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Safe from costly transient voltages 
Transient voltages during assem­
bly may damage up to 30% of the 
MOS transistors you use. 

Not any more. 
Now, TI builds MOSFETs with 

monolithic, back-to-back diode pro­
tection that's designed to block out 
troublesome transients. 

And, they eliminate time-con­
suming precautionary assembly 
steps. That means lower produc­
tion costs, fewer wasted devices. 

The 3N201, 3N202 and 3N203 
dual-gate MOSFETs, with inte-

grated diode protection, have wide 
application in VHF and FM RF 
amplifiers, IF amplifiers, mixers 
and demodulators. 

You can expect better system 
performance because of these 
unique TI MOSFET advantages: 
10 db higher output impedance; 
low feedback capacitance of 0.03 
pF maximum; and a typical low 
noise figure of 2.8 db. 

All together, these characteris­
tics add up to the performance you 
want at considerably lower cost. 

Priced below comparable devices 
and in a different league compared 
to int ricate tube 'n socket tech­
nology, these MOSFET prices are 
set to your advantage: 3N201,$1.00; 
3N202, 95¢; 3N203, 90¢ (500-999). 

All three are available now from 
TI stock or authorized distributors. 
Ask for the new data sheet and 
application reports. Write: Texas 
Instruments Incor­
porated, PO Box 5012, 
MS 308, Dallas, Texas 
75222. 

TEXAS INSTRUMENTS 
IN CORPO RATE D 



A good bench DVM 
is fast 
and accurate . .. 

A great bench DVM 
is fast, accurate, 
and easy to use! 
HP's 3480 is a great bench DVM. Simple, foolproof con­
trols and full , five-decade autoranging reduce operating 
effort and errors. Fast response time and low noise make 
millivolt adjustments easy. And high noise rejection 
makes the last digit fully useable. 

Low injected noise will not disturb the circuit under 
test. And constant > 1010 fl input resistance on the lower 
three voltage ranges reduces loading errors. 

The digital readout display is presented in standard 
format for easy reading , easy understanding ; i.e., + 143.17 
mV- not backwards, or inside out. Other conven ience 
features include a sampling-rate indicator and a manual 
trigger for quick one-shot samples. 

Options and plug-ins are available to give you com­
binations of five DC ranges, five true-RMS AC ranges, 
and six ohms ranges. And you pay for only the capabili­
ties you want. Prices begin at $1500 for five ranges of 
fully autoranging DC. 

For further information , contact your local HP field 
engineer, or write to Hewlett-Packard , Palo Alto , Califor­
nia 94304. In Europe : 1217 Meyrin-Geneva, Switzerland . 
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pick 
your 
terminal 
blocks 
• 1n 
any 
configuration 
from ... 

. . . 65,000 variations of terminal boards 
in military and commercial types sup­
plied by Kulka for any application or 
design requirement. 
Kulka is a single source for all terminal 
boards, blocks and strips, with over 30 
years' experience meeting customer 
needs. Send for the latest Kulka catalog. 

AUTHORIZED KULKA INDUSTRIAL DISTRIBUTORS LOCATED THROUGHOUT THE UNITED STATES AND CANADA 
Write Kulka Electric Corp., 520 South Fulton Avenue , Mount Vernon , N e w York 1 0551 or call (914) 664-4024. 
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Best for ff brid 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. Available in four EIA-preferred chip sizes. 

Write for Engineering Bulletin 6200. 
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Technical Literature Service 

Sprague Electric Company 

· 491 Marshall Street 

North Adams, Mass. 01247 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

SPRnGUE" 
THE MARK OF RELIABILITY 
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Cover 
Front cover photo shows American Calculator Corp.'s new LED-readout MOS/LSI low-cost calculator both 
in and out of its case. Simplicity of design permits complete assembly in less than 2 hours. See news story 
on p. 18. 

Design News 
LSI = Low-Cost Calculator . .. . 18 
Design Briefs Laser Heat Makes Photomasks . . Card Reader Is 4- by 8-lnch IC . . Stress Sensitivity 

Design Predictions 
The Automated Factory-Necessity, Not Luxury · 33 
The U.S. electronics industry must adopt integrated auto mated manufacturing systems to remain com­
petitive, concludes Arthur S. Klaben , Study Project Director at Theta Technology Corp. 

