 
other voltages as needed. And end 
up with more flexibil ity, better cir­
cu it or system performance, as 
well as greater rel iability. 

Tecnetics 3 watt DC-DC con­
verters are available in cold 
welded metal packages to resist 
shock, vibration and other envi ­
ronmental conditions. 

The specifications 
Input voltage : 5, 12 or 20VDC nom­

inal operating 

Input power: Less than 4W typ. @ 
full load, 2W typ. @ 
half load. 

Output power: 3 watts maximum (2W 
for 5V and 12V mod­
els below 10V out) 

Isolation: 300 VDC 
Single outputs: All popular outputs 

available from 5 to 
300 volts for all in­
puts. 

Dual outputs : ± 12, ± 15, ± 18, 
± 25 Volts 

Commercial un its $49.00 each , 1-9 
quantity. 

Tecnetics, Inc., the innovator in 
power supplies, also manufactures 
a complete line of regulated DC­
DC converters, hybrid components 
and custom transformers. 

For more information on power 
cond itioning products, call 303-
442-3837, see EEM , or write : Tec­
netics, Inc., P. 0 . Box 910, Boul­
der, Colorado 80302. 

~ ~~~~!~: ~" condition ing 
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Make Waves ... 

HP's 3310A is the function generator 
that gives you seven different wave­
forms- in three different modes-in 
one inexpensive package. 

In its basic form, the 3310A gives 
you a continuous output of square 
waves, sine waves, and triangle waves 
- plus positive and negative ramps 
and pulses-for only $S9S. 

And for only $140 more, you can 
get the 3310B, which lets you gen­
erate each of these seven waveforms 
in two other modes - single-cycle 
and multiple cycle " bursts." These 
can be triggered either manually or 

just about any waveform 
you can imagine 

by an external oscillator ; starting­
point phase can be varied by ± 90°. 

In either the " A" or " B" version , 
the 3310 gives you a choice of ten 
frequency ranges-from O.OOOS Hz 
to S MHz-and an output voltage 
range from 1S mV pk-pk to 1S V 
pk-pk into son load. De offset of 
±S v into son load is also standard . 

Both the 331 OA and 331 OB can be 
used in frequency-response and 
transient-response testing , as a 
waveform converter, for generating 
phase-coherent waveforms, and as a 
frequency multiplier or div ider , 

r.IRr.I F NO R 

among other things. Appl ications in­
clude testing television and com­
munications systems, radar systems, 
and analog or dig ital circu its. 

For further informat ion on the 
3310A and 3310B, contact you r 
local HP field engineer, or write to 
Hewlett-Packard , Palo Alto , Ca li­
fornia 94304. In Europe: 1217 Meyri n­
Geneva, Switzerland. 
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We give you more 
of what you need; 

quality. 

EC71 -7 <O Allen-Bradley Company, 1971 
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You know our resistors, billions 
produced with unexcelled 
quality. This same tradition 
extends to precision thick and 
thin film networks, RFI filters, 

Allen-Bradley 
uality electronic 
components. 

hard and soft ferrites, chip 
capacitors, pots and trimmers. 
hybrids, optoelectronic devices, 
even large scale integrated 
circuits~ Quality is Allen-Bradley's 

contribution to the marriage of 
mass production and advanced 
technology. Call your nearest A-B 
electronic specialist. Allen­
Bradley, Milwaukee, Wis. 53204. 

*LS I devices produced by an Allen-Bradley affiliate , MOS Technology, Inc., Valley Forge, Pa. 



Flat-Panel Displays Will be Here by '72 
That long sought dream, the X-Y ad­
dressed flat-panel display, will be 
ready for designers in '72, according 
to Owens-Illinois , Inc., Toledo, Ohio 
and Burroughs Corp., Plainfield, N. J. 
The Owens neon-type display is a 512 
by 512 matrix of 262,144 dots , all of 
which can be randomly and individu­
ally addressed, and have memory so 
that no electronic refresh cycle is 
needed. The price for Owen's present 
prototype is $15,000 each, but when 
Owens starts turning out displays in 
100-unit batches in 1972, the price 
should begin to move towards $2500. 

The Burroughs Co. also has a neon­
type matrix display, and there is a 
strong likelihood that they, too , will 
have a graphics-quality panel for de­
signers by 1972. Burroughs so far has 
not announced a panel of the size and 

This flat-panel display will be commercial­
ly available in production quantities in 
1972, according to its maker, Owens­
Illinois, Inc. The display panel itself is so 
thin (an inch or so) that it could be hung 

dot resolution to qualify for full 
graphics applications , but a Bur­
roughs spokesman told EDN/EEE: 
"Each year we have doubled our dis­
play area and halved our dot spacing. 
It is logical to assume that we are 
working to be competitive with Owens 
in '72." 

The fineness of the dot pattern is 
really what determines whether a 
panel is just an oversized alphanu­
meric readout or has useful graphic 
display qualities. The Owens display 
has been refined down to a 60-dots/ 
inch resolution. This is the dot fine­
ness found in low-grade newspaper 
halftones, though it must be remem­
bered that halftones have grey scale 
while, so far , the commercially-avail­
able plasma displays don't. A fine dot 
pattern is important when viewing a 

as a picture on the wall. The housing is 
deeper here because a rear slide projec­
tor and a hard copier are incorporated 
behind the conveniently transparent 
panel. 

small display close up; even the 60-
dot/inch pattern of Owens has com­
promise "zig-zags" in lines at angles 
other than 90 or 45°. 

Burroughs' largest panel at present 
is a roughly 80 by 200 matrix of 
16,000 dots. These dots, spaced at 25/ 
inch, make the resolution about typi­
cal home TV quality . However, Bur­
roughs has built prototypes with 33 
dots/inch and expects to do better. 
Burroughs also uses only a partial 
XY addressing scheme. Rather than a 
full random on both X and Y, it uses 
a repetitive 60-Hz stepped scan cycle 
on the X axis. This simplifies the 
drive circuitry, but requires the use 
of a recirculating MOS memory. 

Burroughs is hardly ashamed of 
these compromises. They point out 
that it is these features that make it 
possible for them to deliver their 
"Mini-display" essentially out of stock 
right now for less than $600 in quan­
tity. 

Both Owens and Burroughs are of-
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fering their displays as complete 
stand-alone subsystems. The designer 
has only to supply them ASCII code 
at T2L logic levels. All the high-volt­
age drive and refresh and character 
generation is contained inside. 

Impressive Visual Quality 
EDN/EEE was favorably impressed 

by the visual quality of the Owens 
panel, as shown in a motion picture 
of the display presented by Owens en­
gineers during a session of the recent 
(May) meeting of the Society for In­
formation Display (S.I.D.) at Phila­
delphia. The fine dot size made the 
characters easy to read and the 180-
character/sec writing rate seemed 
more than adequate for most applica­
tions. Demonstrations of the Bur­
roughs 80 by 200 matrix also have 
impressed us. The larger dot size al­
most seems an advantage when you 
are viewing this display from a dis­
tance and it is surprising how much 
graphic information you can show, 
despite the granularity. 

Both Owens and Burroughs have 
some definite applications in mind for 
their panels. Owens is already install­
ing prototypes as student teaching 
terminals at the Univ. of Illinois (the 
PLATO IV project). Burroughs is con­
vinced that their lightweight, com­
pact displays are perfect for the ter­
minal-in-a-briefcase market and, in 
fact, they now are building six of 
these into 5-inch thick Samsonite 
suitcases for their salesmen to carry 
around as demos. Burroughs also fore­
sees the day when these will be built 
into every typewriter so the girl can 
look ahead before she commits herself 
to ruining that so-far perfect business 
letter, and into every cash register for 
similar reasons. 

The main future thrust for both 
Owens and Burroughs now seems to 
be to develop grey scale and color. 
Laboratory progress has been re­
ported on both counts, but it is not 
likely that products with these fea­
tures will be available in quantity 
in '72. 

The panel displays its own cross section. This illustration was 
generated on an actual Owens panel and photographed. 

Owens Panel Operation 
The Owens display is most ambitious. Yet, in principle, its opera­
tion is simple. Two films of glass are spaced 10 mils apart to form 
a big 8-1/2- by 8-1/2-inch cavity for the neon-type gas. The rows of 
X and Y addressing lines are laid down outside this glass, the X 
lines being on one side and the Y on the other. (As cross-section 
diagram indicates , the lines are actually deposited on th ick glass 
substrates and the th in dielectric glass film applied over them.) 

AC voltage (140V, 50 kHz) is appl ied continuously across the 
cavity by these lines. This " sustaining" voltage is not enough to 
fire the gas. 

To fire the gas at any of the 262,144 locations, addit ional voltage 
pulses are superimposed on the X and Y lines that intersect at that 
point. The panel remembers .that the point was fired and keeps it 
glowing after the pu lse and despite the reversing ac drive. The 
trick here is that when the gas breaks down , it transports charges 
across the cavity and charges the walls of the cavity at that loca­
tion . This local charge provides the added voltage to keep retiring 
that dot. The glass walls of the cavity, in combination with the X 
and Y electrodes, serve as 262,144 tiny memory capacitors. 

To turn the spot off , a different type of voltage pulse is super­
imposed on the X and Y lines crossing at that point to " kill " the 
memory charge. 

15 
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Design News 

American Products Come Through When the Heat's On 

EDN/EEE has published many arti­
cles relating to component derating 
in design. However it's seldom that 
we receive a story based on just the 
opposite; the ability of products to 
withstand subjection to unusually 
higher than rated temperatures. This 
story will give you an example of the 
quality of products now being sup­
plied by American manufacturers 
and should go a long way toward 
making you feel more comfortable 
about those derating figures you've 
been using. 

Recently, an Analogic technician 
inadvertently subjected nine 60°C 
rated digital panel meters to a tem­
perature of + 185°C for 20 min. All 
nine, when re-tested, were within 
ratings on every specified electrical 
parameter. 

The particular meter involved was 
the Analogic AN2510. This meter is 
specified at + 60°C operating and 
+85°C nonoperating. Maximum non­
operating temperature is determined 
mainly by the temperature survival 
characteristics of the individual com­
ponents used within the unit. Al­
though only the finest components 
are used in the AN2510, only a few 
are actually rated as high as + 185°C. 
The case material is Lexan, which is 

well-known for its excellent heat­
resistance properties. 

After the initial excitement had 
died down, a tenth unit was subjected 
to the same treatment. However this 
time the test was carefully monitored. 
At + 162°C the injection molding 
stresses in the Lexan case announced 
their presence via a series of bulges 
and warps, but still no creep or flow. 
At about+ l68°C things really started 
happening to the case, and the plastic 
viewing filter popped out exposing 
the innards to view. The temperature 
crept steadily towards 185°C and sta­
bilized. Twenty minutes later the 

AN2510 was removed from the oven 
and allowed to cool back to ambient 
temperature. The unit then was con­
nected to a standard test fixture to 
detect any sign of a heartbeat. With 
power applied, and a 1.972 mV input 
signal applied from a precision volt­
age source, the display flipped in­
stantly to 1.972 and stayed there. 
Then the complete test cycle was per­
formed to determine whether the ex­
treme heat had affected such critical 
parameters as accuracy, stability and 
speed. As with the first nine units , 
every electrical parameter was found 
to be within specifications. 

Thick Films Move Into Consumer Products 
Increased reliability, leading to a 
broader warranty program, and the 
promise of lower manufacturing cost 
were cited by RCA as the primary 
reasons for turning to thick-film hy­
brids in color TV. Up to 12 separate 
hybrid modules are used in each of 
six different new models which en­
compass an 18-inch portable at the 
low end and a 25-inch console at the 
high end. 

Among the functions being per­
formed by thick-film hybrids is video 
driving. Photo shows three stages of 
production of video driver circuits 
based on Du Pont film compositions. 
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We've got 'em in cards. 
Or cased. 
For off-the-sheU 
deliver, 
Kearfott can solve your conversion problems with two 
production model solid state synchro/resolver digital 
converters. Both meet MIL-E-5400. 
TRIGAC I-A low cost, successive approximation 
converter, accurate to 12 minutes. 

TRIGAC Ill-Using demodulators, integrators, inverters 
and zero crossing detectors, this converter offers high 
accuracy at moderate cost. 

Model Number 
Input Signal 

Output 

Resolution 

Typical Characteristics 
TRIGAC I 
C70 4773 001 
3 wire synchro 

13 bit BCD code or 
13 bit natural 
parallel 
6 minutes arc 
12 minutes arc 

TRIGAC Ill 
C?O 4773 013 
11 .8 V l ine-to-l ine 
400 Hz 
14 bit natural 
parallel 

LSB-1'9" 
± 2 LSB Accuracy 

Logic Levels Logic " 1" = ±5V± 10% 
Logic " O" = 0-0.5 V 

We can supply either cards as shown, or in corrosion­
resistant metal enclosures. Write today for new catalog. 
Singer-General Precision, Inc., Kearfott Division, 
1150 McBride Avenue, Little Falls, New Jersey 07424. 

SINGER 
KEARFOTT DIVISION 

CIRCLE NO. 12 

Design Briefs 

Mini-TV Camera 
Fits In 0.0065 
Cubic Ft 

Only 5 inches long and 1-1/2 inches 
square, Westinghouse's new TV cam­
era is claimed to be the smallest ever 
built. It was described by its design­
er, James H. Meacham, at the Na­
tional Aerospace Electronics Con­
ference held last month in Dayton. 

In addition to small size, the cam­
era boasts unusual performance capa­
bilities: it has a switchable sync for­
mat enabling use of either American 
or European standards, automatic 
light control and built-in sweep fail­
ure detection. It consumes only 6W 
at 12V. 

Report Solution 
To Field 
Connector Failures 

According to Bennett W. Brachman, 
vice president for Amphenol Space 
and Missile Systems Div. of Bunker 
Ramo, more than 75% of electrical 
connector failures can be avoided 
easily. 

How? Simply by ordering ·cabling 
and connectors as a total package 
rather than buying connectors and 
building your own cables. Bennett 
estimates that 90% of all failures 
occur in the assembly of cables to 
connectors - a function usually per­
formed in the field. Several contracts 
for entire cabling systems fulfilled by 
Amphenol lend support to this claim. 
In such cases, field failures were 
"almost nonexistent". 
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OurKUP 
general pUrpose relays 

switch up to 10 amperes ... reliably 

KUP-type relays 

First off, our KUP relays save you 
money. More than $2.00 each, com­
pared with octal-type pin terminals. 
Then , to make your design job 
easier, the range of optional fea­
tures includes a slotted case for 
direct-to-chassis mounting; sock­
ets with solder, printed circuit, 
quick-connect or screw terminals; 
push-to-test button ; indicating 
lamp; choice of .187" or .205" termi­
nals. U/L recognized. Contact ar­
rangements to 3 Form C. Rated 5 
or 10 amperes. Coil voltages to 120 
VDC, 240 VAC. List $4.50 to $6.40. 
The KUP s·pawned a remarkable 
family of switching devices. They 
are housed in 'the same case (some 
1/4 11 higher), use the same sockets, 
cover a wide variety of control 
functions: 

will sense 60 microwatts, latch, 
switch alternately or delay time. 

KUA Amplifier-Driven Relay. Stand­
ard sensitivity: 60 microwatts . DPDT 
contacts switch 5 amperes at 28 voe 
or 120 V 60 Hz., 80% PF. Features con­
tinuous operation , built-in polarity pro­
tection. Recommended for interfacing 
low-level logic circuits and work-per­
forming loads such as motors, contac­
tors , solenoids. As low as $14.25 list. 

KUL Magnetic Latching Relay. 
Takes half the space of mechanically­
interlocking latchers. Provi des perma­
nent memory, continuous duty opera­
tion . DPDT contacts switch 5 to 1 O 
amperes. Contacts remain in last posi­
tion without power. $5.45 to $7.10 list. Its all in the family 
KUR Alternate Action, Impulse Re­
lay. Features unique combination of 
KUL single coil magnetic latching relay 
with solid state flip-flop circuit drive. 
Pulse width of 25 milliseconds will 
effect switching. Contacts switch 5 or 
10 ampere loads. List price , $15.10 
(DPDT) . 

CU Time Delay Relay. Low cost solid 
state relay for timing increments from 
1 to 120 seconds. Switches 10 amperes 
and comes in 3 AC or DC versions: 
fixed time delay on operate; resistor­
adjustable ; knob adjustable . Priced as 
low as $14.20 each , list. 

CL Time Delay Relay. Provides a 
delay on operate. Won 't false operate. 
Times as low as 0.1 second. Otherwise 
similar to CU. $17.35 to $21 .15 list. 

Standard versions of these relays 
are available now from your elec­
tronic parts distributor. For com­
plete information, call your local 
P&B representative or Potter & 
Brumfield Division of AMF Incor­
porated , Princeton , Indiana 47570. 
Telephone: (812) 385-5251. 

A"'1F 
POTTER & BRUMFIELD 

P&B performance. Nothing else comes close. 
CIRCLE NO. 11 



Design Briefs 

5000-Square-Mile Solar Array 
Could Power U.S.A. 

Given a boost by a Univ. of Arizona scientist and his 
wife, the vision of pollution-free power is one step 
nearer reality. Proposed by Dr. Aden B. Meinel, UA 
Optical Sciences Center director, and his wife, the sys­
tem would collect the sun's energy, heat liquid sodium 
and ultimately convert the energy to electricity via 
conventional steam turbines. The 5000-mile2 facility 
could produce four times the power now consumed in 
the U.S. and, as a by-product, could desalinate 50 
billion gallons of seawater per day. 

Crucial to the system's feasibility is development of 
suitable thin-film materials to be used to pass the sun's 
radiant energy and keep it from reradiating. Research 
has progressed to where the system's feasibility can be 
demonstrated within the next 2 or 3 years. Meinel's 
plan calls for a 100 MW demonstration unit by 1976, 
the first 1 GW station by 1982 and a 1 terawatt in­
stallation by 2076. 

As it now is envisioned, heat from solar collectors 
would be carried to a large molten salt reservoir via 
liquid sodium. The salt reservoir's capacity would be 
such that power output could be maintained during 
periods of darkness or curtailed sunlight. Molten salt 
at 1000°F would be used to convert water to steam for 
conventional steam turbines. 

Solar Cell Array 
Delivers 1.5 kW 

Scheduled to fly late this year aboard a USAF satellite, 
the silicon solar-cell array shown will deliver 1.5 kW 
of power. Capable of being rolled up onto one 10-inch­
diam drum, the twin array contains a total of 34,500 
solar cells and unfurls to an overall length of 32 ft. The 
system, called FRUSA (Flexible Rolled-Up Solar 
Array), was developed by Hughes El Segundo for the 
Air Force. 
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4th GENERATION OP AMP. 

OFF-THE-SHELF DELIVERY 
Operates at very low power levels without compromising large 
signal response or output drive capability. 

• Slew Rate - 20V I µs 
•Input Offset Voltage - 0.5mV 
•Power Dissipation - 2.5mW at ± 15V 
•Open Loop Gain - 2.0x106 at RL =2K 
•Input Bias Current- 5.0nA 
•Power Supply Range - ±5.5V to ±22V 
•Built-in Short Circuit Protection 
• Offset Null Capabi lity 
• Internally Compensated 

The HA-2700 is available in the T0-99 package at $10.20* (0°C 
to +75°C), $16.20* (- 25°C to +85°C) and $24.00* (- 55°C 
to +125°C) 

•100 to 999 unit price. 

HARRIS 
SEMICONDUCTOR 

A DIVISION OF HARRIS-/NTERTYPE CORPORATION 

P. O. Box 883, Melbourne, Florida 32901 (305) 727.5430 
DISTR1BUTORS: SCHWEBER ELECTRONICS-Metropolitan N.Y. & Connecticut (516) 334-7474, Upstate New York (800) 
632 ·1226, New Jersey (800) 645-7377, Was~ington / Rockville (301) 881 -2970. E. Pennsylvania (800) 645-7377/ 
HARVEV/R & 0 ELECTRONICS-Lexington. Mass. (617) 861 ·9200/SEMICONDUCTOR SPECIALISTS, INC.-Chicago 
(312) 279-1000, Detroit (313} 255-0300, Minneapolis (612) 884-8132, Kansas City (816) 452-3900, St. Louis (314) 
428-6100, Dallas (21 4) 358-5211. lndianapolis(317) 243 -8271, Pittsburgh (412} 781 -8120, Dayton (513) 278-9455/ 
R. V. WEATHERFORD CD.-Albuquerque (505) 265-6112. Anaheim (714) 547-0891 , Dallas (214) 231-6051, Denver 
(303) Enterprise 165, Glendale (213) 849-3451 , Palo Alto (41 5) 321 -5373, PhoeniK (602) 272-71 44, Pomona (714) 
613·1161, San Diego (714) 178·7400. Seattle (106) 761-4100. 
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17. IN STOCK 
~ RELIABLE 
~ LOWCOST 

The Harris r amilv is designed 10 solve vour problems 
When you need to - convert to 
binary or decimal codes, convert 
voltage to current pulses, interface 
with modems, transmit and receive 
over a party line, encode a key­
board or restore current pulses to 
voltage pulses - Call Harris. 

DIGITAL l.C.'s 
Keyboard Encoder 

Adapt to any Binary code 
HD-0165 

Line Driver /Receiver 
Meets EIA RS-232-C 
Interface specification 
HD-1488, HD-1489 

Party Line Transmitter /Receiver 
Compatible with DTL 
and TTL Logic 
HA-245, HA-246 

Diode Matrix 
Easily customized to 
specific pattern 
7 configurations 

• 
I 

When you need to-amplify, buffer, 
compare, multiplex, convert D to 
A or anything else in analog signal 
processing - Call Harris. 

LINEAR l.C.'s 
Op Amp 

General Purpose/ 
Low Power 
HA-2700 
Wide Band 
HA-2620, HA-2625 
High Slew Rate 
HA-2500, HA-2510, HA-2520 
Low Noise 
HA-2909 
High Impedance 
HA-2600 

8-Bit D/A Converter 
Monolithic/Guaranteed Accuracy 
Hl-1080 

10-Bit Ladder Network 
Low Cost, High Accuracy 
Hl-0910, Hl-1010 

16-Channel Multiplexer 
J-FET /Bipolar 
HS-1000 

I NAME _______ TITLE ___ _ 

I I ADDRESS __________ _ 

When you need to- convert a code, 
microprogram a computer, store 
information and recover it quickly 
- Call Harris. 

MEMORY l.C.'s 
64 x 8 PROM TM 

Field Programmable 
HROM-0512 

256 x 1 PR9M TM 

Field Programmable 
Very high speed 
HROM-1256 

16-Bit RAM 
High speed 
HRAM-0016 

64-Bit RAM 
High speed, fully decoded 
HRAM-0064 

RADIATION MICROHfCTRONICS HAS CHANGfO ITS NAM[ TO HARRIS SfMICONOUCTOR 
Cl RCLE NO. 13 
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Instrument photos show Model 4216A 
Binary Programmable Voltage Source in 
half-rack version at top and Model 4250A 

u..i::====.;..;._ ___________ ___ ......_._, BCD Programmable Power Source in 
full rl:I_?.~ !?-~-r;_t~9~u_ra_t_io_n_. ---------,-~=--= 

New Fluke programmable power 
sources put it all together. One 
instrument does the work of a 
whole rack of equipment. 

This family of systems instru­
mentation represents an entirely 
new approach to automatic test 
and process control equipment. 
They serve as husky power 
supplies, fast digital-to-analog 
converters, programmable 
attenuators, power amplifiers, and 
even dynamic loads. 

Either BCD or binary programming 
with internal memory is offered. 
Accuracy is 0.01 % throughout. 
All models feature de or ac 
external reference capability 
programmable in or out, 50mv 
peak programming noise, isolated 
control logic to eliminate digital 
noise, and complete digital display. 

Brief specs of the first four models: 
4210A 4216A 4250A 4265A 

Vo 10v 16v 65v 
lo 
Settling 
Time 

100ma 

Basic Un it * 
30µ.s 
$995 

*Opt ions extra 

1a 

100 µ.S 
$1295 

More data. Full data sheets and 
complete applications information 
are available from your Fluke Sales 
Engineer who will also be happy to 
arrange a demonstration at your 
convenience. Qr you may address 
us directly if it's more convenient. 

An indication of the powerful flexibility 
of the Series 4200 can be inferred from 
the scope photos. 

IFLU KEI® Fluke, Box 7428, Seattle , Washington 98133. Phone : (206) 774-2211. TWX: 910-449-2850/ 
• • In Europe, address Fluke Nederland (N .V.) , P.O. Box 5053, Tilburg, Holland. Phone : 

(04250) 70130. Telex : 884-50237 / In the U.K. address Fluke International Corp., Garnett 
Close, Watford , WD2 4TT. Phone : Watford , 27769. Telex : 934583. 

CIRCLE NO. 14 
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HOW BIG 
IS A 50-FARAD CAPACITOR? 

If you are unfamiliar with the " energy storage device", 
you'll be pleasantly surprised to f ind that a 50-farad ESD 
fits in a cylinder only 1 inch in diameter and 1/2 inch tall . 

JOHN CONNELLY, Gould Ionics Inc. 

The ESD is an electrochemical capacitor. Unlike con­
ventional capacitors, it does not contain a dielectric. 
Instead, its capacitance derives from the electrical 
double layer that exists at an electrode/electrolyte 
interface. Its main advantage is that it offers much 
higher capacitance per unit volume than the dielec­
tric type. 

Introduced slightly more than a year ago, the ESD 
today is available from 1/4 inch diam (0.0lF) up to the 
50F 1-inch unit with a prototype quantity price tag in 
the $30 range and production quantity prices in the 
$1-3 range. 

With its large range of capacitance, from the larger 
unit down to 500 µ,F formed on an IC substrate, the 
ESD has wide application. Other attributes include 
high charge capability at low voltage, high leakage re­
sistance, a noncatastrophic failure mode and a wide 
temperature range of operation. Both its symbol and 

equivalent circu it at low frequency are shown in Fig. 1. 
For a complete explanation of this device, see boxed 
information entitled "What is an ESD?". 

Integration 

One of the most useful characteristics of the ESD is 
its highly repeatable charge/discharge characteristic. 
When charged at constant current, a nearly linear 
voltage-time ramp is produced. When discharged at 
constant current, a similar voltage-time negative-slope 

ramp is produced. This triangular wave can be used for 
a wide variety of integrating functions. 

Based upon the ESD's capability as an integrator, a 
series of timing modules has been designed. One very 
small module is completely logic compatible, requires 
only one 5V de power supply, is highly noise immune 
and can produce time periods with 0.1 % repeatability 
up to 100,000 sec as standard and up to 5 million sec 
without problem. The module takes up about 3 inch3 

in its standard form, but it can also be provided where 
required in a single 16-pin dual in-line hybrid with the 
ESD mounted externally. 

Because the ESD has a highly repeatable constant­
current charge/discharge characteristic, many timing 
points may be selected from one basic timing unit. This 
will enable the buildup of as many time sequences as 
are required for any multitime process control or moni­
toring system. Times for a completed cycle anywhere 
between 10 and 100,000 sec can be produced readily. 

Power Sources 

Because the ESD has very high capacitance coupled 
with high leakage resistance, it is a good power store. 
Where more than 0.5V is required, series-connected 
cells provide higher voltage. This scheme is quite prac­
tical as ESDs are manufactured with a tolerance of 
better than ±5%, and the 0.5V per cell voltage rating is 
well below the material decomposition potential. 

WHERE : 

ESR c 

ESR : EQUIVALENT SERIES RESISTANCE 

RL : LEAKAGE RESISTANCE 

(Continued) 

Fig. 1-Symbol and equivalent low frequency circuit of the energy storage device (ESD). 

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L61 
!Continued) 
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50 Farads (Cont'd) 

Ten 1-inch 50F, 0.5V cells will fit into a 1-inch-diam 
package with a height of less than 2.5 inches to pro­
duce a 5F, 5V unit. 

Its capability to give up energy tO an external circuit 
depends entirely upon the equivalent series resistance 
(ESR) of the cell . A 1-inch-diam ESD has an ESR of 
about 0.80 at room temperature (ESR will decrease 
with increase in temperature). The 5F, 5V unit de­
scribed above would have an ESR of about 80. This 
obviously limits the efficiency and capability of the 
ESD when delivering high currents to a load. 

ESR is inversely proportional to the cross sectional 
area of the ESD. This means that ESR can be reduced 
by increasing device diameter. Cells can also be con­
nected in parallel in the normal capacitor manner with 
a corresponding increase in capacitance and decrease 
in ESR. 

The ESD has application in standby power, filtering 
and decoupling. The high value of capacitance enables 
the design of a very simple standby power source 
(Fig. 2). 

Fig. 2-Simple circuit configuration for using 
the ESD as a source of power. 

This circuit could be incorporated directly onto a 
PC board or subassembly. Under normal operating 
conditions the ESD would charge to the power supply 
voltage, minus the diode drop, and provide normal fil­
tering and decoupling for the circuit. A 5F, 5V ESD will 
provide 1 mA for more than 1 hr with less than a 1 V 
drop. It could, of course, provide a greater current for a 
shorter time. It could provide standby power, for in­
stance, for a volatile semiconductor memory or other 
circuit where power loss would be inconvenient. 

IC Compatibility 

Formation of large value capacitors inside the IC 
package is now feasible. ESDs have been formed di­
rectly onto IC substrates. The ESDs so formed can be 

used for many circuit functions including power supply 
decoupling, timing, integration and active filters . 

A particular single cell ESD so formed was 0.032-
inch-in-diam and 0.020 inch high providing a capaci­
tance of over 500 µ,F with an ESR of about 1000. Work 
is under way to develop this technique to a commercial 
level and to produce chip ESDs for hybrid circuits. 
There is every indication that the ESD can provide 
small size, high capacity devices that will remove one 
of the major restrictions in hybrid circuit design. 

Memories 

Memory modules based on the ESD are being devel­
oped that will store for hours or days with access times 
of seconds to minutes. Power supply removal does not 
affect the state of store. 

The ESD also can be used as a digital memory. A 
fully charged ESD could represent a logic one, a fully 
discharged ESD a logic zero. For small programmable 
memories, the O.OlF ESD could be programmed 
(charged) in about 0.5 sec from a 10-mA current source, 
and would have a time constant of RC = 0.01 x 1010 

or 108 sec when isolated. Even when loaded with a 
switch leakage of a nanoamp, it would take more than 
10,000 sec to reduce from 500 to 400 mV-still a recog­
nizable state. 

For many simple memory applications, the minia­
ture ESDs formed on a substrate would be very useful. 
Development is under way to form 15 cells of more 
than 10,000 µ,F each at 0.5V in a standard 16-pin dual 
in-line package. This could have use in industrial con­
trol systems, weapon systems and many other areas 
where an inexpensive, programmable, simple memory 
is required. 

Charge/Discharge Characteristics 

When the charge or discharge of an ESD is inter­
rupted, two phenomena occur (Fig. 3). First, there is a 
step voltage change, V" caused entirely by the IR 
drop, IEso x ESR, which in the case of a 1-inch ESD 
being charged at 1 mA is less than 1 mV. However, 
for higher currents with smaller diameter devices, V, 
can be quite large. This can be compensated for quite 
readily. 

Another voltage change, V
2

, which is less easy to de­
fine, is shown as an exponential of amplitude V2 with 
a time duration oft,. Both V2 and t, are proportional to 
the magnitude of the charging current and the length 
of time charging current was applied before interrup­
tion. The magnitude of this effect for low currents of 
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Fig. 3 - Charge/discharge characteristic of the 
ESD when the constant current charge or dis­
charge is interrupted at X. 

about 1 mA is only a few millivolts and can be com­
pletely eliminated with extremely low currents. Con­
stant voltage charging is probably the most accurate 
way to keep these effects to a minimum, except that in 
keeping the maximum current low, the time constant is 
quite large. For a maximum current of 1mA,a500-m V 
device would be charged through 5000 and have an 
RC time of 500 x C, which in the case of the O.OlF 
device would be 5 sec. In the case of the 50F device 
-25,000 sec. To charge to within 1% of aiming poten­
tial would take approximately 4.6 time constants and 
to within 0.1 % would take approximately seven time 
constants. 

Where time available to store information is rela­
tively long, i.e., up to seven time constants from a 
fairly high source impedance, information can be 
stored very accurately. 

When charged, the ability of the ESD to maintain 
stored potential is limited by its leakage resistance 
(> 1010!1) and by external circuitry. A O.OlF ESD 
charged to 500 m V and isolated from external circuit­
ry would lose 1 % of charge (5 m V ): 

in 

I 0.5 J =,-- amps 
1010 

0.01 x 5 x 10- 3 
t = x 10'° sec 

0.5 

t = 106 sec = 270 hrs 

A 50F device would take 5000 times longer. External 
circuitry will be the main source of leakage for these 
devices. 

When information is required to be stored less ac­
curately but is required to be stored more quickly, a 
constant current charge or discharge circuit can be 
employed using a comparator to determine the cutoff 
point. 

Actual circuit techniques in both cases are quite in­
expensive and simple. Stored voltage can be main­
tained even in the event of a power failure by the use 
of an isolating circuit; for example, a relay contact 
series connected with the ESD and the coil connected 
to the power supply will isolate the ESD during power 
shutoff but will be available when power is restored. 

Typical Circuit Usage 

The high energy storage capability of the ESD at low 
voltages makes it an ideal device for use with opera-

Fig. 4- Simple multivibrator or sawtooth generator. 
With ESD discharged, output is V

0
,,1 positive. CRl 

forward conducts; causes potential V,ef (> zero, 
< 500 mV) at noninverting in put. 

ESD then charges from V0 ,,1 positive through R3 at 
almost constant current. When voltage across the 
ESD is more positive than V,.ef ' op amp changes state. 
CR 1 is now reverse biased; voltage at the non inverting 
in put is zero. ESD then is discharged from V

0
,,

1 
nega­

tive through R
3

• When voltage across ESD becomes 
negative, op amp changes state and cycle repeats. 

Circuit shown is symmetrical. Adding one diode and 
one resistor gives separate control for ON and OFF 
times. A 500 sec ON, 500 sec OFF multivibrator was 
constructed. During a several day period of test, time 
repeatability under fixed conditions was better 
than ±0.5%. 

(Continued) 
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50 Farads (Cont'd) 

WHAT IS AN ESD? 
The ESD is an entirely solid-state device utilizing the highly 
conducting solid electrolyte , RbAg4 1.- RbAg4 15 has a bulk 
resistivity at room temperature of = 4!l-cm. Conductivity is 
caused by Ag+ion migration. It thus has an extremely high 
electronic resistivity (> 1011 !1-cm) , and leakage rates are cor­
respondingly low. A penalty incurred by elimination of a di­
electric is that the maximum voltage per cell is considerably 
reduced , i.e., to below the decomposition voltage of RbAg415 

(0.66V). This feature obviously has a strong influence on 
circuit design. 

How Does It Work? 
In its most usual polar form , the ESD is represented by the 

electrochemical cell system : 
Ag I RbAg4 1

5 
I Carbon 

+ 
During charge and discharge, the processes that occur are 
illustrated in Fig. 5. During charge , Ag + ions migrate from 

t 
SILVER ION 
DISCHARGE 

- + 
Ag 

+' 
Ag 

t 

-
SILVER ION 

CONDUCTING 
SOLID ELECTROLYTE 

Fig. 5 

t 
ELECTRICAL 

DOUBLE LA YER 

right to left across the electrolyte layer. In moving away from 
the positive electrode, a charge separation is effected across 
the so-called double layer at this electrode. Carbon is elec­
trochemically inert in the system so long as its potential is 
maintained within a voltage range prescribed by the dis­
charge of Ag+ ions to form Ag metal at the negative end and 
the discharge of iodide ions to form iodine at the positive 
end. Within this range it is ideally polarizable and thus func­
tions as a capacitive element. Ag+ ions reaching the silver 
electrode are discharged to form Ag metal. The voltage 
change at this electrode is negligible compared with the 
voltage change at the carbon electrode, so the silver elec­
trode can be considered as ideally nonpolarizable or, in 
other words, it has infinite capacity (cf., the platinum black 
electrode in a wet tantalum capacitor). During discharge, 
exactly the reverse takes place: Ag metal is oxidized to form 
Ag + ions which then return to the positive electrode. 

The separate charge/ discharge characteristics for each 
electrode are plotted together in Fig. 6. The charging cu rve 
for the carbon electrode is essentially linear up to 500 mV. 
Above this value , a pronounced curvature is observed as a 
result of the onset of electrolyte decomposition. An arbi­
trary limit for operation of the device therefore is 500 mV. 

The values of capacitance that can be achieved in an elec­
trochemical capacitor are intrinsically higher than those 
where a dielectric is employed. Capacity density is further 

> ..s 
+ 

O> 
<l: 

" O> 
<l: 

(/) 

> 
UJ 

+400 

+300 

5 mA , ROOM 
TEMPERATURE 

+ 200 

+100 

0 

-100 
Ag + e -

0 1 00 200 JOO 400 500 600 700 800 

TIME (seconds) 

Fig. 6-Half-cell charge/discharge of polar 
electrochemical capacitor. 

increased in the ESD by use of a c.arbon electrode structure 
with a very high roughness factor. The actual capacitance 
value is controlled by the weight of this electrode material. 

C onstruction 
All the active materials are chemically stable powders. 

These are pressed into pellets (see Fig. 7) , assembled and 
encapsulated in a metal can , resulting in an extremely 
rugged component. Although the ESD has a positive temper­
ature coefficient of capacitance in the range of 0.1 %/deg C, 
it functions as a capacitor over a very wide temperature 
range. The maximum operating temperature is in excess of 
400°F. At the low end , life tests are being conducted at 
- 65°F, but much lower temperatures are theoretically pos­
sible . 

ENCAPSULANT 

Fig. 6- Physical construction of the ESD cell. 
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HOW DOES IT COMPARE 
WITH CONVENTIONAL DEVICES? 

Voltage 

Alth ough the ESD is essentially a low-voltage de­
vice, cel ls may be stacked to provide higher voltage 
multicell capacito rs. Cells fo llow the familiar laws of 
capacitors when connected in series or parallel. 

Capacitance 

Comparisons between the ESD a nd the more famil­
iar electrolytic capacitors are illustrated in the follow­
ing tab le 

CAPACITOR lYPE 

ESD (sing le ce l l) 

Tanta lum Wet Slug 

A lum inum 

Ceramic 

Leakage 

RATED CV 1/ 2 cv2 

VOLTAGE (Coulombs/ in3 ) (Joules/ in3) 

0.5 

6 

5 

1000 

80 

0.063 

0.044 

0.0016 

20 

0. 19 

0.11 

0.8 

Leakage current tor the ESD is dependent on the 
electronic conductivity of the electrolyte which is 
less than 10- 11 (il-cm)- 1• Its leakage characteristic is 
co mpared to two types of electrolytic capacitors in 
the tab le below. 

CAPACITOR TYPE CURRENT LEAKAGE ESR at 25° C 

(amps) 

Single Ce l I ESD 50 

fa rad 1 inch diameter 0.5 nA max 0.8 ohm 

Multi Cell ESD 5 

farad 1 inch diameter 0.5 nA max 8.0 ohms 

Tantalum Wet Slug 1 µA and up 3.0 ohms 

A lumi num 0. 1 µA and up 0.1 ohm 

tional amplifiers. A simple free-running multivibrator 
was designed (Fig. 4) using an ESD, an IC op amp, a 
diode and a few resistors. Times from 1 sec to several 
million seconds are easily obtained. 

This circuit is of widespread benefit, since it can be­
come the timing element of time-delay relays or elec­
tronic timers by adding only a few extra components. 
The basic circuit is inexpensive, simple and accurate. 
It uses proven components that are economically avail­
able from multiple sources. 

Conclusion 

In its high capacitance form, the ESD may be used 
as a standby power source for volatile semiconductor 
memories or other circuits where loss of power supply 
is inconvenient; in this application the ESD also pro­
vides decoupling for power supply line transients. 

The smaller value, very small size ESD has applica­
tion as a power supply decoupler when formed directly 
onto an IC substrate or mounted in a hybrid package 
in chip form. 

As a memory, the ESD can provide a unique voltage 
store because of its high values of capacitance and high 
leakage resistance. Its highly repeatable charge/dis­
charge characteristic coupled with its 'memory' capa­
bility, enables integration of both a linear and discon­
tinuous nature to be performed. 

In timer applications, the actual times available 
with the ESD are many orders greater than with con­
ventional capacitors and the repeatability can be as 
high as 0.1 % with extremely simple circuitry. 

Ability of the ESD to provide high energy at very 
low voltages makes it very useful when used with low 
voltage linear circuits. In addition to the free running 
oscillator sqpwn in Fig. 4, many other circuits are be­
ing considered in this area. Examples include high 
linearity (long times) ramp generation, low frequency 
filters and general low frequency waveform genera­
tion. o 
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Bipolar Memory: 
We Delivered 8 Million Bits 
For llliac IV Alone. 
How Many Do You Need! 

The truth is we are the largest supplier of Bipolar 
Memory in the business. 

For example, Illiac IV was the first computer to use 
semiconductor mainframe memory. 8 million bits were 

28 

ours, using the 93400 from the Bipolar Memory branch of 
our own TTL Family Tree. This is currently the only 
multiple-source 256-bit Bipolar RAM available in pro­
duction quantities. 

For smaller capacity, higher speed storage, we're also 
supplying production volume of the industry-standard 
64-bit and 16-bit RAMs (see chart). These can be deliv­
ered in as little as 48 hours. Other devices may take 
slightly longer. But just slightly. 

So you can count on the availability of Fairchild 
Memory devices for your current production systems. 

Looking ahead, almost all our major new design 
activity in Bipolar Memories is committed to our recently 
announced Isoplanar process. For you, that means free- . 
dom to take advantage of devices at least five times 
faster than functionally comparable MOS devices, yet 
priced competitively with them. It also means freedom 
from problems in design complexity arising from the 
use of MOS in mainframe memories. 

Our memories are not fantasies . They are in our fac­
tory warehouses. In our distributor warehouses. In 
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quantity. For your current or upcoming systems. We also 
have data sheets and application notes on all of them. 
Yours for the asking. 

FAIRCHILD TTL FAMILY TREE: MEMORY BRANCH 
Our Bipolar Memories are another example of how 

the Fairchild TTL Family provides designers everywhere 
with freedom now. The kind of freedom that comes from 
the broadest range of products, packages, and speed/ 
power trade-offs anywhere. 

-- -- - - -- -- -- - -

93400 SERIES TTL MEMORIES 

Organization Address 
Scheme 

Random Access (Read/Write) 

16 Bits (16 words x 1 Bit) 
16 Bits ( 16 words x 1 Bit) 

64 Bits ( 16 words x 4 Bits) 
64 Bits ( 16 words x 4 Bits) 

256 Bits (2 56 words x 1 Bit) 
256 Bits (256 words x 1 Bit) 

Read only 

256 Bits (32 words x 8 Bits) 

Coincident Select 
Coincident Select 

Full Decode 
Coincident Select 

3 of 6 Decode 
3 of 6 Decode 

Full Decode 

Content addressable/ associative 

16 Bits (4 words x 4 Bits) Linear Select 

Access 
Time 

18 ns 
18 ns 

45 ns 
22 ns 

70 ns 
100 ns 

30 ns 

20 ns 

All devices available on Fairchild Standard H ermetic Ceramic Packages. 