Design Features 
Monolithic Magnetic Domain Memory Is for Real . . . . . . . . D& 1gr /Systems/D1g1tal 35 
Little spots of magnetism in a thin-film substrate can change many areas of the memory market. A stack could 
make the equivalent of a disc memory, but with no moving parts. This article discusses and illustrates the 
technology and how domains are formed , moved, detected and used . 

Plastic ICs Entice Military . . . . . . . . . . . . . . . . . . . . . ,, ponents/Rel1abll1ty 43 
Armed with reliability figures, semiconductor vendors aim to entice the military services to use economical 
plastic-encapsulated ICs. Thi s artic le presents the re liabili ty test results on epoxy and silicone plastics-as 
performed by National Semiconductor Corp. 

Design Ideas 
Build a Sawtooth Generator with Three ICs . DE gn C1rcu1ts/L1near 49 
Want a very linear ramp accurately set to zero by a clock pulse? Here's a sawtooth generator design that calls 
for only three ICs. 

Digital Technique Generates Audio Frequencies .. 
Intermixing integrated circuits minimizes the package count 
separate audio-frequency codes. 

Des1gn/Systems/D1gital 5 50 
of a frequency generator that produces 16 

DC Feedback Stabilizes Bias on FET/Bipolar Pair 
Now you can direct-couple that FET to a bipolar amplifier following 
drift as FET parameters shift or drift . 

I 

...... D 1gn 'Circuits/Linear 51 
it, without the usual concern of de bias 

Customer Engineering Clinic . . . . . . . . . . . . . . . . . . P01ckage/Components/Pass1ve 52 
Large numbers of military-speci fication capacitors were failing by shorting during wave soldering, precisely 
because they were MIL Spec. 

Design Interface 
Twelve Tips for Proposal Writers . .. . .. . ... ....... . .......... . .. . ..... . .... ... . . . .. ... 53 
Make your proposal a stand-out in any competition . A professional proposal services manager tells how. 
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We make components 
for guys who can't 

stand failures. 

By the time they find the 
problem, the entire factory will be 
buried in ping pong balls. And 
there'll be a few thousand more 
applicants for advanced membership 
in the can't-stand-electronic­
failures club. 

If only we had been there in time. 
You see, 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-K"" 
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-KrM 
capacitors are now being used in 
pacemaker heart units and in several 
major EDP systems. And these 

CIRCLE NO. 3 

Glass-K™ capacitors can now be used 
in B_X 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-
5 5182, 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. 

CORN I NO 
ELECTRONICS 
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Night life in Banning, Calif., (home of Deutsch connectors) 

"So ... what else is there to do but make great connectors. "~ 
~ 

(c 1970 Deutsch Electronic Components Division / Municipal Airport, Banning, Calif. 92220/ Area 714/849-6701 
CIRCLE NO. 4 
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Editorial 

Springboard 
To A Prosperous Future? 

Alternately praised and panned, the metric 
system marches steadily onto the Ameri ­
can scene. Although many manufacturers 
anticipate costs to be prohibitive, the 
markets created by a massive metric move 
would be proportionately lucrative. 

Granted, the machines required to 
change to metric would do little initially 
for our balance of payments. But the move 
would allow us to leapfrog manufacturing 
technology and would encourage replace­
ment of outmoded production machinery. 
In the end, productivity would improve and 
we would be in a better position to com­
pete world-wide in terms of both cost and 
measurement compatibility. 

Such a move also would create a new 
wave of demand for technical manpower 
the like of which this country has never 
seen. Hopefully, this demand would be 

sustained through improved positions in 
world markets. 

Yet, a stampede into metrication could 
spell disaster. So our moves should be cal­
culated to play every advantage to its ut­
most and avoid trauma, false starts and 
waste. If these moves are carefully exe­
cuted, indications are that the benefits 
could far outweigh the perils. 

In August 1968, Congress authorized 
the Secretary of Commerce to study the 
probable impact of metrication on the 
U.S. A report back to Congress is due next 
August. If Congress responds with a go­
ahead of some kind , it is staggering to con­
template the market that will be created. 