Fairchild 
Part No. 

93407 
93433 

93403 
93435 

93400 
93400B 

93434 

93402 

F=~IRCl-llL.CJ 

SEMICONDUCTOR 

FAIRCHILD SEMICONDUCTOR. A Division of Fai rchild Camera and Instrument Corporation, Mountain View, California 94040. (415) 962-5011 . TWX : 910-379-6435. 
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Design Features 

STANDARDIZED THERMAL TESTING 
THE NUMBER ONE WAY 

TO EVALUATE SEMICONDUCTOR COOLING 

Because semiconductor life is critically dependent on keeping device 
operating temperatures within safe limits , the importance of properly 
measuring these temperatures, and consequently heat dissipater effec­
tiveness, cannot be over emphasized. Here we will detail the best ways 
to measure true operating temperatures and dissipater effectiveness. 

DONALD F. GOETTER and WILLIAM ANDERSON, International Electronic Research Corp . 

"Look-alike" heat dissipators may be very different in 
their actual performance. That is just one reason why 
standardized test methods and data presentation 
format are needed, and why actual tests must be made. 
Another contributing factor is the wide variation in 
heat transfer properties between the various styles 
of SC cases. 

This thermal trio-the SC case, the thermal dissi­
pator and the testing that is needed to dete 
heat dissipation - has been the subject 
of much standardization effort. 

~n July 1969, for example, EIA issued Components 
Bulletin No."t5, "Recommended Test Procedure for 
Semiconductor Thermal Dissipating Devices". It sets 

'" forth standard methods for evaluating SC thermal 
dissipators,_ and covers measurements of case temper­
ature, dissi,Pator temperature and chassis temperature. 
It also discuss~ forOOd air cooling. 

Study of·Bulletin No. 5 makes it apparent that the; 
primary measurement point is most often the semicon- ' 
ductor case. A case is, after all, the most convenient 
point to make .measurements, and usually the point 
yielding best\.t,neasurement repeatability. (See EIA­
NEMA Standard on Thermal Resistance Measure­
ments of Condm,:tion Cooled Power Transistors, March 
1968, [EIA RS-313/NEMA SK 508-1965] for the pro­
cedure to use ><When actual junction temperatures are 
required.) 
Measuring Case Temperature. For this job, the most 
important thing . are the correct location of the tem­
perature sensi!J.g e1emept and the way in which its 
proper thermal contact is assured. At lERC, iron­
constantan closed-junction,.. ther,wocouples - are ~ed. 
These are generally inserted in smai ?'h?l~s drille~ 

.,, \,~·· .•. .._ "+"' ... ,,,""" .. 

close as practical to the semiconductor dice. To insure 
best results, only the thermocouple junction should be 
in electrical contact with the case material. It is not 
important that electron flow be possible, but good elec­
trical contact does assure that the true case tempera­
ture will be recorded. Otherwise you might be measur-

ing that of the air or other contents o the dri!Iea ho e . . 
Closed-junction thermocouples are usually pref~ 

able becal!-se they are easier to handle, and because· 
they re_?-uce the J]OSSibility of interaction with other 

"'- ·" !Continued) 
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Thermal Testing (Cont'd) 

circuit currents. When practical they should be spark 
welded to the inside of the hole, although wedging the 
junction in the hole with piano wire or securing it with 
low-temperature solder are useful alternatives. Fig. 1 
compares proper and improper thermocouple junction 
retention with piano wire. 

Thermocouple wire should be small enough to pre­
vent heat transfer through the wire from influencing 
the temperature being sensed. A minimum gauge of 
#36 (5 mil diam) is suggested for low-power tests to 
5W, while #30 (10 mil diam) is suitable for higher­
power tests. 

PLASTIC 
COATING 

THERMOCOUPLE JUNCTION 

SPECIMEN 

PIANO WIRE 
GOOD INSTRUMENTATION 

THERMOCOUPLE JUNCTION 

k 11!!1""'"" 
PIANO WIRE 

BAD INSTRUMENTATION 

Fig. 1 

Each SC Case is Unique 

Stud mounted SC devices are probably the easiest 
ones to instrument. Generally the SC chip is mounted 
on the stud, so if a hole is drilled up through the center 
of the stud, the thermocouple can be located just below 
the dice (Fig. 2, method 2). 

Sometimes, particularly when the hole length in a 
stud would make accurate thermocouple placement 
difficult, it is best to drill the hole through the side of 
the hex base (See Fig. 2, method 1). Deep-flange cases 
such as the T03 or T066 are best handled this way, 
but be sure that the drilled hole is no larger than 
necessary. Also, caution is in order not to let the drill 
drift. If it does the mounting face may be distorted and 
the chip damaged or the thermal interface degraded. 

Some SC constructions, such as those of the T05 
or T018 case units, don't have any real tie point 
near the junction or chip of the semiconductor. Units 
with nonmetal headers often are made like the one 
shown in Fig. 3, right. With such construction, except 
when the bottom seal is glass, a small hole drilled 
through the center of the device up to the supporting 

-THERMOCOUPLE METHOD 1 

THERMOCOUPLE METHOD 2 

Fig. 2 

metal will permit mounting the thermocouple directly 
under the chip. 

When the header is glass sealed, or when a metal­
header type is involved (such as the one on the left in 
Fig. 3) the thermocouple should be attached to the 
outside of the case as shown. Either soldering or weld­
ing may be used for this. 

M ETAL HEAD ER 

LEADS 

NONM ETAL HEADER 

Fig. 3 

ALTERNATE 

11: -~~-THERMOCOUPLE 

SEMICONDUCTOR 
THERMOCOUPLE 

P lastic packaged units. Instrumentation methods for 
this package type have been developed since Bulletin 
No. 5 was issued. In some of these devices the discrete 
semiconductor or IC chip is attached to a metal sub­
strate (and to its leads) prior to being epoxy coated. In 
others a "sandwich" construction is used, with ceramic 
or epoxy chips placed outside the substrate-and-lead 
assembly before cementing the whole together with 
epoxy. 

Both epoxy and some ceramics generally have poorer 
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Fig. 4 

0 

7. ' /1 CHIP rnrn•oco"m. 
Fig. 5 

SUBSTRATE 

Fig. 6 

LEADS 

thermal conductivity than metals. Because of this, 
thermocouple placement near the metal substrate is 
considered better than attempting a "case" measure­
ment through the epoxy. Such substrate measurements 
should be labelled "substrate temperature" rather 
than "case temperature", to describe their true nature 
more accurately. 

When instrumenting epoxy types at IERC, a small­
diameter hole is drilled to the substrate at a location 
as close as possible to the chip without degrading its 
operation. The thermocouple is then welded to the 
metallic substrate and the weld retained with a 
thermally-conductive, low-temperature-coefficient-of­
expansion type one-part epoxy (See Fig. 4). Usually it 
is necessary to destroy at least one test specimen in 
order to pinpoint the substrate location accurately. 
Fortunately, locations are generally consistent, so 
once they are determined, it is easy to perform subse­
quent instrumentation on like units. 

Rectangular plastic packages, such as the Data X-51 
case shown in Fig. 5, require a similar approach. The 
thermocouple placement is shown on the chip side, but 
if there is concern over chip damage it can be changed 
to the other side. Similarly a 14-lead DIP, as shown 
in Fig. 6, is best instrumented by carefully drilling a 
hole through the bottom of the plastic package to a 
point on the chip substrate near the center. 
Ceramic Substrates. As with the plastic package, in­
strumentation techniques for ceramic substrates also 
have been developed since components Bulletin No. 5 
was issued. Accurate measurements with thermocou­
ples in the area of major heat flow are often not prac­
tical when ceramic substrates are used. The ceramic 
material, usually alumina, is very difficult to drill , and 
in addition can cause thermal interface problems if 
stress-relieved. 

Therefore, when the substrate is a ceramic material 
or the package is an integrated circuit, a thermal 
model is recommended for the determination of accu­
rate junction temperatures. 

Thermal Models 

Thermal models should be developed so that the 
semiconductor placement is similar to that in the 
operational circuit. It is essential that the model cir­
cuit duplicate as closely as possible the size and loca­
tion of the hottest anticipated thermal junction in the 
operational circuit. Complete electrical isolation of the 
die chosen for junction-temperature measurement is 
required. Also, a heat source separate from the sensing 
semiconductor is preferred. This allows a reduction in 

(Continued) 

33 



34 

Thermal Testing (Cont'd) 

the amount of test equipment and time involved. 
Device-to-Dissipator-to-Chassis. When instrument­
ing to measure the effectiveness of heat dissipators, 
the thermocouples should be placed on the transistor 
and dissipator in such a way that measurement is 
across a heat flow interface. 

Chassis, if metal, should be made of natural color 
mill-finish aluminum that has a maximum thickness 
of 1/8 inch. Maximum sizes for 3W, 30W and 50W 
power levels should be 2 by 2, 4 by 4 and 6 by 6 inches. 
The size is limited to avoid changing dissipator effi­
ciency (too large a chassis can double dissipator effi­
ciency, thus introducing an unwanted variable). 

Non-thermally-conductive chassis, such as those 
made of G-10 or G-11 material , also should be size 
limited. Here, too large a chassis will actually hinder 
the dissipator's effectiveness. Maximum size of 6 by 6 
by 1/8 inch is specified. 
Constant-temperature Heat Sink. When the highest 
practical dissipation of which a semiconductor device 
is capable is needed, the device must be mounted on a 
constant-temperature copper or aluminum heat sink 
such as that shown in Fig. 7. Control should be pro­
vided to keep the sink temperature rise less than 5°. 
The sink shown has been used for loads up to 50W, but 

Fig. 7 

for lower power (say below 25W) short segments of the 
standard IERC E-4 liquid-cooled extrusion do a good 
job. 
Keep Them Out of Drafts! A true natural convection 
test can't be made if there are uncontrolled air flow 
patterns in the test area. Such things as doors opening 
or air conditioner circulation can really upset an 
otherwise well-planned thermal dissipation test. 

One good way to get away from the effects of unwant­
ed air currents is to enclose the test setup in a clear 
plastic cover (Fig. 8 ). This must be large enough (say 
1 ft on a side) to allow adequate temperature stabiliza­
tion. Usually an opening is provided in the top to per­
mit a controlled circulation to prevent temperature 
buildup. The ambient temperature within it should be 
measured with a thermocouple placed at least 6 inches 
away from the dissipator and at the same level, shield­
ed to prevent it from absorbing radiation from the 
dissipator. 

Fig. 8 

Forced Air Convection. Bulletin No. 5 details speci­
fic conditions to be met when forced-air convection is 
used to increase the dissipator cooling. The dissipator 
is to be mounted on an epoxy chassis that is then 
placed completely inside one end of a round or square 
duct. The ratio of the duct cross-section area to that of 
the dissipator must be greater than two. Also the veloc­
ity gradient as measured in the test area without dissi­
pator is to vary less than 10% from the average velocity 
(bends, buffers or air straighteners are generally used 
to achieve this). In the setup of Fig. 9 velocity can be 
adjusted by coptrolling either the fan motor voltage or 
the air intake area. 

Dissipator Hints 

Up to this point, primary emphasis has been on 
proper placement of the test sensor thermocouples. In 
each instance, placement was chosen to get meaning­
ful readings that could be correlated with the true 
semiconductor junction temperatures. 
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Multiple thermocouple sensing on a hybrid substrate tests heat sink effectiveness under operati ng conditions. 

Fig. 9 

Now let's place the emphasis on the determination 
of dissipator effectiveness. The procedure is essentially 
the same-only the objective differs. Our main concern 
is with the quality of the interface between the semi­
conductor and the dissipator, and that between the 
dissipator and the chassis (or heat sink) on which it 
is mounted. 

The quality of a thermal interface is affected by the 
finish of the facing materials, the contact pressure, and 
by what has been used to aid the thermal transfer (for 
instance, silicone grease or other thermal transfer 
medium). 

Instrumenting the dissipator as shown in Fig. 10 
will permit proper assessment of its efficiency, and also 
give a good check of the interface quality. The thermal 
resistance of a T03 interface, for instance, should not 
exceed 0.5°C/W. A higher figure would be cause for 
investigation. 
Evaluation Procedure. Bulletin No. 5 specifies that 

rContinuedJ 
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Thermal Testing (Cont'd) 

DEVICE 

\ ~ DEVICE THERMOCOUPLE 

/ PIANO WIRE 
CHASSIS 

CHASSIS THERMOCOUPLE 

Fig. 10 

to obtain technicai data on the operation of dissipating 
devices, they are to be tested under certain specific 
conditions. These include 1) a control test of the semi­
conductor, without dissipator, mounted in normal 
manner on a 6- by 6- by 1/8-inch or smaller epoxy board 
(Fig. 11, curve A), 2) the same with a dissipator added 
(Fig. 11, curve B), 3) semiconductor and dissipator 
mounted on a metal chassis, 4) semiconductor and dis­
sipator mounted in an air duct and tested with at least 
two different air flows (such as 500 and 1000 CFM 
(Fig. 11, curves C and D) and 5) when applicable, semi­
conductor and dissipator on a constant temperature 
heat sink. Note that the graphical format shown in 
Fig. 11 is the standard one for data presentation of 
temperature vs power. 

G 
0 

1-z 

A . No d1ss1pator on G 10 board . 
B: Natural Convection with d1ss1pator. 
C: Forced Convection with d1ss1pator, (500 FPM). 
D Forced Coovewon with d1ss1pator , (1000 FPM). 
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Fig. 11 

All test conditions, in addition to temperatures and 
power should be properly noted. Included, if applicable, 
should be the type of thermal grease used, the finish of 
the surface on which the semiconductor was mounted, 
the presence of insulating washers, the semiconductor 
type, the mounting torque, the position of dissipator 
during test, the amount of air used for forced convec­
tion tests, the duct size and the location and mounting 
method of the instrumentation used. 
P r esen ting Data. Either tabular or graphic form may 
be used when presenting test data, or it may be con­
verted to thermal resistance form before presentation. 
In all instances the key word is completeness. Too fre­
quently, otherwise valuable data is made unusable by 
sins of omission. 

In Retrospect 

Semiconductors are extremely unforgiving about 
being subjected to even short-term thermal or electrical 
overloads. Unlike their vacuum-tube predecessors, 
they have a general ability to destroy themselves on 
short-term overload. That's why so much importance 
should be attached to proper heat dissipator selection, 
and why standardized thermal testing and data pre­
sentation become so necessary. 

A good motto might well be "Beat the heat and 
you've got it made!" D 

Don ald F . Goetter (left) is a project engineer with 5 years at 
IERC, where he develops heat dissipating hardware. He at­
tended Pacific States Univ. at Los Angeles and is a member 
of IEEE. 

William Anderson (right), engineering lab. supervisor at 
IERC for 9 years, holds a B.E.S.E.E. from Brigham Young 
Univ. and is a member of IEEE. Bill performs and supervises 
testing of heat dissipating components. 
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Steve Levy of Motorola 
Speaks Out on Controversies in the IC Industry 

Today, many controversial statements can be made 
about the future of integrated circuits. For exam­
ple, I might predict that MOS will conquer the 
world-or that bipolar LSI will become as inexpen­
sive as MOS-or that semiconductor memories will 
quickly replace core memories - or that silicon LSI 
memories will give way to newer memory technol­
ogies-or that transistor-transistor-logic will never 
give way to emitter-coupled-logic. 

Obviously, these statements are generalities. 
They are greatly oversimplified and based on an 
unfortunate mixture of both fact and fantasy. Let's 
take a look at today's controversial semiconductor 
technologies and see how IC technology is likely to 
advance during the next few years. 

The MOS Market 

Last year, MOS integrated circuit sales totaled 
about $75 million and represented approximately 
15% of the total IC market. By 1974, MOS circuits 
should account for significantly more than 30% of 
the total integrated circuit market. The principle 
driving force behind this rapid growth of MOS use 
will be, of course, the very low cost per logic func­
tion performed. 

If you doubt this statement, consider that the cost 
of an MOS logic gate function, as part of an LSI chip, 
is presently only a third to a fifth as much as a typi­
cal TTL bipolar logic function. In the memory area, 
an MOS fully decoded random-access memory is 
also only about one-fifth as expensive, per bit, as a 
bipolar random access memory. Obviously, MOS 
can't match the speed of bipolar, but in many appli­
cations today the cost per bit, or cost per logic gate, 
is far more important to the user than speed. The 
dramatic growth of MOS ICs can be partially ex­
plained by the fact that users are not simply apply­
ing these devices as replacements for bipolar or dis­
crete semiconductors in existing equipment. Rather, 
completely new electronic products are being cre­
ated with MOS. 

The electronic calculator is a good example. About 
10 years ago, many companies started to manufac­
ture electronic calculators for the engineering, sci­
entific, and business accounting markets. These 
early electronic calculators were, in general, bulky 
and expensive because of the large number of logic 
gates required to perform the calculating functions . 

The advent of MOS technology created a revolution 
in the calculator business. Within a year it will be 
difficult to find an electronic calculator that won't 
use MOS/LSI circuits to perform its logic. 

In addition, the tremendous reductions in logic 
cost made possible by MOS circuits has greatly 
broadened the potential market for calculators. As 
the costs of MOS devices continue to move down­
ward, resulting primarily from growing production 
volumes, the market for calculators will continue to 
grow in size. 

Memory Arena 

The use of semiconductor memories will provide 
another stimulus to further MOS growth in the 
years that lie ahead. The access and cycle times of 
present MOS memories already exceed the perfor­
mance obtainable from a typical memory core, and 
MOS speeds are being further improved through 
the continuing refinements of processing techniques. 
As the art advances, semiconductor memories will 
begin to replace magnetic cores as the principle 
means for storing digital information in all types of 
computers, terminals, calculators, and digital logic 
equipment. 

While the cost of semiconductor memory is al­
ready competitive with magnetic cores, the growing 
demand for semiconductor memory will drive pro­
duction costs even lower during the next 2 or 3 years 
to the point where semiconductors will literally 
dominate the memory market. Today, MOS random­
access memories are being offered at one cent per 
bit in large volumes, and this price will go down to 
about one-tenth of a cent per bit by 1974. 

Certainly, one of the controversies presently being 
sharply debated in the semiconductor industry 
centers is whether MOS or bipolar technology will 
ultimately play the major role in serving the semi­
conductor memories market. 

In projecting the future cost of any integrated cir­
cuit, the size of the silicon area employed must be 
taken into account. There is a direct relationship 
between cost and chip area. In memory products, 
they key question is, "How many square mils are 
used per bit of information stored?" A typical, 
present-day bipolar memory requires about 30 
square mils per bit in a storage array. By taking 
advantage of some of the newer developments in the 
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bipolar processing technology, it is expected that 
this figure will be reduced to 10 or 15 square mils 
per bit. A bipolar memory of this size will require 
an access time of about 80 nsec and consume ap­
proximately 2 mW of power for each bit in the array. 
If you compare these figures with a static MOS 
memory of approximately the same complexity, 256 
bits for example, it is obvious that the bipolar mem­
ory is not significantly larger in area, but is 10 
times faster; a comparison that is cited frequently 
by advocates of bipolar memory technology. 

However, the unique advantages of the MOS tran­
sistor, such as its ability to store charge and infor­
mation for appreciable periods of time on its insu­
lated gate, has led to the development of an entire 
new class of dynamic random access memories 
which require only 6 to 7 square mils per bit. These 
MOS devices are smaller than the bipolar devices 
used in random-access memories, yet contain at 
least four times the number of bits per chip and re­
quire only one-twentieth the power. MOS memories 
built with these devices are widely available today, 
and at prices fully competitive with magnetic cores. 

Coming-New Technologies 

During the next few years, we will see a succes­
sion of new MOS technologies. Silicon gate com­
plementary MOS is already here, and n-channel 
techniques are being applied in the development 
of very high-speed, low-power MOS random-access 
memories. 

With each step forward in MOS technology, defi­
nite improvement in the performance of a particular 
device can be anticipated. At the same time, how­
ever, it is also likely that there will be a correspond­
ing increase in associated processing cost. Ion im­
plantation, for instance, can be employed to increase 
the speed or reduce the size of MOS devices, but 
this process also increases manufacturing cost be­
cause it adds another step in the processing cycle. 
Changing the technology involved in building ME>S 
devices to improve performance, increase speed, or 
reduce the size of the device also tends to decrease 
the cost advantage of MOS over bipolar circuits. 

The real world of semiconductor integrated-cir­
cuit selection is not made up of a black-and-white 
choice between MOS or bipolar, but of continuous in­
vestigation of a multitude of combinations of per­
formance, speed, size, or cost. 

Obviously, we are not dealing with just a single 
MOS technology, just as there is no single bipolar 
technology. Only when the equipment designer ex­
plores all of the alternatives available to him, and 
keeps in mind that there are considerable per­
formance-speed-cost trade-offs involved in his 
choice, is he likely to make the optimum selection. 

What about amorphous semiconductor glasses 
and magnetic bubble effects? Will these new tech­
nologies provide yet another generation of semicon­
ductor memories? I believe it's quite clear that the 
next generation of memory systems will be built 
using the kind of bipolar and MOS semiconductor 
random-access memories that are already being 
made today. There are two important reasons for 
this. First, the design and manufacturing technol­
ogies for current memory circuits are very well de­
veloped. Second, all of the interface circuitry and 
design technology needed to address these circuits, 
to refresh them, to write into them, and to read them 
are well developed and thoroughly understood. 

Reliability- a Key Factor 

A very important factor, however, which cannot 
be overlooked in evaluating a new memory technol­
ogy is, of course, reliability. Because of the very 
large number of bits which go into most memory sys­
tems, reliability is critical. The reliability of inte­
grated circuits is certainly well documented, and 
much of the equipment which is now commonplace 
owes its success to the high reliability which ICs 
have been able to provide. 

Will new technologies provide the same degree of 
reliability? Will it be possible to build new devices 
in high volumes without sacrificing quality? Can 
the new devices be successfully fabricated in a pro­
duction line environment rather than in a con­
trolled laboratory environment? These very impor­
tant questions remain to be answered. 

Let's move on now to another semiconductor 
controversy-transistor-transistor-logic vs emitter­
coupled-logic. At this time, the TTL logic family is 
entering the mature phase of its primary life cycle, 
although the emergence of Schott,ky-diode TTL will 
help perpetuate the use of TTL ·logic to a limited 
extent. 

Soon, designers are going to have to turn to a 
faster, nonsaturated logic family in order to attain 
the speeds they're talking about for the next genera­
tion of equipment. The most likely prospect con­
tinues to be emitter-coupled-logic. 

Trying to run saturated logic at the desired high 
speeds, as you know, can result in some severe prob­
lems, such as systems noise. 

A Look at ECL 

Emitter-coupled-logic has been with us since 
about 1963, and one of its early drawbacks was that 
it was too fast, too soon . In other words, designers 
didn't require the speed it had to offer. But the situ­
ation has been changing, and, as proof, look at the 
sales of emitter coupled logic products; sales grew 
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by over 48% from 1969 to 1970. An additional 
growth of about 10% is predicted for this year. The 
growth of ECL is continuing, primarily to meet 
needs of computer manufacturers. However, a grow­
ing number of general logic applications are also 
emerging, such as the front ends of high-speed 
counters, that are beginning to undergo conversion 
to emitter-coupled-logic. 

Granted, when emitter-coupled-logic was first in­
troduced, it had several negative aspects that quick­
ly became evident to equipment designers. There 
was a lack of complex functions . There was rela­
tively high power dissipation. Ther~ was little or 
no multiple sourcing available. And, the cost of this 
high speed, nonsaturated logic was high. 

Today, all of these problems can and are being 
solved by the semiconductor industry. 

The original lack of complex functions can be 
blamed directly on the semiconductor manufactur­
ers. The majority of early emitter-coupled-logic de­
sign efforts were centered in high speed, custom 
programs, somewhere in the 1 and 2 nsec region. 
Most of this custom work was for large computer 
manufacturers. As a result, the industry's efforts 
were diffused. Many custom programs were con­
ducted where comparatively simple elements, such 
as quad two gates, were duplicated in many differ­
ent ways, and employing every possible configura­
tion of pin connection, power voltage and logic 
level. Whatever could possibly be varied was varied. 
There was absolutely no sense to all of this since the 
duplication benefited neither the customer nor the 
manufacturer. As a result of this diffusion of effort, 
emitter-coupled-logic still has fewer complex ele­
ments than TTL, but the situation is rapidly chang­
ing. Several manufacturers are now using the 
knowledge gained in their custom programs to 
build a line of standard complex emitter-coupled­
logic functions. 

Less Power Needed Now 

The drawback of high power dissipation is being 
solved by cutting the current switching power of 
ECL devices in half. This not only reduces the power 
dissipation but also makes the logic easier to use, 
and reduces the cooling and power supply require­
ments in the system. One major computer manufac­
turer, for example, found that by using new emitter­
coupled-logic, the need for cooling its computer with 
refrigerated air was eliminated. Since ordinary 
room temperature is adequate for cooling the ma­
chine, a significant cost saving has been realized. 

The lack of multiple sources for emitter-coupled­
logic also originally stemmed from the fact that the 
early emphasis was placed on custom design. This 
problem will solve itself as more and more standard 

ECL circuits are introduced and the market con­
tinues to grow. 

The remaining problem- the high cost of emitter­
coupled-logic- is also being quickly solved by the 
industry. Today, several standard emitter-coupled­
logic circuits are being offered at prices comparable 
to Schottky-diode TTL. And, as semiconductor man­
ufacturers are able to move this logic family into 
higher volume production, prices can be expected to 
drop lower. 

The growth of TTL over the past few years has 
laid the groundwork for the present rapid develop­
ment of emitter-coupled-logic. In addition, an ad­
vantage that emitter-coupled-logic has over TTL is 
that it is basically an open-ended technology. There 
are still significant improvements that can and 
will be made in emitter-coupled-logic. At present, 
emitter-coupled-logic accounts for approximately 
10% of the total integrated-circuit market, but this 
percentage should grow dramatically during the 
next 5 years. 

We will see major developments taking place in 
the MOS, bipolar, and emitter-coupled-logic tech­
nologies in the years that lie ahead. With so many 
different developments in the semiconductor tech­
nology taking place at the same time, the equipment 
designer will have to keep abreast of the develop­
ments as they occur and attuned to how each change 
affects the important cost/performance ratio for his 
particular product. 

Motorola's Steve Levy 
Stephen L. Levy became vice president and 

general manager of Motorola's Semiconduc­
tor Products Division in August 1968, when 
C. Lester Hogan left to head up the Fairchild 
Camera & Instrument Corp. Levy joined Mo­
torola in 1964, progressed to a corporate vice 
presidency in 1967, and became assistant 
general manager of the semiconductor oper­
ation in February 1968. 

Prior to coming to Phoenix, Levy held man­
agerial posts with Philco and Sylvania. He 
was at one time manager of transistor opera­
t ions for Philco 's Lansdale Division . Earlier 
in his career he taught at RCA Institute in 
New York. 

Levy has a long active record of service 
with Electronic Industries Association (EIA) 
committees which includes several semicon­
ductor group chairmanships. 

Born in Manhattan, Levy grew up in Cedar­
hurst, Long Island, and then attended Brook­
lyn Polytechnic Institute. Steve and his wife 
Sophia have two children , Barbara Jo, 15, 
and Susan Carol , 13. 
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Bill Hittinger of RCA 
Also Sees Major MOS Thrust 

The system designer today already has a variety of tech­
nologies from which to choose and his choices will expand 
as MOS, linear, bipolar and power hybrid technologies 
move into greater relative prominence during the next 5 
years. Newer integrated circuits will not cause the demise 
of older forms ; rather, they will lead to more elegant ap­
plications and hence wider application of electronics in the 
world at large. 

I feel that the greatest growth will occur in MOS. This 
segment of the IC market will grow from about $100 mil­
lion in 1970 to about $500 million in 1974 in domestic and 
export business. In addition, the rate of growth in MOS 
production in Europe and in the Far East will at least 
equal the U.S. rate, although the base will be significantly 
smaller. These figures may turn out to be conservative, 
since MOS integrated circuits are opening some new mar­
kets , such as semiconductor memories in mainframe com­
puters and automotive applications. 

To date MOS integrated circuits have been substantially 
p-channel devices, which have been applied narrowly in 
certain unique uses such as desk calculators and periph­
eral memories. Today the application spectrum is as wide 
as the entire electronic industry. 

The MOS thrust will develop through a combination of 
performance gains and greater cost effectiveness. The 
technology for producing high-performance devices is 
available now. Competance has been demonstrated in 
such techniques as shallow diffusions, silicon gate, ultra­
clean oxides, ion implantation, and new dielectrics. As a 
result, MOS devices offer a combination of compatability 
with DTL and TTL, extremely low power consumption, 
high packing density, and unique circuit functions result­
ing from the ability to combine logic and memory with 
ease in the same chip. Complementary MOS in particular 
offers quiescent power dissipation which typically is many 
orders of magnitude less than that of comparable p-channel 
MOS and bipolar integrated circuits, negligible change in 
operating · characteristics over wide temperature ex­
tremes, insensitivity to a wide range of the single-bias 
supply voltage, exceptionally high ac and de noise im­
munity and logic speeds up to 10 MHz without premature 
turn off. With the advanced low threshold complementary 
MOS available today, the circuit designer has the simplest, 
most flexible logic building block available for all but 
very high speed functions. 

MOS cost effectiveness has been demonstrated for highly 
complex circuits through a combination of improved pro­
cess technology and manufacturing techniques such as 
design automation, automated mask making, and highly 
effective and improved de and functional test equipment. 
These techniques, that have been improved greatly within 
the last year and will continue to advance, will make it 
possible for the supplier to cope with the logistics of sup­
plying a multiplicity of circuits at the same time in an 
economic way. 

Although MOS will provide the major IC thrust in this 
decade, saturated and nonsaturated (ECL) bipolar logic 
and memory capabilities will certainly increase. 

Higher packing densities are being achieved with t ran­
sistor cells in the 1 to 12 sq mil range. Clearly such high 
density, when achieved in large manufacturing volume, 

combined with high speed will find major application in 
advanced systems of the decade. 

Linear ICs will continue the steady growth of the past 
few years. The processing advances mentioned before for 
MOS have also made it possible to design circuits that 
interface easily with other parts of electronic systems, 
either directly or with many fewer outboarded compo­
nents. Truly it is possible now to provide the functional de­
vices spoken of with expectation some years ago. Such 
new components of great potential utility as operational 
transconductance amplifiers and high performance analog 
switches are now becoming available. 

One can also expect the application of integrated-circuit 
concepts, particularly hybrid technology, to be applied to 
power devices. It is now possible to design cost-effective 
power systems through the use of thick-film techniques 
and standard active power device chips that will make for 
more stable, compact power supplies at lower cost than 
can be done with discrete devices. 

All of these advances in the integrated-circuit market 
will be paced by packaging technology. It is quite clear that 
present packaging methods, whereby IC chips are placed 
into individual containers such as the DIP ceramic pack­
age and then assembled onto printed-circuit boards, are 
limiting in cost effectiveness. Today the hermetic package 
often represents the largest element of cost in a complex 
circuit. Additionally, the multiplicity of wire bonds re­
quired per device limits the reliability when quantities 
are involved in large systems. A major effort will be re­
quired in the 1970s to overcome present limitations. Such 
concepts as beam-lead sealed-junction chips assembled 
onto ceramic substrates with film interconnections will 
have to be incorporated to remove the limitations of pres­
ent techniques. Fortunately, such concepts are in the en­
gineering stage today and will be practical in the near 
future. D 

RCA's Biii Hlttlnger 
William Hittinger was named vice president 

and general manager of RCA's solid-state 
division in April 1970. A pioneer in the semi­
conductor industry, he played a leading role 
in the investigation of germanium properties 
before the invention of the transistor at Bell 
Telephone Labs. While at BTL, he helped de­
velop the intrinsic barrier transistor and the 
first diffused junction transistor (1956). 

In 1966 he was installed as president of 
Bellcom, a jointly owned venture of AT&T and 
Western Electric. Bellcom is best known for 
its systems engineering involvement in the 
manned space flight program. After 2 years at 
Bellcom, Hittinger moved into the presidency 
of General Instrument, a post he held for the 
2 years prior to his joining RCA. 
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The Design 
Of a Wideband 
DC Coupled 
Differential Svvitch 
by Don N. Lee 

The de-coupled differential switch is widely 
used for the processing of low-level signals. 
This circuit, must have a wideband response 
and a high common-mode rejection ratio. In 
addition, no pedestal should be generated due 
to switching action. The circuit to be described 
meets these requirements and has the follow­
ing specifications: bandwidth from de to over 
100 MHz, common-mode rejection of over 40 
dB at 100 MHz, gain linearity of 0.5 % , maxi­
mum turn off and turn on times of less . than 
50 ns, de stability better than ± 0.2 m V / 8 hr, 
equivalent series Z greater than 20 Mn shunt­
ed by 3 pF and a pedestal of less than 50 mV. 

Why use a broadband switch? 

In signal processing, the signal of interest is 
often immersed in high level noise. For exam­
ple, in the testing of magnetic core and 
plated wire memories, the true signal applied 
to the sense amplifier is usually preceded by 
disturb signals created by the previous write 
and inhibit drive currents. In many cases, the 
disturb signals are orders of magnitude larger 
than th~ true signal. Typically, the magnitude 
pf the disturb signals is greater than two 
volts while the true signal is less than 50 milli­
volts. In these applications, the sense amplifier 
will be severely overloaded by the disturb sig-

Aut hor: Mr. Lee is manager of research and 
development at Computer Test Corporation in 
Cherry Hill, N.J. 

nals and must be fully recovered before the 
arrival of the true signal. For fast memories, 
the total cycle time is often less than 500 ns, 
this implies that the recovery time of the sense 
amplifier shou ld be less than 100 ns in order 
to achieve results which are independent of 
the timing of the drive currents. Unfortunate­
ly, even the fastest sense amplifiers require 
600 ns or more to recover from the severe 
overloads which are encountered in memory 
testing, especially in the testing of memories 
having common sense and digit windings. For 
these applications, it is necessary to isolate 
the sense amplifier from the sense winding 
during the disturb signals. One way of doing 
this is to place a normally open switch in 
series with the sense amplifier input and gate 
it on just prior to the arrival of the true sig­
nal. Thus, the sense amplifier is prevented 
from being overloaded and the maximum re­
petition rate of the system is only limited by 
the speed of the switch. 

Switching devices 

A number of devices can be utilized to 
switch low level signals. These include reed 
relays, bipolar transistors, fie ld effect tran­
sistors and diodes. Reed re lays have slow 
turn on time and induced noise caused 
by contact bounce. Bipolar transistors operated 
as on-off switches have sizable offset voltages 
which are typically in the millivolt range. 
FETs possess the advantage of zero offset 
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voltage, but have the disadvantage of capaci­
tive feedthrough of the switch voltage. Diodes 
are extensively used to gate high frequency 
low leve l signals. They have been applied in 
sampling oscilloscopes and sample and hold 
equipment. In these app lications, the diodes are 
bridge connected and require push-pull strobe 
circu itry. However, if the gating response 
time required is slower than 10 ns, a simpli­
fied diode gate circuit can be used. 

Single-ended broadband switch 

This circuit is shown in Figure lA and con­
sists of two diodes, D , and D 2 connected back 
to back. The circuit is only intended for low 
level signals and the maximum positive signal 
transmitted is limited to + 350 mV by the 
clamp diode, D 3 • The switch is controlled by 
the Gate Control signal. When the Gate Con­
trol signal is less than + V ,, Q, is on and 
forces the junction of D , and D 2 to be ap­
proximately at + V ,. This cau ses D , and D 2 to 
be reverse biased and disables the switch. 
When t he Gate Input signal is greater than 
+ V ,, Q1 is turned off and the switch is 
enabled. For proper operation, + V, must be 
more positive than the maximum signal input 
encountered . Input s ignals greater than + V, 
will be transmitted independent of the Gate 
Control signal. The timing diagram of the cir­
cuit for a positive input signal is shown in 
Figure l B. Note that there is a time delay be­
tween t he actua l opening and closing of the 
switch and the Gate Control signal. This is 
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primarily cau ed by the on-off delay of Q, and 
is minimized by using a fast device for Q,. A 
major disadvantage of this circuit, is the 
change in the output de level when the circuit 
is gated on and off, as illustrated in the out­
put waveform of Figure lB. This gating pede­
stal is equal in magnitude to the forward volt­
age drop of the clamp diode D3 , and can be 
very objectionable. The pedestal is eliminated 
by connecting two gate circuits in a differen­
tial connection and using their outputs to drive 
a differential amplifier. 

Broadband differential switch 

In magnetic memory testing, the majority of 
the signals processed are differential as shown 
in Figure 2A. The signals are between two out­
put lines in conjunction with large common 
mode dis turbances. Figures 2B and 2C, show 
the signals on outputs 1 and 2 as they appear 
with respect to ground. The common mode 
di sturbance appears between t, and t4 whi le 
the true signal appears between t 2 and t 3 • The 
objective is to design a circuit, which upon 
application of a Gate Control signal, shown in 
Figure 2D , results in the des ired output signal 
of Figure 2E. In this application, the differen­
tial switch must reject the common mode sig­
nal during the time it is enabled. Such a cir­
cuit is shown in Figure 3 and consists of two 
diode gates connected differentially with their 
two outputs driving a differential amplifier. 
The operation of each gate is identical to the 
circuit previously described with the wave-
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Fig. 4. Differential amplifier. 
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forms similar to those shown in Figure lB. 
However, in this circuit, the differential ampli­
fier sees only the difference between the two 
outputs. Since the gating pedestal appears on 
each output, it is treated by the differential 
amplifier as a common mode signal and is re­
jected. For maximum cancellation, both pede­
stals must be equal and R 8 is provided as an 
adjustment to equalize the two amplitudes. The 
entire circuit is balanced and thermal drifts 
in the components tend to cancel. By using a 
matched quad for diodes D 1 through D 4 and a 
matched pair for D5 and D6 , the overall circuit 
can be made extremely stable with respect to 
temperature and time. The spikes generated 
at each output during the leading and trailing 
edges of the Gate Control signal appear as 
common mode to the differential amplifier and 
tend to cancel. Maximum cancellation of these 
spikes is achieved by matching Q, and Q, for 
equal values of C0 R and on-off times. In prac­
tice, exact cancellation is not critical if suf­
ficient time (at least 20 ns ) is allowed for 
the switching transients to settle out before 
the true signal appears. 

To obtain wide bandwidth, fast diodes must 
be used. A good choice of diodes for this ap­
plication would be hot carrier devices matched 
for equal forward voltage drop over a range 
of forward current and operating temperature. 
These diodes have the desired characteristics 
of low capacitance, low stored charge and high 
conductance. One of the limiting factors in 
bandwidth are the time constants formed by 
the C oll of Q 1 and Q, with R , and R 4 • There­
fore Q 1 and Q2 should be chosen first on the 
basis of low Coll and second, on the basis of low 
storage time. The primary limitation in band­
width is the differential amplifier. For good re­
sults, the differ ential amplifier must have these 
proper: ies: 1) hi gh frequency response, 2 ) 
high frequency common mode rejection, 3) 
thermal stability, 4) good gain linearity, 5) low 
noise, and 6) zero de offset. 

A circuit which meets the above criteria is 
shown in Figure 4. Specific voltage values are 
called out to simplify the circuit descriptions, 
however, other values of voltages will work 
just as well. This circuit is a straightforward 
cascode differential amplifier composed of the 
differ ential pair, Q 1 and Q,, and the grounded 
base stages, Q4 and Q5 • To provide the high 
common mode rejection required, t\le emitter 
currents for Q 1 and Q, are supplied by Q, con­
nected as a constant current source. The posi­
tive level shift caused by the npns, Q 1 and Q,, 
is negated by using pnps for Q4 and Q5 • The 
output de levels are adjusted for zero volts 
by varying the value of the voltage applied to 
the junction of R 11 and R 12 ( - V 1 ) . This volt­
age is supplied by a variable voltage regulator 
and should be adjusted so that its output mag­
nitude is equal to the voltage developed across 
R 11 and R 12 by the quiescent currents of Q4 and 
Q,. Slight mismatches in V lls of Q1 and Q2 will 

Fig. 5. Sampling scope presentation of input versus 
output where the horizontal scale is 10 ns /div 
and the vertical scale is 5 mv /div. The upper trace 
is the input and the output is the bottom trace. 

Fig. 6. Sampling scope presentation of switching 
transients. The top trace is the gate input, with 
a vertical scale of 2 V /div and a horizontal scale of 
20 ns/div. The middle trace is output 3 , with a 
vertical scale of 50 mV /div. The bottom trace is 
output 4, with the same scale factor as output 3. 

cause the output de levels to be unequal. A de 
balance control, R 5 is provided to equalize the 
two outputs. 

The differential switch and differ ential am­
plifier were combined in a switch developed by 
Computer Test Corporation for use in its mem­
or y test sys tems. Production units of thi s t ype 
exhibit exceptionally clean pulse r esponse as 
shown by the waveforms obtained on a sampling 
oscilloscope in Figure 5. Notice the absence of 
ringing and other forms of pulse aberrations on 
the ou tput waveforms. This indicates that the 
high bandwidth of the switch was obtained with­
out the use of peaking techniqu es commonly em­
ployed in high-frequency amplifiers . The gating 
transients at the output of the switch is shown 
in the sampling oscilloscope presentation of 
Figure 6. This photograph shows that the gating 
t ransients last for a duration of less than 20 ns 
and that the gating pedestal is virtually nc r:­
existent. 
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Or better. When other counters have 
long since given up, Sodeco RG se­
ries counters keep right on counting. 
Don't be surprised if they reach more 
than 250 million pulses. 

We've built in Swiss engineering ef­
ficiency at no extra cost. The RG Se­
ries' compact size is compatible with 
most equipment specifications; with 
fast plug-in installation and easy-to­
read numerals. And while the counters 
look good they help your equipment 
perform better. 

Their standard 15% voltage toler­
ance and capacity to operate with a 

wide variance of pulse waveforms 
provides for an extremely wide safety 
margin. Low power consumption (as 
low as 0.8W) makes them ideal for 
solid state applications . And now 
they're available in 3, 4, 5, 6 and 8 
digit models-in 3 sizes-and 3 mount­
ing styles for greater flexibility of de­
sign. Most are in stock now for off­
the-shelf delivery. 

For more detailed information, send 
for our new brochure. Sodeco, 4 West­
chester Plaza , Elmsford , New York 
10523. Tel: (914) 592-4400; TWX : 
(710) 567-1219; Telex: 137345 . In 
Canada, 2063 Chartier Street, Dorval 

760, Quebec. Tel : (514) 631-9069. 
You can count on us longer. 

SODE CO 
A Division of (LANDIS & GYR) 

CIRCLE NO. 19 



The solution to the prob­
lem of developing a micropower, 

random access memory system of 
medium speed is simply to use the best 
complementary MOS building block. 
And the new 64-bit read-write MCM­
l 4505L is simply - the best. 

This fully decoded McMOS memory 
is unparalleled for use in battery powered 
systems. Operation at a I MHz cycle 
rate requires only 2 mW of power while 
at I KHz, dissipation is down to 25 µ, W. 

No. 12-71 

SEIVllCONDUCTOR 

PUBLISHED BY MOTOROLA SEMICONDUCTOR PRODUCTS INC. 

Build A 
icropower Memory 

With The MCM 14505L 

In a static state the power requirement 
drops to less than I µ,W (typically 0.3 
µ,W). 

Other outstanding McMOS features 
are also shared by the new memory: 
noise immunity is equal to 45% of V00 

(typ), and a 4.5 to 18 V supply voltage 
range that can be lowered to 3 V on 
special order. Single supply operation, 
either polarity, is standard for McMOS. 

As a basic unit for medium-speed sys­
tems - typical MCM!4505L times are 

For details, circle 51 

200 ns access, 275 ns cycle - wired-OR 
output capability and triple enable lines 
make the device flexible enough for easy 
expansion into a variety of memory 
configurations. 

Separate input/ output lines and a 
single read/write control line are pro­
vided. All inputs have diode protection 
and are fully buffered. 

The MCM14505L is available now 
from Motorola distributors in 100-up 
quantities at only $25 .00 per memory. 



INTEGRATED CIRCUIT NEWS 

MC4051 Features "One Chip" Driving For Digital Displays 
The new MC405 l Counter-Latch­

Decoder joins the previously announced 
MC4050 CLO to provide designers with 
a current sourcing device for use in 
active high systems as well as a current 
sinking, active low part. 

The MC405 I includes on a single 
chip, a decade counter, a four bit latch, 
a seven-segment decoder and display 
drivers. In operation, the counter gen­
erates a count-sum in natural binary 
coded decimal format. The four bit latch 
holds the data during a sampling period 
while the decoder/ driver generates out­
puts suitable for switching most solid­
state monolithic seven-segment displays 
having separate anodes and a common 
cathode connection. 

The MC405 I differs from the MC-
4050 in that it operates in the active 
high mode and sources current: up to 

MCM4064L is an 
economical 
bipolar element 
for high-perform­
ance memory sys­
tems. Its full TIL 
compatibility and 
fanout > 9 lead 
to simple, effi­
cient application. 

DECADE 
COUNTER 

4-BIT 
LATCH 

40 mA at a 10 % duty cycle or 15 mA 
at a I 00 % duty cycle. 

Like the MC4050, the MC405 l pro­
vides lamp blanking for intensity modu­
lation, a lamp test input for segment 
verification, and automatic suppression 
of leading zeroes for easier display 
reading. 

For details , circle 52 

MCM4064 64-Bit MTTL RAM 
Offers Speed, Price Advantages 

Designers of high speed cache or 
buffer memories can now cal l upon a 
versatile bipolar element - Motorola's 
new MCM4064L 64-bit RAM. Orga­
nized as a 16-word by 4-bit array, the 
MCM4064L utilizes Schottky-diode­
clamped transistors for fast switching 
speeds, and Schottky clamp diodes on all 
inputs to minimize line reflections. Mini­
mum access time is 15 ns and maximum 
is specified at 60 ns. 

Address decoding is performed on 
chip providing 1-of-16 decoding for the 
four address lines. Separate data in and 
data out lines, together with a Chip 
Enable input, facilitate easy expansion of 
memory capacity. A Write Enable is also 
provided that permits data presented at 

the data in lines to be entered in the 
address storage cells. When writing, the 
Data Out level is the complement of 
Data In. 

Large system designs can be readily 
accomplished through use of the Chip 
Enable feature and the memory's wired­
OR output capability. A 5 12-word by 
8-bit memory system is detailed on the 
MCM4064 data sheet illustrating the 
versati lity of the device. 

Available in the 16-pin dual in-line 
ceramic package (suffix L) the MCM-
4064L is priced at $11.55 (I 00-up 
price), approximately 50 % less than 
you're paying. Call your Motorola dis­
tributor for evaluation devices today. 

For details, circle 53 

7-SEGMENT 
DECODER 

The MC4051 is available in the eco­
nomical 16-pin plastic dual in-line pack­
age. Its l 00-up price is $9.80. 

These devices can bring you immedi­
ate savings of 30 % per display, reduced 
wiring costs and increased connection 
reliability. Switch over to "one chip," 
driving - you'll appreciate the savings. 

1024-Bit MOS RAM Provides 
Low Cost, Memory Capability 
Beat core and plated wire size and cost 

in your mini-computer, main-frame or 
bulk storage with Motorola's MCM­
l 173L 1024-bit MOS read/write mem­
ory. Its 1024-word by 1-bit organization 
provides maximum word capacity, and 
bit expansion is simply a matter of 
connecting additional MCM1173L's in 
parallel. 

The memory is designed with an array 
of tiny three-transistor storage cells and 
associated support circuitry arranged as 
32 rows by 32 columns of dynamic stor­
age elements. Dynamic information stor­
age is achieved through use of MOS gate 
capacitance. 

Low address-line capacitance of 2.5 
pF (typ ) improves systems speeds and, 
with the output circuits' high ON /OFF 
current ratio, simplifies bipolar interfac­
ing. Drive power requirements are low 
compared to other high-threshold MOS, 
and power dissipation is way down at 
50 µ W /bit. Access time is specified at 
40 ns and cycle time at 800 ns. 

An important reliability factor is con­
tributed by diode protection on all 
inputs. The chip select clock signal is 
not required to refresh stored informa­
tion. The MC I I 73L is available in 
both 24 and 22-pin dual in-line ceramic 
packages. Pricing is attractive ... $28.00 
in l 00-999 quantities, and even in 
medium quantities prices are below 1 ¢ 

per bit. 

For details, circle 54 



IC Hammer Driver 
Bangs Out 6 Amp Pulses 

Take the hybrid integrated circuit 
route to single-unit operation of high­
current loads from either TTL or DTL 
inputs. Motorola's new J 20 V MCH2890 
hybrid IC dual hammer driver handles 
high speed printers and paper-tape 
punches, and operates stepping motors, 
relays, and computer-controlled plotters. 

This dual power driver is intended for 
six amps pulse operation and can take 
surges to 8 amps. I r (peak) is 6 A (max) 
and J,. (continuous) is I A (max). As 
indicated , the breakdown voltage is 120 V, 
and Yn:rsat l 2.5 V (max) @le= 6 A. 

The 10-pin T0-3 was chosen to house 
the MCH2890 because of its superior 
power handling capability, its rugged 
hermeticity, and its longtime popularity 
as a standard industrial power package. 

Typical switching times for the dual 
hammer driver are t0 - 40 ns, t .. - 20 ns, 
t, - 600 ns, and tr - 200 ns. Thermal 

The MCH2890's two power transistors and 
an IC predriver pulse out a fast six amps 
for many driving jobs. 

resistance is 7.5°C/W for single channel 
operation and 5.0°C/W for dual chan­
nel operation. 

The MCH2890 is available now for 
$7.95 each from your Motorola distrib­
utor in 100-up quantities. 

For details, circle 55 

A principal appli· 
cation of the MC· 
1648 Emitter· 
Coupled Oscilla· 
tor will be as a 
voltage · con­
trolled oscillator 
in communica­
tions· frequency 
systems employ­
ing phase-locked 
loops. 

N 

PHASE 
DETECTOR 

~N 
PROGRAMMABLE 

<=PUNTER 

LOW PASS 
PILTER 

MC1648 Extends 
Frequency Synthesis To 

Communication Frequencies 
Now you can generate frequencies 

well into the communications area by 
applying Motorola's new MCI 648 
Emitter-Coupled Oscillator to phase­
locked loop designs. The MC 1648 offers 
output levels compatible with MECL 
III and MECL I 0,000 logic levels and 
operates up to a maximum frequency of 
225 MHz typical. Jn addition to fre­
quency synthesis, the MC 1648 is recom­
mended for applications requiring a fixed 
or variable frequency clock source of 
high spectral purity and for applications 
in the 60-225 MHz range needing a 
stable oscillator. 

As illustrated, the MCl648 acts as a 
voltage-controlled oscillator in the fre­
quency synthesizer approach commonly 
used in FM broadcast tuners, general 
aviation, maritime and land-mobile com­
munications, amateur and CB receivers. 
The system operates from a single +5.0 
Vdc supply. 

The output frequency of the synthe-

sizer loop is determined by the reference 
frequency and the number set into the 
programmable counter; fout = NF in· The 
channel spacing is equal to the reference 
frequency (fin). 

Frequency generation of this type 
offers the advantages of single crystal 
operation, simple channel selection, and 
elimination of special circuitry to pre­
vent harmonic lockup. Additional fea­
tures include de digital switching 
(preferable over RF switching with a 
multiple crystal system) and a broad 
range of tuning (up to 180 MHz, the 
range being limited by the varactor 
diode) . 

Motorola now can supply IC devices 
for practically every phase-locked loop 
application. See your local Motorola rep­
resentative for application assistance. 
And to evaluate the MC 1648 call your 
nearest Motorola distributor. The MC­
J 648 is available in the 14-pin DIP pack­
age and the price is $2.50 ( I 00-up). 

For details , circle 56 



SOLID STATE NEWS 

High-Voltage, Hot-Carrier Diode Pair 
In Low-Inductance MINl-L Package 

The 50-volt MBD502 and the 70-volt 
MBD702 hot-carrier detector and 
switching diodes offer designers the same 
outstanding qualifications as their high-

formed with a combination detent/ stop 
near the case, provide the options of 
flush or standoff mounting. 

One of the biggest benefits of the new 
package design is in its assembly and 
encapsulation on Motorola's proven , 
T0-92 type stripline, high-speed , high­
volume production facilities to bring you 
industrial performance at consumer 
prices. 

Although designed primarily for video 
detector and switching applications, the 
MBD502 and 702 are suited for many 
other fast-switching RF and digital appli­
cations. 

The Schottky barrier void-free con­
struction provides ultra-stable character­
istics by eliminating the cat-whisker and 
S-bend contact. Both devices have an 
extremely low minority carrier lifetime 
( 15 ps typical) which is responsible for 

.N - EPITAXIAL LAYER the very high speed of these highly­
efficient diodes. They also feature a high 

efficiency T0-92 encapsulated predeces- reverse voltage of 50 V for the MBD502 
sors, MBD501 /701, and then some! and 70 V for the MBD702, and low 

Which is to say that they are now reverse leakage of 200 nAdc (max) for 
packaged in the MINI-L plastic case that both devices. 
features new lows in both inductance The third, and recently-introduced 
and capacitance. Typical series induc- member of this MINI-L hot-carrier 
tance is 3 nH and capacitance @ l.O diode family, the MBD 102 (also avail-
MHz is 0.1 pF (typ). able as the T0-92 cased MBDlOl) is 

The MINI-L features an L-shaped designed for UHF mixer applications but 
ridge running across one end of the pack- is also suitable for use in detector and 
age that clearly indentifies the cathode ultra-fast switching circuits. 
lead. In addition, this ridge helps make MBD502, 702 and their sister part, 
automatic handling and mounting of the MBD I 02, boast some of the most 
MINI-L so easy that commercially- appealing 100-up prices in this field : 
available equipment can be readily MBD102 - 65¢; MBD502 - 71¢ and 
adapted for this use. Its axial leads, MBD702 - 77¢. 

For details, circle 57 

First Domestic Dual VVC 
Cuts Distortion, Saves Space 
Where sharp tuning and minimum 

signal distortion are required, here's a 
du a l, back-to-back, voltage-variable 
capacitance diode, type MVJ04. 

This silicon EPICAP device is rated at 
32 volts and provides between 37 and 42 
pF diode capacitance at Vn = 3.0 Vdc. 
A manufacturing technique that pro­
duces diodes whose characteristics match 
within ±I % over the specified tuning 
range makes it possible to offer, on 
special order, sets of MV104 diodes 
matched to within ± 1.5 % . Result? You 
can minimize distortion and detuning in 
your design. 

But that's not all. Because it's supplied 
in the proven T0-92 package you can 
depend on the MY I 04 in rugged envi­
ronments . And, the dual configuration 
of the MY I 04 saves board space. 

Now that the MY 104s are available, 

you don't have to look to Europe for the 
BB l 04. And at 59¢, 100-up, you can 
afford to give it a try. 

For details, circle 58 

High-Gain RF Amplifiers Give "More Horses" To UHF Land-Mobile Designs 
Now you can really move on out of 

the medium-powered land-mobile neigh­
borhood with the new 2N5944-46 series 
... offering at least 2 dB more power 
gain for your 12.5 Y land-mobile RF 
outputs, drivers and predrivers than 
existing UHF amplifiers! 

Designed for large signal applications 
to 520 MHz in industrial/ commercial 
FM equipment, the new units offer these 
Pout ! G l' E performance advantages at 
470 MHz: 2 W /9 dB for the 2N5944; 
4 W/8 dB for the 2N5945 and 10 W/6 
dB for the 2N 5946 ... each affording 
from l to 2 dB greater gain than any 
other comparably-priced device. This 

gain in gain means fewer devices in the 
amplifier chain - saving you the cost 
of additional units and their installation. 

Actually capable of much higher 
output levels, the series has been charac­
terized at conservative levels for rugged­
ness and to ensure good performance 
after subjection to mismatch conditions. 

These devices are loaded with other 
reliability features, too: nichrome 
protected overlay construction, strip-line­
opposed-emitter technology and stud­
mounted ceramic packaging. 

Collector efficiency is a high, 60 % 
(min) at 470 MHz and rated power 

For details, circle 59 

gain levels - you save more de. 
Send for data on the most completely 

characterized and tested, high-gain series 
of its kind - and receive complete strip­
line test fixture information that offers 
repeatable results plus test circuits with 
I: I scaled layouts for your easy work­
bench reproduction. 

To aid in your microstrip amplifier 
design , large signal input and output 
impedances measured in a representa­
tive microstrip amplifier are also given. 

Prices range from $8.00 for the 
2N 5944 ( 100-499) to $24.20 for the 
2N5946 (25-99). 



PNP Uniwatt Darlington Transistors 
Perform Low-Power Amplifier /Driver Jobs 

Motorola's new MPS-U95 PNP silicon 
Annular Uniwatt Darlington transistor, 
like its NPN complement, the MPS-U45, 
is characterized by one of the highest 
current gains in the industry, with typical 
ratings of 35,000 at 500 mA. 

High gain means base drive require­
ments will be lessened in many of your 
low-power amplifier, driver and control 
applications. Jn addition, the MPS-U95's 
excellent linearity, like its complement, 
will provide your audio amplifiers - up 
to 5 watts - with the benefit of low dis­
tortion. 

Emitter-base breakdown voltage is a 
high 10 V de (min), providing adequate 
protection against most transients. And 

Sol id-state power 
gets a rea I "I ift" 
with the advent 
of the 2N4361-
78 SCRs. These 
110 amp. devices 
are designed for 
those industrial 
appications re­
quiring tough , re­
liable performers. 

v ('E (snt ) at 1 Ade is typically 1.2 Vdc. 
Cc1> at I 0 volts is 2.5 pF ( typ) . Collector­
emitter breakdown voltage is identical 
to MPS-U45 - 40 Vdc (min) at 100 
,,.Ade. Also identical are the total power 
dissipation figures for the devices: 1.0 W 
at TA = 25°C and 10 w at Tc = 25°C. 

By eliminating predrivers, the MPS­
U95 and its complement can reduce 
space requirements in your circuit lay­
out. 

The MPS-U95 is packaged in the 
exclusive Uniwatt plastic case. Its tab­
lead is readily adaptible to custom form­
ing for special mounting requirements, 
including heat sink needs. 

Ample factory and distributor ware-

For details, circle 60 

110 Amp SCR Boosts 
Control Reliability 

There's no substitute for quality in a 
high-current SCR that really has to " take 

it" in controls for high-power industrial/ 
consumer welders, motors, space heaters, 

For details, circle 61 

house stock of these versatile transistors 
are available at 100-up prices of $0.84 
for the MPS-U95 and $0.76 for the 
MPS-U45. Send for .data today. 

BVEBo Cce hFE @ le 
Volts pf 

Min/TJp/Max Min Typ/Max mA 

11110 (112 .5/12 

12112 1212.5/6.0 

25K/65K/150K 200 

15K/35K/- 500 

4K/12K/- 1.0 A 

lliMPS-P95 l2IMPS-U45 

electric trucks and other power I speed 
jobs ... and there's no substitute for the 
new 110 A (RMS) 100 to 1,400 V 
2N4361-4378 series in those designs. 

For example, you'll find pressure­
contact encapsulation ensures permanent 
electrical and thermal conduction to the 
mounting base despite the most rigorous 
thermal cycling . Additional freedom 
from thermal fatigue is afforded by 
matched-expansion mounting of the chip 
providing long-term stability and reli­
ability. And , low, 0.28°C/W thermal 
resistance affords higher case operating 
temperatures and smaller heat sinks. 

When you stress it with repetitive 
current/ voltage conditions, center-fired 
gates give high repetitive di/ dt and fast 
turn-on. Specified minimum 100 V / ,..,s 
dv / dt means optimized protective, volt­
age-wave shaping networks . Low maxi­
mum Vf' - 1.6 V - and high surge 
protection - 1,600 A - simplify heat 
sink and safety/ fusing considerations. 

You can torque this SCR to 130 inch­
pounds without distortion because its 
high-stress copper allow resists stud dam­
age and provides excellent heat transfer 
to boot. 

Inside you 'll find the highest quality 
piece parts in the industry: high-temper­
ature alloy materials life-tested at 300°C 
. . . hermetic ceramic seals . . . high­
density refractory material ... and all 
diffused junctions contoured for longest 
possible voltage creepage distance. 

The 2N4361-78 series is available in 
both flexible lead and flag-tab packages 
- send for your data sheet today! 



NEW PRODUCT BRIEFS 

DUAL COMPARATORS 
- Match Four-Bits - Economically 

Here's two MTTL devices that can provide address comparison for use 
with multiple sequential memories or uniquely match separate input data against 
a common reference. Basically, the new MC402 l and MC4022 Dual 4-Bit Com­
parators compare four bits of input data to four bits of reference informal ion . 
When both correspond bit-for-bit, the comparator output assumes the high 
state. Any other condition produces a low output level. 

The MC4021 , 22 are unusual in that the four reference inputs serve both 
comparators. There is no interrelation between the dual data input sections. A 
separate output is provided for each comparator. The MC402 l has open collector 
outputs for wired-OR applications while the MC4022 has totem-pole outputs. 

The unique configuration of these dual devices could mean a savings in 
space, parts, or price in your design. Evaluate them now! They're ava il able 
in the 16-pin DTP package for the 100-up price of $2.45 - either comparator. 

For details, circle 62 

SILICON GATE MOS SHIFT REGISTERS 
- Pro vide Low Power Drain and Bipolar Interface Capability 

Motorola's MC2380G and MC238 1 G du al 100-bit dynamic shift registers 
provide low power consumption and direct bipol a r interface capability for digital 
applicat ions. Dual -512 , quad-256, and 1024-bit registers a lso from silicon gate 
technology are scheduled for early second-half '7 1. 

Both the MC2380G and MC238 l G provide bipolar compatibility at inputs 
and outputs and both utilize low-voltage circuitry and a two-phase clock for 
minimum power dissipation. The MC2380G has open-drain outputs for high 
drive capability and the MC238 l G achieves direct MOS compatibility with 
output pulldown resistors. 

Performance features include 3 MHz operating frequency, 0.4 mW / bit 
power dissipation @ 1.0 MHz (typ), operating temperature range of -55°C 
to +125°C, 40 pF clock input capacitance , and typical output impedance of 
400 ohms. 

In 100-999 quantities the price of either the MC2380G or the MC238 l G 
is $3.95. Each is supplied in the 8-pin meta l case. 

For details, circle 63 

IMPROVED SILICON PLASTIC QUAD MEMORY-DRIVERS 
- Offer High Po wer Rating and Increased Temperature Range 

Originally introduced in the dual in-line T0-116 pl astic package with a 
copper lead frame as 600 mW devices, the MPQ3725 and MPQ3303 qu ad 
memory driver transistors now offer the ra ting of 1.0 watt per single device or 
a collective 2.5 watts. And the operating and storage junction temperatme 
range is now -55 to +150°C. 

MPQ3725 20 ns (t~~ ) @ le = 500 mAde 50 ns (:;•~ ) @ le = 500 mAde 

MPQ3303 15 ns (max) @ le = 1.0 Ade 20 ns (max) @ le = 1.0 Ade 

Consider the new specs together with the MPQ3303's low collector-emitter 
saturation voltage and the MPQ3725 's high col lector-emitter breakdown voltage 
and you've got a sys tem cents/ space satisfying quad pair for your plated wire 
and core driving jobs. Either device is only $3.75, 100-up. 

For details, circle 64 

ISOTHERMAL LAND / MOBILE Rf TRANSISTORS 

- R educe Heat Buildup 50% 
The new 2N6080 family is designed for 12 .5 V operation to 225 MHz and 

features mi nimum gains from 4.5 to 12 dB and 50% collector efficiency at rated 
power and 175 MHz. 

Devices in this series are ideal for high band land/ mobi le, VHF marine 
and amateur radio (2 meter) applications where higher gain and increased 
ruggedness are needed in predrivers, drivers , and output stages. 

4-40 WATT LAND/MOBILE RF TRANSISTORS 

Pin / Pout Power Gain 
TYPE WATTS dB Price 100-up 

2N6080 0. 25/4 12.0 $6.00 
2N6081 3.5/ 15 6 .3 9. 25 
2N6082 6/25 6.2 18.50 
2N6083 8/3 0 5.7 21.00 
2N6084 14/40 4.5 36 .00 

For details, circle 65 
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First Supplement 
To Semiconductor 

Data Book Available 
It seems like the Fifth Edition of the Semiconduc­

tor Data Book is just barely off the presses and already 
it has its first supplement - 370 pages of supplement 
- a book in its own right. Actually, the Fifth Edition 
celebrated its half birthday this April and, at Motorola, 
six months now sees the introduction of nearly as 
many useful new products as were developed in its 
first six years. 

Supplement I provides complete specifications for 
150 new IN, 2N , and 3N EIA registered devices plus 
212 Motorola devices. As in the Fifth Edition , Sup­
plement I is thoroughl y indexed to provide easy entry 
to the characteristics of the device you want. Pro­
grammable unijunction transistors, field-effect tran­
sistors, thyristors and EIA registered types each have 
their own numerical index in which short-form spec­
ifications are given. There is also a device selection 
index li sting the new semiconductors by product cat­
egory . Another index handil y presents all devices 
carried in both the Fifth Edition and Supplement 1 
indicating those for which specifications a re to be 
found in the supplement. Anyone who has ever wan­
dered bewildered through an inadequately indexed 
catalog will appreciate Motorola's data books. 

You can obtain Supplement I for $1.00 a copy 
by using the coupon on the outside edge of this page. 
You may a lso use the coupon to : I. purchase the Fifth 
Edition ; 2. subscribe to the updating service which 
e ntitles you to Supplement I plus any others published 
during the life of the Fifth Edition to keep it current 
a nd up to date - a minimum of two. 
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DATA BOOKS ORDERING COUPON 

SEMIC ONDUCTOR DATA BOOK 

MTTL 

Fill in your 
perforated 

Single copy @ $5.95 ea . $ 

2·24 copies @ $4 .15 ea . $ 

25-up copies @ $3.95 ea. $ 

Updating subscript ion @ $2.00 ea . $ 

Supplement #1 @ $1.00 ea. $ 

DATA BOOK 

Single copy @ $2.50 ea. $ 

2·24 copies @ $2.00 ea . $ 

25-up copies @ $1.75 ea. $ 

name and address on the other side of this coupon . Tear along 
lines and enclose in envelope with proper remittance. 
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Umbilical To 
Microelectronics Book Cut -

MTTL Data Book Born 
The designer working on a system using principally 

one form of logic will swear the idea for Motorola's 
new IC data books was conceived just for him. And 
he'll very nearly be right! 

The MTTL Data Book is the first in a series 
intended to divide the data for Motorola's ever-expand­
ing IC population into manageable segments. We think 
you'll find this volume - and subsequent data book 
shelfmates - more convenient and easier to use if 
you work with one logic type or the entire family of 
integrated circuits. 

The 552 pages of the MTTL Data Book are divided 
into general information, selector guides, application 
note abstracts and seven technical data sections. An 
interchangeability guide and packaging information 
are given in the general information section while the 
selector guides section provides a quick look at the 
major characteristics of all MTTL devices. T he appli­
cation notes section given abstracts of current notes 
explaining the use of MTTL. 

Inside the front cover a tab index instantly points 
the way to the tabbed sheets of the technical data 
section of interest. T hese seven data sections consti­
tute the main portion of the data book - 366 pages -
and each provides an index to its devices plus all data 
sheets , in numerical order. 

Use the coupon on the outside edge of thi s page 
to order your copies of Motorola's spanking new 
MTTL Data Book. 

NOTE : If Motorola's Literature Request Coupon is missing, use 
magazine ' s standard Reader Service Card. 
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'Window' Comparator Indicates 
System Status 
Sta ble, reliable indication that a voltage does or doesn't fall between 
two acceptable limits is provided by this tested system. 
Readout is by color coded indicator lights. 

J. C. NIRSCHL, USAECOM-Fort Monmouth 

For checking a system's status, it is 
often necessary to determine whether 
a reference signal lies within, (go), or 
outside, (no-go), a prescribed voltage 
limits "window". Such a determina­
tion serves as a confidence check on 
the system's operational readiness. 

The comparator circuit of Fig. 1 
was designed for an airborne system 
application that had desired lower 
and upper reference signal limits 
of approximately E, = 1.9 and 
E,, = 2.lV. Two monolithic linear 
ICs are used for threshold sensing, 
and two transistors serve as relay 
drivers. Using IC op amps for Al 
and A2 insures good temperature 
stability for the lower and upper 
threshold levels . 

Op amp Al has input bias condi­
tions such that, for input signal 
es < E" it is clamped, via diode Dl , 
near ground potential. This produces 
a low positive output level. By a simi­
lar arrangement op amp A2 also is 
clamped (via diode D2), but in a 
"floating" manner, that is its output 
level (when es < Eu) depends on the 
input signal, es. This relationship is 
expressed by. 

eo11 = - [(Vs + es) 

( 
R5 + R6 + R7 ) J 

R5 + R6 + R7 + R8 -es +Vv 

where 
V s = magnitude of supply voltage 

(15V) 
VD = forward voltage drop of diode 

D2 (approximately 0.5V) 
As the portion of the input signal, 

e
8

, that is applied to both op amps 
rises, first to E, and then to Eu, the 

op amp outputs successively will 
switch to their respective saturation 
levels (of opposite polarity). This 
action is illustrated in Fig. lb which 
shows the circuit signal levels at 
points A, B, B', C and E in the cir­
cuit diagram. 

Load resistors RlO and Rll join 
the op amp outputs, producing a sum 
signal at point C that has the desired 
window comparator characteristics 
with respect to es. Diode D7 prevents 
possible negative levels in amplifier 
A2 from producing an erroneous "go" 
signal, if es happens to assume a large 
negative value as _, the result of a 
system fault condition. 

Lower and upper threshold levels 
are determined by: 

( 
Rl + R2 + R3 ) 

E, = R1 + R2 + R3 + R4 V s 

and 

( 
R5 + R6 + R7 ) 

Eu = R5 + R6 + R7 + RB V s 

Because the threshold voltage de­
pends directly on that of the -15V 
supply, this must be well stabilized 
to insure threshold level stability. 
In this application the ± 15V supply 
lines were regulated by LM-100 IC 
voltage regulators, and the stability 
requirement was thereby considered 
satisfied by the resulting typical long­
term stability of 0.1 %. 

Zener diode D3 couples the sum 
output signal to the following buffer 
stage (Ql), while providing proper 
level shifting (V, = 26V). 

Q2 acts as a switch in series with 
the relay which, when energized, 
causes the status indicator light to 
shift from no-go to go. The latter 

occurs, of course, only when the input 
signal es satisfies the condition: 

Capacitor Cl slows down the cir­
cuit response to minimize the possi­
bility of relay chatter when es closely 
approaches one of the threshold 
levels. The zener diode circuit of D5, 
D6 and Rl5 eases the demand on 
the ± 15V regulated supply by pro­
viding a separate 25V power supply 
for the buffer and relay driving tran­
sistors. 

This comparator circuit's perfor­
mance was repeatedly tested at +55°C 
and -55°C, and Fig. le lists typical 
results. Stability of the E, and E" 
threshold levels is seen to be within 
0.6% over the cited temperature 
range. The data in Fig. le represent 
the temperature-induced changes of 
the comparator threshold levels, as­
suming constant ( ±15V) supply volt­
age. In actual system operation, at 
the respective temperature extremes 
the temperature coefficient of the 
regulated plus and minus supply 
lines has an added effect on the thres­
hold levels. Typically this was found 
to double the percent changes indi­
cated in Fig. le, and was considered 
acceptable for the intended applica-
ti on. 

Joseph C. Nirschl 
is an electronic en­
gineer and team 
leader in the Com­
bat Surveillance 
Laboratory USAE­
COM Fort Mon­
mouth, N. J. He 

(Conti nued ) 

holds a Dipl.-lng. from the Institute of 
Technology, Munich, and h as been granted 
one patent. 
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Comparator (Cont'd) 

The circuit described can be readily 
adapted to monitor an input signal 
of negative polarity by appropriate 
inversion of the polarity of the (V) 
bias return (via R4 and R8) and of the 

SIGNAL INPUT 

• s 

(a) 

op amp inputs. Likewise, this scheme 
can be expanded to provide multiple 
comparator windows for monitoring 
several independent input signals, 
each signal being applied to a pair 
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Fig. 1 -Window comparator for system 
confidence check a) schematic b) signal 
levels c) performance. 
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(c) 
TEST DATA 

CHAMBER 
- 55°C +26°C +55°C TEMPERATURE 

Lower thresho ld, E1 1.913V 1.901V 1.900V 
(. 0.6%) (-0.1 %) 

Upper thresho ld, Eu 
2.11 3V 2.104V 2.103V 
(; 0.5%) (-0.1%) 

Notes : 1) Threshold levels were adjusted to approximate ly 

the nomina l 1,9 and 2.1V at room temperature . 

21 Th resho ld leve ls at -55 and +55°C. were deter--

mined by slowly increas ing the input signal leve l 

and noting the va lue when the indicator lights 

sw itched. 

3) Supply vo ltage wa s held at a constant ±15V. 
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Check these other flame 
retardant materials. 

"SCOTCH" BRAND TAPES. 
No. 69 - glass cloth, thermosetting 
silicone adhesive. 
No. 66 - vinyl, UL recognized 105°C 
meets MIL-1-7798-A. 
No. X-1264 - epoxy web solvent­
resistant wire and cable ID tape. 
"Temflex" Brand No. 2585 - non­
adhesive vinyl plastic, flexible , self­
extinguishing . 

"SCOTCHCAST" BRAND RESINS. 
No. XR-5192 - arc and track-resistant 
130°C, liquid epoxy. 
No. XR-5126 - room-curing two-part 
epoxy, 130°C, semi-flexible . 
No. 255 - thermal and mechanical 
shock-resistant, 130°C, meets MIL-
1-16923E. 

TUBINGS. 
"3M " Brand 3001, 3002, 3003, 3008 
- extruded vinyl, general purpose, 
105°C rated. 
"Scotchtite" No. 3028 - heat shrink-

Dielectric materials ~m 
E. Sgstems Division ~comPANY 

CIRCLE NO. 20 

able , clear or colors , thin wall. UL 
recognized 105°C, meets MIL-1-631 
and MIL-1-23053B. 
COPPER CLAD. 
" Cuflex " Brand Flex ible Laminate 
6540 - copper-clad epoxy polyester 
web for printed wiring . 
MICA. 
" lsomica" Brand - silicone bonded 
mica for high temperature use. 

For complete information, write : 3M 
Co., DM&S Div., 224-64, St. Paul, 
Minn. 55101. 
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LOW POWER TTL CRAM COURSE. 
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Low power TTL isn't exactly a household word 
yet among design engineers. So we'd like to 
offer a quick summary of low power TTL. What 
it is. Who uses it Why. Why not Plus, a list 
of our products. 

After reading this page, you'll probably decide 
to specify low power for your next system. (If 
not, you'll at least have lots of cocktail party 
material.) 

PART ONE: A DEFINITION 

Low power TTL is an offshoot of the 54/7 4 
family which is fully compatible with 
DTL and TTL. It is specifically designed 
for applications requiring very low power 
dissipation. 

PART TWO: WHO USES IT 

The military's been using low power TTL for 
four years, but it's also catching on in portable 
equipment, data terminals and other industrial 
applications as well. 

PART THREE: ADVANTAGES 

Low power TTL offers several nice advantages 
over standard TTL logic. 

First, even at frequencies of 12MHz the 
devices dissipate very low power and generate 
less heat on the chip. As a result, low power 
TTL has proven to be much more reliable than 
standard TTL. (If you don't believe us, ask 
NASA.) 

Then there's power savings. Typically, low 
power TTL gives you a factor of JO power 
savings over standard TTL. Which means you 
can use a 2.5A power supply, for example, 
instead of a 25A supply. Which means you 
save money. 

Speaking of saving money, perhaps the biggest 
single advantage to using low power TTL is the 
money you save in your overall systems costs. 

For example, low power TTL eliminates the 
need for a fan. Which eliminates the need for a 
thermostat Which eliminates the need for a 
filter. And so on and so forth. (In fact, one of 
our customers says that the fan alone costs them 
enough money that even if they had to pay 
200% more for low power devices in their 
systems, their overall systems costs would still 
be iess expensive!) 

PART FOUR: PRODUCTS 

Right now, we have 21 off-the-shelf low power 
TTL devices (including four MSI functions): 
DM54LOO/ DM74LOO Quad 2-Input NANO 

Gate 

DM54L01/ DM74L01 Quad 2-lnput NANO 
Gate, Open Collector 

DM54L02/ DM74L02 Quad 2-Input NOR 
Gate 

DM54L03/ DM74L03 Quad 2-Input NANO 
Gate, Open Collector 

DM54L04/ DM74L04 Hex Inverter 
DM54Ll0/ DM74Ll0 Triple 3-lnput NANO 

Gate 
DM54L20/ DM74L20 Dual 4-lnput NANO 

Gate 
DM54L30/ DM74L30 Eight-Input NANO 

Gate 
DM54L51/ DM74L51 Dual 2-Wide AND-OR­

INVERT Gate 
DM54L54/ DM74L54 Four-Wide 3-2-2-3-

Input AND-OR­
INVERT Gate 

DM54L55/ DM74L55 Two-Wide 4-Input 
AND-OR-INVERT 
Gate 

DM54L71/ DM74L71 R-S Flip Flop 
DM54L72/ DM74L72 J-K Flip Flop 
DM54L73/ DM74L73 Dual J-K Flip Flop 
DM54L74 / DM74L74 Dual D Flip Flop 
DM54L78/ DM74L78 Dual J-K Flip Flop 
DM54L86/ DM74L86 Quad EXCLUSIVE-OR 

Gate 
DM54L90/ DM74L90 Decade Counter 
DM54L93/ DM74L93 Binary Counter 
DM54L95/ DM74L95 Four-Bit Right Shift 

Left Shift 
Shift Register 

DM76L70/ DM86L70 Eight-Bit Serial-In 
Parallel-Out 
Shift Register 

(NOTE: All devices are available in cavity-dip, 
molded-dip and flat-pack configurations. 

We also plan to announce some Tri-State* 
MSI low power devices. 

This ends our cram course. If you'd like to 
learn more, we'll be happy to send you a free 
copy of our full course - the liberally-diagram­
med, specifications-packed, 36-page National 
Low Power TTL Brochure. Plus any of our 
Tri-State or 54/74 product data. 

For yours, write, phone, TWX or cable us 
today. National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, Califor­
nia 95051. Phone (408) 732-5000. TWX (910) 
339-9240. Cable: NATSEMICON. 

*Tri-State is a Trademark of National Semiconductor Corporation 
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Design Ideas 

Phase of Digital Data Fixes 
Shaft Angle 
Designing an all -electronic synchro-to-digital converter has attracted 
a great deal of attention in the past few years. The design described uses 
a two-step process- generate an analog signal representing the shaft angle 
and then determine the phase digitally. 

ROBERT W. KLATT, Scan-Optics, Inc. 

Three samples per cycle are sufficient 
to define a sine wave- based on the 
principle of temporal sampling. Con­
versely , the amplitudes of three volt­
ages or signals proportional to them 
can be used to synthesize a sine wave. 
If a synchro transmitter generates (by 
synchronous demodulation and filter­
ing) three voltages, designated e,, e2 

and e3, and these voltages are sam­
pled at equal intervals, the phase of 
the resultant signal will equal the 
synchro-transmitter shaft angle (see 

Fig. 1- Equations for the ampl itude of 
the output signals from a synchro 
transmitter are: 

e, = A sin (0, - 120°) 
e2 = A sin 0 , 
e

3 
= A sin (0, + 120°) 

These equations also represent the 
sampling of a sine wave, with an amp­
litude equal to the synchro-output 
amplitude, at a rate of three times the 
sine wave frequency. For convenience, 
consider the sample pulses in groups 
of three, with each group occurring at 
a frequency equal to the sine wave fre-

F ig. 1). 
A control transformer sums three 

magnetic vectors with 120° spatial 
phase differences to generate a mag­
netic vector whose spatial phase an­
gle equals the transmitted shaft 
angle. However, the system shown in 
Fig. 2 was developed on the principle 
of adding three phasors with 120° 
time phase difference to obtain a re­
sultant phasor whose time phase 
equals the shaft angle. This is possi­
ble because each sample impulse is 

quency. Expression 27rT/T defines a 
phase angle. (T is the period and T is 
the time between the second sample 
and the positive going zero crossing 
of the sine wave.) This phase angle 
equals the shaft angle that gene rates 
e" e, and e,, . Obviously, the require­
ment that the magnitude of the syn­
chro outputs equal the sine wave mag­
nitude is not necessary. Ratios be­
tween the three voltages- indepen­
dent of magnitude , both for the syn­
chro signal and its analog-carry the 
angle information. 

repeated at a rate of l /T and has a 
fundamental frequency component at 
this frequency. Since the impulses are 
separated in time by T/3, their fun­
damental frequency components have 
120° phase separation. 

Signal Converter 

The signal converter in F ig. 3 
translates the analog signals e,, e2 

and e
3 

into a signal whose phase de­
fines the input shaft angle. This sig­
nal will be designated the system sig­
nal. A master clock and a digital 
counter, called the three-phase coun­
ter, control the FET switches that 
sample the filtered outputs of the de­
modulators. (Techniques of synchro­
nous demodulation will not be dis­
cussed.) 

It was previously implied that sam­
pling was accomplished with im­
pulses, but in actual practice there 
are advantages to having wider sam­
ples. First, the amplitude of the fun­
damental-frequency component of 
the pulse increases. Second, the pulse 
width determines the harmonic con­
tent, and if, as illustrated in Fig. 3, 
the sample-pulse width equals the 
time between adjacent samples (1/3 
of basic sampling period), the third 
harmonic and all its multiples will 
become zero. This becomes important 
when measuring the ph ase. ·The only 
disadvantage is the generation of a 
60° fixed phase shift that must be 
eliminated. The fundamental fre­
quency component of the system sig­
nal (and its harmonics) appears at 
the summing point (F ig . 3). 

FOR A FREE REPRINT OF THIS ARTICLE , CIRCLE NO. LGG (Continued) 
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Phase (Cont'd) 

Phase Detection 

The method of measuring the sys­
tem signal phase is similar to the op­
eration of a synchro-control trans­
former. Basically, the transformer 
rotor is a sampling loop that is ro­
tated until its output is zero. The sys­
tem in Fig. 4 has a synchronous de­
tector that determines the system 
signal phase. In effect, an FET switch 
multiplies the system signal with a 
square wave having a period T and an 
amplitude 0 or 1. If the switch output 
is integrated and the integrator is 
reset when the switch is open, then 
the switch and the integrator are 
analogous to the control transformer 
rotor. The phase of the square wave 
reference, relative to the system sig­
nal, is adjusted until the integrated 
signal is zero at the completion of 
each switch closure. Variations in the 
relative phase about this zero point 
generate a bipolar voltage that is 
used as the error signal. If the har­
monic content of the signal is low, the 
relative positions of the reference and 
the sample pulses when the error is 
zero yield the phase of shaft-angle in­
formation. 

This approach has an additional ad­
vantage in controlling the error 
caused by harmonics. Only those fre­
quencies present in both the system 
signal and the reference contribute to 
the error signal. All even-order har­
monics are missing from the refer­
ence. Therefore, the only harmonics 
that can cause errors are the odd har­
monics greater than and including 
the fifth. For improved accuracy, fil­
tering reduces the amplitudes of 
these harmonics. A three-pole active 
Butterworth filter inserted between 
the signal converter and the phase de­
tector was used in the breadboard. 
However, this filter introduced a 
phase shift that required correction. 

Control System 

A master clock, control circuits and 
two counters make up the control sys­
tem shown in Fig. 4. The master clock 
operates both the three-phase counter, 
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SYNCH RO 
OUTPUT 

DEMODULATORS 
AND 

FILTERS 

SYNCHRO REFERENCE 

SIGNAL 
CONVERTER SYSTEM 

SIGNAL 

PHASE DETECTOR 
AND 

ERROR SIGNAL 
GENERATOR 

THREE PHASE REFERENCE 
COUNTER COUNTER 

Fig. 2- This system, designed and 
tested, is based on the principle 
of adding three phasors with 
120° time phase difference to ob­
tain a resultant phasor whose 
time phase equals the transmit­
ter shaft angle. Zeroing capability 
was not included. After zero cor­
rection of the data, by addition of 
a constant, the 3CT error was 
0.25°. 

DEMODULATORS 
AND 

LOW PASS FILTERS 

SYNCH RO REF. -e----

S2 

---

SHAFT 
ANGLE 

READOUT 

CLOCK CONTROL 
AND 

DISTRIBUTION 

MASTER 

CLOCKS 

n n n 
4JQJQJL 

SYSTEM SIGNAL (a nd harmonics) 

lILJuL 
I I I s

3 
n1n n n 

>-------'- _J LU L__J L_J L 

Fig. 3 - Signal converter generates the 
system signal at the output summing 
point. The three-phase counter gener­
ates control signal s that sequentially 
enable the FET switches, connecting 
the filtered outputs of the demodu­
lators to the common summing point. 
Resultant waveform is as shown. 