Though fraught with risk, metrication 
could spell a revitalization of American 
industry. The meter, rather than being 
only a 39.37-inch yardstick , could be a 
springboard to a new era of prosperity. 

Editor 

9 



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. 

By adding HP's new Option H10 
(only $140) , you can generate each 
of these seven waveforms in two 
other modes-single-cycle and mul­
tiple cycle " bursts." These " bursts" 
can be triggered either manually or 

10 

just about any waveform 
• • you can 1mag1ne 

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

With or without Option H10, the 
3310 gives you a choice of ten fre­
quency 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 . 

With Option H10, the 3310A 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 divider, 
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among other things. Applications in­
clude testing television and com­
munications systems, radar systems, 
and analog or digital circuits. 

For further information on th e 
3310A and Option H10, contact you r 
local HP field engineer, or write to 
Hewlett-Packard , Palo Alto , Cali­
fornia 94304. In Europe: 1217 Meyrin­
Geneva, Switzerland . 
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How To Solve Your 
Power Supply Problein-

28 voe to 400 A:J- 3<P 
Model Q 1OD-ll5A-400Y . 
Size 6" x 6" x 4" - Wt. 8.3 lbs. 
Output 100 volt amps 

60 -A:f- to DC (Reg) 
Model V6D-27.6A 
Size 41/2" x 6" x 4" - Wt. 10.3 lbs 
Output 28 VDC at 2.1 amps 

400 A:J- to DC (Reg) 
Model T3D-48.6A 
Size 23/.i" x 3" x 31/4" - Wt. 2.3 lbs. 
Output 48 VDC at 618 ma 

28 voe to oc (Reg) 
Model AK1D-1970A 
Size l'h" x 23/.i" x 3" - Wt . 1 lb. 
Output 2000 VDC at 5 ma 

NEW! Mil-Spec Quality Power Supply Modules 
for All Types of Power Conversion 

Abbott has a new line of power supply 
modules. They are built to meet military 
environment-MIL-E-5272C. All types are 
available with any output voltage you need 
from 5 vo lts to 10,000 vo lts DC - and DC 
to 400 -Pd- inverters with either 1¢ or 3¢ 
outputs. 

DC to 400 A:J-, 3¢ - This new inverter 
changes 28 VDC battery voltage to three 
phase power with outputs of 33, 66, and 
100 vol t amps, 400 cycles or 800 cycles, as 
well as output voltages of 115 VAC or 27 
VAC. All three phases are indepently reg­
ulated at l o/o. Also, 1¢ output units are 
available with powers of 30, 60, 120 and 
180 volt amps, 400 cycles or 800 cycles, at 
115 VAC or 27 VAC . All of these solid s tate 
inverters are completely described on 
Pages 13, 26 and 27 of our new catalog. 

60 -Pd- to DC - These modules are the 
smallest, lightest weight 60 -A:f- to DC 
power supplies we have seen. They are well 
regulated for line and load changes. Her­
metically sealed for military environment 
they will operate to 160' F heat sink tem­
peratures. They are available in any output 
vo ltage you need - 5 v olts to 10,000 volts, 

I f you need a power supply module in a hurry 
please check pages 930-949 in your EEM 
(1970- 1971 ELECTRON IC ENG INE ERS MASTER 
Directory ). Most of the above units are listed 
there. Or, for a complete list of our power 
supply l ine please send for your FREE 72-page 
catalog. 

FF§.8.#if t r a n s i st o r 

LABORATORIES , INCORPORATED 

5200 W. Jefferson Blvd. • Los Angeles 90016 
Area Code 213 • WEbster 6-8185 

with power outputs of 5, 10, 20, 30, 60, 120, 
and 240 watt sizes as standard catalog list­
ings. You will find them completely de­
scribed with prices on Pages 2, 3, and 4 of 
our new catalog. 

400 A:J- to DC (Reg) - Designed espe­
cially fo.- 400 -A:f- input power, th is line 
of converters is available with any output 
voltage you want - 5 volts to 10,000 vol ts 
DC. Power outputs of 5, 10, 20, 30, 60, 120, 
and 240 watt sizes are standard. Well­
regulated and hermetically sealed, t hese 
units are described on Pages 5, 6, and 7 
of our new catalog. 