~~ 
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which runs continuously at the nor­
mal clock rate, and the reference 
counter which generates the square­
wave reference. When phase-detector 
switch (Q, ) · is closed, the reference 
counter operates at the normal clock 
rate. When the switch opens, the in­
tegrator output (or error signal) de­
termines the reference counter input 
frequency . The comparators deter­
mine the sign and magnitude of the 
error signal. If the error is within the 
dead band (essentially zero), the ref'. 
erence counter continues to run at the 
normal clock rate and the phase re-

Fig. 4- Control system is nonlinear. 
However, analysis of a simplified linear 
model using a step input conveys its 
basic operation. Assume ¢

0 
indicates 

the initial amplitude of the error and 
l!..cp is a correction proportional to the 
error, applied after each error mea­
surement. The following equations de­
sc ribe the operation for "n" cycles: 

<P, = <f>o - !!..</> = cPo - K<f>o = <f>o [ l - K] *' = </>, [ l - ~] 
' ' 
' ' 

<P., = <l><n - 1> [l - K] 

Dividing the left and right products by 
the common factors yields: 

</>., = <f>
0 

[ l - K] " 

If [l - K] < 1, the system is stable 
and three possible conditions are: 

0 < [ l - K] < 1 {
error monotonically 
approaches zero 

l 
error polarity os­
ci llates and the 

- 1 < [l - K] < 0 magnitude ap-
proaches zero 

[l _ K] = 0 {error becomes zero in 
one cycle. 

These conditions are analogous to 
overdamping, underdamping and criti­
cal damping for a linear, continuous 
system. 

MASTER 
CLOCK 

lationship between counters remains 
unchanged. 

The sign of a non-zero error deter­
mines whether the reference counter 
clock input is doubled or reduced to 
zero. It also switches the integrator 
input to a reference voltage which 
linearly reduces the error signal mag­
nitude to zero. At which time, the 
reference clock rate returns to normal 
and the system awaits the next clo­
sure of Q, . Since the error signal is 
proportional to the amplitude of the 
synchro output and the sine of the 
error, the control system is non-

SIGNAL 

DRIVER 

DRIVER 

linear. The breadboard operates satis­
factorily both in acquisition and 
tracking. The analysis of a simplified 
mathematical model of Fig. 4 de­
scribes the basic operation of the 
breadboard. 

Factors for Consideration 

The frequency of the master clock 
and the counter output are somewhat 
arbitrary, but the following factors 
have some influence: 

-The greater the bandwidth of the 
input signal (shaft angle), the 
higher the required system signal 

(Continued) 
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Your readout equipments are easier to sell with : 

ncn 
Electronic 
Components 
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BRIGHTER ... CLEANER ... 
MORE COLORFUL ... 
DIGITAL DISPLAYS 
Even in direct sunligh t , the numerals of RCA's 
NUMITRON Digi tal Displ ay Devi ces are sharp and 
clear. And , under normal indoor lighting conditions, 
numerals are legible to 40 feet or more w ith almost 
any co lor-filter. Here's wh y: 
• Except ionall y high contrast ra ti o between each 
display segment and its background 
• Controll able brightness 
• Wide-spectrum light emission permits unlimited fil ­
ter-color se lecti on 

RCA has two NUMITRON fam ilies - the 
DR2000 series (0.8" mounting ce nters) and the 
compact DR 2100 series (0.5' ' mounting centers). 
Their 4.5 V operation makes them compatible w ith 
most integrated circuit drivers fo r low-cost digital­
displ ay system designs. And , their advantages are 
demonstrable sa les features for your equipments. 

For pri ce , de! ive ry and technica l information on 
these dev ices, see your loca l RCA Representative or 
RCA Distributor. For a copy of A pplication Note 
AN-4277 , "Descripti on and App licati on of N UM!­
TRON Digital Display Devices, " wri te: RCA , Com­
mercial Engineering, Secti on 50F-15/CN5, Harrison, 
N.J. 07029. International: RCA 2-4 rue du Lievre, 
1227 Geneva, Sw itzerland , or P.O . Box 112, Hong 
Kong . 

CIRCLE NO. 23 

Phase (Cont'd) 

. frequency . 
- In part, the system accuracy de­

pends upon the accuracy of the 
sampling and reference pulse 
widths and timing. Therefore, 
high accuracy requires a high 
normal clock rate and a large 
division ratio. Also, high-speed 
logic is desirable. 

- Counter outputs provide possible 
readout signals and the division 
ratio will determine the resolu­
tion. 

- If the system signal frequency is 
one-half the synchro-carrier fre­
quency, any signal at the carrier 
frequency or its harmonics that 
reaches the phase detector will 
integrate to zero-the phase de­
tector gate is closed for one full 
cycle of the carrier signal and no 
error will be generated. 

These factors established the choice 
of a normal clock rate of 720 kHz and 
a system frequency of 200 Hz in the 
breadboard (400 Hz synchro) system. 
The system resolution was 0.1° and 
the use of TTL logic, the high clock 
frequency, high-speed drivers and 
analog switches (JFETs), reduced 
pulse widths and timing errors to 
negligible levels. The most significant 
source of error appeared to be the 
low-pass filter. 

A tentative method for eliminating 
this error (and other fixed phase 
shifts) was partially worked out, but 
not included in this design. Two addi­
tional switches in the signal con­
verter permit simulation of an input 
signal corresponding to a known shaft 
angle. This signal may be generated 
periodically and the error determined 
by the system response and stored. 
Subsequent measurements are then 
automatically corrected, thus making 
the system self-calibrating. o 

Robert W. Klatt is 
Director of Analog 
Systems a t Scan-Op­
t ics, East Hartford, 
Conn. His duties in­
volve the develop- ........ ._ .. 
ment of analog and electro-optical systems 
for optical character readers. He is a mem­
ber ofIEEE. 
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UNUSUAL CIRCUITS D Designed by readers D For use by 
readers D Voted on by readers. 
Your vote determines this issue's winner. All circuits published 
win a $25 U.S. Savings Bond. All issue winners receive an 
additional $50 U.S. Savings Bond and become eligible for the 
annual $1000 U.S. Savings Bond Grand Prize. 
VOTE NOW .. . by circling the appropriate number on the 
reader inquiry card. Submit your own circuit, too. Mail entries 
to Circuit Design Program Editor, EDN/EEE, 270 St. Paul St., 
Denver, CO 80206. 

LED modulator 

To Vote For This Circuit 
Circle 161 

by Greg Schmidt 
San Diego Sta te College 
Sa n Diego. Ca lif. 

A CO MMO N difficulty in high­
speed pul se mod ul a tion o f G al­
lium Arsenide Phos phide LE Ds 
is providin g a low dri ving­
po int impedance. This is re­
quired for fa st turn-on. In 
additi on, dyna mic current limit­
ing is needed to preve nt exces·· 

sive curre nt ove rdri ve. 
Thi s c ircut ove rcomes these 

two difficulties. T ra nsisto r Q 1 

is a n a mplifie r tha t suppli es a 
de level as we ll as mod ul a tio n 
in fo rma ti on to e mi tte r-fo ll owe r 
output stage Q.1. Outp~1 t cur­
rent is se 1ised a nd limit ed by 
Q,. C ur re nt limiting occurs 

whe n th e vo ltage dro p across 
R 7 fo rwa rd bi ases C R 1 a nd 
d raws base curre nt fro m Q,. 
For the va lues shown. curre nt 
limiting occurs when LE D cur­
rent is about 30 m A. Sin ce 
the L E D is da rk fo r vo ltages 
be low 1.5 vo lts . tu r n-on tim e 
for fu 11 bright ness is 12 ns. • 

Fig. I. This circuit provides a low-impedance, current-limiting, 
high-speed driver for a LED modulator. 

Fig. 2. LED voltage at a 1 MHz rep rate. Vertical scale is 
0.5 V / div and horizontal scale is 0.1 µs/ div. Zero volts de 
is I division below the center line. 
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Stepped-sawtooth tone generator 

To Vote For This Circuit 
Circle 162 

by Heinrich Krabbe 
Analog Devices 
Norwood, Mass. 

TH E CIRCUIT shown uses a 
digital approach in producing 
a sawtooth waveform for tonal 
color generation in an electron­
ics organ. A sawtooth waveform 
is useful since it contains all 
odd and even harmo nics on a 
monotonically decreasing basis. 

The sawtooth is generated from 
binary divider outputs, two 
l' DAC voltage switches and a 
handful of resistors. 

The figure shows a complete 
circuit diagram for the 8-tone 
generator divider strip. A high­
ly stable L-C oscillator provides 
a frequency ( 14,080 Hz) an 
octave above the highest fre­
quency desired. A Schmi tt 
trigger squares the oscillator 
output to provide proper drive 
for the TIL flip-flops. The out­
put of the first flip-flop provides 

This tone generator circuit uses a digital approach to generate 
approximate sawtooth waves. 

Extraneous pulse detector 

To Vote For This Circuit 
Circle 163 

by Tony Randazzo 
Atlantic Re earch 
Costa Mesa , Calif. 

THE FIGURE shows a combina­
tion of a cross-coupled latch 
and a JK flip-flop that together 
form an extraneous pulse de­
tector. Given a reset command, 
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Q goes low and the clock in­
put is inhibited by the " O" 
present at the K input com ing 
from the latch. When the input 
pulse goes low, the latch per­
manently changes state allowing 
any transients of the input 
pulse to trigger the J K flip-flop. 
ln this situation. a " 1" will be 
retained at the Q output and 
the failure indicated by lamp 
L,. 

Pulses and transients down 
to 25 ns can be detected by the 
circuit if series MC800P l Cs 
are used. • 

the highest tone output (7040 
Hz). All other tones are de­
rived by the binary counters 
formed by the string of SN-
7474s. 

Each flip-flop drives one 
switch of the AD I 555 quad 
switch. The switch outputs are 
then resistively mixed through 
binary-scaled resistors so that a 
staircase waveshape results. 
This waveshape contains all 
odd and even harmonics up to 
a point, because the fundamen-

ta! is mixed with Y2 of the 
second harmonic. V<i of the 
fourth harmonic, 1/s of the 
eighth harmonic and so on. 
Since a ll odd harmonics are 
present in the fundamental, 
on ly even harmonics must be 
added. The best sawtooth ap­
proximation is obtained at the 
lowest frequency tone. Wave 
forms become progressively 
coarser at higher tones. The 
highest tone is simply a square 
wave. • 

Typical stepped outputs from the tone generator. Note that the 
7040 Hz output is a square wave while all other outputs ap­
proximate a sawtooth. 

This circuit indicates an extraneous pulse by turning L , and L, 
on. A "clean" pulse turns on L , only. 



A polar clamp 

To Vote For This Circuit 
Circle 164 

by Richard R. Breazzano 
Weste rn U nio n 
Ma hwa h, N. J . 

THI S CIRCU IT p rov ides over­
vo ltage input p rotecti o n fo r 
da ta co mmunica tio ns equip­
ment. T he po la r clam p no rma l­
ly o perates with co nventi o na l 
600-Hz te le printe r signa ls of 
± 6 Vdc a t IO mA. However, 
it ca n protect aga inst o ve rvo lt­
age input t ra nsie nts o f up to 

± 120 Vdc at 20 mA . 
Whe n a posi t ive vo ltage in­

put exceeds Q 
1 
's emitter-base 

b rea kdown , the juncti o n acts 
li ke a ze ne r di ode whose vo lt ­
age rat ing is somewha t greate r 
tha n the brea kdow n va lu e . 
Tra nsistor Q2 becomes fo rwa rd 
b iased a nd input clamping is 
comp le ted . With a nega ti ve in ­
put, Q 1 is fo rwa rd bi ased a nd 
Q2 's emitte r-base zene r co m­
ple tes the c lampin g ac ti o n. 
Emitte r fo ll owe r Q3 ma inta ins 
pro pe r input impeda nce while 
deli ve ring a bu ffe red logic o ut ­
put. Q ,, Q2 a nd Q.1 a re inex­
pe nsive pl asti c tra nsisto rs. • 

This polar clamp, constructed with a n inexpensive plastic transis­
to r. is protected aga inst np to ± 120-V at 60-m A transients. 

Circuit Design Entry Blank 
U. S. Savings Bond Awards • $25 for all entries selected by edi­
tors • An additional $50 for winning circuit each issue, determined 
by vote of readers • Additional $1000 bond for annual Grand Prize 
Circuit, selected among semi-monthly winners by vote of readers. 
To Circuit Design Prog ram Editor 
EDN / EEE 
Cah ners Publishing Co., Inc. 
270 St. Paul St ., Denver, Colo. 80206 

I hereby submit my entry fo r the CIRCUIT DESIGN AWARD 
PROGRAM of EDN / EEE. 

Title _ ___ ________ ______ __ _ 

Com pany ____ ______________ _ 

Division (if any) _________ ______ _ 

Street _ __________________ _ 

City ______________ State ____ _ 

Circuit Title _ _ _____________ __ _ 

Print full name (no Initials) and home address on line 
below exactly as you wish it to appear on Bond, if entry is 
selected for publication. 

Entry blank must accompany all entr ies. Circuit entered must be 
submitted exclusively to EDN / EEE, must be origi nal with author(s) 
and must not have been previously published (limited-d istr ibu tion 
house organs excepted). 

Circuit must have been constructed and tested. Exc lusive pub­
lishing righ ts remain with Cahners Publ ish ing Co., Inc., unless 
entry is returned to author or ed itor g ives wr itten permission for 
publicatio n elsewhere. 

In subm itt ing my entry , I agree to abide by the ru les of the 
Award Program. 

Date _ ____ Signed _ ________ _ __ _ 

First LOOK 
at the 
SPECS ... 

then take a ~ 
DOUBLE ~ -~ 
LOOK at the ~~,, 
NEW LOW PRICES!!! 
Precision thin film resistor 
ladder networks for as little 
as $8 for hermetically sealed 
mil spec units ... and even les s 
for commercial quality!!! 
BOTH R-2R VOLTAGE DIVIDERS 

and CURRENT DIVIDERS 
PACKAGE : 16 LEAD DIP (.690 X .250) 

and FLAT PACK ( .375 X .250) 
TEMPERATURE RANGE : - 55° C to +125° C 
T. C . TRACKING: < 1 ppm!° C 
LADDER RESISTANCE VALUE (R) : 500 *, 

5K, lOK, 25K or 50K 
*Cur rent divider ladder only. 

APPLICATION RESISTORS INCLUDED 
MODEL 

NO. 

HC 1000 
HC 1050 
HC 1005 
H C 1055 
H C 10 10 
HC 1060 

DESCRIPTION 

1 2 Bit Vo ltage Divider 
1 2 Bit Current Div ider 
10 Bi t Voltag e D ivider 
10 Bi t Current Divider 

8 Bit Vo ltage Divider 
8 Bit Cu rrent Divider 

PRICE 
(1000 UP) 

$16 .60 
16.60 
14.00 
14.00 

9.00 
9.00 

LADDER RESISTANCE VALUE (R) : lOK 
WITH NO APPLICATION RESISTORS 

RATIO 
ACCURACY 

0.012% 
0.012 
0 .05 
0.05 
0.2 
0 .2 

HC 100 12 Bit Vo ltage Div ider 1 5.50 0 .0 12 
HC 10 5 10 Bit Volta ge Divider 12.50 0 .05 
HC 11 0 8 Bit Vo ltage D ivid er 8.00 0 .2 

For fast action contact nearest sales rep. 
LEXINGTON, MASS. 

Contact Sales Inc. (617) 861 - 1550 
NORRISTOWN, PA. 

Denco-Data Engineering Co . (215) 272-1444 
MOUNTAINSIDE, N. J. 

JJS Assoc. (201) 233-4562 
SYRACUSE, N . Y . 

W . H . Zimmerman Inc. (315) 474-4889 
CEDAR RAPIDS , IA. 

Lorenz Sales Inc . (319) 366-0774 
RICHARDSON, TEX. 

Thornton Electronic Sales Co. (214) 231-6891 
PASADENA, CAL. 

Mar-Land Enterprises (213) 681 -9440 
CUPERTINO, CAL. 

Trident Assoc. (408) 245-7884 
Custom networks also available, 
for further inform~tion con tact: 

NormH;C;i~p 4D 
HyCo('Tlp , Inc . 

146 Main Street, B ox 250 

Maynard , Massachusetts 01 754 

CIRCLE NO. 22 
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HOW SWITCHING TO CELANESE NYLON 
IMPROVEDTHIS DREMEL MOTO-TOOL. 

This popular Dremel tool 
was originally molded in poly­
carbonate. But organic sol­
vents used in machine shops 
attacked the polycarbonate. 
Caused stress-cracking. 

A better material was 
needed. And Dremel switched 
to glass-reinforced Celanese 
Nylon 1503. For the chemical 
resistance of Celanese Nylon 
protects against not only or­
ganic solvents, but most lubri­
cants and greases. 

What's more, glass-rein­
forced Celanese Nylons have 
a unique formula which gives 
them a heat distortion tem­
perature of 490°F-oneofthe 
highest of any thermoplastic. 

Celanese® 

So it's dependably stable, 
even under prolonged heat. 

And Celanese Nylon also 
has excellent dielectric prop­
erties. So it's a safe choice for 
double-insulated electric 
tools. (Celanese Nylon has 
U IL rating on electrical prop-

erties of 105°C.) And it's the 
first glass-reinforced nylon 
approved by U I L for use in 
power tool housings. 

Celanese Nylon even looks 
better than other thermoplas­
tics. It's safe. Strong. Resis­
tant to repeated impact. 
Lighter than metal. More 
pleasant to the touch. Let us 
show you all the advantages 
Celanese Nylon offers power 
tools, business machines, ap­
pliances, motor housings. 
Write: Celanese Plastics 
Company, Dept. 
N-503, 550 Broad 
Street, Newark, 
New Jersey 
07102. 

Cl.. 
CELANESE 
PLASTICS 

Cel• "•M PIHllCS Comptiny Is• d1Y1&lon of Ce l•nne Cori>o,..Uon. C1n• di•n Afflhete: Cn,nK:etl RHO\ll'CH, ltd. Upoft: A"'"1 Co., l11c. , •NI Pl!'I Amccl Co, Inc, !i22 Flhh Ave., New York 100)6. 
• I t ol O,.m•I M•r11.1rechmn Co1111>1nv. Reclnt, Wlsconttn 53401 



Design Interface 

Polite Persuasion: 
Eight Questions Lead the Way 

Next time you try to persuade someone to accept an idea or proposal, it might 
be easier-on both you and your prospect-if you use this question technique. 

RAYMOND E. HERZOG, General Electric Co. 

Did you ever get the feeling you were talking to a wall 
when you tried to get someone to consider an idea or 
proposal? To get that idea across, you need command 
of your proposal (know what you're talking about and 
what you want to do with it), yet stay within the 
bounds of polite persuasion. 

If your prospect's "yeah , uh-huh" responses told you 
"he's not listening to what I say", you may have been 
violating the "wet noodle" principle (it's easier to get a 
wet noodle through a hole by pulling than by pushing). 
To gain full acceptance for your idea means that your 
prospect must make up his own mind. You can't make 
it up for him; but you can lead him to make it up for 
himself. Before that can happen, two things are re­
quired: mutual agreement on the proposed idea and a 
basis on which the two parties can work. 

This basis for mutual work comes in the form of 
questions. Questions lead the way to polite persuasion 
through three means: 
-involving the prospect in the discussion 
-setting the stage for both parties to have a common 
view of the proposal. 
- motivating the prospect to act on the proposal 

Eight types of questions serve as guidelines to ex­
emplify these means. For our illustration, let's refer to 
the person to whom the idea is being proposed as "the 
prospect". 

Involvemen t : A Two-Way D iscuss ion 

Simply stating your proposal, offering some sup­
porting facts and bluntly asking for your prospect's ap­
proval is like poking a sharp stick at him. His first in-

rContinuedJ 
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Design Interlace 

clination is to withdraw. The few times that this tech­
nique might work are more than offset by the many 
that it won't . Because people tend to resist change or to 
avoid trying something new, you need some means that 
will draw the prospect into discussion, not make him 
withdraw from it. 

In the first place, before someone can consider an 
idea seriously, he must give it his full attention. By 
asking a question, you can get your prospect's full at­
tention: 

EVER THOUGHT ABOUT THIS? 

'\ 

At the start of your presentation, get your pros­
pect's thoughts on a meaningful fact to be brought 
out later in the proposal. 

For example, let's say your idea is to standardize the 
design of all of your company's products by reducing 
the number of different types of components used in 
them. As part of your presentation, you would cite the 
number of different components used throughout all of 
your company's products. This number, you would point 
out, is surprisingly high and could be reduced. To your 
prospect, then, a stimulating question would be: "Mr. 
Smith, how many different types of capacitors would 
you say we use in all our products?" 

Hasten to point out that his estimate will be com­
pared with the actual count (which could be reduced to 
bring savings) later in the discussion. He should now 
listen to your proposal more intently. Furthermore, 
that actual count, given later to dramatize your case, 
will mean more to him both because his interest in it 
has been aroused beforehand and because he has had to 
wait for the answer. 

Now, if you pause for a moment after having intro­
duced the idea, you invite your prospect to speak. 
He'll probably ask about something that you planned 
to discuss anyway, and the mere fact of his asking helps 

retain his interest because now the discussion is two­
sided. Remember, your goal of mutual agreement re­
quires that both parties participate in the discussion. 

So the second question guideline becomes: 

ASK ME SOMETHING . 

""" 

Induce your prospect to ask a question, which 
in being answered, will involve him more actively 
in the discussion. 

Now is the time to retain your control of the discus­
sion, so you follow up with a two-part question. Known 
as the "yes/no" technique, the first part is a question 
that is easily answered by the prospect. This lets him 
stay in phase with you. The second question is one 
which the prospect is unable to answer, so he must 
look to you for further direction. 

The "yes/no" principle: 
To set up control of the discussion, ask a two­

part question: the first answerable by the prospect; 
the second unanswerable. 

Following our design standardization example, the 
"yes" question might be: "You are aware, I'm sure, of 
the industry-wide emphasis on a serviceable product 
requiring standard parts?" Being abreast of current 
affairs, he should reply readily to that question. Now 
comes the second or "no" part: "And do you realize 
that closer design coordination within our engineering 
groups could not only produce a more serviceable prod­
uct through standardized parts, but also save us 
money?" 

To this, you'll probably get a response of "I didn't 
think of it that way; tell me more." And away you go! 

On the other hand, if your prospect's response isn't 
that amenable, his reply can still lead to the fourth 
question technique. This one assures that both you and 
he see the matter in the same light. 
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Toward a Common Goal 

It is very important to your presentation to make 
sure that both you and your prospect see the proposal 
objective in the same manner. To make sure that he is 
in step with you, it is a good idea to outline the proposal 
objective to him and then ask him how he sees it. This 
starts you off on common ground, but, more important, 
it helps eliminate those unpleasant little surprises 
that can come later if he has the wrong impression of 
what you're heading for. 

In effect, this fourth guideline is: 

OUR COMMON GOAL! 

/ 

After stating the proposal objective, get your 
prospect's thoughts on the subject to make sure 
th at you are both thinking of the same goal. 

This last point also suggests another persuasion 
technique. Since it is mutual agreement at which you 
are aiming, your prospect will find your idea more ac­
ceptable if, at the conclusion, he feels the idea was 
partly his. Toward this end, here's what to do: 

Present your idea in a somewhat doubtful man­
m er, inviting your prospect to take up the case 
sympath etically a n d, in effect, sell himself. 

A quick note of caution: before attempting a doubt­
ful expression, you must have preconditioned your 
prospect to have some favorable attitude toward the 
proposed idea. 

Continuing with our example, you could say, "One 
place to begin is with our model XYZ, Mr. Smith. Of 
the 200 different parts, probably eight could be stan-

dardized easily . . . or maybe that's too many . . . 
perhaps four?" 

A point to keep in mind throughout the presentation 
is that you should always be talking in terms of what 
your prospect wants to hear and not so much as to 
what you want him to hear; i.e. , keep his wants fore­
most. 

A sixth guideline helps to reveal your prospect's 
feelings better if he doesn't come right out and give 
them. It involves asking his opinion on a topic some­
what different than the main subject of your proposal, 
one which can be used to further your intention. It is 
what might be called the balancing question: 

Get your prospect's thoughts on a different sub­
ject which he will express himself on. Relate or 
balance th ese thoughts with the proposal theme. 

Here's how this works. Let's say your prospect voices 
little interest in your idea or says nothing with which 
you can carry on. An appropriate thing to do, then, is to 
change the subject slightly to something he will dis­
cuss. "Our Marketing group stresses customer con­
venience in having his product serviced", might bring 
out your prospect's opinion on ·serviceability, which in 
turn is related to standardized design. Thus, you can 
balance one to the other. 

Also, in commenting on a third party you take the 
focus from yourself. With the idea endorsed by an­
other it is easier to get acceptance. 

Objections: Remove Them 

With the preceding six question guidelines, your 
prospect should be pretty much convinced of your idea. 
It remains to move him into action. 

Toward the end of the presentation, most significant 
facts have been brought out. All this information, 
having been given in an orderly way, should have 
helped the prospect to arrive at a decision to accept 
your idea. But he may hesitate to commit himself be­
cause he is unsure of something. This uncertainty will 
show up as an objection raised to your closing and ask­
ing for acceptance. 

To meet this objection, there comes yet another 
question. This one will seek to get his agreement that 
the objection is really more of a doubt in his mind than 
a rebuff. It results from having done a thorough prepa­
ration before proposing your idea: namely, thinking 
ahead of some possible objections that might arise. 

One of these objections might be that it would be 
too time-consuming to deviate from regular design 
concepts. To nullify this notion, a seventh question: 

(Cont inued) 
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Design Interface 

l'M GLAD YOU 
ASKED THAT ! 

~ 

Give forethought to possible objections that may 
arise. Then, when they do, bring them fully into 
the open by getting your prospect's confirmation 
of their basis. 

For example, the prospect could be convinced of and 
desire the benefits of the standardization plan, but he 
may wonder how to put it into effect. Not really know­
ing what his possible problem may be he'll just simply 
say that the idea isn't practical for his group . So with 
your seventh question, in anticipation of, say, the 
time factor, you query "Are you saying, Mr. Smith, that 
the idea is not practical because the extra time needed 
to research standardized parts would not allow you to 
meet your design schedules?" 

If time is indeed his hangup, his confirmation of this 
basis helps you both to untie the binds preventing full 
acceptance. It is important to note that, in acknowledg­
ing the reason for his objection, the prospect is letting 
you continue the proposal discussion. 

To conclude the proposal, you can refer back to the 
first question, in which you asked for the prospect's es­
timate on the total number of different capacitors used 
in all your products. With his thoughts directed toward 
standardizing the use of various parts, he now may be 
wondering just where to start. So, by hinting at a cate­
gory, you can help him decide. 

A final question here can help put over your proposal. 
This question makes it easier for the prospect to accept 
your idea by asking for a choice of items to begin stan­
dardizing-rather than a blunt request to standardize. 

Let's assume the aforementioned category of capaci­
tors might offer the greatest area to effect cost savings 
via standardization. To stress this point you could state 
the high number of capacitors being used in your com­
pany's products. If such a high number comes as a sur-

prise to the prospect, he may decide to begin with ca­
pacitors. 

On the other hand, he may decide not to standardize 
capacitors. And this negative response here at the end 
of the presentation could seriously dampen the chances 
of acceptance. 

Here's where an eighth and final question can help: 

To help assure acceptance of the proposal, 'Of­
fer the prospect a choice of items or actions. 

For example, you may wish to have capacitors as the 
kickoff standardizing category, but from your discus­
sion (especially with the seventh question) you may 
sense that your prospect might prefer the least time­
consuming category. Let's say this is power resistors. 
So you'd ask "It's agreed, then, that we should stan­
dardize our designs with fewer different types of parts. 
Shall we begin with the 138 different capacitors for a 
large cost saving, or should we begin with an easier 
and quicker category like power resistors?" . 

Let the choice be his. A proposal that ends with the 
prospect saying what to do should get the project off to 
a good start. o 

Raymond E. Herzog super­
vises General Electric's TV 
service parts operation in 
Portsmouth, Va. With a 
B.S.E.E. from Indiana Inst. 
of Tech. he was previously 
with GE's Apollo Systems 
Dept. in Daytona Beach, Fla. 
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At any clack l'lltll 
thB AmptJnJX A71413 
wll kit you drivB 
mora bits 
of-

100 200 500 1000 2000 5000 10000 20000 50000 

LENGTH OF DRIVEN MOS REGISTER (Total Bits at 0 .2pF/bit) 

Amperex dual IC clock drivers 
let you stretch yOqr MOS memory. 

AMPEREX ATF473 

Whether you 're driving a circulating memory or a large MOS 
array, the key figure of merit for your clock driver is the number 
of bits of shift register it will drive reliably at your clock rate. 
For example, our dual ATF473 hybrid IC will drive two 5,000-bit 
dynamic MOS shift registers at better than 3 MHz ... or two 
15,000-bil registers at 1.75 MHz. While competitive drivers offer 
apparently similar specifications, their power/ speed limitations 
often end up limiting your system design . 

Each half of the ATF473 can source and sink up to± 2.0 
amperes at output swings of ± 30 volts. Switching is both 
extremely fast and highly symmetrical : maximum rise or fall 
time into a 7,000 pF load (e.g., 35,000 bits at 0.2 pF/ bil) is 
only 40 nanoseconds and delay time is only IO nanoseconds. 
At a case temperature of 25°C the ATF473 can dissipate 3.0 
watts and even when case temperature rises to 70°C, it can 
still dissipate 2.2 watts. Its dual in-line package has convenient 
copper tabs to permit easy heat sink mounting. 

Best of all , ATF473 sells for only $16.50. 

AMPEREX ATF472 

For applications such as transmitters, translating TTL data 
to MOS levels and medium power switching, our ATF472 offers 
identical speed , symmetry and voltage handling capability in the 
popular low cost DIP package. Each half of the ATF472 can 
drive 1,500 bits of dynamic shift register at 2 MHz, sourcing 
and sinking ±0.3 ampere at output swings of ± 30 volts. 
ATF472 dissipates 1.25 watts at 25°C and 0.7 watt at 70°C. 

And it sells for only $9.75. 

For complete specifications and applications data on the 
entire line of Amperex clock drivers, write: Amperex Electronic 
Corporation, Hybrid Integrated Circuits, Cranston, Rhode Island 
02920. (Telephone: 401-737-3200.) 

Arnpere» 
A NORTH AMERICAN PHILIPS COMPANY 

In Europe, Amperex clock drivers are available via N.V. Philips, Hybrid IC - Elcoma Division, Eindhoven, Holland. 
CIRCLE 0. 401 



Introducing: "The Portables" from HP 

1 V calibrator connected internally.* 

The 1707A-Fastest in Its Class 
If you 're looking for speed in a 

$2000 portable scope, then the new 
dual-channel HP 1707A is your baby. 
It gives you 75 MHz bandwidth (< 4.7 
ns risetime)-more than any other 
scope in its class . And you get 10 
ns I div sweep speed , delayed sweep , 
and 10 mV I div over the full band­
width . With this capability, you can 
measure PL or ECL pulse timing and 
propagation delay. Yet the 1707A 
costs only $1925. 

And , you get this performance in a 
truly portable scope. The 1707A 
weighs only 24 lbs. And it can be 
powered from an internal , recharg­
able battery pack ($200)-or from any 
de source from 11 .5 V to 36 V, as well 
as any standard ac outlet. 

Its low power requirement not only 
allows battery operation - but also 
eliminates the need for fans , or even 
dust-admitting vent holes. And 
although the 1707A is small and light, 
you still get a large 6 x 10 cm CRT 

viewing area-larger than competitive 
scopes. Compare the display bright­
ness, too! 

If you need even more measure­
ment capability , a $125 option gives 
you our " lab package " which in­
cludes mixed sweep , calibrated de­
lay, and external trigger input for 
delayed sweep . It also includes ex­
ternal horizontal input, and cascad­
ing capability at reduced bandwidth . 
(How's that for a bargain?) 

Our new 1700 Series of portable 
scopes begins as low as $1680-for 
the dual -channel , 35 MHz 1700A 
(< 10 ns risetime) . Add delayed sweep , 
and you 've got our 1701A, for only 
$1800. 

The philosophy behind the 1700 
Series is simple- providing the max­
imum in useful capability per dollar. 
The 1700A, 1701A, and 1707A offer 
wide flexibility, giving you everything 
you need for digital field service 
work. And they won 't cost you a for-

CIRCLE NO. 402 

tune. Compare them with anyone 's 
competitive models-prove to your­

. self that the HP 1700's are the best 
values in portable scopes today. 

For further information on " The 
Portables" -HP 's new 1700 Series 
scopes-contact your local HP field 
engineer. Or write Hewlett-Packard, 
Palo Alto , California 94304. In Eu­
rope : 1217 Meyrin-Geneva, Switzer­
land . * Option 020 Shown. HP's lab version of the 
1707A. $2050 . 

Scopes are changing . 
Are you? 

081f12A 

HEWLETT""' PACKARD 
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Chances are 
you're paying 

up to 30~o too much 
forthiskind 
of breaker. 

Unless you're already using Heinemann's new 
Series AM 1. 

It's our low-priced, direct replacement for 
AM 12-type breakers that have been so 
popular everywhere. 

But now you can save 17% on a single-pole 
model with auxiliary switch. Or 30% on a 
three-pole, 400-Hz model with auxiliary 
switch. Over comparable AM l 2s. 

That ain't hay. 
And AM ls are UL-recognized in any current 

rating up to 50 amp, at 240Vac or 65Vdc. 
We offer you a bunch of options, too. 

Custom current ratings, choice of time-delay 
or non-time-delay response, special-function 
internal circuits. You can even get multi pole 

models with all poles 
identical or with different 

voltage and current ratings, 
time-delay curves, and inter­

nal circuits for each pole. 
If you've been using AM12-type breakers 

(incidentally, the most copied design in the 
world!) , it's a cinch for you to work our 
AM ls right into your production. And you 
might even be able to lower your selling price. 
Or pocket some extra profits. 

For all the details, write for Bulletin 
3306. Heinemann Electric Company, 
2808 Brunswick Pike, Trenton, N.J. 08602. 
Or Heinemann Electric (Europe) GmbH, 
4 Dusseldorf, Jagerhofstrasse 29, Germany. 

~ HEiNEMANN 
4975 
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computer hardware 
EXCLUSIVELY FOR DESIGNERS OF COMPUTER MAINFRAMES, PERIPHERALS AND SYSTEMS 

cover 
Cover photo by National Semiconductor Corp. pre­
sents in abstract form the competition between mag­
netic discs and their semiconductor counterparts. 
The article on p. 8 tells about the tradeoffs involving 
these two technologies. 

directions 
what is happening with cores? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
minicomputer nabs thief radiating heads in-
crease drum capacity 

1ea1Ures 
'silicon discs' challenge magnetic disc memories . 

Magnetic discs are reasonably fast and economical , 
but how do they compare with thei r sol id-state coun­
terparts? Already, as indicated in th is arti c le, MOS 
shift-registers are moving into systems capable of 
storing several million bits. 
human factors in vertical panel design ...... . 
Better panel switches can be designed, says H-P's 
Chris Clare, if we recognize the way human operators 
are structured. 

even ls 
coming courses . 
call for papers . 

8 
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directions 

what is happening with cores? -
John J. Guyett, Director of Marketing for Core Memories , Inc. , Data Products 
Corp. , evaluates the core marketplace in three areas-the core, OEM systems 
and end-user systems. In the core area , the trend is one of improved mass pro­
duction and testing techniques. More firms will be using a roll-cut process 
(patented by Data Products Corp.) to achieve production economies. Present 
core prices of $1.50/1000 will approach $1.00/1000 in 1972. The design trend 
is toward smaller 14-mil OD, low drive, fast switching cores. 

The trend in core memory systems will continue to be one of increased per­
formance and decreasing prices. Semiconductor memory manufacturers are 
supplying ever increasing pressure on the small-memory portion of the 
market. Presently, core systems are sold at a price/bit that semiconductor 
people quote for chips alone, not including assembly onto printed circuit boards 
or chassis. Because of decreasing prices in the semiconductor market for logic 
and sensing circuitry, complete core memory systems will be offered through 
1972 at a price/bit equal to that which semiconductor memory companies 
charge for the memory elements alone. 

Memory systems of the 1970s will require a greater data bandwidth. A 2D 
organization looks better from the price/performance viewpoint due to con­
sistent lowering of prices for semiconductor circuits. A 2D organization lends 
itself to long data word lengths, such as 72 and 144 bits (typical) per word, that 
are used in larger computer systems. By using a 2D system with an access time 
of 200 nsec and a cycle time of 500 nsec, a selling price of 0.75 cent/bit can 
presently be obtained in production quantities. 

Smaller systems, 4- to 8k words x 18 bits, are currently totally integrated 
module assemblies. These modules not only contain the magnetic storage but 
also the data and address registers , and internal timing. These assemblies are 
usually a sandwich of a planar core stack and two or more PC boards contain­
ing the associated electronics. The modules may be as small as 8 by 10 by 2 
inches for a total 4k-word by 18-bit system. Performance is in the area of 750 
nsec with costs about 1.5 cents/bit for the total modular package. The data 
pr0cessing system designer is given the opportunity to incorporate the new 
modular memory systems by simply plugging the assembly into his standard 
logic card mounting assemblies. Higher bit density packaging will be accom­
plished with smaller cores and where semiconductor barriers on thermal 
limits are advanced. 

The recent flourish of offerings by independents to supply plug-compatible 
memory systems has not been limited to "peripheral storage". Vertical in­
tegration practiced by computer OEMs long ago caused the independent to 
seek a more diverse market place, and during the early and mid 60s, sufficient 
volume was found in special system houses and those computer OEMs that 
could not afford development of memory products. In turn, the independent 
memory supplier now seeks the market place his old customer had a strong 
hold on, by virtue of his more concentrated skills applied to a narrower product 
range. So the former supplier now comes into focus as a competitor to the 
computer OEM in the area of add-on memory. 

(Continued) 
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sfir:4'fm[J][J]CE!P53® 
attach with a new, super-adhesive 
and shield RFI better ·· . . 

than anything else! 

Panel-type 
enclosure 

openings can 
be shielded 

quickly using 
STICKY 

FINGERS strip. 
Strip forms 

own corner. 

1' 
N ow! W e've given STICKY FI NGERS a newer, stronger 

• 
~ 

self-adhesive to provide an extremely tight instant bond that 
"cures" and strengthens with age ... won't creep o r 

crawl even with thousands of closings. This means you 
get a superior RFl / EMI shielding with a beryllium copper finger 
strip that requires no soldering, screws, clips, or other fasteners. 

And new SU PER STI CKY FINGERS meet MIL Specs on 
salt spray, shock and humidity cycle tests and is 

unaffected by tem peratures from -65F to 225F! 

What's more, shie lding effectiveness is greater than 
108 dB at 10 GHz, and 70 dB at 200 kHz magnetic! 

N ew SUPER STICKY FINGERS are available in a 
variety of configurations and surface finishes 

to meet all your shielding needs. Even if you've 
already seen samples of STICKY FINGERS, 

write today for complete technical information 
and free samples of the new 

SUPER STICKY FINGERS. 
INSTRUMENT SPECIALTIES CO., INC. Address: Dept. CH-60 
Little Falls, New Jersey 
Phone 201 ·256-3500 
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STICKY 
FINGERS 
adhere firmly to 
door flanges, 
sealing against 
RFl/EMI on 
dosing. 

Easy to install! 

Simply remove adhesive back­
ing and rub a pen or small 
screwdriver under the fingers, 
assuring complete contact. 
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direclions 

Without the overhead of software and systems architecture to soften the 
punch, memory suppliers are providing each other with competition in the 
largest field of add-on memory-IBM's System/360. Several lines have been 
announced as targets, including the DEC PDP-10 and Univac's 1108. The 
proliferation should swell over the next 2 years until the OEMs decide to 
buy up competition, or until totally integrated memory is assembled within 
the control processor unit (CPU), comparable to the incorporation of peripheral 
controllers within the CPU domain as in the 2319 disc system. 

But the steady growth of the independents has provided a concentration of 
design and manufacturing skills that now offer equivalent or better perfor­
mance at a cost from 20 to 50 percent lower than the OEM memory. Obviously, 
the end-user cannot continuously ignore such an offering. Even with the 
newly assumed burdens of field service and broader sales coverage, indepen­
dents are selling one- and two-million-byte memory systems at 2 cents/bit, 
including all possible bells and whistles. 

Increased sophistication of the end-user will undoubtedly cause the inde­
pendent to be more responsive to the user requirement. It is projected that 
within 5 years, many commercial users will procure or lease a complete EDP 
system from a shopping list of CPU, memory, peripheral and terminal sup­
pliers, just as was done by research systems people some 15 years ago. 

But by 1976, ferrite storage will cost the end-user less than $10,000 for one 
million bits of on-line main memory with a cycle time of under 500 nsec. 

minicomputer nabs thief-

- -- 1 

Within 2 hours of being placed in operation, a Data General Nova 1200 
minicomputer along with an American Regitel electronic cash register identi­
fied a "hot" credit card passer. It just shows how far the mini has come from 
being an unseen dedicated scientific device to a practical tool in face-to-face 
public business applications. The system benefits both the consuming public 
and employees at Bullock's in Los Angeles, for it makes immediate credit 
checks on charge purchases and also performs all calculations of discounts 
and taxes, makes price extensions and records the information on magnetic 
tape for direct automatic billing processing. This is just one small step toward 
fulfilling the myriad of predictions on how electronics and computers would 
make things better for the general public. 

radiating heads increase drum capacity-
E,ead-write heads (total of 294) extend out from the outer cylinder of a 15-
million-bit memory drum, developed by Hughes Aircraft Co., Data Systems 
Div., Culver City, Calif. Known as the Mark II, Mod 7 Series, this unit was 
developed under contract to Texas Instruments Incorporated for the U.S. Air 
Force and Marine Corps TIPI program to meet increased digital data needs 
for military aircraft and missile systems. The 294 heads ride on an air cushion 
while the polished memory drum inside spins at 2400 rpm. 

J u n e 1 5, 1 9 7 1 



· igh-Speed Computer-Controlled 

AUTOMATIC 
TEST SYSTEM 

We call this solid-state system ADATE -Automatic Digital Assembly Test Equip­
ment. ADATE is a test system programmed by a computer, not just a computer 
interfaced with a unit under test. ADATE provides performance and diagnostic 
test capability for digital assemblies in both commercial and military applications. 

This unique system is ... 

FAST - Performs up to 300,000 tests per second. 

VERSATILE - Dynamically evaluates digital assemblies for all significant param­
eters, including truth tables, noise margins, fan out and delay 
characteristics. 

ADAPTABLE -Accommodates all logic families plus mixed logics, with capabil­
ity from 36-pin operation to more than 240-pin operation. 

EXPANDABLE - Utilizes a functional modular design and flexible programming 
language to facilitate expansion as new test requirements occur . 

. . . and it's 

ECONOMICAL - Minimizes operator participation and skill requirements; pro­
duces hard copy printout of test results in seconds. 

For more information, write or call Watkins-Johnson Company Applications En­
gineering Ext 254, or get in touch with our local Sales Representative. 

WATKINS-JOHNSON 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO , CALIF. 94304 • (415) 326·8830 

CIRCLE NO. 405 

CH 7 



'' 
Because magnetic discs are reasonably fast and eco­
nomical, they dominate the peripheral memory mar­
ket. But are they fast and economical enough to com­
pete with new solid-state memories? Small, drum-type 
memories built with MOS shift registers already have 
begun to replace their electromechanical counterparts. 
Now, large-scale MOS registers are making their move 
in systems storing up to several million bits- the size 
at which magnetic discs cost 0.5 cents per bit or less. 
However, the silicon disc systems based on MOS shift 
registers help computers perform twice as much work 
as before by minimizing data-transfer delays. 

Earlier shift-register memories achieved high speeds 
out were expensive with increased capacity. This was 
partly because register lengths were short and partly 
' ecause the cost of supporting logic networks grew al­
.most geometrically with capacity. 

To limit cost regardless of size, National Semicon­
ductor developed a unit that contains two 256-bit regis­
ters plus gating for data-input and output-data steer­
·ng and three levels of decoding logic (Fig. 1). Also, the 
design features a three-state output configuration that 
. llows many registers to time-share data-transfer 
buses. Memories storing millions of bits can be built 
with little more supporting logic than memories with 
capacities of a few hundred thousand bits. In the latter 
ange, silicon discs are actually less expensive than 

small electromechanical drums and discs. 
The MOS registers keep large systems totally modu­

ar and page-organized in a three-dimensional (3-D) 
memory configuration. Every memory-page sector is 
directly accessible in microseconds with conventional 
disc software. If more efficient software is written for 
the disc, pages are accessed in real time. 

Register length (256 bits) corresponds to the popular 
memory-page size of 256 words in a 3-D recirculating 
memory. However, any length can be stored. Longer 
MOS registers are available, but the tradeoffs of capac­
·ity versus data transfer times, modularity and system 
complexity have not been very appetizing. 

Furthermore, the design in Fig. 1 assures that com­
pact, low-power, cool-running megabit systems can be 
built into the main frames of advanced computers. 
Operating problems solved range from arc-free opera­
tion in hazardous industrial atmospheres to using bat­
teries to retain data during power shutdowns. Power 

, consumption for storing a million bits ranges from less 
than a watt at idling frequencies to about 10 watts at 
•a 2-MHz word rate. !Continued! 
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Fig. 1-Design of the MM5012 lends itself to 3-D organi­
zation, outlined in Fig. 2. A 3-bit address applied to the 
mini-ROMs defines eight pages. At a page length of 256 
words, 16 bits/word, one can store 32,000 bits, equiva­
lent to a small drum. No external decoding or input/ 
output steering logic is required . 

The reason for time-sharing the MOS outputs is that 
gate G has three logic states. Two are normal TTL­
compatible MOS " l " and " O" states. The third is a high­
impedance state that disables the package by in effect 
disconnecting it from the output bus. This third state, 
developed by the author and others at National Semi­
conductor, shunts the gate output stage so that only a 
small leakage current flows through the output. No data 
flows through the disabled output-only the selected 
output transmits on the bus. 

The 3-bit address applied to the mini -ROMs are such 
that two inputs allow package select while one input 
selects the registers to be addressed. These are: 

2' Binary Values with 2° 

0 0 0 and 1 

,, 
OUT 

0 

1 

1 

0 

------- BUS 
DATA OUTPUT 

•-f-• DATA OUTPUT 2 

2 and 3 
or 

4 and 5 

6 and 7 

Reversing the pins of the "01 " type on the printed cir­
cuit card layout yields "01" coding. 

Input mini -ROM type "00" package, for example, en­
ables gates A and D, and disables gates B and C if the 
address is 000. Thus, a data-bus input is steered into 
the top register. If the address is 001, only gates Band 
C are enabled, steering the data-bus input to the lower 
register. All other addresses keep gates A and C dis­
abled, and B and D enabled. A page selected in a mod­
ule such as in Fig. 2 stores new data while all other 
pages continue recirculating previously stored data. 

Similarly, output mini -ROMs steer the data being 
clocked through the top register through gates E and G 
for address 000. If address is 001 , it steers the bottom 
register contents through gates F and G. All gating is en­
abled wi th true logic levels on mini-ROM output lines, so 
the gate functions are identical in all register types. 

(Continued ) 
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si licon discs (Cont'd) 

Three-Dimensi onal Systems. Logically, the device de­
scribed in Fig. 1. is most efficient in the 3-D system 
structure outlined in Fig. 2. A 3-D structure renders 
direct access, page by page, and data transfer in bit­
parallel words . It requires no more registers and in 
general , less external logic than a 2-D configuration. 
More important, 3-D is very efficient in terms of com­
puter utilization. 

Assume either a 3-D silicon disc, an electromechan­
ical disc (Fig. 3a), or a drum type, 2-D silicon memory 
(Fig. 3b) is to be used for storing a nominal page length 
of 256 words, 16 bits/word. The MOS 3-D configuration 
operates easily at a word rate of 2 MHz - a 32-MHz bit 
rate. At worst case, the registers take 126 µ,sec to re­
circulate to the zero-reference word output of the page. 
Average latency time (search delay) is 64 µ,sec and data 
transfer time is 128 µ,sec. These figures apply for con­
ventional disc-computer programming. Software writ­
ten for the silicon disc eliminates the latency interval. 

Although an electromechanical disc is physically a 
2-D system, each track can be considered a 1-D sub­
system. This is because all bits of all words in a page 
generally are serially recorded along a sector of a 
single track. A low-cost system takes some 32 msec/ 
revolution, thus latency averages 16 msec. Transfer at 
the 3-MHz bit rate is about 1.5 msec, an average total 
time of 17.5 msec. A more expensive high-speed system 
might exhibit a total time of 10 msec. 

A 3-D organization offers many advantages with the 
biggest savings in computer time. As in any solid-state 
page-organized design, index and keywords need not 
be stored or stripped. Logic cost and time are reduced. 
Capacity can be tailored to application and modularly 
expanded later, rather than following a binary pro­
gression to economize on transducers and analog cir­
cuitry. Also, there is a savings in the cost of parallel­
serial and serial-parallel conversion in computers 
equipped for bit-parallel operation. In other words the 
overhead ratio of stored data for the silicon disc organi­
zation is optimum since there is no need to insert addi­
tional data for page on track coding intelligance. 

Chip Decoding. Three types of shift registers are avail­
able-differing only in mini-ROM coding for input and 
output address bits. Two inputs select the package and 
one input selects the register being addressed (Fig. 4). 
The input mini-ROM packages steer the information 
on the data input bus into the proper register. Similar­
ly, the output mini-ROMs control the transfer of data 
from the register to the output network. 

CH 10 

Readout is nondestructive. The register recircula­
tion loops are normally closed by wiring data output 1 
to data input 1, output 2 to input 2, etc. Alternatively, 
registers may be connected in series to store multiple­
page data blocks. The data outputs are buffered to main­
tain good logic levels during recirculation and may be 
tapped to sample data for house keeping and other 
functions within the system. The recirculation is not 
interrupted by changes of the read-out address-only 
the read-in address will cause changes in recirculation 
control. 

TIL/MOS Compatibility. To operate at high-word rates, 
bipolar logic can be used to control MOS registers. For 
example, a bipolar counter establishes the zero-word 
reference point in the recirculation loop by counting 
the clock pulses. Also, in large systems, it is convenient 
to use TTL single-chip circuits for decoding higher­
order address bits of an X-Y select matrix. 

Therefore, a low-threshold (100) silicon process was 
used to make the MM5012 registers. This process per­
mits data inputs and mini-ROM addresses to be either 
MOS or bipolar logic levels. However, the outputs drive 
a TTL load when the register v., is bias at the TTL Vee 
voltage supply. There is no logic inversion through the 
register. That is, data entered in bipolar format reads 
out in the same format. However, the mini-ROM pro­
gramming, previously described, allows the element to 
accept any TTL-input combinational level. 

Almost any number of MOS data-bus outputs can 
time-share a bus line. Word rate establishes the maxi­
mum number because this governs ·the capacitance 
output load- a 20 pF load to the selected output. As the 
capacitance increases, transition times of the output 
data must increase to maintain good output data levels. 

To illustrate, the maximum word rate for 128 MOS 
outputs tied in common is about 500 kHz-total aver­
age transfer time of a 256-word page is less than 1 
msec. The frequency can increase, almost proportion­
ally, to about 2.5 MHz maximum if only four MOS out­
puts (eight pages) are bus-connected. At any word rate, 
there is no practical limit to the number of packages 
that can be connected to the data input. This is because 
TTL gates can supply extremely large capacitive load­
ing without degradation of gate propagation delays. 

Tri-state logic is an approach to supplement the MOS 
outputs in large systems operating at high word rates 
(F ig. 1). These devices act as a buffer for the MOS out­
puts, as shown in F ig. 2. Also TTL can decode the 
higher-order output-address bits and steer the page 

(Continued) 
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(a) 3 -D " ROTATING " MEMORY ORGANIZATION 

Fig. 2-Diagram (a) illustrates a 3-D system structure 
with (b) showing a portion of one-X-Y plane. Dimension X 
represents page length in words (register length), Z is 
bits/word and Y is pages/system or modular assembly. 

Clocking the registers to read in, recirculate and read 
out stored data simulates disc rotation. Control decod-

ZERO 
REFERENCE POI NT 

HEAD 
(3 MHz Bil Rate) 

-v-' 

OTHER PAGES 
..__,_, 

OTHER PAGES 

(b) EIGHT PAGE ASSEMBLY 

ing logic for all parallel registers in the Z dimension are 
add ressed in parallel. Hence, a two-page, Z section can 
be considered the basic system submodule for a 256-bit 
page size, consisting of as many IC packages as there 
are bits/word . 

1- ---MAGNETIC DISC 

PAGE ( ()))) ))J) BITS 

ZERO 
REFERENCE POINT 

-==~;g:r::=f--f-J;"f;:::o......._---PAGE SELECTOR 
TRACK 2 AT TRACK 0, SECTOR 7 

(b) SILICON DISC (2 -D) 
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• 10,000 BITS/ TRACK 
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(Clock Track) 

Fig. 3 - Diagrams illustrate approaches to storing 256-
word pages, 16 bits/word on either an electromechanical 
disc (a) or a 2-D silicon memory (b). 
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Fig. 4 - Three circuits that operate on address words longer 
than 3 bits are straightforward examples of address de­
coders. In (a). X and Y represent partit ioned memory address 
locations as in a planar array of page locations. Dimension z 
refers to the number of pages that would be addressed in 
paral lel if tri-state logic were used. Axes X and Y are applied 
to the 2' and 22 mini-ROM inputs. Address bit 2° may select 
either page in each of a two-page subassembly. Address 
decoders DM8842 (BCD-to-decimal) have 10 active- low out-
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puts in a dec imal mode or eight outputs in an octal mode. 
To decode long binary address words, the octal mode is 

used. Each bit of the 3-bit address applied to a decoder 
select s eight packages, 16 pages with 2° address. Outputs 
from one X decoder and one Y decoder select 64- packages 
on 128 pages as shown in (a). Select capability grows in a 
binary progression if one of 16 decoder elements are used . 
Th is is a simple decod ing network for a 2-megabit storage 
system. 
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INPUT PAGE OUTPUT PAGE OUTPUT DA TA BUS 

ADDRESS ADDRESS 

With tri-state TTL devices, several pages can be addressed 
in similar X-Y locations in adjoining modules, using the less 
significant address bits. The more significant bits select the 
desired page on tri-state TTL outputs, illustrated in (b) and 
(c). In fact , if all mini-ROM coding options are used, large, 
high-speed silicon discs may be built with little or no output 
decoders in the modules. 

Configuration (b) illustrates a use of National 's tri-state 
TTL family-quad gates DM8093 and DM8094. Each of the 

OUTPUT ADDRESSES 

MULTIPLEXER 
(DM8214) 

MULTIPLEXER 

(DM8214) 

(c) 

four gates in a package has a control input and a dedicated 
data input. A TTL "O" enables the DM8093 output and a 
TTL "1" enables DM8094. The DM8214 in (c) is a dual 4-
channel multiplexer. Data routings are selected by binary 
control signals. A half-package selects from the parallel 
outputs of four modules. This might represent 4 x 16 pages 
of a 2-MHz system. At practical system sizes, submultiplex­
ers would probably be used only to achieve high word rates. 

(Continued) 
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data through a minor data bus to the main output bus. 
Like the MOS outputs, the tri-state devices have a 

high-impedance state that allows only a small leakage 
current to flow. They can be connected 128-wide to a 
bus, and operate at TTL speeds. With these devices, 
many tradeoffs can be made among word rates, mem­
ory modules sizes, addressing techniques and so forth . 
All these tradeoffs can be included in the hardware de­
sign without affecting the disc operating characteris­
tics. 

Large-System Decoding. So far, it has been shown that up 
to eight pages can be selected without external decod­
ing and that up to 256 pages (128 packages at 500 kHz) 
can be assembled in a single module without external 
data-steering gates. The latter, based on the nominal 
4096-bit page, represents a million-bit system with an 
8-MHz bit rate. To lower system construction and 
maintenance costs, to take advantage of design trade­
offs, and for other practical reasons, the designer pre­
fers a more modular form. This is possible without 
affecting the direct accessibility of each page. 

First, there is the matter of decoding address words 
longer than three bits. Some techniques are discussed 
in Fig. 4. In Fig. 4a, X and Y represent the partitioned 
memory-address locations as in a planar array of page 
locations. This is a simple decoding network for a 2-
million-bit storage system. The number of words per 
page or bits per word will not change the number of 
decoders used. All data is addressed by page and all 
registers of a page are parallel. One might, however, 
want to replicate the decoding assembly from module 
to module to simplify the address-distribution bus. 
Mini-ROMs make this possible. Multi-level decoding 
networks are not required. 

In Figs. 4b and 4c, a Z-axis represents the number of 
pages that are addressable in parallel using tri-state 
logic to select the page outputs for transferring data to 
the main output bus. All input addresses are fully de­
coded because the input bus is not branched. However, 
the output addresses need not be fully decoded if the 
output bus structure consists of tri-state logic. There­
fore, tri-state logic performs double duty- increases 
word rate and simplifies the output decoding network. 

Many options available in different mini-ROM for­
mats and decoder modes extend and vary both input 
addressing methods. The mini-ROM can effectively 
quadruple the flexibility of the decoder approach. 
Small systems use the full element decoder. 

When considering the efficiencies of the electro-

CH 14 

mechanical and silicon disc memories, we see that 
with in the finite storage system one must also store 
the sector and page address information as well as the 
data page intelligence. This requires additional stor­
age, thus adding to the data overhead of the electro­
mechanical disc. 

Since the silicon disc is page structured, there are 
no storage inefficiencies. Only data is stored. All ad­
dress instructions are available as input or output de­
coding terminals. Probably, there are cases where the 
256-bit page will not be the desirable length, but one 
can still make use of the control functions and memory 
storage. This is achieved by connecting external mem­
ory registers between the nonbussed outputs and the 
register data inputs. This allows the memory register 
to be any length desired, permits the general economy 
of long simple input/output registers to be used, and 
retains the usefulness of the input/output decoding for 
mass storage. 

The Long Weekend. Magnetic memories retain data in­
definitely. So will silicon discs made with dynamic 
MOS registers as long as the clock rate is at least a few 
kilohertz. All that is required during holiday shutdown 
or power failure is a small battery-thanks to mini­
ROMs. 

Tpe registers consume about 0.5 mW/bit at 2 MHz 
or 500W for a million bits run at 2 MHz continuously 
(which just isn't done). But power decreases with clock 
frequency to about 1.5 µ,W/bit at 5 kHz or less . Thus, a 
nickel-cadmium battery will supply the 1.5W required 
by a million-bit system for several days. The kind of 
"long weekend" or power failure circuit that can be 
used with the MM5012 register is described in Fig. 5. 

Low-Power System. Clock modulation is the work-a-day 
version of Fig. 5. Data transfers are made in a burst 
mode of only selected subassemblies while all other 
registers are idling. However, the computer sees the 
entire system operating at 1 or 2 MHz. The burst fre­
quency is that required by the computer, and the idling 
frequency is usually f/256 or f/512- less than 4 kHz. 
Making the low-frequency a submultiple of the transfer 
frequency will transfer a page of data within one clock 
interval of the low-frequency clock interval. This sim­
plifies the memory housekeeping in maintaining 
synchronization of all discs. 

This mode reduces MOS power consumption to about 
1 to 2W in the addressed two-page segment and 0.5W 
in the remainder of the system. A generous allowance 

(Continued) 
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MOS SUBSYSTEM 

Fig. 5-"Long Weekend" or power failure circuit is a 
clock drive configuration that can be used with the 
MM5012 register (Fig. 1). When Vee = V., becomes zero, 
the 2-kHz clock drives all MOS registers in the system. 
It also maintains the near 17V Vss - V cc potential 
needed to maintain register logic levels. Diode D, 
switches off the - 12V supply while D., switches in the 
battery. -

All TTL elements lose power and go to OV (low). The 
MOS packages then see MOS "O" address, throughout 
the entire system because V

88 
of the MOS device and 

data input lines have the same voltages. Data bus inputs 
and outputs are disabled, but not recirculation paths. 
The NAND gate represents the TTL circuits. 

'-------------¢ou1-----
- 12 v '-----------------9in-------

20 
X DECODE 

2' -

l 22 DM 

23- 8842 

INPUT 
ADDRESS 

':" 
Y DECODE 

2• -

25 -
DM 

26 8842 

7 

LOW-FREQ 
ENABLE 

¢ ;n 

OUTPUT DA TA BUS 

SUBMODULE 

I 
N 

I 
I 
I 
L.+ SUBMODULE 

1 

X DECODE 

{~ DM 
8842 

Y DECODE 

DM 
8842 

20 

2' 

22 

23 

7 

--- -:-

OUTPUT 
ADDRESS 

'"~ J '°'"~""" 
HIGH FREQ 

CLOCK 

<hout 
CLOCK DRI VER #2 

Fig. 6- Burst mode technique is developed with a few 
gates added to the clock drive lines of whatever size 
assembly one driver can operate (this also varies widely 
with burst frequencies). High- and low-speed clocks are 
bused at minimum power levels. When an X-Y select is 
made, the gates enable the high-speed clock to the 
driver. Search and transfer can be achieved in one 

clock period if the high/low ratio is twice the page 
length. Loss of synchronization is only one clock period 
at worst if the ratio is the page length. Detection of a 
possible loss of synchronization is required and the 
additional clock pulse is added if required to the ad­
dress memories so as to maintain total synchronization 
of the disc memory system. 
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for bipolar circuits bring this up to about lOW /megabit. 
The main purpose is to avoid excessive heat dissipation 
in the very dense circuitry. Operating a fraction of a 
millisecond in a burst mode hardly warms up the regis­
ters. Among other benefits are improved performance 
from the clock drivers, more compact system packaging 
and simpler control logic. The logic, such as clock 
counters, is simpler because the pages stay synchro­
nized when an access is made. An example of a circuit 
that provides burst-mode operation is illustrated in 
Fig. 6. 

Re al-Time Access. A conventional disc begins readout 
with the zero-bit of a page or data block. On the other 
hand, a silicon disc can start readout at any word loca­
tion because no extraneous data is read between the 
end and beginning of a page if register length equals 
page or block length. 

Writing a program based on Fig. 7 will eliminate 
latency or search time. When the silicon disc receives 

READOUT ENABLED 
I 

x 

a read command, for instance, the clock counter de­
tects the word N-X as being the next word available at 
the output of the register. The computer is so informed. 
Readout starts immediately and is addressed to loca­
tion N-X in the computer's random-access memory. 
Readout continues through word N, word 0 , to word 
N-X-1, completing the transfer. 

Word rates multiplied by interlace techniques, simi­
lar to register multiplexing methods in other MOS sys­
tems, achieve effective clock rates of 10 MHz or better. 
Random addressed multi-page transfers can be made 
with pages in parallel to adjoining random-access 
memory sectors without a hold interval between pages. 
The logical flexibility of a silicon disc offers many such 
options. While today's computers may not be able to 
handle data at these rates, higher rates may be re­
quired to attain full useage of a computer with high­
speed, bipolar random-access memories. 

Just as word transfer is equivalent to reading several 
magnetic tracks in parallel, page-parallel operation is 

ADDRESS TO 
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COMPUTER MA IN MEMORY 
(Random-Access) 

················································• ······· 

................. ........... ... ......................... 

.......... ...... ................ ........................ 

SILICON DISC 
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READ COMMAND 

ZERO BIT 

Fig. 7- Latency or search ti me can be eliminated with a 
program corresponding to the diagram. When the sili­
con disc receives a read command, the clock counter 
detects word N-X as being the next word available at 
the register output. Computer is alerted. Readout be­
gins immediately and is addressed to location N-X in 
the computer's random-access memory. Readout con­
tinues through word N, word 0 to word N-X-1, complet­
ing the transfer. 

"X" is address location of 
bit initia l ly addressed 

" P" is bit length of a 
page of data. 

...... 

J u n e 1 5, 1 9 7 1 



like operating several discs in parallel. These discs, 
built with logic ICs, are not mechanically limited to 
any particular capacity or recirculation rate. As small 
a disc as a two-page subassembly may operate either 
synchronously or asynchronously within the main disc 
system. The data outputs of the small discs can be 
accessed through the buses or by sampling the recircu­
lation loops. Housekeeping, repetitive test routines and 
other functions that ordinarily require core storage or 
dedicated disc or drum may be obtained at much less 
cost. 

In the future, silicon discs will probably be built 
within the computer main frames to serve as buffers 
between slow, but cheap, mass memories and high­
speed random-access memories. The first applications 
are expected to be supplementing core memories, help­
ing small computers operate efficiently with 8k in­
stead of 16k core memory and an electromechanical 
disc a possibility. These introductions are anticipated 

'WHAT'S A MEMORY WORTH?' 
or 

'CHEAP AT TWICE THE PRICE' 

Hardware, software and overhead can easily 
make a $20,000 computer worth $50,000 to its 
owner. Consequently, any peripheral that helps 
that computer do 20 to 50% more work is worth 
$10,000 to $25,000. 

That, not coincidently, is the price range of 1 
to 2.5-megabit silicon discs-a penny a bit. You 
might say they are given away free to anybody 
who can use them-that is, anybody who can use 
submillisecond transfer times. 

Who's that? Owners of process controllers and 
small time-share systems, for example. Think of 
a small computer's peripheral as the tail that 
wags the dog. The process controller is slaved to 
the peripheral about 20% of the time, while 
program changes are being made. The time-share 
computer usually processes a request for 20 
msec, transfers a program in the next 10 or 20 
msec, processes the next request for 20 msec, 
transfers another program, etc. 

because discs are less expensive than random-access 
memories. 

Furthermore, a silicon disc goes into places that the 
electromechanical cannot-explosive atmospheres (all 
motors arc occasionally), aerospace and military en­
vironments, and computer housing, for examples. This 
·opens up new horizons for disc memories. A quick com­
parison of the cost of maintaining an electromechani­
cal disc with the cost of a silicon disc also indicates 
significant advantages. • 

Dale Mrazek is Manager of 
Digital Systems Applications 
with National Semiconductor 
Corp., Santa Clara, Calif, and is 
involved in MOS and bipolar 
digital applications. He received 
a B.S.E.E. from the University 
of Denver, and is a member of 
IEEE. 

The cycle is typical of a computer dependent 
on low-cost electromechanical discs. To ease the 
problem, the owner may buy extra random-access 
memory modules at much more than 1¢ a bit. 
Neither of these memories is free, literally or 
figuratively. 

Little electromechanical discs cost about 2¢ a 
bit, megabit discs about 1/2¢ a bit, and big ones 
1/4¢ or less. These fractions aren't as small as 
they look, howeve~ 

Conventional discs are made in size increments 
-0.4, 0.8, 1.6, 3.2 million, and so forth. You pay 
extra if the capacity requirements fall between 
the cracks. You pay extra for the track capacity 
used for indexes, key words and gaps, and if you 
can't use it, for the logic designed to find small 
track sectors. You pay extra twice if you esti­
mated wrong and bought too small a disc. The 
only guarantee against downtime for mechanical 
repairs is a spare. There's another 1/2¢ a bit. 

On the other hand, silicon disc capacities are 
modularly expandable in increments of a few 
pages. They can be maintained on the card or 
module level. If a card is out, those addresses 
simply can be forbidden while the rest of the disc 
is running. 
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All Relays Are Not Created Equal! 

Magnecraft Cteates Better General Purpose & Power Relays. 
Magnecraft relays are notl&~reated equal, because they are created to be better. Created 
better than its competitors, created better than the most demanding requirements, created 
better because rel iabi lity is important. We are then in the best position to help solve your 
switching and control needs, not just sell you a relay. 

Magnecraft's general purpose and power relays, used in so many appl ications, incorpo­
rate a rugged hinge pin design armature suspension system, molded nylon coil bobbins, 
and glass melamine terminal boards, to insure electrical stabil ity and mechanical stabil ity 
over a longer life. These two classes of relays are available in hundreds of variations: 
Up to 50 amp contacts; Up to 6PDT, in latching versions; Auxiliary contacts; Many types 
of enclosures, plastic see-thru, metal dust covered, and metal hermetically sealed ; Many 
types of terminations, such as soider lug, octal style plug-in, and terminal board plug-in 
are available; and of course all standard coil voltages. The variations listed are in stock 
for immediate delivery, not just on special order. When your design calls for a general 
purpose or a power relay, turn to Magnecraft with confidence. 

Our 20 years experience has enabled us to do more than just build a good relay. We can 
help you solve your switching and control problems. Your first step is simple. Send today 
for Stock Catalog #272 listing over 550 different relays stocked by Magnecraft and its 
nationwide network of distributors. 

Magnec~aFt® ELEcTR1c coMPANv 

5575 NOR TH LY NCH A V EN UE • CHICAGO . ILLI NOIS 60630 • 312 • 282 -5500 • T W X-910-221 -52 21 
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Your New Interface system sounds good -

O Send me information by return mai l 

O Cal l me for a demonst ratio n on my co mputer. 

I have a ···--- -------------·---··--- - ___ mini-computer. 

TITLE ______ ________ _ 

COMPANY _____________ _ 

ADDRESS _____ ________ _ 

CITY ______ __ _ STATE ___ _ 

ZIP _ _ _ ____ ______ __ _ 

PHONE ______ ________ _ 

DATASCAN, INC. 
1111 Paullson Avenue, Clifton, N. J. 07013 

Telephone 201-478-2800 

New Interface for Mini-Computers 
- without computer modification 
•PDP81/L •PDP11 • H-P 2114, 15, 16 
•Nova •Super Nova 

Just plug our interface card and cable card into your mini­
computer and you ' re on line. Datascan 's DRB-500 paper tape 
reader operates at 500 CPS, is bi-directional and has stop 
on-a-character capability. Another important benefit : it can 
use any type of 5 to 8 channel tape - oiled or dry paper , 
paper-mylar, aluminized mylar or solid mylar. 

Call for a demonstration - or get complete information by 
return mail. 

* PDP-8 $1 , 155. 
H-P 2114, 15, 16 $1 ,365. 

Datascan 
CIRCLE NO. 403 
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Analysis of anatomical structure and psychological factors can 
be used to design better panel switches as well as keyboards. 

CH 21 



Principles of tactile and audible feedback, preferred 
direction of force and natural hand angles (see "human 
factors in keyboard design", computer hardware, Dec. 
15, 1970) also find application in the design of switches 
for vertical panels. 

From the previously cited discussion, it would seem 
that if the fingers were fully extended, a vertically­
moving key would provide optimum tactile feedback, 
or "touch". There is a mechanical problem to providing 
such an action on a vertical panel, however, because we 
are generally called on to design with a short lever 
pivoted close to the back of the panel. Such a structure 
moves through an arc which changes the angle of ac­
tion with its position. 

The traditional pushbutton is simply a keyboard 
switch that lies in a vertical plane, rather than a hori­
zontal one. It would be a fine answer to most needs if 
the operator's plane were rotated 90°, too, but that's not 
usually the case. As it stands, a pushbutton is uncom-

AWKWARD PIVOT KEY 

21.5 

DEPENDS FINALLY 
UPON POSITION 
OF INSTRUMENT 
RELATIVE TO THE USER 

CURVE 

LABLE COULD CHANGE \ 

WHEN DEPRESSED~ -
LINE---IW!lll 

REFERENCE LINE-m;;;;;;;;;;;;;;=="""'"""" 

DOWN · --
BAR GRAPH TYPE READOUT 

OF PIVOT KEYS 

Fig. 1 - Ideas on convenient panel switch design. 

fortable to push. Fig. 1 illustrates a position for the 
knob and pivot which could provide a reasonable com­
promise "feel" on a panel key where a pushbutton 
might have been used or a pivot key misused. 

A Special Problem The thumb presents a special problem 
because it prefers to move horizontally with respect to 
the fingers. The preferred orientation of the hand is 
with the fingers in a horizontal plane, so that the 
thumb movement is lateral to them in a horizontal 
direction. Rotating the hand so that the thumb will 
move vertically is a poor solution, not only because it is 
contrary to the preferred hand position, but also be­
cause vertical movement of the thumb does not pro-
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FORE FINGER 

RIGHT THUMB n LEFT THUMB 

Fig. 2-Desired motion on keyboard plane. 

duce as much kinesthetic feedback, and close control is 
diminished. 

Bistable controls pose a special problem for feel and 
indication of position. A panel toggle switch on a ver­
tical panel does not fit any of the requirements for 
convenience except that the "down" movement is gen­
erally easier, since it fits the general requirements of 
forefinger movement in a downward direction. The 
"up" movement is awkward by comparison, however, 
no matter whether the thumb or forefinger is used, 
since upward operation with either one requires twist­
ing of the hand or arm to reach a moderately comfort­
able and sensitive position. The same statements can 
be made about a panel switch on a plane with the arm. 

Figure 2 shows the preferred directions of motion on 
a keyboard plane. Note that here, for the first time, we 
have begun to take into account whether the switch is 
to be operated with the right or left hand or both, and 
whether the operator is right- or left-handed. 

A bistable switch could be designed to comply with 
the requirements of both forefinger and thumb pre­
ferred motions in the configuration shown in Fig. 3. 
This is only one of many possible solutions, and it 
should be noted that it is applicable only for the right 
hand, since the required motions are directly contrary 
to the thumb and forefinger preferences for left­
handed operation. 

Capitalize on Disadvantages The fact that some motions 
are more awkward than others could be used to "code" 
the desirability of certain functions, making them more 
or less easy to use. 

The "erase" function on an oscilloscope, for instance, 
could have some attribute that detracts from its ease of 

HOLLOW AREA FOR 
STAT IONARY LABLE HOLDER 

POINTER ON KNOB CAN BE USED 
TO INDICATE SWITCH POSITION 
ALSO COMBINATIONS OF TRANS­
LUCENT AND COLORED SURFACES 
COULD BE USED FOR IDENTIFYING 
FUNCTIONS 

Fig. 3-A bistable switch control satisfying both desired 
thumb and finger movement for right hand. 
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use. Stiff or unpleasing action, a less desirable motion 
than other controls in its vicinity, or color, shape or 
texture variations that make it feel less desirable than 
others would tend to inhibit its use and make every 
"erase" action a positive and deliberate one on the part 
of the operator. 

Both thumb and forefinger should be used on func­
tions that require continuous or discrete positioning 
control, in order to give a two-dimensional "feel" of the 

HORI ZONTAL 

Fig. 4- Desired grasping movements. 

control. In general , the control/display ratio (c/d ratio) 
determines how effectively the operator can sense the 
movement of the control visually. In these terms, then, 
the lower the c/d ratio, the more sensitive or "touchy" 
the control, and the more difficult it is to manipulate 
accurately. 

Static friction is detrimental to accurate control, be­
cause of the sudden and often unpredictable move­
ment that results from applying enough force to over­
come it. Resistance during movement, however, is a 
desirable factor. Inertia is more desirable than friction, 
in this sense, because it feeds back rate information to 
the operator. 

The shape and movement of a positioning control 
should encourage the use of the thumb and forefinger. 
When these members are used, hand movement is 
limited and other parts of the arm "train" must be used 
for the action. Wrist movement, elbow movement and 
shoulder movement combine to produce the desired 
movement in two directions. This combination of arm 
"train" movements is represented schematically in 
Fig. 4. 

Some of the knobs and their movements that result 
naturally from the motions in Fig. 4 are shown in 
Fig. 5. These are by no means all the possibilities, but 
they indicate some of the potentialities of design that 
takes preferred motion into account. The differences 
between Fig. 1, Fig. 3 and Fig. 5 should be clear. Fig. 1 
represents a single-action key operated by one finger. 
Fig. 3 is a bistable key operated by either a finger or 
thumb, depending on which switch state is desired. In 
Fig. 5, the control is operated by finger and thumb used 

in combination to give continuous control. These dif­
ferences demonstrate a basic principle of switch design: 
each type of control requires a different kind of move­
ment to maximize the desirability of that particular 
key operation. 

A basic premise for design of.vertical panel switches 
then would be that anything that conforms to the nat­
ural position and movement of the finger-hand-arm 
train will enhance the use of that switch. Conversely, 
anything that requires position or movement that is 
unnatural or uncomfortable will depress the use of that 
switch. Thus a slide switch is more desirable than a 
sidewise rotary switch, since the rotary switch is often 
awkward with respect to the desired motion. 

By applying these principles, the designer can reduce 
the chances of accidental operation and can increase 
the accuracy with which other controls can be used. 

While they are beyond the scope of this discussion, 
there are many more methods of enhancing or depress­
ing the use of controls. Most of these are combinations 
of visual and kinesthetic feedback signals to the opera­
tor, and they influence the selection of knobs and other 
actuating surfaces, depending on whether the con­
trolled function should be depressed or enhanced. • 

LOCATING 

"""~~ THUMB 

SI DE OF 
FOREFI NGER 

VERTICAL 

Y1 . 
ANGLE DEPENDS UPON POSITION 
OF THE CONTROL IN FRONT OF 
THE OPERA TOR (fig 4). 

HORIZONTAL 
(top view) 

Fig. 5-Two most desirable motions of positioning controls. 

Author Chris Clare comes 
closer to "pure" research 
than most engineers today. 
Four years ago, with a B.S. 
from California Polytechnic, 
he came to Hewlett-Packard 
Co. Since that time he has 
been assigned to investiga­
tion of logic design princi­
ples , and simultaneously has 
earned his M.S. from Stan­
ford University. 
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We give you both kinds of 
change. The kind that jingles and 
buys lunch, and the more impor­
tant kind that means progress, pro­
fit, better performance. You can 
credit that to our research, devel­
opment and design team - a 
crackerjack! You would expect no 
less from a subsidiary of Samsonite 
Corporation . 

But you ' l l want to meet the Eye. 
Our EPl-118. 

It's being delivered now. At 
$5,900. 

And it's changing a lot of ideas. 
The Eye is a mini with a maxi 

punch . A unique approach to com­
puter systems architecture. 
An 18- bit machine with 

The 

a cycle time of 900 nanoseconds. 
And other spec ial features: 

D Exclusive light-emitting diodes 
on control panel . 
0 Transistor-transistor logic (T2L). 
0 Medium-scale integration . 
0 Higher reliability and maintain­
ability. Only nine 6" x 7" cards 
spare-part the whole computer­
including memory and CPU. 
0 Interchangeable priority 
interrupt structure . 
D New type switches 
and power 

• 

supply for higher static - interfer­
ence immunity. 
0 Modular design to make expan­
sion for dedi cated or general pur­
pose use easy and economical. 

The EPl-118 is tested and prov­
en, using known, dependable com­
ponents in an imaginative new 
combination . And our in-depth 
technological team, the eye of the 

Eye, intends each of our 
machines to make a major, 
lasting contribution to the 

mini-computer industry. 
The Eye. $5,900. 

At the EPlcenter 
of what's happening. 

eg1vesyou 
186its. 

And change too. 

1!111 
ELECTRONIC PROCESSORS, INCORPORATED 
5050 So. Federa l Bl vd. • Englewood , Colo rado 8011 0 • 303/ 798-9305 

CIRCLE NO. 409 
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coming courses ... 
COMPILER WRITING TECHNIQUES, June 
21-23, New York, N.Y.; July 14-16, 
Washington, D. C. This seminar is 
intended for the systems programmer 
or systems analyst who needs to know 
how compilers work. Major parts of a 
compiler for a simple hypothetical 
language are developed throughout 
the seminar, and examples are drawn 
from FORTRAN, COBOL, APL and 
PL/I. The participant should be famil­
iar with at least one of these lan­
guages. 

COMPUTER OPERATIONS FOR : MULTI­
PROGRAMMING, REMOTE JOB ENTRY, TIME­
SHARING SYSTEMS, seminar and 2-day 
workshop, June 21-25, Washington, 
D. C. ; July 19-23, New York, N.Y. 
This seminar explores the concepts 
of teleprocessing, remote batch sys­
tems, on-line systems and time-shar­
ing. The objective is to assure more 
effective use of third-generation 
equipment. The seminar is intended 
for data processing management. 

DATA COMMUNICATIONS SYSTEMS SEMI­
NAR, July 7-9, Washington, D. C.; 
July 26-28 , New York , N.Y. This 
introductory seminar is for the indi­
vidual who is preparing for an on­
line, real time or other systems which 
involves data communications. 

EVALUATION AND ANALYSIS OF TIME­
SHARING SYSTEMS SEMINAR, July 7-9, 
Washington, D. C.; August 11-13, 
New York , N.Y. This seminar is for 
management and technical personnel 
concerned with the selection of time­
sharing systems. For further informa­
tion on any of the four seminars, con­
tact: Registrar, The Institute for Ad­
vanced Technology, Control Data 
Corp., 5272 River Rd. , Washington, 
DC 20016. 

MICROPROGRAMMING (CES 7107), June 
21-25, 1971, University of Pennsyl­
vania, Philadelphia, Pa. After intro­
duction to the design of microinstruc­
tions, applications to machine design , 
the writing and debugging of micro­
programs, and some current practice, 
the participants will have the oppor­
tunity to write and run micropro­
grams for a computer with a writable 
control memory. Prerequisite for this 
study is some experience or knowl­
edge of computer usage and design. 
Tuition is $330. A set of notes and a 
text will be provided. Contact: Direc­
tor, Continuing Engineering Studies, 
University of Pennsylvania, 295 
Towne Bldg., Philadelphia, PA 19104, 
(215) 594-8574. 

1971 ENGINEERING SUMMER SHORT 
COURSES: Basic Concepts in Man­
Machine Systems Design, July 12-16, 
$225. Applications of Human Factors 
Principles in Systems Design, July 
19-23, $225. Design and Application 
of Measurement Systems, July 26-30, 
$225. Advanced Principles of Envi­
ronmental Control , July 26-30 , $225. 
For further information, contact: 
Richard D. Frasher, Coordinator, 
Continuing Engineering Studies, The 
Ohio State University, 2070 Neil 
Ave., Columbus, OH 43210. 

DATA COMMUNICATIONS SESSION , July 
12-23. Session will cover introduction 
to data communication terminology 
and systems, information rate in the 
data channel, data codes, error con­
trol, pulse code modulation, signal 
wave forms and intersymbol influ­
ence. Also covered are standard data 
set interface, voice-band and wide­
band data sets, end-to-end error test­
ing, and an introduction to computer 
logic, transistors and integrated cir­
cuits. For more information, contact: 
Dr. Roger C. Camp, 332 Coover Hall, 
Iowa State University, Ames , IA 
50010. 

evenrs 

HUMAN FACTORS ENG INEERING, July 12-
23, $375. Fundamentals (first week), 
advanced concepts (second week). Ex­
plores concepts of importance in the 
design of man-machine systems. Spe­
cial emphasis is placed on control and 
display systems and on the under­
lying theory of human information 
processing. 

COMPUTER GRAPHICS FOR DESIGNERS, 
July 12-23, $475. Introduces design­
ers in engineering, architecture and 
related fields to principles of graphic 
manipulation and applications of 
computer graphics as aids in im­
proved design methods. During super­
vised workshops, participants will 
solve problems using typical comput­
ers and display equipment. 

DIGITAL COMMUNICATION SYSTEMS, July 
19-23, $275. Will study models, ma­
jor theories and limitations of digital 
decisions in noise; abstracted forms 
of optimum designs; principles in 
actual systems. For applications­
oriented engineers. 

DIGITAL LOGIC DESIGN FOR INSTRUMENTA­
TION SYSTEM S, July 19-23, $250. An 
introduction to practical digital logic 
analysis and design techniques. In­
tended for users and designers of 
instrumentation systems ·'who have 
had no exposure to formal digital 
logic design. For further information 
on any of the four courses, write to: 
Continuing Engineering Education, 
Chrysler Center- North Campus, The 
University of Michigan, Ann Arbor, 
MI 48105. 

INCREASING PROFITABILITY WITH DIGITAL 
CONTROL, June 21-25, Philadelphia, 
Pa. Course is for engineers, control 
specialists, system designers , com­
puter suppliers, and engineering and 
plant managers. Lectures will review 
basic control concepts and will intro­
duce modern digital techniques. Both 
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hardware and software related to On­
line system design will be discussed. 
Tuition is $295. A detailed schedule 
and application form can be obtained 
from: Dr. Cecil Smith, Dept. of Chemi­
cal Engineering, Louisiana State Uni­
versity , Baton Rouge, LA 70803, (504) 
388-1426. 

call tor papers 
1971 IEEE INTERNATIONAL ELECTRON DE­
VICES MEETING, October 11-13, 1971 , 
Washington Hilton Hotel, Washing­
ton , D. C. Specific areas to be covered 
include: 

Integrated electronics: fabrication 
technology- monolithic and hybrid, 
MOS and bipolar, interconnection, 
assembly and packaging; device 
structures-digital, including logic 
and memory, linear through micro­
wave; special topics such as ion­
implantation, radiation hardening; 
computer-aided design, mask-making 
and testing; reliability; economics. 

Imaging, storage, information pro­
cessing and display devices: electron 
tubes, solid state, and optical devices 
for pick-up, amplification, processing, 
storage and display of images and 
related signatures. 

Prospective authors must submit 
an informative, unambiguous ab­
stract, without figures, appropriate 
to a 20-minute paper before July 16, 
1971. The abstract must be submitted 
on a double-spaced, typewritten page 
exactly as it may appear in the pro­
gram of the meeting. The heading 
must include title, author(s), com­
pany affiliation and city and state 
of the company location. Send to: 
H. Dean Toombs, Texas Instruments , 
Box 5012 , MS 922, Dallas, TX 75222. 
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birth of a keyboard 
Feedback from users - the most reli­
able way to go about designing a 
new product or improving an old one. 
This was the technique used by Maxi­
Switch designers when they set out 
to design a new keyboard. 