DC to DC (Reg) - Some of these DC to 
DC converters are as small as a package 
of cigarettes and weigh less than a pound. 
Output voltages from 5 volts to 10,000 
volts are all listed as standard models in 
our new catalog. Power outputs come in 
standard sizes from 5 to 240 watts . These 
converter modules feature close regulation, 
short circuit protection and hermetic seal­
ing for rugged applications found in mili­
tary environment. They are listed in order 
of increas ing output voltage on Pages 8 , 
9, and 10 of our n~w catalog. 

TO : Abbott Transistor Labs , Inc., Dept. 41 
5200 W. Jefferson Blvd. 
Los Angeles, Californ ia 90016 

Sir: 
Please send me you r latest cata log on power 
supply mod ules: 

NAME---------DEPT. -­

CO MPANY-----------­

ADDRESS-----------­

CI TY & STATE----------
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Reliability is staggered steps 
and a hunk of DAP. 
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Expect over a billion operations. 
Our Class W wire-spring relay is different. In fact, 
there's nothing like it in the entire industry. 
Where else can you find a relay with lots of con­
tacts and a mechanical life of more than a billion 
operations! That's about two and a half times the 
life of the best conventional relay around. 

Another nice thing about our Class W is that it 
takes up a lot less space and costs less than using 
a bunch of other relays. That's because we build 
our Class W relay with one, two or three levels 
of contact assemblies, with 17 form C combina­
tions per level. By the way, they're available with 
gold contacts for low-level switching. 

Making it tough on creepage. 
All those staggered steps you see on the side were 

put in to raise the breakdown voltage between 
terminals. These molded steps add extra creepage 
distance between the terminals. This really counts 
for high voltage testing, or when using our Class W 
in unfavorable ambient conditions. 

These steps, and all the molding 
compound used for insulating 
the contact springs, are 
made from 

diallyl phthalate. (They call it DAP for short. ) 
It has great insulating properties and it wears like 
iron. Even if the humidity is high, you have 
excellent protection. 

Redundancy-two springs are better than one. 
Each of our long wire-spring contacts has an 

independent twin with the same function. One 
tiny particle of dust could prevent contact on 
other relays. Not with our Class W. You can be 
sure one of the twins will function. That's back-up 
reliability. 

The twin contacts are twisted together at the 
terminal end. Then we give them a spanking (you 
might call it swedging) to provide solderless wri;ip. 

We're for 
independence. 

Our springs are longer, 
because the longer the 
spring, the more independent 
they get. And the better contact 
they make. Don't forget, the wire­
spring relay is the most reliable way to get a permis­
sive make ·or break contact. You can rely on it. 

The middle contact springs have to be sta­
tionary. To make sure they stay that way forever, 
we actually mold them between two thick pieces 
of DAP on both ends. Just try to move one. 

When we say flat, it's flat. 
Each frame, banged out by a gigantic machine 

is extra thick and extra flat. Then they're planished. 
Planishing is another step we go through in form­
ing the frame to add strength and stability by 
relieving surface strain. 

We've made our spring-loaded pile-up clamp 
extra thick, too. Once it's tightened down, the 
whole pile-up is nice and tight, and stays tight. 

There's more. 
We could tell you a lot more about our Class W 

relays. Like how the tough high-temp molded 

cover protects against dust and has 
molded ribs to keep the spring con­
tacts in place. Or how this relay 
with 51 circuit transfers is so sen­
sitive it requires only four to six 
watts of operating power. 

But why don't you let us prove how much relia­
bility we put into our Class W? We'll be waiting to 
hear from you. Industrial Sales Division, Auto­
matic Electric Company, Northlake, Ill. 60164 . 