From this survey which asked users 
what they disliked most about avail­
able keyboards, the major complaints 
lodged were: 
- Keystems are too flimsy and weak. 
- Keyboard is supported by the PC 
board. 
- Poor button alignment caused by 
individual assembly of each key sta­
tion. 
- Difficulty of specifying a flat or 
stepped keyboard without requiring 
modification to the button or mount­
ing base of individual switch mod­
ules. 
- Use of double-sided PC boards 
raises cost. 
- Field maintenance of individual 
keystation elements is difficult. 
- Cross magnet ic bias problems are 
common on reed type keyboards. 
-Tooling for special legends on dou­
ble-shot buttons often adds to costs. 
-Illuminated keys often are not 
available on standard keyboards. 
-High current power contacts are 
not usually available on standard 
keyboards . 
-Special function buttons (such as 
interlatch and lockout) are not read-

Fig. 1 

ily available. 
- Most keyboard designs are not suit­
able for automatic assembly. 
-Many designers use plastic-to-plas­
tic and metal-to-metal wear surfaces 
that exhibit galling. 
- Reed switches require careful selec­
tion for pull-in and drop-out values to 
insure consistent accurate operation. 
-Quality keyboards are not avail­
able at low cost. 

From these user comments certain 
basic groups emerged for preliminary 
design study. 

These were: 
- Mechanical design and construc­
tion 
-Application Design 
- Magnetic Circuit 
- Life and Reliability 
-Cost 
-Aesthetics 
-Additional Features 

After considering several design op­
tions within each basic group, a study 
was made to determine how each 
option would relate to the other 
groups, and that design option which 
best satisfied the greatest number of 
the basic groups was isolated. 

One design goal category dealt with 
the solution of these problems: 
- Keystems too flimsy and weak 
- Poor button alignment 
-Metal-to-metal and plastic-to-plas-
tic wear points cause galling and 
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friction. 

The Design To minimize these four 
problems, a one-piece, half-hard steel 
frame was designed (Fig. 1). It is pro­
duced on a precision stamping die 
that may be programmed for strip 
lengths of from one to 20 stations. The 
solid one-piece frame supports the 
switches and does not transmit pres­
sure or weight placed on the keys to 
the PC board. All keystems are at­
tached to this frame providing perma­
nent button alignment of ±0.010 
inch. 

Keystems are full hard cold rolled 
steel, carried in molded acetyl copol­
ymer resin guides. This design elimi­
nates the problem of weak and flimsy 
keys, as well as providing metal-to­
plastic wear surfaces. 

Biasing To eliminate cross-magnetic 
biasing of reeds and reduce the need 
to select reeds by pull-in/drop-out 
value, a novel method for reed switch­
ing was devised. As shown in Fig. 1, 
the magnet ·actuating the reed is 
placed on the solid steel keystem that 
is used as a reference pole. In the non­
actuated position, the magnetic flux 
is at right angles to the reed axis. 
With the flux path at right angles to 
the reed, a total accumulation of flux 
from several magnets cannot com­
bine to produce an overall keyboard 

Fig. 2 

magnetic field. Consequently, there 
is no problem of spurious magnetism 
"leaking" through to adjacent reeds 
and holding them in the operated po­
sition or affecting their pull-in/drop­
out values. This flux position also 
polarizes both reed tips with a like 
polarity in the unoperated position, 
making them repel each other, and 
further cancelling any stray flux in­
fluence. When the key is operated, 
the polarity ofone reed tip is reversed, 
causing the "unlike" reed tips to at­
tract. Because of the push-pull effects 
of the magnet on the reed, the in­
fluence of pull-in and drop-out char­
acteristics of the reed are minimized. 
Magnetic switches that use this 
scheme are characterized by fast, 
crisp and consistent switching action. 

Cost Aspects Another design goal was 
to reduce cost without sacrificing 
quality. Assembling multiple push­
button stations, and mounting each 
in a frame can be a time-consuming 
and expensive process. Because the 
keystrips contain an average of 14 
pushbutton stations on each strip 
(Fig. 2), assembly of components and 
reeds may be accomplished rapidly by 
automated techniques. In addition to 
savings in time and labor, it is gen­
erally acknowledged that repetitive 
automatic assembly operations main­
tain a higher quality standard than 
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operator assembly. 
Keystrip reeds are mounted on a 

PC board which is part of the key­
strip. One side of each reed is bussed 
common on this printed-circuit strip, 
and the common connections are re­
moved from the mother board, reduc­
ing its complexity, reducing the area 
required for all the common circuits, 
and reducing the number of connec­
tions from the switch stations to the 
mother board. These reductions elim­
inate the need for a double-sided 
board, and improve reliability in pro­
portion to the reduction in solder and 
plug-in connections. 

Wear Close tolerance parts are re­
quired in keystrip construction to 
assure smooth action with low oper­
ating force. Moving part interfaces 
in this design are acetal copolymer 
resin-to-metal. Heat treating, plating 
and dry lubrication are used to mini­
mize friction and wear. 

Options As a consequence of this key­
strip construction method, a wide 
variety of options are available to the 
keyboard designer. Keystrips may be 
supplied with illumination for each 
station (Fig. 3). Buttons may be cho­
sen from a number of styles and types. 
Contacts may be reed switches, cross­
bar palladium leaf switches or snap 
action power contacts with up to 15A 

(Cont i n ued) 

Fig. 3 (Continued) 
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Video Display 
of 

Digital Data 

TV MONITOR 

~ 
PUNCHED TAPE 

\ 

r DIGITAL -·V:O 
CONVERTER 

COMPUTER TELETYPE 

KE YBOARD 

Build in the compact, low-cost 
Hughes Digital Video Converter. 
Display digital data in alpha­
numeric form on standard TV 
monitors. 

The least expensive way to 
display up to 512 characters . 
Package it to suit your system. 
Interfaces optional. Custom fea­
tures for OEMs. 
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Available now. 
Write Hughes Display Systems 
2020 Oceanside Blvd. 
Oceanside, CA 92054 
(714) 757-1200 
,------------------, 
I I 

! HUGHES i 
L------------------J 
HUGHES AIRCRAFT COMPANY 

INDUSTR I AL PRODUCTS D I V . 
OCEA NSIDE, CALIF'ORNIA 
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keyboard (Cont'd) 

capacity. Key stations may be either 
stepped or sloped on the keyboard 
face . Encoding format may be USAS­
CII, EBCDIC or a custom code to 
meet special requirements. Output 
data may be transmitted in up to 
nine data bits. Keyboard termination 
may be printed-circuit connectors, dip 
solder lugs or pierced solder termi­
nals. 

When more than one keystrip is 
used, as in a standard keyboard, all 
keystrips can be made to interact in a 
single functiona l unit. Thus, the capa­
bilities of the individual keystrip are 
extended to the entire assembly. 

Applicati ons Keystrips are designed to 
allow the addition of such features as 
interlatching, lockout, alternate ac­
tion, solenoid lockup or accumulative 
latch to the basic keyboard strip. A 
system using a keyboard to input in­
formation to a computer might re­
quite that each input signal be vali­
dated. If a garbled or erroneous code 
is received, the system could be 
equipped to send a nonvalidate sig­
nal to the keyboard, mechanically 
locking all keys, and preventing the 
transmission of further data until the 
error is cleared. 

For applications requiring slow, de­
liberate keyboard entry of data, (such 
as in phototypesetting, map making, 
or data comparison) where each char­
acter must be accepted and acted up­
on before the next character may be 
transmitted, a mechanical latch can 
hold the depressed key in the oper­
ated position. The key is released 
when action is completed on that in­
put character. During the latched 
period, all other keys are mechani­
cally locked out. 

More information on this line of 
keyboards and a copy of a bulletin 
"Glossary of Pushbutton Switch 
Terms" is available from Maxi-Switch 
Co. , 3121 Washington Ave., North 
Minn, Minn. 55411. 420 

ROM offers new ideas 
A new concept in storage devices has 
been introduced by Memory Tech­
nology, Inc., Sudbury, Mass. Named 
the PDP-ROM and designed for PDP-
8I/L users, the system provides for 
2048 to 32, 768 additional words of 
storage. According to Marketing Vice 
President, Paul Rosenbaum, either 
programs or data tables may be 
stored in the PDP-ROM and loaded 
directly into core in block transfers 
initiated under program control. For 
program storage, a comprehensive 
"loader" program is included. 

For storing tables of data, the PDP-
8 can access the contents of the mem­
ory within 1.6 µsec and transfer the 
data at a rate up to 1.6 µ,sec/word. 
When programs are stored in the 
PDP-ROM, they can either be treated 
as a table of data and transferred to 
core or called up by name and trans­
ferred to core using the optional 
loader program. 

With the loader program, the user 
simply initiates the routine by enter­
ing the program name on the "Tele­
type" keyboard. No tedious switch 
set-ups or paper tapes are required. 
An operating program may also 
transfer another program into core 
from the PDP-ROM. Programs t hat 
are too long to fit into the core storage 
can be segmented and stored in the 
PDP-ROM and then chained for con­
tinuous calling into core. A tape 
generator program is available that 
takes the normal binary program 
tapes and produces a specially formu­
lated output tape to be used in manu­
facturing and testing the PDP-ROM 
contents boards to user specifications. 

Physically, the system consists of a 
rack mountable ch assis occupying 
10.5 inches ofrack space in the Digital 
Equipment Corp. cabinet. The basic 
chassis contains a power supply, the 
control board and two memory boards 
- all on printed circuit boards. Be­
cause each memory board has a 1024 
to 4096, 12-bit word capacity, the 
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basic chassis contains the first 8192 
words of storage. To expand, an ex­
tender chassis is used and each ex­
tender, occupying only 5.25 inches of 
space, adds a total of 12k words. A 
maximum of two extenders (total 
capacity of 32k words) can be added, 
using the same control board and 
power supply as the basic chassis. 

Other specifications include: trans­
fer rates of 1.5 µsec (PDP-81) and 1.6 
µsec/word (PDP-8L), random access 
storage, 1- to 4096-word transferred 
block sizes and power requirements 
of 105 to 125V ac, 0.5A rms, 60 to 400 
Hz. Memory Technology, Inc. , 83 
Boston Post Rd. , Sudbury, MA 01776. 

421 

~~~ -~ -
~ - ~--~ 

I • ~ --
~ ~-- ----
- :::--.:::::_-=.==~:::::.--

From LAMB ELECTRIC ... 

PERMANENT MAG N ET :~o~=~~dr!~~· other 

M OTO Rs :::i•/c~i~!:s~!~~!:: a straightline speed/ 
. torque curve. 

Lamb Electric announces a new line 
of DC Permanent Magnet Motors. 
These motors-supplied in 3.3 and 
4.0 inch diameters with various 
armature windings and mounting 
configurations-are flexible 
in application, com­
petitive in 
cost. 

In the forefront of a rapidly chang­
ing technology, Lamb has antici­
pated designers ' needs with its 
new line of Permanent Magnet 
Servo Motors. These motors, built 
with Class "F" insulation, can be 
supplied with standard armature 
windings, three standard mount­
ing arrangements and innumer­
able shaft configurations (both 
single and double extended) . Such 
flexibility underscores the fact 
that Lamb develops motors with 
the designer in mind. Optional 
features include : forced-air cool­
ing, Class "H" insulation, and 
shielded leads. 

TORQUE-OZ. IN. 

Let our experienced staff of ap­
plication engineers help you 
with your DC servo-motor needs 
. . . write: AMETEK /Lamb Electric, 
629 Lake Street, Kent, Ohio 44240. 
Telephone: 216-673-3451. 

AMETEK / Lamb Electric 

CIRCLE NO. 411 
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"plug-compatible" ROMs grant on-site updating 

CH 30 

Our 
economy model. 
Series S490 switchlight 
snaps in ; does the 
job with one lamp; 
gives your equipment 
lighted switch class 
for less money. 
Ideal for computer 
applications with 
dependable low­
bounce dual-wiping 
contacts, independent 
lamp circuit, convenient 
snap-in front-of-panel 
servicing . Available in 
single pole and double 
pole momentary versions. 

I
Six lens colors and interchangeable 
legend models, too. 

Call your nearby Clare Sales Engineer, or phone us, 
208- 773-4541. Clare-Pendar Co., Post Falls, 
Idaho 83854. 

~ OARE·PENlAFr 
'4-' PhQne 208-773-4541 

CIRCLE NO. 412 

A series of "plug-compatible" electri­
cally-alterable read-only memories, 
developed primarily for today's popu­
lar minicomputer systems, has been 
introduced by Memory Systems, Inc. , 
Hawthorne, Calif. These units , called 
OmniROM, provide the user with a 
new freedom-the ability to modify 
on site, in real tinie, under keyboard 
or console control the contents of his 
ROM-and to do so as many times as 
is necessary to debug or to optimize 
his software. After the modification, 
the write circuits are disconnected 
and the unit operates as a true ROM. 
Because of its nonvolatile property, 
the ROM retains the data indefinitely 
-even through power shutdown. 

Each unit of the OmniROM family 
has a special interface at the end of a 
paddle card that plugs into the main­
frame card slot of the controlling 
computer. Consequently, the units 
are fully compatible with the host 
computer and appear as peripheral 
interfacing according to the manu­
facturers rules. A bootstrap loader is 
included on the adapter card to allow 
startup with an "empty" OmniROM. 

A standard OmniROM configura­
tion is lk x 16 bits, expandable to 
4k. Initial units are available for the 
Micro 800, CIP 2000, Nova and Super 
Nova, and Interdata Models 2, 3 and 
4. Full clock speed is maintained as 
well as interface compatibility accord­
ing to manufacturer specifications. 
Service and warranty are provided in 
the purchase price. In OEM quanti­
ties , prices range from 5 to 10 cents/ 
bit, depending on configuration. Mem­
ory Systems, Inc., 3341 W. El Segundo 
Blvd., Hawthorne, CA 90250. 422 
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There is just one 
American peripheral 
manufacturer of com­
puter rotating memory 
equipment with a 
European manufactur­
ing capability. 
Vermont Research. 

Vermont Research Corporation has 
long been known as a leading supplier of 
a full line of fast, reliable drum memories 
and controllers. 

You'll find YRC memory systems 
in use all over the world . In such diverse 
applications as process control ; nuclear 
research ; credit card checking systems; 
Air Defense systems; time sharing, 
graphic arts, telephone switching, theater 
lighting, medical electronics, education, 
numerical machine control , business 
machines and data terminals. 

Now, we would like to announce a 
further development : our European 
manufacturing capability. For six 
months, YRC has been manufacturing 
and delivering memory systems in 
Europe. We're making them in England 
and installing and servicing them 
throughout the Continent. 

This means that the products, skills 
and services you may have enjoyed from 
us in the United States are now available 
to any computer operation you have or 
plan in Europe ... on a next-door basis . 
And as we have said, no other American 
peripheral manufacturer of computer 
rotating memory equipment can make 
such a statement. 

For more information, write our 
home office in Vermont, or in England 
phone us at Leatherhead 6560. 

VERMONT RESEARCH 
CO RPORATION 

Precision Park, 
North Springfield , Vermont 05150 

Es gibt nur eine ameri­
kanische Herstellerfirma 
von Drehspeicheranlagen 
fiir Computer mit Fabrik­
ationsmoglichkeiten 
in Europa. 
Vermont Research. 

Seit langem ist Vermont Research 
Corporation als ein fi.ihrender Lieferant 
einer kompletten Serie schneller, zuver­
Hissiger Trommelspeicher und Schaltap­
parate bekannt. 

YRC Speicheranlagen werden auf 
der ganzen Welt verwandt - in so ver­
schiedenartigen Bereichen wie Ferti­
gungssteuerung; Atomforschung; Kred­
itkarteni.iberwachung; Luftverteidigung; 
Zeitteilung; Grafik, Telephonvermitt­
lung; Theaterbeleuchtung; Elektromedi­
zin ; Erziehungswesen; Datensteuerung; 
Geschiiftsmaschinen und Datenbestim-
mung. 

0.s.sR. 

II n'existe qu'un seul 
fabricant americain 
d'unites peripheriques 
qui fabrique des mem­
oires tournantes de cal-
culateur electronique et 
qui a des moyens de 
fabrication en Europe. 
Vermont Research. 

Vermont Research Corporation est 
connu depuis longtemps comme l'un des 
tout premiers fournisseurs de toute une 
gamme de controleurs et de memoires 
rapides et sures sur tambours. 

Yous trouverez les memoires YRC 
en utilisation dans le monde entier; pour 
des usages aussi divers que le "process 
control," la recherche nucleaire, les 
systemes de verification de carte de 
credit, !es systemes de defense aerienne, 
dans !es calculateurs fonctionnant en 
temps partage, dans !es arts graphiques, 
dans les standards telephoniques, l'eclai­
rage de theatre, l'electronique medicale, 
!'education, le controle par machine 
numerique, les machines de gestion et 
!es terminaux. 

Nous aimerions annoncer mainte­
nant un developpement supplementaire: 
nos moyens de fabrication en Europe. 
Depuis six mois, YRC fabrique et livre 
des memoires en Europe. Nous !es fab­
riquons en Angleterre et nous !es instal­

·~· • Ions et offrons un service a pres vente 
' dans tout le Continent. 

,,. 
Jetzt mochten wir Sie mit einer 

neuen Entwicklung bekanntmachen: 
unseren Fabrikationsmoglichkeiten in 
Europa. Seit sechs Monaten produziert 
und vertreibt YRC Speichersysteme in 
Europa. Wir stellen diese Systeme in 
England her und installieren und warten 
sie auf dem ganzen Kontinent. 

Das heisst, dass Sie unsere Produkte, 
Erfahrung und Dienstleistungen - bisher 
nur in den Vereinigten Staaten erhiiltlich -
nun auch fi.ir jeden Computerbetrieb, 
den Sie in Europa bereits haben oder erst 
planen, zur Verfi.igung stehen ... und 
zwar in niichster Reichweite. Und wie 
gesagt, keine andere amerikanische 
Herstellerfirma von Speicheranlagen flir 
Computer kann dies von sich behaupten. 

Fi.ir weitere lnformationen schrei­
ben Sie an unser Hauptbi.iro in Vermont 
oder rufen Sie uns in England an -
Leatherhead 6560. 

VERMONT RESEARCH 
CORPORATION 

Precision Park, 
North Springfield, Vermont 05150 

CIRCLE NO. 25 

Cela signifie que !es produits, la 
competence et !es services que nous vous 
avons offerts aux Etats-Unis sont main­
tenant a votre disposition . .. au coin de 
la rue pour n'importe quelle installation 
de calculateur electronique que YOUS 

avez ou envisagez en Europe. Comme 
nous le disions precedemment, ii n'y a 
aucun autre fabricant americain d'.unites 
peripheriques de memoires tournantes de 
calculateur electronique qui puisse 
affirmer cela. 

Pour tout renseignement comple­
mentaire, ecrivez a notre centre adminis­
tratif dans le Vermont ou en Angleterre 
telephonez-nous a Leatherhead 6560. 

VERMONT RESEARCH 
CORPORATION 

Precision Park, 
North Springfield, Vermont 05150 
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Updated Tester Checks New Linear ICs 

PROGRESS IN 
INSTRUMENTATION 

There is a new front runner in the 
UC tester sweepstakes. (See " High­
versatility UC tester . . ., " EEE , Au­
gust 1970, p. 30.) Signetics has 
jumped into the lead by updating its 
Model 1420 with two new program 
boards. This instrument, which for­
merly could check only op amps and 
comparators, can now check voltage­

regulator and sense-amplifier ICs. 
And , at press t ime, Signetics an­
nounced that it has also added pro­
gram boards to testing IC phase-lock 
loops and video amplifiers such as 
the µA733. No internal electrical 

_,,. ____ _ 

or mechanical modifications are 
needed to add these options. Simply 
insert the appropriate new program 
board into the 1420's input socket 
and the tester is ready to go. 

Signetics offers two voltage-regu­
lator program board options, each 
of which tests five critical parame­
ters between certain specification 
tolerance bands. Either a 1 % or a 5% 
board is available. Each regulator 
board tests standby-current over­
range, standby current , reference­
voltage tolerance, input regulation 
and output regulation . 

Popular monolithic voltage regula­
tors which can be tested include the 

SHllETICS 
4 9 cmm::mmmm I , 

I 

Signetics' 1420 LIC tester can now test vol tage-regulator and sense-amplifier ICs in 
add ition to op-amp and comparator ICs. 

Signetics 5700 Series, all National 
and Fairchild monolithic regulators 
and Motorola 's MC 1400 and 1500 
Series. Units manufactured by many 
other manufacturers can also be 
tested . Both the voltage-regulator 
and sense-amp boards accept all 
standard IC packages up to 16 pins. 

Sense-amplifier boards also come 
in 1 % and 5% versions. Sense ampli­
fiers are tested for power-consu mp­
tion overrange, power consumption , 
strobe, " O" positive threshold , " O" 

negative threshold, positive com­
mon-mode voltage, negative com­
mon-mode voltage, bias current, off­
set current and positive and negative 
" 1" thresholds. Sense amplifiers that 
can be tested include Signetics ' 500 
and 7500 Series, National 's 5500 and 
7500 Series, Tl's 7500 Series and 
Motorola's MC 1440 and 1540 Series. 

The original 1420 had 14 lighted 
pushbuttons to identify various tests . 
This arrangement won 't do for the 
updated multi mode 1420. So , rather 
than changing lenses for each differ­
ent UC or printing four legends per 
button, Signetics has decided to 
leave the original op-amp callouts 
on each lens cap and add an addi­
tional number (1-14) to each lens 

. cap. Each new program board (com­
parator, voltage regulator, sense 
amplifier) will have a series of tests 
corresponding to these identifying 
numbers. 

One-percent and 5% regulator 

testing boards cost $300 and $150, 
respectively. Sense amplifier testing 
boards are more expensive, with a 
1 % board costing $4 75 and a 5% 
board costing $275. Basic cost of the 
1420 (without program boards) is 
_$7950. Signetics Corp., 811 E. Arques 
Ave., Sunnyvale, CA 94086. 170 
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Three High-Performance 
Instrumentation Amplifiers 

PROGRESS IN 
PACKAGED CIRCUITS 

Three impressive new instrumen­
tation amplifiers have beeri an­
nounced by Burr-Brown. One of 
the new modules, Model 3620, 
boasts the lowest drift of any 
such amplifier - a maximum of 
of ± 1 µVI •c. A second unit, 
Model 3621, has an input im­
pedance of 1013 !:1 and a typical 
common-mode rejection of 120 dB 
at high differential gains. The 
third new amplifier, Model 3622, 
has a gain-bandwidth product of 
300 MHz (at a gain of 100) and 
offers excellent common-mode -re­
jection at high frequencies. 

Back in 1967, Burr-Brown in ­
troduced the industry's first mod­
ular instrumentation amplifiers 
(other companies had previously 
offered larger rack-mounting in­
strumentation amplifiers). Since 
that. time, several other companies 
have introduced this type of am­
plifier and there have been gradu­
al improvements in performance 
and reductions in cost . 

Burr-Brown achieved high per­
formance in the 3620's input 
stage by using a drift-matched 
pair of low-noise IC op amps. Be­
cause the IC op amps are also 
individually low in drift, the warm­
up drift and offset shifts due to 
thermal transients are minimal. 
By use of an internal second -stage 
amplifier and heavy negative feed­
back, the 3620 is able to maintain 
its linearity of 0.02% for all gains 
from 1 to 10,000. This, Burr­
Brown says, is an order of magni­
tude improvement over earlier 
amplifiers. Another important fea­
ture of the 3620 is its versatility. 
The user can , merely by simple 
changes of internal connections, 
employ output sensing, output 
zero suppression (offset) and ac­
tive filtering. 

The new high-input-impedance 
amplifier, Type 3621, has a bias 
current of only 10 pA and the bias 
current remains low even with 
± 10 Volts applied at either input. 
While other amplifiers have of­
fered this sort of performance in 
the past, they have been much 
more expensive than the 3621 
which costs only $39 for the "J."· 

'Progress 
in 
'Produets 

version in small quantities. 
The new wideband instrumenta­

tion amplifier, 3622 , has an excel ­
lent combination of high input 
impedance, wide bandwidth and 
wideband common-mode-noise re­
jection - typically 70 dB at 100 
kHz. The gain-bandwidth product 
varies with gain level , without the 
need for internal compensation . 
Amplifier gain is flat (within 
± 1 %) to greater than 100 kHz. 

Prices for the new amplifiers 
are shown in the table of speci ­
fications. Small quantities are 
available from stock. Burr-Brown 
Research Corp., International In ­
dustrial Park, Tucson , AZ 85706. 

No. 171 

Basically, Burr-Brown's instru­
mentation amplifiers are differ­
ential input, single-ended output , 
modules whose gain is set by a 
single resistor . All feedback resis­
tor networks, except for the gain ­
defining resistor, are contained 
within the module. Primary appli­
cations are as transducer ampli­
fiers , as differential amplifiers 
for recording instruments, or as 
buffer amplifiers for low-level 
multiplexers in data-acquisition 
systems. 

r Performance Of New Burr-Brown Instrumentation Amplifiers 

The low drift of the type 3620, 
combined with its input noise of 
only 0.5-µV pk-pk and its input 
bias current of ± 10 nA, may 
justify Burr-Brown's claim that it's 
"the best low-level amplifier for 
source impedances up to 50 kn." 
The circuit has an input imped­
ance of 5000 Mn and common­
mode rejection in excess of 100 
dB. 

Specifications 

Range of Gain 

Rated Output 

Small-Signal Band-
width ± 3 dB 
(gain - 100) 

Slew Rate 

Input Impedance 

Voltage Drift 

Input Blas Current 

Package Dimensions 

Tentative Prices (1-~ 

Modal 36'20K 

1 to 10,000 

:t:l O V at :t: lO mA 

20 kHz 

1 V/µsec 

5 x 1()11 n 
± 1 µVl°C 

± 20 nA 

2X2X0.4in. 

$125.00 

Model 3621K Model 3622K 

1 to 2000 1 to 1000 

:t.10 V at :t:lO mA ±10 Vat ±20 
mA 

20 kHz 3 MHz 

1 V/ µsec 200 V/µsec 

1011 0 1011 n 
± 20 p.Vl°C ± 20 µv1·c 

- 10 pA - -25 pA 

1.12 X 1.12 X 0.5 in. 2 X 2 X 0.4 in. 

$45.00 $99.00 

67 



Low•Cost Digital Shalt 
Encoder PROGRESS IN 

ELECTROMECHANICAL COMPONENTS 

At one time, potentiometers were widely 
used as low-cost shaft-angle transducers 
in measurement and control systems. In 

the last few years, however, the growing 
use of digital circuitry has favored other 
types of transducers such as optical en­
coders , brush-type encoders and syn­
ch ros with external code converters. Now 
a potentiometer manufacturer, New En­
gland Instrument, has decided to fight 
back. NEI has introduced a new type of 
digital transducer that is essentially a 
pot-with built- in conversion circuitry. 

New England Instrument's low-cost Type 
300DT digital transducer is essentially a 
pot with a built-in A/D converter. The 
complete unit has an outside diameter of 
3 inches and is 4 inches long. Other con­
figurations are available. 

As one would expect, the major advan­
tage of NE l's new Type 300DT transducer 
is low cost. At less than $500 for a single 
unit, the 300DT beats competing digital 
transducers offering comparable perfor­
mance. Synchros are cheaper, but they 
need costly external converters to pro­
vide digital codes. Brush-type encoders 
are relatively inexpensive, but, at around 
$1000 each , they still cost more than the 
300DT. Optical encoders offer better per­
formance but they are also very expen­
sive. 
Ratiometer Technique 

NEI has done more than merely add an 

68 

846 kinds - from " The Cube." The first full line in this new 
high temperature dielectric. Capacitance from .001 O to 20 
Mid. In 100, 200, 400, and 600 voe ratings. Over 200 values 
for each voltage rating . In round or ova l wrap and fill; rec­
tangular epoxy with axial or radial leads; plus round and 
rectang ular hermetically sealed meta l cases. Stable wit hin 
± 1 % over the temperature range . Sizes and prices com­
parable to m.etallized po lycarbonate units. And we're ship­
ping within 3-4 weeks - and from stock in small quantities. 
Specify a value and we'll send you a sample. Write us at 
1710 South Del Mar Avenue , San Gabriel , California 91776. 
Or call (213) 283-0511 . 

telectrocube, inc.·1capacitors,E MI Filters.RC Networks 

150° metallized 
polysulfone capacitors 

CIRCLE NO. 26 

AI D converter to a conventional pot. By 
careful design , the company has largely 
overcome many of the tradit ional disad­
vantages of pots. Problems of tempera­
ture coefficient and absolute accuracy 
have been avoided by sensing the ratio 
between one resistance position and the 
next, rather than by using the absolute re­
sistance of the pot to measure rotational 
change. Thus the 300DT could more cor­
rect ly be described as a digital ratiometer 
rather than a digital pot. Also , the high 
input impedance of the ratio meter (100 
Mfl) minimizes the effects of contact re­
sistance and loading. Another important 
design feature is that the reference and 
the signal for the ratiometer are both de­
rived from a common de power supply 
(see schematic diagram) thus minimizing 
the effects of power supply variations. 

The basic potentiometer elements in 
the 300DT are based on NEl 's Resistofilm 
conductive-film technique, as used in the 
company's convent ional precision pots. 
Current film-manufacturing techniques 
limit accuracy and resolution to approxi­
mately 12 bits in a single turn , though 
greater resolutions can be achieved by 
multispeed gearing . Versions that oper­
ate continuously through a full 360 de­
grees of rotation are available . 

CIRCLE NO. 27 

CIRCLE NO. 28 
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In the 300DT, the potentiometer is 
trimmed to provide a linearity of 0.025%. 
The absolute encoder is available with 
either parallel binary or BCD output 

codes. For binary outputs, a built-in 12-
bit AID converter divides the 360 degrees 
of pot rotation into 4096 words (equiva­
lent to 5 minutes of arc resolution) . The 

specified accuracy for the binary version 
is ± 10.6 minutes of arc. 

Proven Reliability 

PARALLEL 
D'lGITAL 
OUTPUT 

According to NEI, the pot in the 300DT 
has a life expectancy of over 100 million 
revolutions (about the same as a syn­
chro), and the pot will operate reliably at 
shaft speeds up to 1000 rpm . NEI has 
tested pots by dithering them continu­
ously over small rotational angle at 
speeds of up to 60 Hz for over 200 million 
cycles without noticeable degradation in 
electrical characteristics. 

PDT WIPER 
SELECTION 
LOGIC AND 
SWITCHING 

UP-DOWN COUNTER 

lhe 300DT has an operating tempera­
ture range of Oto 70°C and a temperature 
coefficient of ± 15PPM/°C (full scale) . Di­
mensions of the basic Model 300DT are 
3 inches (diam) by 4 inches (length) . Stan­
dard shaft diameter is 1 / 4 inch. Other me­
chanical configurations are available, 
including versions with linear poten­
tiometers . 

DUAL-SECTION 
POTENTIOMETER ANALOG 

INV ERTER 

DIGITAL 
CLOCK 

The 300DT consists basically of a rat iometer driving a counter-type A/D con­
verter. Because the reference and analog signal voltages are derived from a 
single power supply, power-supply variations have a minimal effect on absolute 
accuracy. 

Exact price depends on the configura­
tion requested. The basic 300DT costs 
less than $500. Delivery is 8 weeks for the 
standard model and about 12 weeks for 
custom versions. New England Instru­
ment Co .. 14 Kendall Lane, Natick, MA 
01760. 172 

In one cubic foot of space, Hughes has assembled 
the most versatile AC welder ever. 

Spot, roll and seam welding, reflow soldering, and 
brazing- it ' s all standard with the Model HAC-460. 
And you choose the size: 7 .5 KVA, 15 KVA, or 30 KVA. 

All solid state. All matched components : trans­
former, circuit breaker and control. This powerful little 
welder operates on 230v or 460v input. 

For additional information, :-------------------i 
contact Hughes Welders, 2020 i HUGHES l 
Oceanside Boulevard, Oceanside, L------------------~ 
Calif. 92054. (714) 757-1200. HuGHE"•";~~;·~~~o~~;' "'"' 

CIRCLE NO. 29 

Scanbe ltl l•AI( Hardware 

Dual lnline Packaging System featuring: 
+ Power Ground Planes 
• 1/0 Compatibility 
+ Solderless Wrap Services 

and the most reliable socket in the business as the 
heart of the system. By combining standard hard­
ware products and software programming with 
the exclusive design features, the new DI PAK sys­
tem offers the quality and performance that you 
expect and get from the leader - Scanbe. Write or 

call for complete data : 

MANUFACTURING CORP. 
A canC>Gi31 COMPANY 

3445 Fletcher Avenue e El Monte, California 91731 
Phone: (213) 579·2300 /686·1202 /TWX: 910-587-3437 

CIRCLE NO. 34 
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Two DVMs lor Way·Out Frequencies 
PROGRESS IN 

INSTRUMENTATION 

The next company to offer a high­
frequency voltmeter will need some­
thing special to beat two new 
Hewlett-Packard digitals- a true-rms 
voltmeter and a multimeter. 

The true-rms instrument, the 3 
digit-plus-90% overrange 3403A, 
covers a startling 2 Hz to 100 MHz, 
plus de. At the upper end , it tops the 
20-MHz peak of earlier DVMs and 
reaches into the domain of analog 
RF voltmeters (that don 't dip into low 
audio frequencies). Its accuracy de­
pends on frequency, voltage range 
and measurement function . Basically 
it is (± 0.1% of reading ± 0.2% of 
range) . 

The 3403A responds to the true­
rms value of almost any waveform . 
It measures ac only, ac + de, or de 
only, and delivers a proportional 
analog output in addition to the digi­
tal display. Its light-emitting-diode 
readout has a ± symbol, a movable 
decimal and 3 full digits plus a fourth 
for 90% overrange (on all but the 
1 OOOV range, which accepts 1500V 
peak) . 

The meter has five ranges, 100 mV 
to 1 kV, for all its measurements, and 

DPM 

AUTO RANGE AC/DC CONVERTER 
CONNECTOR BOARD 

AC/DC 

CONVERTER 

I 

The 3403A breaks apart quickly for easy servicing. The power supply is at the right rear, 
the true-rms/dc converter in the sealed module below it. The three cards in the foreground 
are, from the front: the ac/dc converter connector board, an optional autorange board 
and an optional dB converter. 

a sixth , 10 mV, for ac only. Front­
panel annunciators warn a user to 
change range when a reading goes 
below 10% of range or beyond 190%. 

The basic 3403A costs $1400. An 
additional $125 buys an autorange 

option . There are other options, like 

BCD output and remote control , but 
the most unusual one, for $250 , dis­
plays - 60 to + 60 dBV or dBm with 
0.1 dB resolution. The 0-dB refer­
ence can be shifted at least 10 dB. 

When its combination of very wide 
ac band (+de), true-rms reading and 
adjustable-reference dB option are 
considered , the 3403A is indeed a 
versatile device. 

Anothe r new digital instrument 
from H-P, the 3469A multimeter, is 
unique on at least two counts. For 
ac-voltage measurements, this 3-1 / 2-
digit meter covers frequencies from 
20 Hz to 10 MHz, a remarkable top 
frequency for a modestly-priced 
DMM. Basic accuracy is (±0.3% of 
reading + 0.3% of range) from 100 
Hz to 100 kHz. For resistance mea­
surements it offers ranges from a 
rather usual 10 M.!1 down to a quite 
unusual 1.!1 (0.001.!1 resolution) . 

The first true-rms DVM to measure voltages to 100 MHz, the HP 3403A is offered with 
several options, including one for measuring dB. 

Prior to the introduction of the 
3469A, at $595, a stable 1.!1 range has 
been available only rarely, and gen­
erally for a high price tag . This one 
uses 60 Hz ac excitation on the 1 n 
range to prevent offsets caused by 
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thermals. One-ohm ranges can be 
found in an ohms-only plug-in for 
Hickok's 3-digit $385 main frame, in 
Dana's 4-digit $1395 model 4800 and 
in options for Dana and Cimron 5-
digit machines costing well over 
$3000. 

On other counts, the 3469A is most 
respectable , but not sensational. 
DC-voltage ranges extend from 100 
mV to 1 kV, with 10-Mfl input im­
pedance, 70-msec response time 
and 40-dB common-mode and nor­
mal-mode rejection at 60 Hz. Com­
mon-mode rejection is 60 dB at de. 
AC ranges cover from 1 mV full-scale 

to 500V, with input impedance of 

Like no DMM close to its price range, the 
3469A can make stable measurements of 
the resistance of closed switch contacts. 
Here, it's measuring the normally c losed 
contacts of a form C reed switch. 

1 O Mfl shunted by < 25 pF. DC cur­
rent ranges go from 1 µA to 100 mA, 
with 100 mV full -scale drop. 

All scales permit 100% overrange 
except for the top voltage ranges. 
The display, H-P 's DPM like that in 
the 3403, has 3 full LED digits (0.29 
inch high) plus a fourth for over­

range. 
Multiple purpose as well as multi­

ple function characterize the 3469A. 
It can serve as a lab-performance in­
strument for ac and de voltage, de 
current, and ohms-or as just a 
good general-performance multi­
meter. Price is $595. Inquiries 
Manager, Hewlett-Packard Co ., 1601 
California Ave. , Palo Alto , CA 94304. 

173 

Watts 
Mu. 

Voltage 17.5KV 12.5KV 5KV 3.5KV 1000 500 Max. 
Reslst1nce SOK· 35K- 20K- 20K· lOK· 10K· lOK· lOK· 

R•1e lOOOM lOOOM lOOOM lOOOM lOOOM 500M 500M 200M 

TC ~DD PPM/°C 
... and if it's not here, we'll make it to 
satisfy your requirements! 

NEW DATA SHEET AVAILABLE ... detailing every 
parameter needed to specify. More than that, Pyro­
film doesn't play the game of specmanship, each 
Thick Film Resistor meets or exceeds specifications, 
and that's a guarantee. 

500 

lOK· 
lOOM 

~tdlIMg New ~ ~ Relioht/JJg 

PVROFILM 904 

60 S. Jefferson Road ·Whippany, N. J. 07981 • (201) 887-8100 
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250 

lOK-
SOM 
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Tape transport SC 1037 features IBM 9-
channel compatible read/write operation 
at densities to 1600 bpi, PE format with 
bidirectional tape speeds from 20 to 45 ips. 
The unit offers improved performance 
over tension arm tape transports, still 
maintaining a comparable price of $2850. 
Potter Instruments Co., Inc., 532 Broad 
Hollow Rd., Melville, NY 11746. 174 

Keytops, C900 Series, have legends mold­
ed into the keytop in a two-step operation 
rather than simply imprinted. Familiar 
typewriter style keytops are available in 
seven standard colors and a variety of 
shapes and sizes. Other features include 
special function keytops and custom color 
matching when required. Evaluation sam­
ples are available. Clare-Pendar Co., Box 
785, Post Falls, ID 83854. 17 5 

Magnetic disc recorders, MD Series, pro­
vide record/reproduce bandwidths up to 
12.6 MHz for analog and video data analy­
sis. The units record and reproduce on one 
or two tracks simultaneously. They are 
available in 2.1-, 4.2-, 6.3- and 12.6-MHz 
versions. Laboratory research, radar study 
and data buffering are typical applica­
tions. Ampex Corp., 401 Broadway, Red­
wood City, CA 94063. 176 

Table-top programmer PR-23 permits fast, 
error-free programming of the Signetics 
8223 256-bit field-programmable ROM. 
The PR-23 provides a row address selector 
and lamp indicators for each of the 8-
column outputs. Program verification is 
instantaneous. Price for the 12- by 6- by 
3-inch qnit is $199.50 in quantities of one 
to five. Curtis Electro Devices, Box 4090, 
Mountain View, CA 94040. 177 

Minicomputer Micro 1600 has a typical 
configuration using 2048 x 16 read-only 
memory and Sk x 8 core memory. There 
are 32 general-purpose registers. Through 
microprogramming, the 1600 operates in 
a variety of applications. Unit dimensions 
are 19 by 10.5 by 20 inches. Price is 
< $5000 in moderate quantities. Microdata 
Corp., 644 E. Young St., Santa Ana, CA 
92705. 178 

-------------_._ 
-~ _,_ _,,_ _ _,.... ...... _.._ 
-~ == ....... 

Capacitive read-only memory systems, 
Series 1000, are bipolar compatible and 
consume < 400 µ,W/bit. A memory capac­
ity up to 131k bits/module is standard. 
Access and cycle times are approximately 
125 nsec. Bit costs of under $0.02/bit are 
achieved using the technique of capacitive 
storage in a crossed-wire matrix. Inte­
grated Memories Inc., 260 Fordham Rd. , 
Wilmington, MA 01887. 179 

Image display, Model 36, converts digital 
image information to pictorial form using 
an array of over 4 million points. Model 
36 presents up to four images simul­
taneously-side by side-on the screen of 
a storage-type CRT. No refreshing is 
required and the displayed images are 
steady and flicker-free . DICOMED Corp., 
7600 Parklawn Ave., Minneapolis, MN 
55435. 180 

Hexadecimal display unit, Series 1020, 
features optimum single-plane viewing 
from 15 ft, optional caption display, one to 
six messages and a choice of five screen 
colors. Drive electronics are IC decoders, 
available for all 16 combinations. Total 
price is $22-$3.10/display unit, $18.90/ 
chip. Industrial Electronic Engineers, Inc., 
7720-40 Lemona Ave., Van Nuys, CA 
91405. 181 
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Encoded keyboard, Type EF, uses patented 
highly-conductive elastomer materials 
and is °<3/16 inch thick. Keyboards are 
available in standard 4-, 8-, 12-, 16-, 20-
and 24-key arrays, with a maximum of 
four encoded bits/key. Standard output 
codes include single-pole (unencoded), 
touch-tone and BCD. Quantity prices are 
as low as $0.25/key. Chomerics, Inc., 77 
Dragon Ct., Woburn, MA 01801. 182 
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Computer Products 

Glass delay line, Model 1024, is 10.24 
µ,sec long and operates at 100 MHz. Inser­
tion loss is typically 20 dB and spurious 
response is better than 20 dB. Isomet 
Corp., 103 Bauer Dr. , Oakland, N J 
07436. 183 

Buffered interface unit, Model 9613, en­
ables the Videojet 9600 printer to store 
incoming data, character by character, 
until an entire print line is assembled. 
Standard buffer size is 200 characters, ex­
pandable to 400 characters. A. B. Dick Co., 
Videograph Operations, 5700 W. Touhy 
Ave., Chicago, IL 60648. 184 

Modular interface system CIOS-1000 sim­
plifies the adaptation of peripheral de­
vices to the Hewlett-Packard 2114 mini­
computer. Three versions accommodate 
10, 40 or 56 channels. Control Logic Inc., 
3 Strathmore Rd., Natick, MA 01760. 

185 

Solid-state programmer consists of a uni­
directional photoelectric punched tape 
reader, two PC boards and a tape bin. Unit 
uses standard paper and does not require 
special punch. Datascan, Inc. , 1111 Pauli­
son Ave., Clifton, NJ 07013. 186 

Small computers, PDP-16, · are priced 
between $800 and $3000 in volume. A 
programming approach called "Chart­
ware" is used instead of the usual soft­
ware. These asynchronous machines are 
available with word lengths of 16-, 12- or 
8-bits. Digital Equipment Corp., Maynard, 
MA 01754. 187 

Minicomputer, called Flexible MAC, can 
be expanded from 2 to 28k words of 16-bit 
memory within the computer chassis. 
Lockheed Electronics Co. , Inc. , Data Prod­
ucts Div. , 6201 E. Randolph St., Los 
Angeles, CA 90040. 188 

Input/output wire-wrapped tray for Micro 
400 minicomputer accommodates up to 
232 14-pin IC sockets, 48 16-pin IC sockets 
and 16 24-pin IC sockets in any combina­
tion. Microdata Corp., 644 E . Young St., 
Santa Ana, CA 92705. 189 

microwatts 
- not milliwatts 

New Liquid Crystal Displays Give You 
No Washout - High Readability - at a 
price low enough that you don't have 
to wait years for. 
Whether it's electronic instruments, clocks, watches, 
calculators or other digital devices, you will reduce 
your manufacturing costs while substantially improving 
your product saleability with Optel 's LX Displays. 

Sample quantities are now available for evaluation. 
Write for technical information and prices. 

Here's how the LX Display works -
a thin layer of our normally trans­
parent liquid crystal material is 

sandwiched between two glass plate electrodes. When 
an electric field is applied , the material becomes turbu­
lent, reflecting and scattering incident light. It maintains 
excellent brightness and contrast under high ambient 
light . . . and requires extremely low power. 
Send for technical information sheets. 
OPTEL CORPORATION • P.O. Box 2215 

Princeton, New Jersey 08540 • 609 - 452-9250. 

Get the tacts today before designing an obsolete product. 
7000 
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Computer Products 

Magnetic data inscriber cartridge is com­
patible with the IBM Model 50 data in­
scriber and Model 2495 tape cartridge 
reader. A unique flanged inner-hub in­
sures less tape wobble. Memorex Corp., 
1180 Shulman Ave., Santa Clara, CA 
95050. 190 

A 4800-bps data modem, T4800, features 
self-conta ined pseudo-random test word 
generator, an adjustable equalizer, con­
'tinuous monitoring signal-quality meter 
and a 1600-Hz bandwidth requirement. 
Communication Systems, Sangamo Elec­
tric Co., Box 3347, Springfield, IL 62708. 

Disc memory system 1717 has five models 
that are plug- and program-compatible 
with the Honeywell X16-931X drum stor­
age system. Available capacities are 32k, 
65k, 131k, 262k and 524k words. Data 
Disc Inc. , 686 W. Maude Ave., Sunnyvale, 
CA 94086. 196 

193 

MOS/LSI message generator on a 2048-bit 
ROM, designated TMS2605, generates the 
international "Quick Brown Fox" message 
in four binary codes: USACII, EBCDIC, 
Baudot and Silectric. Texas Instruments 
Incorporated, Box 5012, MIS 308, Dallas, 
TX 75222. 191 

Semiconductor memory systems family, 
RAM 300 Series, comes in 11 configura­
tions ranging from 2048 to 9216 bits. Ac­
cess time is 300 nsec and cycle time is 
400 nsec. Semiconductor Electronic Mem­
ories, Inc. , 3883 N. 28th Ave. , Phoenix, AZ 
85017. 194 

Punched paper tape and edge-punched 
card reader, Series 1300, accepts punched 
tapes up to 1 inch wide and edge-punched 
cards up to a fanfold width of 210 mm. 
Reading speed is 200 cps. Automated Busi­
ness Systems, 600 Washington Ave., 
Carlstadt, N J 07072. 197 

Automated drafting system uses "building 
block" concept to minimize equipment in­
vestment, while allowing individual sys­
tem coinponents to be formed into spe­
cific system requirements. Xynetics, Inc., 
6710 Variel Ave., Canoga Park, CA 91303. 

Automatic answer modem, Model 300 
Autoset, replaces the Bell System data 
sets and provides economical operation 
without modification to computers. Unit 
contains up to 10 channels. I/Onex Div., 
Sonex, Inc., 2337 Philmont Ave., Beth­
ayres, PA 19006. 195 

Sixteen-bit, 800-nsec minicomputer MOD­
COMP I gives the MODCOMP family of 
computers compatibility from $4000 con­
trollers to ·$300,000 multiprocessors. 
MODCOMP I employs the latest MSI and 
LSI technology. Modular Computer Sys­
tems, 2709 N. Dixie Hwy., Fort Lauder­
dale, FL 33308. 198 
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SERIES 31 
(Illustrated above) 

• 15 amps continuous 

• 1 to 20 poles 

• 1 to 10 sections 

192 

COMPACT 
MULTI POLE 

ROTARY 

SWITCHES 
for 

INDUSTRIAL 
CONTROL 

APPLICATIONS 

Other Switches? You can 
order I iterally hundreds of 
types from stock ... or specify 
a special assembled from 
millions of components off­
the-shelf! Specs range from 
1/2 to 200 amps ... from one 

•Wide range of to 75 poles per switch ... push-
circuits & options button, rotary' cam, detent 

•UL and CSA Listed and snap action types . 

Send for Bulletin C-1 ... our 
"catalog of available catalogs''! 

~ ELECTRO SWITCH 
CORP. 

Weymouth • Massachusetts 02188 

'"""~' " "~5/ ""' ""'' "'""' ron 
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A REQUIRED volume for every 
manager of an R&D laboratory, 
engineering or scientific team . . . 

MANAGEMENT 
OF RESEARCH, 
DEVELOPMENT 
AND DESIGN 
IN INDUSTRY 

By T. S. McLEOD Technical 
Coordinator, P/essy Co., Great Britain 

Budgeting, organization , cost effective­
ness and day-to-day management prob­
lems treated in a practical, workable , 
professional method based on the au­
thor's experience in reorganizing 50 lab­
oratories of diverse disciplines in over 
50 different geographical locations and 
involving over 6,000 specialists. $12.50 

--1s DAY FREE TRIAL EXAMINATON PERIOD--

Cahners Books 
270 St. Paul St., Denver, Colo. 80206 
Please send me __ copies of MANAGE­
MENT OF RESEARCH , DEVELOPMENT 
AND DESIGN IN INDUSTRY at $12.50 
( ) Bill Me ( ) Bill Company 
( ) Check Enclosed (We Pay Postage) 

Name~-----------­
Company~----------~ 

Address~----------~ 
City/State/Zip ________ _ 

Mass. Residents Add 3% Sales Tax 
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Package for 64-lead MOS has lead row 
spacing of 0.9 inch and chip mounting 
area of 0.325 inch2 • Construction is all 
alumina. American Lava Corp., Manufac­
turers Rd., Chattanooga, TN 37405. 199 

PC socket, the "Minisert", fits into holes 
sized from 0.048 to 0.058 inch and gives 
positive retention to a wide range ofround 
or flat leads. Sockets can be furnished in 
either loose piece or strip form (reels of 
25,000). Berg Electronics, Inc., York Ex­
pressway, New Cumberland, PA 17070. 

200 

Thin-film chip resistors are available from 
112n to 100,ooon. Sizes range from 25 
mils2 to 50 by 100 mils. Substrates are 
96% alumina, resistor elements are chro­
mium, and they have either gold or sol­
der terminations. Standard TC is ±100 
PPM/°C from - 55 to + 150°C. Prices range 
between $0.37 to $1.45 depending on 
quantity and resistance value. Film Micro­
electronics, Inc., 17 A St., Burlington, MA 
01803. 201 

Foam flu x, Milfoam 613, contains rosin and 
is the first to qualify as type A of MIL-F-
14256. Residues are nonhygroscopic and 
insulating. Alpha Metals, Inc., 56 Water 
St., Jersey City, N J 07304. 202 

Incandescent 7-segment digital display, 
the Dip-Lite, is a pin-for-pin replacement 
for popular LED displays. Features in­
clude life to 100,000 hrs, character height 
of 5/16, 1/2 or 5/8 inch and drive by 5V or 
less at < 20 mA. Price is $5.45 each in 
1000 quantities. Pinlites Inc., 1275 Bloom­
field Ave., Fairfield, NJ 07007. 203 

Surface sensing thermostats in crystal 
can enclosures have SPST contacts and 
offer twice the force and motion control of 
competitive units. The VE-2 Series switch­
es withstand shock to 50G for 11 msec or 
continuous vibrations of lOG at 2000 Hz. 
Eight hermetically-sealed factory-set mod­
els are available covering four tempera­
ture ranges. G-V Controls Div., Sola Basic 
Industries, 101 Okner Pkwy., Livingston, 
N J 07039. 204 

Components/Materials 

Tool for inserting !Cs, Model 880, permits 
fast, sure handling and requires no special 
training or experience. Solder Removal 
Co., Box 1678, Covina, CA 91722. 205 

Lamps with a spotl ight lens, < 3/4 inch 
long, are available for voltages from 2.5 
to 6V and currents from 0.18 to 0.35A. 
Rated life for lamps of the TL line is up to 
12,000 hrs. All light a 1/8-inch diam circle 
at a distance of 0.6 inch from the lens tip. 
Lamps, Inc., 19220 S. Normandie Ave., 
Torrance, CA 90502. 206 

Half-inch, single turn trimmers have sol­
vent-resistant nylon cover. Series 6905 
cermet-element units are offered from 
2on to 5 Mn with 10% tolerance. Rating 
is 1/2W at 40°C. Series 6900 wirewound 
units are offered from ion to 50,000n 
with 10% tolerance and power rating of 
1 W at 40°C. Operating range of both is 
- 55 to + 125°C. Amphenol Controls Div., 
The Bunker-Ramo Corp., 120 S. Main St., 
Janesville, WI 53545. 207 
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Transient-free 
Zero-Voltage Switching of 
2-10-25AmpACLoads 
... from DC or AC signals! 

True Zero-Voltage "Turn-On" 
Transient-free switching requ ires 
true zero voltage " turn-on " and 
" turn-off". Note Crydom's superior 
crossover action during switching. 

Real ize the full potential of solid­
state switch ing! Photo-isolation 
eliminates transients, isolates all 
inputs from AC loads that can 
cause false triggering. Zero volt­
age switching (at no extra tost) 
makes transients and RFI caused 
by arcing contacts or current in­
rush impossible. Switch 120V and 
240V ci rcuits directly from low­
level IC signals. or from standard 
120V AC control voltages. No mov­
ing parts, transformers, coils or 
reed relays, means top reliability. 
The "4-way" industrial type termi­
nals cut installation time and cost. 
They're your best buy for power, 
performance , price. Send for data ! 

1521 Grand Ave .. El S egundo . Calif o rnia, 9 0 245 (213) 3 22-4987 

CIRCLE NO. 38 

Heat dissipators for Motorola MC1600 
Series !Cs use no conduction base yet dou­
ble the power rating of the bare-case de­
vice. Model LIC-14 is available in 1/4- and 
1/2-inch high versions. IERC, 135 W. Mag­
nolia Blvd. , Burbank, CA 91502. 208 

Polypropylene capacitors, Type PP, feature 
low inductance, low TC and low dissipa­
tion factor. Capacitance values from 120 
to 22,000 pF are offered. Paktron, Div. 
Illinois Tool Works Inc., 1321 Leslie Ave., 
Alexandria, VA 22301. 209 

Black alumina ceramic with the same 
physical and thermal advantages of white 
serves as a contrasting background in 
LED alpha-numeric display systems and 
as an opaque housing for light-sensitive 
IC circuits. Metalized Ceramics Corp., 
West River Industrial Pk., Providence, 
RI 02904. 210 

Manual plotting device with its own built­
in ink supply for up to 25,000 impressions 
sells for $2.50 in snap-open plastic box. 
Squares, circles and crosses are available. 
Newton Trading Co., Box 113, Newton 
Centre, MA 02159. 213 

Cold-cathode numerical readout tube, 
Model NL-1222, operates in de, strobe or 
time-share modes from 1 70V de and pro­
vides 0.5-inch character height. Basing is 
available for either solder-in or socket 
applications. National Electronics , Inc., 
Geneva, IL 60134. 214 

Dpto-isolators, Model MCT 4 phototransis­
tor coupled pair and Model MCD 4 photo­
diode coupled pair, are offered in four-lead 
T0-18 package. Model MCT 4 has current 
transfer ratio of 0.35% and rise and fall 
times of 2 µ.sec. Model MCD 4 has current 
transfer ratio of 0.15% and rise and fall 
times of 20 nsec. Price ranges from $6.50 
each to $3.95 each in 1000 lots. Monsanto 
Electronic Special Products, 10131 Bubb 
Rd., Cupertino, CA 95014. 215 

Film-element trimmers of the 800 Series 
are 112 inch long, dissipate 0.3W and are 
offered from !Of! to 2 Mf! at ± 10% toler­
ance (from lOOf! through 500,000f!). TC 
of these 10-turn units is ± 250 PPM/°C. 
Dale Electronics, Inc ., Dept. 860, Box 609, 
Columbus, NE 68601. 216 
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Components/Materials 

Logic status indicator, Model LL-4S, pro­
vides 4 bits of side-viewing logic status in 
a dual in-line package. Each input of,the 
TI'L/DTL-compatible unit represents only 
1 unit load. Price is $6 in quantities of 
500. Unique Devices Co., Box 786, Reseda, 
CA 91335. 217 

IC strip-socket and mating header have 
0.1-inch spacing and the standard product 
size is 25 contacts. Socket and header 
prices are $1.15 and $2.35 in 100 lots. 
Robinson-Nugent, Inc., 800 E. Eighth St., 
New Albany, IN 47150. 218 

Metallized cellulose-acetate tubular ca­
pacitors, MKL Series, provide high capac­
itance/volume ratio and withstand surges 
up to four times the rated voltage. Capac­
itance values between 0.1and10 µ.F with 
voltage ratings between 63 and 250V are 
available. Siemens Corp., 186 Wood Ave. 
South, Iselin, NJ 08830. 219 

Lighted rocker switch, Series 7100, is 
offered in SPST at lOA 125V rating and 
with either neon lamp or subminiature 
incandescent lamp. Leecraft Mfg. Co., 
Inc., 21-10 44th Rd., Long Island City, 
NY 11101. 220 

Readout plus decoder/driver accepts BCD 
input and provides 7-segment incandes­
cent readout. These units operate on 3 to 
5V with current as low as 8 mA, and their 
life is over 100,000 hrs. Pinlites Inc., 1275 
Bloomfield Ave., Fairfield, NJ 07007. 

221 

Industrial pilot lights, miniature and oil­
tight, are available in standard llOV ac 
and 24V de versions plus a model with 
built-in amplifier that will operate direct­
ly from the output of a solid-state logic 
module. All have patented test feature 
that permits checking all system pilot 
lights simultaneously, even during ma­
chine cycle, by pushing one button. Design 
Products Corp., 1925 W. Maple Rd. , Troy, 
MI 48084. 222 

PC connectors with solder eyelet termina­
tion and from 6 to 43 contact positions are 
offered in the new 225 Series. Operating 
voltage is 600V ac and current rating 
is 5A. Amphenol Industrial Div. , The 
Bunker-Ramo Corp., 1830 S. 54,th Ave., 
Chicago, IL 60650. 223 

When it comes to Zeners, 
Dickson has your number 
... and then some ! 

From low-cost commercial to highly 
sophisticated, ultra-reliable applica­
tions, Dickson has the exact voltage 
regulating (Zener) or reference (TC) 
diode you need. And, even if it's one of 
our .11 ¢ devices, you have the assur­
ance that every Dickson zener has the 
quality that can only come from the 
leader in hi-rel devices. 

Dickson offers 48 popular JEDEC 

"The Specialists" 

series; plus thousands of custom or 
proprietary devices in one of the most 
extensive lines of commercial and mili­
tary zeners available. With this product 
versati I ity, it's no wonder Dickson is 
looked upon as the preferred Zener 
House by a continually growing num­
ber of major equipment and systems 
manufacturers . If you use Zeners , con­
sider the extra quality and fast-service 
benefits you'll receive from "the zener 
specialists" _ .. Dickson . 

"Where Quality 
Makes The 
Difference" 

ZENER DIODE SELECTION GUIDE 
For your copy of a new 
six-page selection 
guide to Dickson Zener 
Diodes, contact your 
local Dickson Engi­
neering Representa­
tive, your Dickson 
Distributor, or the ze­
ner diode specialist at 
Dickson. 
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DICICSO,N' 
ELECTRONICS CORPORATION 

PHONE (602) 947 ·2231 TWX 910·950·1292 TELEX 667-406 
P. 0 . BOX 1390 • SCOTTSDALE , ARIZONA 8525 2 
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Decimal-to-ASCII encoder, the "Data-Dial", 
converts older manual-calibration instru­
ments for automatic data logging. A thin 
cable delivers logic and power supply 
wires to each knob. Price is $35 each. 
Write, specifying instrument system to be 
converted, for information. Electro Scien­
tific Industries, Inc., 13900 N.W. Science 
Park Dr. , Portland, OR 97229. 

Current limiter, Model RAL, limits ac cur­
rent in a cable when that cable is passed 
through a hole provided in the limiter 
body. Limiting is by duty cycle variation 
and is noiseless. Operation is from 100 to 
140V 60 Hz ac. Currents up to SA can be 
controlled. Arnold Magnetics Corp., 11264 
Playa Ct., Culver City, CA 90230. 224 

( 
Electrometer amplifiers, inverting Model 
3430 and noninverting Model 3431, have 
input bias current of 0.01 pA and input 
noise current of 0.001 pA. Input imped­
ances are 3 x 10".!1 II 30 pF and 10".!1 II 
2 pF respectively. Rated output is ± lOV, 
± 10 mA. Unit price is $59 each for the J 
version and $95 each for the K version. 
Burr-Brown Research Corp., Internation­
al Airport Industrial Park, Tucson, AZ 
85706. 225 

Power supplies on PC cards are available 
in 44 models that include both single and 
dual outputs. Single output units deliver 
voltages from 3 to 150 and currents from 
10 to 900 mA. The dual output units pro­
vide from ±5 to ±24V de at 120 to 450 mA. 
Price, including 5-year warranty, ranges 
from $30 to $53 each. Power Pac Inc. , 
24 Stage St., Stamford, CT 06901. 226 

Hybrid FET-input op amp, Model MSF-741 , 
combines matched FETs, matched source 
resistors and selected "741" op amps, and 
is completely contained in a T0-91 flat 
pack. The "A" and "B" versions offer 10 
µ,V /°C and 50 µ,V /°C respectively. Prices 
are $29 and $19 each, respectively. Mini­
Systems, Inc., Box 429, North Attleboro, 
MA 02761. 227 

l~H U~ OSClliOKOl'I" . ,. .. . . •· 

Digital filter MOS/LSI circuits, including a 
serial/parallel multiplier, a shift-register/ 
adder and an analog-digital converter are 
available at $50, $60 and $80 each. Using 
these, the cost of digital filters that do not 
need programming and typically operate 
at 300 mW power, is reduced from several 
thousand to a few hundred dollars. North 
American Rockwell Microelectronics Co., 
Box 3669, Anaheim, CA 92803. 228 

Current regulator modules for preset cur­
rents between 100 µ,A and IA (within 
± 1 % setting accuracy or better), and for 
use on operating voltages from 10 to lOOV 
de, are available at prices starting at $5 
each. Response time is 100 nsec, and load 
stability is typically better than ± 1 % 
with a 100% load variation. Modular 
Systems International , 2621 Rhode Is­
land N.E ., Albuquerque, NM 87110. 229 

Solid-state time-delay relays have DPDT 
contacts rated at 2A and operate from 
- 10 to 70°C. Units are available with four 
delay ranges that cover from 0.1 to 300 
sec and for delay on either operate or re­
lease. Input voltage is 28V de or 115V ac. 
Price, $35 each. Logitek, Inc., 42 Central 
Dr., Farmingdale, NY 11735. 230 

Step attenuator for use from de to 1000 
MHz offers either 0 to 120 dB in 10-dB 
steps (Model AT-201) or 0 to 12 dB in 1-dB 
steps (Model AT-200). Each has power 
rating of 0.5W, 50.!1 impedance, maximum 
insertion loss of 0.75 dB to 500 MHz and 
1.5 dB to 1000 MHz and VSWR of 1.3 max­
imum to 500 MHz and 1.5 maximum to 
1000 MHz. Price is $125 each. RLC Elec­
tronics Inc., 83 Radio Circle, Mt. Kisco, 
NY 10549. 23 1 
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Circuits 

Pressure transducer, a microminiature 
"W" type bonded strain gage unit, has all­
welded stainless steel construction and is 
available with sizes from 1/8- to 1/2-inch 
diameter. Typical outputs range from 1 to 
7 mV/psi. Sensotec, Inc., 1400 Holly Ave., 
Columbus, OH 43212. 232 

Pulse-width modulator, IF Series, can 
drive switching transistors where the 
pulse width on the transistor base is con­
trolled by microampere-range de signals. 
Frequency response is up to 10 kHz, typi­
cal input is 30 µ,W and output is lW. Di­
ameter is 1/2 inch. Price is from $60 
to $80. Magnetic Electronics, Inc., Box 
25517, West Los Angeles, CA 90025. 233 

Programmable surface-wave tapped delay 
line operates with dynamic range up to 50 
dB (largely insensitive to temperature). 
Magnavox Co., Fort Wayne, IN 46804. 

234 

Solid state relays, Series PSG, are avail­
able for switching current loads from 1.5 
to 25A at voltages of 115 or 220 ac and 28V 
de. Prices range from $4.40 to $19.25 in 
production quantities. PSG Industries, 
Inc., Ninth & Ridge Ave., Perkasie, PA 
18944. 235 

DC-DC converter, Model PWR-101, accepts 
24 V input and provides an output of 200V 
at 30 mA maximum. Load regulation is 
±5%. General Dynamics, Electro Dynamic 
Div. , Box 2566, Orlando, FL 32802. 236 

Micro-miniature detectors that operate 
from 8 to 10 GHz with -54 dBm tangen­
tial sensitivity have maximum VSWR of 
1.5 and weigh less than 3g. Size is 1/4 by 
3/8 by 5/8 inch. Engelmann Microwave 
Co., Skyline Dr., Montville, NJ 07045. 

237 

Dual voltage comparator for AID conver­
sion, the high-speed Model L132, has two 
isolated comparison channels, each with 
a separate strobed latch on the output. 
Price, in 100 lots, is $9 each in T0-86 flat 
pack or $12 each in T0-116 DIP. Siliconix 
Inc., 2201 Laurelwood Rd., Santa Clara, 
CA 95054. 238 

X-band isolator with better than 5 GHz 
instantaneous coverage measures only 
3/4 by 3/4 by 1/2 inch. Typical perfor­
mance between 7 and 12.4 GHz includes 
20-dB isolation, 0.4-dB insertion loss and 
1.25:1 VSWR. Micromega Div. , Bunker 
Ramo Corp., 12575 Beatrice St., Los 
Angeles, CA 90066. 239 

0 <> 
D " NEW SIZES 

~ ~ NEW PRICES IN () 

0 0 Q CHIP CAPACITORS! 
~ 

" 
Announcing the 1971 line of Ceramol ithic® chip capacitors from 
USCC / CENTRALAB! Capacitance ranges -1.0pF to .47Mfd in 50, 
100 and 200 VDC ratings in sizes from .050" x .050" x .040". Lowest 
industry prices . New faster delivery- most catalog sizes now avail· 
able off the shelf. Your choice of NPO or W dielectrics which meet or 
exceed the applicable portions of MIL-C-11015 and MIL-C-3 9014. 
The exclusive Ceramolith ic® construction and 100% testing ensures 
highest reliability . 

For free copies of new 1971 Catalog and Applications Manual, write 
USCC / CENT RALAB, 2151 N. Lincoln St., Burbank, Calif. 91504, 
(213) 843-4222 - or circle information retrieval number below. 

U.S. CAPACITOR CORPORATION CENTRALAB Electronics Division • GLOBE·UNION INC. 

CIRCLE NO. 40 

79 



~~LING 
Delays: 2 to 180 seconds· 

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

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

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

for all voltages up to and including 115V. 

PROBLEM? Send for Bulletin No. TR·81. 

AM PE RITE 
BALLAST REGULATORS 

CIRCLE NO. 42 
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Circuits 

Modules for sensing over or undervoltage 
on ac lines, Model 825 (over) and Model 
826 (under), sense preset values within 
the range of 80 to 115V and 115 to 150V 
ac respectively at 50 to 60 Hz with better 
than 1 % accuracy and repeatability. Mod­
ule size is 2 by 3 by 1 inch, and prices are 
$48 and $33.60 each in 100 piece lots. 
California Electronic Mfg. Co., Inc., Box 
555, Alamo, CA 94507. 240 

Voltage/frequency sensor detects under/ 
over voltage or under frequency condition 
and provides a relay closure. Model VFS-1 
has overall accuracy of 2%. Price is $128 
in unit quantity. OR Electronics, Inc., 
475 Watchung Ave. , Watchung, N J 
07060. 241 

Low-cost PC-card de supplies feature 0.1 % 
regulation, overload protection and re­
mote voltage sensing. Voltages from 4 to 
32 and currents as high as l.5A are of­
fered. Price is $28.50 each in quantity of 
10. ACDC Electronics, Inc., Oceanside 
Industrial Ctr., Oceanside, CA 92054. 

242 

Logic gate, Model 4612, consists of an 
AND and an OR gate that can be used singly 
or in combination. Model 4612 is pack­
aged in a single-width NIM-standard for­
mat. Ortec Inc., 214 F Midland Rd., Oak 
Ridge, TN 37830. 243 

Touch dial decoder does not require reso­
nant reeds, LC tuned circuits or relays and 
is compatible with AT&T touch-tone sig­
naling systems. Model 301 is field pro­
grammable from 1 to 8 digits and provides 
a total operating capacity of 100-million 
code combinations. Package size is 3 by 5 
by 1 inch. Dynacoustics Inc., 1980 Na­
tional Ave., Hayward, CA 94545. 244 

Power hybrid circuit products-high-cur­
rent series voltage regulators, a high-gain 
current-amplifier pair, and a 100-kHz 
power amplifier-are now available. These 
include Model TA7955, 4A 5V series regu­
lator; Model TA8141 , high gain, current 
amplifier pair and Model TA7926, linear 
power amplifier specified for operation to 
100 kHz. RCA/Solid State Div., Somer­
ville, N J 08876. 245 

Microchannel amplifiers for X-ray image 
intensification are available in various 
sizes up to an active diameter of 40 mm 
with channel diameters of 40 µ.m and 
center-to-center spacing of 50 µ.m. Typical 
electron gain is 104 at 1 kV. Optics Tech­
nology Inc., 901 California Ave. , Palo 
Alto, CA 94304. 246 

What do you need 
10 know about 
solid state power and 
temperature controls 7 
NOW you can update yourself and your de­
signs in solid state industrial control. 
Choose either a complete solid state power 
control system or select the electronic 
building blocks necessary to meet your 
system requirements. Our highly-experienced 
control specialists can reduce your valuable 
design time and help you realize sub­
stantial cost reductions. Get our new Short 
Form Catalog 64 that details our capabilities 
and gives you up-to-the-minute data on : 

" SCR Triggers and Control Modules 
"' Solid State Temperature Controls 
.,. SCR Power Controllers 
,,. Solid State Relays 

For your copy, circle 
the bingo number below 
or write Vectrol Inc., 
1010 Westmore Ave., 
Rockville, Md. 20850. 
Telephone (301) 424-6900. f~11 

SOLID STATE POWER ELECTRONICS 
CIRCLE NO. 32 

can be yours ouicklY ... 
at a very low cost 
So can hundreds of other miniature 
Dynacor® square-loop tape cores (2 kHz to 
500 kHz) . They'll provide low-power/high 
frequency for magnetic amplifiers . . . or 
guaranteed maximum magnetizing current 
at high frequency over a wide temperature 
range for DC to DC converters. They fea­
ture stainless steel bobbins and epoxy coat­
ing . For our new Design Guide, circle the 
number below or write for Dynacor Engineer­
ing Bulletin 1400 to: 

J DYNACOR r 
A Division of VECTROL Inc. 
1010 Westmore Ave., Rockville, Md. 20850 
Phone (301) 424-6900 

CIRCLE NO. 33 
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Random-access memory GER 1101 Is a 
256-bit static unit featuring refractory 
metal oxide semiconductor (RMOS) pro­
cessing. The unit features an access time 
of 1 µsec, power dissipation of 2 mW/bit, 
operation from 0 to 85°C, and is packaged 
in a 16-lead ceramic dual in-line contain­
er. General Electric Co. , IC Products Dept., 
Electronics Park, Bldg. 5, Room 160, 
Syracuse, NY 13201. 247 

Emitter-coupled logic MECL 10,000 has 
had added two new devices: a dual 3-input/ 
3-output OR and a dual 3-input/3-output 
NOR. Price (100-999) is $2.50 each. Tech­
nical · Information Center, Motorola Inc. , 
Semiconductor Products Div. , Box 20924, 
Phoenix, AZ 85036. 248 

Monolithic D/A converter monoDAC-OlHS 
is a commercial version of a high-speed, 
6-bit device. It contains an internal volt­
age reference, diffused ladder network, six 
precision current sources, six current 
steering logic switches and an internally­
compensated output op amp. The unit is 
priced at $9.95 each in lots of 2000 items. 
Precision Monolithics, Inc., 1500 Space 
Park Dr. , Santa Clara, CA 95050. 249 

COS/MOS universal timing circuit TA6030 
is a 23-stage circuit that operates from 
any de power source ranging from 1.3 to 
15V. The unit is intended for use in wrist 
watches, wall clocks, automobile clocks, 
digital readout clocks and similar timing 
applications. Operating at 1.3V, power dis­
sipation is typically 4 µ.W . RCA Commer­
cial Engineering, Harrison, N J 07029. 

250 

Seam lead op amps, RC741BL and RM-
741BL, are commercial and military high 
gain, internally compensated units that 
are nitride passivated and are ideal for 
hybrid applications. Raytheon Co., Semi­
conductor Div. , 350 Ellis St. , Mountain 
View, CA 94040. 251 

I 

, 
! 

Hyperabrupt HA Series tuning diodes are 
designed to span an octave in the 2-MHz 
to 1000-MHz frequency range. Varying 
bias from 1 to 28V causes a variation in 
capacitance of at least 4.5:1. Eight units 
in the Series span from 13.2 to 200 pF at 
1 V bias. Q is 300 at 1 V, 50 MHz and ex­
ceeds 2000 at 28V in the low capacitance 
types. Price, in Jots of 100 items, is $8 
each. MSI Electronics Inc. , 34-32 57th St., 
Woodside, NY 11377. 252 

NewSC's 

Transistors in the SVT 350-450 Series are 
high-speed, high-voltage switching units 
that are rated up to 450V and lOA. Typical 
switching speeds are less than 100 nsec, 
saturation voltage is 1 V and typical beta 
is 15. Mounted in the T0-3 package, prices 
start at $11.60 each in lots of 1000 units. 
TRW Semiconductor Div., 14520 Aviation 
Blvd., Lawndale, CA 90260. 253 

- '-High-voltage power switching transistors, 
2N5660-67 Series, can handle up to 3A de 
and have a V CER to 400V min. In lots of 
100 items, prices start at $15 each. Inquiry 
Processing Dept. , Unitrode Corp., 37 New­
bury St. , Boston, MA 02116. 254 

Photodetectors manufactured using dou­
ble diffused silicon PIN structures offer 
continuous sensing surfaces of 2, 4, 6, 8 
and 10 inches, sensitive areas up to 11.5 
cm2 and uniformity of ±5%. Typical char­
acteristics of a 10-inch detector are: spec­
tral response from 0.3 to 1.1 µ.m, output 
of 0.4A/W at 8500A and response time of 
3.5 µsec with a 1 kD. load. Solid State 
Radiations Inc., 2261 S. Carmelina Ave., 
Los Angeles, CA 90064. 255 
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The most 
printer 

for 
the price: 

$945. 

\ I 

11-56-26 1005.51 KHz 
1005.50KHz 
1005.49KHz 

11-56-25 1005.41KHz 

Yes, it's true. Although there are at 
least 1 O new printers, the S-D 5103 
is by far the most flexible. It offers 
more features and options than any 
other medium-speed digital printer. It 
expands to 21 columns and accepts 
almost every conceivable BCD input. 
The 5103's many options include 
internal digital clock, counter/ DVM 
translator, third source input, and 
voltage buffers and storage. Options 
can be field-installed , so it's a simple 
matter to expand your 5103 to han­
dle almost any new requirement. 

OEM Printers. S- D offers low- cost 
OEM versions of the 5103 Printer 
especially designed for systems use. 
These panel- mounted units handle 
up to 21 columns and feature the 
same quality construction and per­
formance as the 5103. 

For technical data or a demonstra­
tion , contact your local Scientific 
Devices office or Concord Instru­
ments Division, 888 Galindo Street, 
Concord, CA 94520. Phone (415) 
682-6161 . 

<I® 
SVSTRON-OONNER 

Cl RCLE NO. 43 
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NewSC's 

Dual 100-bit dynamic shift register IM-
770617707 is a p-channel MOS unit that 
operates from 250 Hz to 3 MHz at room 
temperature. Power consumption is 0.2 
mW/bit at 1 MHz, output impedance is 
300 typical and prices, in lots of 100 to 
999, are $6 (military) and $4 (industrial). 
Intersil , Inc., 10900 N. Tantau Ave., 
Cupertino, CA 95014. 256 

Hybrid FET-input op amp MSF-741 com­
bines matched FETs, matched source re­
sistors and a 741 IC op amp in a T0-91 , 
1/4- by 1/4-inch flat pack. Mini-Systems, 
Inc., Washington Park, North Attleboro, 
MA 02761. 257 

Building-block MOS/LSI circuits can be 
combined to form the calculating portions 
of business and scientific calculators and 
of other data reduction equipment pro­
grammed for up to 1000 steps. North 
American Rockwell Microelectronics Co., 
Box 3669, 3430 Miraloma Ave., Anaheim, 
CA 92803. 258 

MOS dual 100-bit shift registers, Am14/ 
1506 and Am14/1507, offer 30% lower 
power dissipation than the 0.4 mW/bit at 
1 MHz units they replace. Both offer a 
guaranteed frequency of operation to 2 
MHz, and in the 100-up mix quantity, 
prices start at $4 each. Advanced Micro 
Devices Inc., 901 Thompson Pl., Sunny­
vale, CA 94086. 259 

RF power transistor TM80000 features a 
high current gain fr of 1200 MHz (min), 
output capacitance Ceo of 3 pF (max) and a 
noise figure of 2.7 dB typical. In lots of 
100 to 999, price is $1.38 each . Teledyne 
Semiconductor, 1300 Terra Bella Ave., 
Mountain View, CA 94040. 260 

TTL/DTL-compatible dual differential line 
driver/receiver series, QC 7820/8820 and 
QC 7830/8830, operate on a single 5V 
supply over the military temperature 
range of - 55 to 125°C. Units are available 
in the OIL package, chip form or custom 
configuration. The 100-unit prices are 
$5 .50 and $4.50 each, respectively. Quali­
dyne Corp., 3699 Tahoe Way, Santa Clara, 
CA95051. 261 

........ .. ,1,. .. ...... ._::::.::: 

NEW 
INSULATOR 
CATALOG 

Now you can order from a single 

source •.. a complete llne of 

Fiim, Beryllium oxide (BeO) and 
Hard anodized aluminum Insula­

tors for semiconductors. Therm­

a 11 o y also supplies custom 

insulators to meet specific 

design problems In a variety of 

materials and price ranges. 

-
~II 

Write for 

FREE 
Catalog 

.Y 
Thermalloy 

Company 
8717 DIPLOMACY ROW 

DALLAS , TEXAS 75247 

PHONE : 214/637-3333 

TWX : 910/861 - 4410 

CIRCLE NO. 44 
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IC dividers, SP 601, -2, -3 and -4, were de­
veloped to meet the operational require­
ments of high-speed digital frequency 
synthesizers and counters. The 602 unit 
is a 500-MHz divide-by-2 circuit, 603 and 
604 toggle at 400 MHz and 300 MHz re­
spectively, and the 601 is a 100-MHz 
divide-by-4 circuit. Plessey Electronics 
Corp., 170 Finn Ct., Farmingdale, NY 
11735. 262 

Silicon photosensor cells in the "Pik-A­
Peak" Series are available at selected 
wavelengths throughout the blue, green, 
yellow or red spectral bands. Sensor Tech­
nology, Inc., 7118 Gerald Ave. , Van Nuys, 
CA 91406. 263 

Low-power TTL monostable multivibrator 
SN54L/74L122 has both retriggerable and 
clear functions. Power dissipation is 55 
mW at 50% duty cycle, and prices, in lots 
of 100 to 999, start at $1.54 each. Texas 
Instruments Incorporated, Inquiry An­
swering Service, Box 5012, M/S 308, 
Dallas, TX 75222. 264 

MOS shift registers now packaged in sili­
cone molded containers include a quad 
32-bit register, a 1-to-64-bit variable 
length register, and a 256- and 512-bit 
register that are all dynamic, and a dual 
100-bit static register. In lots of 100 up, 
prices start at $4.40 each. Electronic 
Arrays, 501 Ellis St., Mountain View, CA 
94040. 265 

Green light•emitting semiconductor dice 
PD5033 are gallium phosphide units that 
have an emission at 570 nm and a typical 
light output of 300 fL at 10 mA. Units are 
priced at $1 each in lots of 5000. Ferranti 
Electric, Inc., East Bethpage Rd., Plain­
view, NY 11803. 266 

UHF communications power transistors in­
clude six new devices for use at 12.5 and 
28V and at frequencies of 400 and 470 
MHz. All feature ballasted emitter design 
for extreme ruggedness under load mis­
match. The family covers a range from 1 to 
20W output, and in lots of 1 to 99, prices 
range from $6 to $46 each. Solid State 
Scientific Inc., Montgomeryville, PA 
18936. 267 

NewSC's 

IC arrays include five npn and pnp IC mon­
olithic units. Three arrays, designated 
CA3081, -82 and -83, are for high-current 
applications. The other two, CA3084 and 
-86, are for general-purpose applications 
in signal-processing systems. In lots of 
1000 units, prices start at $0.49 each. 
RCA Commercial Engineering, Harrison, 
N J 07029. 268 

Miniature zener diodes make up a new 
series of ±5%, 400 mW (at 50°C) sili­
con planar whiskerless zener diodes pack­
aged in the space-saving D0-35 package. 
Amperex Electronic Corp., Slatersville, 
RI 02876. 269 

SCR C602 is reported to be the highest 
voltage rated SCR in domestic production. 
It is rated at 2600V and 600A average, 
and is housed in the pressure-mounted 
"Press Pak". In lots of 10 to 99, prices start 
at $186 for a lOOOV unit. General Electric 
Co., Electronics Park, Bldg. #7, Mail 
Drop 49, Syracuse, NY 13201. 270 

TTL read-only memories are 256-bit units 
that include the standard DM7488 and 
the tri-state DM7598 devices. Both store 
32 8-bit words that are typically accessed 
in 30 nsec through on-chip decoding logic. 
In lots of 100 to 999, prices start at $9.60 
each. National Semiconductor Corp., 2900 
Semiconductor Dr. , Santa Clara, CA 
95051. 271 

MOSFETs 2N4066/2N4067 feature 10"·0 
input resistance, normally off operation 
with zero gate voltage, and square law 
transfer ch.11racteristics. In lots of 100 
items, prices are $5 and $7 each, respec­
tively. General Instrument Corp., 600 W. 
John St., Hicksville, NY 11801. 272 

Three linear IC peripheral drivers are 
added to a computer system interface cir­
cuits family. Each circuit contains two 
TTL gates and two transistors capable of 
sinking up to 300 mA with a 30V break­
down voltage. Prices, in lots of 100 to 999, 
range from $1.10 to $1.43. Texas Instru­
ments Incorporated, Inquiry Answering 
Service, Box 5012, M/S 308, Dallas, TX 
75222. 273 

Acopian's new low profile power sup­
ply offers outstanding performance . 
Line and load regulation is .005% or 
2 mv. Ripple is 250 microvolts. Pro­
longed short circuits or overloads 
won 't damage it. And built-in over­
voltage protection is available as an 
option . 

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

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

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

THIS POWER SUPPLY WAS 

3 
SHIPPED WITHIN 

,, TJAY!J ~ 
ACJJPia 
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Multifunction electrometer, Model 736A, 
measures resistance to 1014!1 full-scale, 
provides current resolution to 10- •5A and 
charge resolution to 10- 14C- and it makes 
voltage measurements from 10 mV to 
lOOV with 1016!1 input resistance. The 
digital-readout Model 736A sells for 
$1150. Dynasciences Corp., 9601 Canoga 
Ave., Chatsworth, CA 91311. 274 

84 

Sampling plug-in for the H-P 180 Series 
oscilloscopes, priced at $1650, permits 
1-GHz operation at lower co.st than a real­
time scope. Model 1810A is a dual-channel 
device with 2-mV deflection sensitivity 
and improved triggering. Hewlett-Packard 
Co., Inquiries Mgr., 1601 California Ave., 
Palo Alto, CA 94304. 275 

- . . . . . . . . . . . ' 

ro, '~• • • • • • • • 

Two-phase clock for driving either MOS 
or bipolar circuits is essentially two inde­
pendent pulse sources driven by a single 
clock. Model 3106 provides clock frequen­
cies from 20 Hz to 20 MHz. Pulse ampli­
tude can be varied from 5 to 35V, and the 
output amplifiers can drive a 100-pF load 
to 30V with a slope of lV/nsec. Price is 
$1795. Cimron Div., Lear Siegler, Inc. , 
714 N. Brookhurst St., Anaheim, CA 
92803. 276 

RF oscillator, Model 8651A, provides 22 
kHz to 70 MHz signals at levels from 1 m V 
to 3V into 50!1. Output flatness is ±3% to 
22 MHz, ±5% from 22 to 70 MHz. Features 
include < 3% harmonic distortion, < 10 
µ,V leakage, half-rack width and price of 
$695. Hewlett-Packard Co., Inquiries 
Manager, 1601 California Ave., Palo Alto, 
CA 94304. 277 

= -== 

CCTV camera with resolution exceeding 
450 TV lines and automatic compensation 
for illumination over a range of 4000:1 is 
fully automatic, requires no adjustment 
except lens focus and retails for only 
$199.50. Model CTC-4000 is fully solid 
state. GBC Closed Circuit TV Corp., 74 
Fifth Ave., New York, NY 10011. 278 

Frequency modulation monitor for both 
narrow- and wide-band FM operates over 
a radio frequency range of 20 to 1000 MHz 
in five bands. Peak deviation measure­
ment is from 10 kHz full-scale to 1000 
kHz full-scale. The ultra-linear detector 
of the Model 504 has only 0.5% harmonic 
distortion at 500-kHz peak deviation and 
1-kHz modulation rate. New London In­
strument Co., 153 California St. , Newton, 
MA 02158. 279 

Logic test probe for MOS applications, the 
"Logic Pen-MOS", indicates high or low 
logic levels and the occurrence of pulses 
or pulse trains in MOS logic circuits. Max­
imum operating frequency is 15 MHz and 
minimum pulse width detection is 50 nsec. 
Price is $130 each. Advanced Digital Re­
search Corp., 608 Vaqueros Ave., Sunny­
vale, CA 94086. 280 

Temperature controller for "at the tester" 
cooling or heating of IC devices produces 
controlled temperatures of - 85 to + 180°C. 
Model TP-2100 can cool a 20-lead package, 
dissipating 500 mW, in a Barnes Carrier 
to -75°C, reaching - 55°C in 40 sec. 
Temptronix Inc. , 591 Hillside Ave., Need­
ham, MA 02194. 281 

Economy DPMs, the 3-digit 420 Series and 
4-digit 740 Series, are quality checked, 
burned in for 100 hrs and warranted for 
1 year. The 420 Series units feature 
(0.2% ±1 digit) accuracy, 100 µ,V resolu­
tion and price of$124 each. The 740 Series 
units have accuracy of (0.05% ±1 digit) 
and sell for $300 each. There are liberal 
quantity discounts. Datascan, Inc., 1111 
Paulison Ave., Clifton, NJ 07013. 282 
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Digital picoammeter, priced at $1150, mea­
sures direct current from 10- 12 to 10- 2A 
full-scale . Model 726A features built-in 
current source and a 3-full-digit display 
with 200% overrange. Dynasciences Corp., 
9601 Canoga Ave., Chatsworth, CA 91311. 

283 

IC probing station features exterior load­
ing and is suitable for LSI, MSI or thick­
and thin-film probing. Model S-10 is in­
tended as a production probing station. 
Olson Industrial Corp., 3910 S. Kalamath 
St., Englewood, CO 80110. 284 

Thermocouple temperature data-acquisi­
tion system handles 50 points and may be 
operated manually or left unattended to 
collect test data. A digital tape printer re­
cords channel number and temperature. 
Price is approximately $4000. InstruLab, 
Inc., 1205 Lamar St., Dayton, OH 45404. 

285 

DC differential voltmeter/high-impedance 
voltmeter/calibrator, Model 2901, has cali­
bration accuracy of ± 0.002%, delivers 
from ± 100 nV to ± l OOV de and has 100 
mA current capability. Price is $1350. 
Electronic Development Corp., 11 Hamlin 
St., Boston, MA 02127. 286 

lntervalometers with 1 % accuracy, Models 
FRl-1, -2 and -3, are available with pulse 
rate from 1 pulse/1000 sec to 20 pulses/ 
sec. Input power is 28V de or 115V 60 or 
400 Hz ac. Flight Research, Box 1-F, 
Richmond, VA 23201. 287 

PCM telemetry system, a 16-channel trans­
mitter and receiver pair facilitates remote 
acquisition of data. Inmet, Inc., 987 Pine­
tree Dr., Indian Harbour Beach, FL 32937. 

288 

Fetal heart-beat detector uses Doppler 
principle and provides clear, audible de­
tection of the fetal heart from about the 
tenth week of pregnancy through labor. 
Model D-6 that operates from both 115V 
ac power and self-contained batteries is 
priced at $595. Chrono-Log Corp., 2583 W. 
Chester Pike, Broomall, PA 19008. 289 

Portable frequency meter-transducer, Mod­
el 300 F , operates on four penlight cells. 
Frequency range is 0 to 100 kHz (in four 
ranges) with accuracy of ± 1 %. Price is 
$94.50. Compudex Inc., Box 93, Norris­
town, PA 19404. 290 

Equipment 

Ultrasonic intruder detector operates from 
either 12V de or 117, 220 or 240V ac. Size 
is 5 by 4-3/8 by 1 inch, range is 1 ft mini­
mum, 25 ft maximum and price is $27 .. 80 
each in 1000 lots. Orient Electronics, Ltd., 
Yoyogi Box 38, Tokyo 151, Japan. 291 

Capacitor discharge magnetizer, Model 
150-5, develops 56W-sec of magnetizing 
energy. It can handle all types of PM ma­
terials, and can magnetize multipole 
units. LDJ Electronics, Inc., 741 Owen­
dale, Troy, MI 48484. 292 

Logic card tester handles any digital cir­
cuit card regardless of components, in­
cluding MOS and LSI devices. The Model 
4700 requires < 5 sec for go/no-go testing 
of a card. It exercises completely any cir­
cuit with up to 1200 independent·inputs. 
Cost is $14,750. Data Test Corp., 822 Chal­
lenge Dr., Concord, CA 94520. 293 

Digital displacement meter operates as a 
ratiometer with system accuracy to ± 0.1 % 
± 1 digit. Displacement range is ±0.02 to 
5 inches. Price of the complete system 
starts at $510. Pickering & Co., Inc., 101 
Sunnyside Blvd., Plainview, NY 11803. 

294 

Digital pH meter, Model 109, while priced 
at $499 offers resolution to 0.01 pH or 
1 mV. Featured are 4-digit "Nixie" read­
out and pushbutton controls. Corning 
Scientific Instruments, Corning Glass 
Works, Medfield, MA 02052. 295 

Decimal counting and display units of the 
600 Series are available in 2, 3 or 4 digits 
with prices starting at $75. Computer 
Products, Box 23849, Ft. Lauderdale, FL 
33307. 296 

Digital counters of the BC 60 Series are 
bidirectional general purpose accumula­
tors designed for use with Baldwin 5V 
Series incremental encoders or similar 
transducers. Accumulation is 6 digit, 
either positive or negative. Prices start 
at $520. Baldwin Electronics, Inc., Box 
3838, Little Rock, AK 72203. 297 

Laser resistor-trimming kit, Model 6300, 
allows conversion of air abrasive systems 
for clean, fast, accurate trimming (includ­
ing active circuits). Price is $5900. Apollo 
Lasers, Inc., 6365 Arizona Circle, Los 
Angeles, CA 90045. 298 

SOLID-LITE 

OPCOA 
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Wide Band, Precision 

CURRENT 
MONITOR 

With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo­
amperes, in any conductor or beam of 
charged particles, at any voltage level up 
to a million volts, at frequencies up to 
35 MHz or down to 1 Hz. 

The monitor is physically isolated from 
the circuit. It is a current transformer 
capable of highly precise measurement 
of pulse amplitude and waveshape. The 
one shown above, for example, offers 
pulse-a mplitude accuracy of +1 %, - 0 % 
(typical of all Pearson current monitors}, 
20 nanosecond rise time, and droop of 
only 0.5 % per millisecond. Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish to measure current 
in a conductor, a klystron, or a particle 
accelerator, it's likely that one of our 
off-the-shelf models (ranging from Ilz" 
to 10% " ID) will do the job. Contact us 
and we will send you engineering data. 

PEARSON ELECT RONICS INC 
4007 Transport St., Palo Alto, California 94303 

Telephone ( 415 ) 326-7285 

Cl RCLE NO. 4 7 
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Equipment 

Air abrasive generator, the Accu-Trim, 
provides steady flow, and can use cutting 
nozzle tips smaller than 0.0007 inch. In­
dustrial Model DB-10 has hand-piece cut­
ting tool holder and foot switch control, 
Model DB-20 operates with the company's 
trimming systems and Model DB-30 re­
places air abrasive units on other manu­
facturer's trimmers. M.P.M. Corp. , 9 Har­
vey St., Cambridge, MA 02140. 299 

Analog input system, the wide-range Model 
RTP7480, uses accurate CR300 Series 
"CompuREED" switching relays. Full­
scale analog input signals from ± 10 m V to 
± lOV are sampled at rates up to 200 
samples/sec. Channel selection is com­
pletely random-access with no pattern re­
strictions. Price is $1980 for the common 
equipment plus $40/channel. Computer 
Products , 1400 Gateway Dr., Fort Lauder­
dale, FL 33307. 300 

Digitizer, Model 8103 , (the electronic por­
tion of an automatic program writer) ac­
cepts X-Y coordinated data from any N/C 
or encoder. Input data is displayed visually 
and converted into coded information to 
transmit to a "Teletype". List price is 
$3600. Summit Engineering Corp. , Box 
938, Bozeman, MT 59715. · 301 

Solid-state counter, Model WM, counts up 
to 2000 items/min, and has a units count/ 
tens count feature. Counting range on the 
tens count is up to 9,999,990 units. Peco 
Corp., 450 Landess Ave. , Milpitas, CA 
95035. 302 

Spectrum analyzer/digital integrator now 
has capability to do swept sine-wave 
transfer function analysis through an 
added peak mode. Available in Model 
SAI-52 , the new feature is in addition to 
the conventional nonredundant linear av­
eraging mode. Signal Analysis Industries 
Corp., 595 Old Willets Path, Hauppauge, 
NY 11787. 303 

Bi-directional counter-controller with 3 to 
6 plug-in decode modules that include 
readout, Model PC-2, offers a counting 
rate of 100 kHz. Square D Co. , Dept. SA, 
Milwaukee, WI 53201. 304 

Digital signal analyzer systems, Type 1923, 
combine the speed of the hard-wired pro­
cessor with the flexibility of a program­
mable digital controller. The Time/Data 
90A processor is capable of Fourier-trans­
forming a 1024-point time record into a 
512-line frequency record in 12 msec. The 
controller is the DEC PDP-11. Time/Data, 
490 San Antonio Rd., Palo Alto, CA 94306. 

305 

for electrical 
and electronic 
components 

thinsheet 
• precision thin gauge strip 
• tin coated metals 
• edge tinning 

Thinsheet has long been an important 
supplier to the electrical and electronic 
industries. Our thin gauge strip is the 
finest available - in brass, copper, 
bronze, phosphor bronze and nickel 
silver. Gauges from .014 to .0006" with 
tolerances of ± .0001 " in widths from 
1I16" to 26". Thinsheet tin coated 
metals and edge tinning are unexcelled 
in quality and uniformity, processed on 
equipment of our own design and 
exclusive with us. Thinsheet is as fussy 
about delivery as it is with quality. In 
many areas Thinsheet is delivered direct 
to you in our own fleet of trailer trucks. 
Thinsheet Metals Company, Waterbury, 
Conn. 06720, Phone (203) 756-7414. 
For fast direct line from Newark, N.J., 
Phone 642-1624. 

Cl RCLE NO. 49 
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Instrumentation is the subject of this 56-
page catalog that covers a complete line of 
amplifiers, converters, generators, transla­
tors , displays, tape search instruments , 
test equipment and signal conditioning 
equipment. SRC Div./Moxon Inc., 2222 
Michelson Dr. , Newport Beach, CA 92664. 

306 

TTL I Cs in the RAY III family are covered 
in this comprehensive 68-page handbook. 
Major characteristics, design considera­
tions, absolute maximum ratings, package 
types and applications are included. Ray­
theon Semiconductor, 350 Ellis St. , Moun­
tain View, CA 94040. 307 

Miniature electronic switches and key­
board assemblies are detai led in this 24-
page catalog. Featured are miniature ro­
taries, pushbuttons and a new rocker 
series, along with reed switch keyboards 
and add-on modules. Alcoswitch, Div. of 
Alco Electronic Products, Inc., Box 1348, 
Lawrence, MA 01842. 308 

.. 
·lltt 

Descriptions, applications, dimensions, 
prices and ordering information for over 
500 fractional- and integral-horsepower 
motors are given in this comprehensive 
24-page booklet. Motors rated from 1/20 to 
5 hp are covered. Booklet PL 2820 is avail­
able from Westinghouse Electric Corp. , 
Westinghouse Bldg., Pittsburgh, PA 15222. 

309 

• 008 

Low-power TTL ICs are fully described in 
this 36-page catalog that includes maxi­
mum ratings, guaranteed operating condi­
tions, test circuits, connection diagrams, 
physical dimensions and ordering infor­
mation for this 54L/74L family. National 
Semiconductor Corp. , 2900 Semiconductor 
Dr. , Santa Clara, CA 95051. 310 

EMl/RFI filters, including button, submin­
iature, miniature and feed-thru types, are 
detailed in this 17-page catalog. These 
units meet or exceed all applicable re­
quirements of MIL-F-15733. USCC/Cen­
tralab, 2151 N. Lincoln St., Burbank, CA 
91504. 311 

Magnetic shielding materials and products 
that include EMI/RFI shielding strips, 
gaskets and tapes, EMI/RFI shield seals, 
honeycomb, shielding vents, conductive 
systems and adhesives are part of the com­
plete line covered in this 99-page design 
guide. Tecknit, 129 Dermody St., Cran­
ford, NJ 07016. 312 

Electronic and electromechanical compo­
nents/equipment for cutting cost of in­
house projects are covered in 116-page 
Catalog 3-71. Typically priced at 40 to 90% 
below manufacturer's list, all items are 
guaranteed to meet the original manu­
facturer's specifications. Electron Div., 
American Relays, 39 Lispenard St., New 
York, NY10013. 313 

Literature 
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Transistor dice are covered in a 32-page 
catalog. Included are smal l signal, RF 
power and high-frequency transistor types. 
Both npn and pnp types are covered, a long 
with wafer testing, QA and reliability 
programs. Teledyne Semiconductor, 1300 
Terra Bella Ave. , Mountain View, CA 
94040. 314 

"Input/Output Rack-and-Panel Connector 
Guide" is a 36-page booklet and covers 
connectors ranging in size from 2 to 140 
contacts and having current ratings of 3 to 
20A. A line of installation equipment also 
is covered. Elco Corp. , Willow Grove, PA 
19090. 315 

Analog/digital/analog conversion units , 
signal conditioning units and digital dis­
play products are covered in this 16-page, 
short-form catalog that includes basic 
specifications and descriptive data for an 
entire line of products. Analogic Corp. , 
Audubon Rd., Wakefield, MA 01880. 316 

Ovens, refrigerated baths , temperature/ 
humidity environmental chambers and re­
lated temperature-controlled equipment 
are covered in this 216-page, hardbound 
catalog. Several new vacuum ovens and a 
new series of portable cooling units are 
included. Catalog SL-172 is avai lable from 
Blue M Electric Co., 138th & Chatham 
St., Blue Island, IL 60406. 317 
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FREE 
DPM 

ENGINEERING 
FOR OEM UNITS 

- chances are excellent that we have 
already done the engineering on a 
Digital Panel Meter which will meet 
your specs. 
Over the years, we've done a wide 
variety of dig ital voltmeters for elec­
tronic and special industrial OEM ap­
plications: 

•PH Meters 
• Temperature 

Measurement 
Units 

•Preset 
Controllers 

• Ratiometers 
• LVDT Readouts 

• Event Counters 
•Frequency 

Counters 
•Repacking 

To Replace 
Analog Mete rs 

•Dual Ranges 
• Indust rial 

• Accumulators Packag ing 

- literally hundreds of different cus­
tom OEM meters . . . maybe we 've got 
the one you need. Try us and save on 
engineering dollars. 

For starters - write for our 
/ new DPM Brochure. 

Datascan 
)

digital products group 
DATASCAN, INC. 

11 11 Paulison Ave., Cli fton , N.J. 0701 3 
(201 ) 478-2800 919 

Cl RCLE NO. 48 
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Capacitors and resistors recently intro­
duced are the subject of four-page short­
form Catalog EPD DSF-1 from Corning 
Glass Works, Public Relations Dept., 
Corning, NY 14830. 318 

Light-sensitive devices are covered in a 
32-page catalog from Solar Systems, Inc., 
8124 N. Central Park, Skokie, IL 60076. 

319 

Eput and timer, Model 6148 capable of 100-
MHz operation, is described in two-page 
Publication 2240B from Technical In­
formation Section, Electronic Instruments 
Div., Beckman Instruments, Inc., 3900 N. 
River Rd., Schiller Park, IL 60176. 320 

Silicon photovoltaic cells that peak at 555 
nm in the green region of the visible spec­
trum are covered in a brochure from Sen­
sor Technology, Inc., 7118 Gerald Ave., 
Van Nuys, CA 91406. 321 

Dual in-line LC filters for PC board mount­
ing are covered in a bulletin from Kappa 
Networks, Inc., 165 Roosevelt Ave., Car­
teret, NJ 07008. 322 

Signal generation and processing instru­
mentation equipment, including variable 
analog filters, programmable digital fil­
ters , and frequency and speech synthesi­
zers, are covered in a short-form catalog 
from Rockland Systems Corp., 131 Erie St. 
E., Blauvelt, NY 10913. 323 

Modem test sets, test set printers and data 
interface access panels are detailed in 
specification sheets from International 
Data Sciences, Inc., 100 Nashua St., Provi­
dence, RI 02904. 324 

Precision miniature instrument motors are 
covered in a series of six product sheets 
from Scot, Inc., 2525 Curtiss St., Downers 
Grove, IL 60515. 325 

Fast-settling and general-purpose op amps 
are covered in a handy, four-page con­
densed reference file that is designed for 
use both as a quick reference to 26 new op 
amps and as a file for individual data 
sheets. Dynamic Measurements Corp., 6 
Lowell Ave., Winchester, MA 01890. 326 

Literature 

RF and microwave transistor guide lists 73 
devices and includes complete specifica­
tions on each. Marketing Services Dept., 
Fai~child M.O.D., 3SOO Deer Creek Rd., 
Palo Alto, CA 94304. 327 

Extruded vinyl tubing is the subject of a 
four-page brochure from L. Frank Markel 
& Sons, Inc., Norristown, PA 19404. 328 

High-alumina ceramics are the subject of 
an eight-page color brochure that offers 
design aids for specifying as well as a 
chart relating comparative properties of 
ceramics. Diamonite Products Mfg. Co., 
Div. of U.S. Ceramic Tile Co., Shreve, OH 
44676. 329 

Miniature no-bounce relays and switches 
are covered in 12-page Bulletin 77 en­
titled "Logcell Mercury Film Relays and 
Switches" from Fifth Dimension Inc., Box 
483, Princeton, NJ 08540. 330 

Twelve-position rotary print switches are 
the subject ofa 12-page catalog from C & K 
Components, Inc., 103 Morse St., Water­
town, MA 02172. 331 

Miniature audio/electronic cable-to-panel 
connectors include 45 units that expand 
the 91 Series circular line. The family is 
described in a four-page bulletin, 91-T, 
from Amphenol Industrial Div., The Bun­
ker-Ramo Corp., 1830 S. 54th Ave., Chi­
cago, IL 60650. 332 

Over 90 new EMI/RFI shielding and flu id 
sealing gaskets for standard cable connec­
tors are listed in Data Sheet EMC-852 
from Tecknit, 129 Dermody St., Cranford, 
NJ 07016. 333 

Analog gate selection chart covers an en­
tire line of junction FET gates. Teledyne 
Semiconductor, 1300 Terra Bella Ave., 
Mountain View, CA 94040. 334 

Phase angle and frequency telemetering 
equipment provides ± 0.05 Hz up to ±5 Hz 
measurement of 50 or 60 Hz power fre­
quencies. Center scale accuracy of ± 0.0001 
Hz is provided. The equipm.ent is described 
in an 11-page brochure from Beckwith 
Electric Co., 1002 Greenfield Ln., Mount 
Prospect, IL 60056. 335 
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~HEON 
SEMICONDUCTOR. 

OUR OP AMPS 
HAVE PA METERS 

WITH TEETH. 
Our new products are taking a chunk 

out of the operational ampl ifier market 
with parameters that are easy on de­
signers and tough on competition . All 
of our de parameters are specified over 
the entire voltage range - with no 
fall-off . 

The new RM4131 . It 's unique in bi­
polar !C 's, with input offset voltage of 2 
mV maximum and 0.7 mV typical. Input 
offset current of 10 namp maximum and 
2 namp typical. Th is high gain op amp 
has slew rates four times that of 709's 
and 7 41 's. Typ ically 2 volts per micro­
second with unity gain bandwidth of 4 
MHz. And if low current drain at 20 V 
of 1.6 milliamps maximum is still not 
enough to put the RM4131 on your pur­
chase order the large voltage signal 
gain should . It 's typically 106 db from 
3 to 20 volts . 

The new RM4132. It cuts power dis­
sipation by two orders of magnitude 
and needs no external bias or compen­
sation. This proprietary micropower op 
amp has typical current drain as low as 
22 µ.A. At maximum, 35 µ. A. Input offset 
current is reduced to 0.7 namp. It main­
tains unity gain bandwidth of 150 KHz. 
And it means further perfection in your 
battery operated circuits. 

Proprietary linear circuits is one of 
our great strengths. But it's not our only 
strength . We 're rapidly adding to our 
extensive line of off-the -shelf linear cir­
cuits as well . We provide the tightest 
parameter specs you can get in mono-
1 ithic op amps , differential and dual 
comparators , voltage regulators , line 
receivers, and sense amplifiers. All avail­
able now at franchised Raytheon Semi­
conductor distributors. 

CHOMP! 

CIRCLE NO. 71 

Raytheon Semiconductor has 
changed . We have a new technical 
team. And new development programs 
providing new design tools. We're 
working on things like new digital ana­
log interfacing that allow active switch­
ing and amplifying . Greater integration 
of external parts in voltage regulators. 
Greater circuit stability from improve­
ments in temperature tracking . And 
we're going beyond the parameters 
established for slew rates, offset volt­
age , noise , bias current and offset 
current. 

If you haven't been keeping up with 
us lately you 've got a surprise coming. 
Write for our complete IC catalog and 
see. Raytheon Semiconductor, 350 Ellis 
Street, Mountain View, Cal ifornia 94040. 
(415) 968-9211. 



Follow through with 
high density packaging ... 
fast computer-aided 
assembly and wiring 
techniques .. . and noise-free 
power distribution . .. 

LDGIClnlaRE 
starts with your ... 

... freehand 
logic diagram 

or 
. .. pin and string lists 

or 
... from-to pin list 

or 
.. . (you name it) 

uses . .. 

.. . logic cards 
or 

. . . wired IC sockets 
or 

... planar PC boards 
or 

.. . combinations 

(whatever is best for 
your project) 

EEC'9 
ELECTRONIC ENGI NEER ING COMPANY of Calif. 
144 1 East Chestnut Avenue. Santa Ana, California 92701 
Phone: 1714) 547-5651 • TWX 910-595-1550 • Telex 67-8420 
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Literature 

Environmental camera PB 1984 and TV 
camera PB 940 are the subject of two data 
sheets from Nelson-Hershfield Electronics, 
1848 W. Campbell Ave., Phoenix, AZ 
95015. 336 

Keyboards are the subject of a data pack­
age that includes a price list, a keyboards 
brochure and a molded plastic keytops 
data sheet. They are available from Me­
chanical Enterprises Inc., 5249 Duke St., 
Alexandria, VA 22304. 337 

"Conography" , a unique new method of 
generating computer graphics, is the sub­
ject of a six-page brochure from Cono­
graphic Corp. , 380 Green St., Cambridge, 
MA 02139. 338 

Tamperproof self-contained TV camera de­
signed for surveillance in adverse en­
vironments is the subject of Data Sheet 
6-567 which covers the Model 2820 camera. 
Cohu Electronics, Inc., Box 623, San Diego, 
CA 92112. 339 

New 94% alumina "CERAM" permits de­
sign of substrates up to 12 by 12 inches 
and even larger. It is described in Data 
Sheet No. 110 from Ceram Corp., 5345 
Timken Square, La Mesa, CA 92041. 340 

D/A converter Model DAC-16QM, which is 
the industry's first 16-bit unit, is com­
pletely described in a six-page foldout 
data sheet from Analog Devices, Inc., 
Pastoriza Div., Box 280, Norwood , MA 
02062. 341 

"Electronics for Engineering Measure­
ments" is a 20-page instrumentation guide 
avai lable from Nate! Engineering Co. , 
Inc. , 8944 Mason Ave., Canoga Park, CA 
91306. 342 

High-speed multipoint recorder 816 is 
covered in four-page Bulletin 944-lB from 
Gould Inc. , Brush Div., 3631 Perkins Ave. , 
Cleveland, OH 44114. 343 

A/D converter Model VHS-630, capable of 
6-bit resolution at any random or periodic 
word rate from de through 30 MHz, is 
covered in a four-page brochure from Com­
puter Labs, 1109 S. Chapman St., Greens­
boro, NC 27403. 344 

A.C. SOLENOIDS 

c@ 
mark 

of quality 
solenoids 

Wesco so lenoids are the result of 
research , engineering and design 
with craftsmanship. Hundreds of in­
dust ries depend on Wesco solenoids 
for efficiency and dependability. 

The finest materials, rigid tests and 
close inspections are your assurance 
of quality. Built to be practical , Wesco 
AC soleno ids feature easily replace­
able co ils. Mounting brackets are 
designed fo r e ither vertical or hori­
zontal applicat ions. 

DC solenoids ... Wesco is recog­
nized as the pioneer in design and 
manufacture of solenoids for aircraft 
and similar appl ications such as com­
puting devices, gu ided missiles, etc. 

Write for your copy of our AC or DC 
solenoid catalog . 

-
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Sonic Boom From the SST -
or a statistically insignificant sample of comments 
about the editorial, 'Endangered Species Goes 
Belly Up.' 

~!if:· 
I'm surprised by the childish petulance with which you 
reacted to the termination of the SST program (Editorial: 
Endangered Species Goes Belly Up; April 15). Do you really 
believe the program was dropped because "technology is 
unpopular", or that the engineering and scientific pro­
fessions are thereby threatened? 

The death of the SST isn't symptomatic of the unpopu­
larity of technology per se, but of a new attitude toward 
it in our society. People are coming to view technological 
progress which does not in the balance improve the human 
condition as not worth a damn. With respect to major new 
projects they're asking not only "can we?" but "should we?". 

I for one think this attitude is long overdue. Let's stop 
bellyaching when a boondoggling, anti-social program 
like the SST goes to a deserved death. There are many 
opportunities ahead for relevant technology, and the truly 
professional members of the engineering and scientific 
communities should welcome the changes that are coming. 

R. G. Johnson. Sr. Eng. 
Goleta, CA 

As a member of an incipient minority group, i.e., an em­
ployed electronics engineer, I believe you're overlooking 
a very important point. With the present emphasis on 
ecology, I believe engineers should be put on the list of 
Endangered Species. 

Louis H. Garner 
Torrance, CA 90505 

After reading your editorial column in the April 15, 1971 
issue ofEDN entitled "Endangered Species Goes Belly Up", 
I get the feeling that the engineers and scientists are going 
'Belly Up' without any concern for their survival. As every 
profession controls its own destiny, it is necessary for en­
gineers to unite and organize to avoid their otherwise 
inevitable doom. 

Problem 
Failure of the SST program is not only a catastrophe for 

engineers, but also a catastrophe for the nation. Rejecting 
the SST for reasons such as radiation hazard and ecology 
is like practicing birth control by abstention. The environ­
mental problems should be solved in parallel with the 
aeronautical problem. Eventually the ecology problem 
must be solved anyway and a setback for the SST means a 
corresponding setback for the ecology program. The SST 
program should have been approved on the condition that 
the ecology conditions could be met. This would then 
stimulate the ecology program and not stunt its develop­
ment. 

Although the administration in Washington includes 
engineers and scientists, this does not mean that engineers 
and scientists in industry are being adequately repre­
sented. Since even the administration's power is limited, 
a separate driving force is necessary. 

Solution 
In order for the engineers and scientists to protect their 

interests, an effective lobby should be set up in Washing­
ton at the earliest possible date. If every engineer paid an 
annual due of say one dollar (a mere pittance to protect 
their ten to twenty thousand/year income) a small group 
representing the engineers and scientists could be main­
tained. 

Jack Wiens, Chf. Eng. 
Mountain View, CA 

KTI Is Alive and Well-
and Out from Under Chapter XI 

Last December we published an article that detailed some of 
the incredible facets of how a young active-filter company- KTI 
-fe ll into financial difficulties and finally filed for bankruptcy 
and began operating under Chapter XI. 

Because of our association with KTI during those hard times, 
it was especially gratifying to hear from Hal Tenney, KTI presi­
dent, that the situation has been turned around, that KTI has 
extricated itself from the restrictions of Chapter XI and that 
shipments for the first quarter 1971 exceeded the sum of the 
three previous quarters. 

Congratulations, KTI ! 

About 'Tables Speed Design of Low Pass 
Active Filters' 
(March 15 EON) 
This article evoked a letter from Russell Kincaid of Sanders 
Associates Inc., Nashua, N. H., in which he commented (in part) 
as follows: 

"I notice that the low Q sections are listed first in the Butter­
worth table, and the high Q sections first in the Chebychev 
tables. In constructing the filters it is always best, due to the gain 
of the high Q sections, to put the low Q sections first to avoid 
clipping." 

Mr. Al Nasser, in his answer to the letter, said: "Your point 
that the low Q sections should precede the high Q ones is well 
taken." He a lso noted that there were two errors present in the 
article as it appeared: 1) Eq. 1 should have read E

0 
= EJ { }. 

2) In Eq. 9, C4 and C5 should have read Cl and C2. 
A final comment by Mr. Al Nasser: "Another point worth 

mentioning is the practical limitation imposed on the cutoff fre­
quency by using off-the-shelf ICs. For instance, with the µ,A 741 
it is limited to 10 kHz or less because of the finite gain-bandwidth 
product and the output impedance of the amplifier." 

" Is that really you, Doctor Bagley?" 

'Information, 

Please ' 

I would like some infor­
mation- is there an LSI 
chip that does multi­
decade counting? I 
need five decades but 
don't know what is 
avai I able in LSI. 

E. F. Rutschmann, STE 
General Dynamics 
1306 Marshal/dale 
Arlington. TX 76013 

Time Cut in ===
0 

Gentlemen : Balf The equation submitted by reader Burns (March 1, 

EON) [Hz= tJ for the metric unit of time should 

be simplified further : 

= 1/2 
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Advanced 
Electronic 
Instruments 
And Their Use 

Sol D. Prensky; Hayden Book Co., Inc., 
New York, N.Y., 1970, 208 pages; $6.95 
(paper), $9.50 (cloth). 

This is a useful reference book that 
should find its way into the libraries of 
laboratories and companies who cannot 
afford the luxury of their own specialized 
instrumentation iind calibration staff. It 
covers most sophisticated, general-purpose 
laboratory instruments like scopes, vari­
ous types of mu! timeters, recording instru­
ments, s'ensors and transducers, etc., both 
from theory of operation to limits and ad­
vantages of one type of instrument over 
another. Also very important are the dis­
cussions on standardization and calibra­
tion procedures. This book makes no at­
tempt to be all things to all people but in­
directly serves that purpose by providing 
a good reference bibliography for instru­
ments not covered. For more information 
about this book, circle R.S. No. 375 

The Radio 
Amateur's 
Handbook 

Headquarters Staff, American Radio Re­
lay League, Newington, CT 06111; 1971 
-48th Edition; 688 Pages (6-1/2 by 9-1/2 
inch); paper; $4.50 . 

Too well known to need an introduction 
after 47 previous editions, this latest ver­
sion has been added to, revised and ex­
panded. The Semiconductor, SSB and Mea­
surements chapters have been rewritten 
to bring them more in line with the cur­
rent state of the art. 

·For constructors, several new projects 
have been added- among them solid-state 
transceivers, receiving accessories and 
antennas. Also added are new solid-state 
receivers and transmitters, and new VHF 
transmitting equipment. 

Sharp clear illustrations along with 
nongloss paper make readability unusu­
ally good. It would be difficult to imagine 
a more useful practical radio handbook. 
Circle R.S. No. 376 
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COS/ MOS Manual 

Basic principles of COS/MOS integrated 
circuit design and application are de­
scribed in "RCA COS/MOS Integrated 
Circuits Manual". It covers RCA's 3 to 15V 
devices, as well as traditional 6 to 15V de­
vices. Prepared for equipment designers, 
it is also valuable to educators, students, 
radio amateurs and hobbyists. Price is 
$2.50 a copy from RCA Commercial Engi­
neering, Harrison, N J 07029, or circle 
R.S. No. 377 

The Integrated 
Circuits 
Catalog 
For Design 
Engineers 

Integrated Circuits Catalog, Texas Instru­
ments Incorporated; 1616 pages; $4.95. 

Complete IC data-sheet information 
supplemented by application hints and 
diagrams are contained in a huge new 
publication from TI. Subjects covered in­
clude Schottky TTL, high-speed TTL, stan­
dard TTL, low-power TTL, MOS, ECL, 
DTL, high-noise-immunity logic, radia­
tion-hardened circuits, hybrid circuits , 
systems interface circuits, linear circuits, 
ancl the MACH IV high-reliability pro­
curement system. 

The information is indexed by number 
and circuit function ; cross-reference guides 
are also included in this hard-cover new 
volume. For a copy, send a check or money 
order to Texas Instruments Incorporated, 
MS84N, Dallas, TX 75222. 

NSF Surveys 
R&D 

National Patterns of R&D Resources 
1953-71- Funds and manpower in th~ 
United States. National Science Founda­
tion, Washington, D. C., Dec. 1970; 8 by 
10; 38 pages; $0.50 from Supt. of Docu­
ments, U.S. Government Printing Office. 

Total R&D expenditures should reach 
$27.8 billion in 1971, a 2.7% share of GNP. 
This report traces, with text and graphs, 
the rise ofR&D funding, its relation to the 
economy and the relationship of Federal 
to industrial funding in several techno­
logical areas. It also reflects the erosion of 
inflation and · projects growth rates to 
1980. Circle R.S. No. 378 

Design Dataline 

Also Worth Noting 

"Handbook of Universal Active Filter 
Use" provides general application data 
on the use of active filters and tables for 
design of Butterworth highpass and low­
pass filters , Bessels, Chebyshevs, elliptic 
function filters, Gaussian highpass and 
lowpass and Legendre filters. Graphs are 
included that give magnitude, phase and 
group-delay characteristics of five types. 
Cost: $1.95 from Kinetic Technology Inc., 
(KT!) , Santa Clara, CA 95050, or circle 
R.S. No. 379 

"Standards for Trimming Potentiometers", 
new industry standard for wirewound and 
nonwirewound pots, is organized into two 
parts: terms and definitions, and inspec­
tion and test procedures. Variable Re­
sistive Components Institute; $3. Circle 
R.S. No. 380 

"Personnel Testing and Equal Employ­
ment Opportunity" summarizes research 
papers on "one of the most complex issues 
faced by the Equal Employment Oppor­
tunity Commission". It includes guide­
lines on employee selection. Forty-eight 
pages, $0 .55 from Supt. of Documents, 
U.S. Government Printing Office, Wash­
ington, D C 20402. R.S. No. 381 

"Impact of Changes in Federal Science 
Funding Patterns on Academic Institu­
tions, 1968-70" surveys 104 institutions, 
details changes when funding bases shift, 
in 76 pages. Costs $0.75 from Supt. of 
Documents, U.S. Government Printing 
Office, Washington, D. C. 20402. Circle 
R.S. No. 382 

Standard symbols for electrical and elec­
tronics diagrams contained in IEEE No. 
315, ANSI Y32.2-1971 supplant those in 
the 1967 edition. Many symbols have been 
revised and some 200 new ones have been 
added. All are enlarged 50%. Class desig­
nation letters, formerly in ANSI Y32.16, 
are now found in Y32.2. Adopted for man­
datory use by DoD, the new standard is 
priced at $11.50 postpaid from Institute 
of Electrical and Electronics Engineers, 
345 E. 47th St., New York, NY 10017. 
Circle R.S. No. 383 
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NEW 
ALL-METAL 

D-C 
GEARMOTOR 

New BYQH gearhead has powdered metal 

gearing housed in an all-aluminum shell; 

driven by Type BYQM governed or 
ungoverned d-c motors delivering up to 

3 lb-in. of torque. Rugged cylindrical 
design is ideal for a wide range of d-c 

powered applications requiring low-cost, 
dependable gear reduction. 

Typical applications: office copying 

machines, visual aid eq uipment, medical 
equipment, portable dictating machines, 

and other d-c equipment. 

Brief Specs: 
Torque rating 
Diameter 
Gear ratios 

Voltage range 

3 lb-in. 
1.38 in . 
From 3.1 :1 to 2910:1 

in one to seven steps 

3 to 30 volts d-c 

For more information, write for latest 
motors and components catalog. 

-- BARBER-COLMAN COMPANY 
Electro-Mechanical Products Division 
Dept. R., 12106 Rock Street, Rockford, Illinois 61101 

CIRCLE NO. 74 

Headrest 

When you are tired of working your multimeter instead of your problem, 
try our AUTORANGING DIGITEST 750 daily and get plenty of head­
rest. Automatically selects five ranges each of DC-AC volts, DC-AC 
current and ohms with an accuracy to 0.13, automatic pola rity, automatic 
zero and built-in calibration reference. Resolution to 100 µv. Protection to 
1000 v, input impedance to 10 meg il, on 12 volts DC or 117 volts AC 
power. Pushbutton . .. Com- Telephone 303/242-8863. 
pact . . . Rugged. Our R $

349 for meter-needle whiplash. 
Write or telephone for an 
immediate demonstration. 

DIXSON 
INSTRUMENTS 

Post Office Box 1449, Grand A Product of Schneider 
Junction, Colorado 81501. Electronique, Paris, France. 

CIRCLE NO. 75 
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APPiication Notes 
"Small Computer Automated Testing Fa­
cilities" is a four-page bulletin that de­
scribes how automation can aid in testing 
of concepts as well as devices in a number 
of areas. How communications and other 
electronic · equipments will function in 
a variety of environments is included . 
Computer Sciences Corp., 9841 Airport 
Blvd. , Los Angeles, CA 90045. 350 

Insulation resistance testing with meg­
ohmmeters is described in this 34-page 
handbook. The handy, pocket-sized book­
let, Manual 17456, is available from Asso­
ciated Research, Inc., 3777 W. Belmont 
Ave., Chicago, IL 60618. 351 

"On the Frequency Analysis of Mechanical 
Shocks and Single Impulses" is a 32-page 
technical review that discusses how with 
modern instrumentation it is possible to 
perform a Fourier transform on a signal 
and analyze it in the frequency domain. 
B & K Instruments, Inc., 5111 W. 164th 
St., Cleveland, OH 44142. 352 

"Appl ications Memos" is the title of this 
400-page handbook that includes an intro­
duction to digital logic and discusses digi­
tal considerations by family, decoding and 
steering, counters, shift registers and 
memories, interface and display elements, 
linear considerations, timing circuits and 
parallel data handling. Signetics Corp., 
811 E. Arques Ave., Sunnyvale, CA 94086. 

353 

Hybrid SOW power audio amplifiers are 
the subject of this 24-page application 
note that describes the uses and perfor­
mance of these high-power audio ampli­
fiers . Airpax Electronics, Box 8488, Fort 
Lauderdale, FL 33310. 354 

"Monolithic Integrated Circuits for Stereo 
Processing" is the title of this 8-page app 
note that discusses how to replace a num­
ber of functions common to FM stereo re­
ceivers with ICs. Engineering Bulletin 
27109-1 is available from Sprague Electric 
Co., North Adams, MA 01247. 355 

Design Data 

A new linear power transistor for high­
frequency single-sideband equipment is 
the subject of this 12-page application 
note. AN-4591 discusses the advantages 
of SSB operation, some basic transistor 
characteristics and trade-offs, and de­
scribes the new unit. A linear amplifier 
that provides 150W PEP over the 2- to 
30-MHz range is included. RCA Commer­
cial Engineering, Harrison, N J 07029. 
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"Designing with Analog Gates" is the title 
of this eight-page note that covers ac and 
de swing, interfacing with TTL and the 
USEl of referral resistors. Teledyne Semi­
conductor, 1300 Terra Bella Ave., Moun­
tain View, CA 94040. 357 

"Swept Frequency Measurements" is a 
four-page application note that illustrates 
several useful techniques for using func­
tion generators that are available today 
to make swept frequency measurements. 
It is available from Clarke-Hess Com­
munication Research Corp., 43 W. 16th 
St. , New York, NY 10011. 358 
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Centralab 
Ultra-Kaps 
semiconductor type 
capacitors are 
an economical approach 
.to miniaturization. 
As low as 21/2(; each 
onquantilyorder~s~· -------------:-:i 
Ultra-Kaps®replace mylar and "Hi-K" ceramic capacitors ("'")'~'['"l\)J1\)l 
and you still save space and money. Their reliability , , li .. , 
has been field tested and proven on millions of circuits. .I _. ~ ·s~ 
To obtain samples for independent evaluation, write, 

1 
.. ,~J.A\\T)~\~\. • 

on your letterhead, to Capacitor Sales Manager, Centralab. 1J .-

RANGE CHART 

16 volt 25 volt 

Maximum Max. Cap. Min. l.R. Max. Cap. Min. l. R. 
Diameter MFD Megohms MFD Megohms 

.290 .02 5.0 .015 65.0 

.390 .033 3.0 .022 45.0 

.405 .05 2.0 .033 30.0 

.485 - - .05 20.0 

.515 .068 1.5 - -

.590 0.1 1.0 .068 15.0 

.690 0.15 0.65 0.1 10.0 

.760 - - - -

.820 0.2 0.5 0.15 6.5 

.920 0.3 0.33 0.2 5.0 

Thickness: .156 inches maximum 
Temperature Cha racteristics : 16 and 25 volt: X5R, Y5F, Z5E 

50 volt: X5 F, Y5F, Z5F 

50 volt 

Max. Cap. Min. l.R. 
MFD Megohms 

.01 1000 

.015 1000 
- -
.022 1000 
.033 1000 
.047 1000 
.05 1000 
.068 1000 
- -

0.1 1000 

CIRCLE NO . 76 

CENTRALAB 
Electron ics 01vis1on 
GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 

CENTRALAB PRODUCTS ARE MARKETED THROUGH 
CENTRALAB INDUSTRIAL DISTRIBUTORS ANO INTERNATIONALLY 

THROUGH GLOBE-UNION INC .. INTERNATIONAL DIVISION. 



A good 
inductor 
source ... 
just got 
better! 

Dale is moving quickly to qualify as your preferred inductor source. 
In recent months we have: 

DOUBLED our line of standard PC mount toroids (Mil-T-27C, Type 
TF5SX20ZZ). Standard inductances now available from .05 µh to 20h , 
in a wide selection of Q vs frequency ranges. 

ADDED Pulse Transformers in DIP configurations. Machine and hand 
insertable models (14,16 pins) are available containing up to four 
pulse transformers. Inductance range : 1 µh to 2 mh ; Tolerance ::!:20%; 
Leakage inductance: As low as .2% of total inductance; lnterwinding 
capacitance : As low as 3 pf ; ET product: Up to 10 volts-µsec . 

EXTENDED the values and frequencies available in molded inductors 
(Mil-G-15305D. Grade 1, Class A,B) and roll-coated chokes Induc­
tance: .10 µh to 1000 µh. Seit-resonant frequency : 680 to 3.5 Mhz. 

This increased ability to supply standard inductors (many direct from 
stock) balances well with our custom capabilities in bobbins, rf trans­
formers , chokes and toroids. For a fast quote or immediate design help 
get in touch with Dale-lots of people are! Call today: 605-665-9301 