. AUTOMATIC ELECTRIC 
GENERAL TELEPHONE & ELECTRONICS 
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Low·Nolse Transistor Amplifiers 

Max. Gain Power Typical VSWR 
Frequency Noise Gain Flatness. Output' Intercept Input/ RF 

Range Figure (dB) (dBi (dB ml Point Output Con- Size Weight Primary 
Type (GHzl (dBi min. min. min. (dB ml max. nector' (inches! (oz.I Power 

WJ-5030 0.05-0.50 3. 5 30 ±1.0 - 3 +1 2.5/2.0 OSM 1.0' 1.3' 2.9 3 + 15Vdc 
(25x 33 x 74 mm) (85 I) 

WJ-736 O.S-1.0 4.0 25 ±1.0 +10 + 20 2.0/2.0 OSM 1.0' 1.3' 2.9 3 - 15 Vdc 
(25 x 33 x 74 mm) (851) 

WJ.738 O.S-1.0 4.0 25 ±1.0 + 10 + 20 2.0/2.0 OSM 1.3 '2.3' 2.9 6 115 Vac 
(33 x 58 x 74 mm) 1170 I) 

WJ-737 1.0-2.0 6.0 25 ±1.0 +13 2.0/2.0 OSM 1.0' 1.3 ' 2.9 3 - 15 Vdc 
(25 x33 x 74 mm) (851) 

WJ-739 1.0-2.0 6.0 25 ::1.0 + 13 2.0/2.0 OSM 1.3' 2.3 ' 2.9 6 115 Va c 
(33 x 58 x 74 mm) (170 ii 

WJ-739-14 1.0-2.0 5.0 28 ±1.0 + 13 2.0/2.0 1.3' 2.3' 2.9 9 115 Vac 
(33 x 58 x 74 mm) (2551) 

WJ-739·15 1.0-2.0 8.0 35 ±1.5 + 10 + 20 2.0/2.5 2.5' 2.5' 3.5 22 115 vac 
(63 x 63 x 90 mm) (6241) 

WJ-780 1.0-2.6 ) .0 27 ±1.5 + 5 + 18 2.5/2.5 OSM 1.3 '2.3' 3.9 9 115 vac 
(33 x 58 x 99 mm) 125511 

WJ~7 1.0-4.0 7.5 25 ::tl.5 + 5 + 17 2.0/ 1.0 OSM 1.3' 2.3' 2.9 6 115 Voe 
(33 x 58 x 74 mm) (170 11 

WJ-737·14 1.43-1.54 5.5 25 ±1.0 + 13 2.0/2.0 OSM 1.0' 1.3 '2.9 3 -15Vdc 
(25 x 33 x 74 mm) (85 ii 

WJ-5004·2 2.0-4.0 8.5 30 ::1.0 + 10 + 20 'l! .0/2.0 N 2.5x2.5x 3.5 22 115 Vac 
(63 x 63 x 90 mm ) (6241) 

WJ-5004-4 2.0-4.0 7.0 25 ::1.0 + 5 + 20 2.0/2.0 OSM 1.3' 2.3 ' 3.9 6 115 Vac 
(33 x 58 x 99 mm) (170 ii 

WJ-5090-4 2.D-4.5 7.5 25 ± 1.5 + 5 + 17 2.0/1.0 OSM 1.3' 2.3' 2.9 8 115 Vac 
133 x 58 x 74 mm) (227 i i 

WJ·772·5 2. 2-2.3 6.0 25 ± 1.0 + 5 + 18 2.0/2.0 OSM 1.3 ' 2.3 ' 3.9 9 115 vac 
133 x 58 x 99 mm) (2551) 

WJ-5004·3 3.7-4.2 9.0 15 ±0.5 + 10 1.2/ 1.2 1.0' 1.3 ' 5.9 3 - 48 Vdc 
(25 x 33 x 150 mm) (85 g) 

; ~;:ee~~~g~t :O~'T~~a~~~~e~et~~;e:v:~a~~8for all amplifiers . 

Low-Noise Traveling-Wave Ampllflers ( 

Sat. Sat. 
Freq. S.S. Power Freq. S.S. Power 

Range NF Gain Output Wgt. Range NF Gain Output Wgt. 
Type (GHzl (dbl {dbl (dBml Ubsl Type (GHz) (db) (dbl (dB ml Hbsl 

WJ-278 0.5-1.0 4.5 25 -10 17 WJ -3043 4.0-8 .0 10.0 25 + 7 12.5 
WJ-293 0.5-1.0 8.0 25 + 5 6 WJ-3033 4.0·12.0 8.5 25 0 18 
WJ-404 0.5-1.0 8.5 25 + 5 14.5 WJ -296-2 4.3-7.35 9.0 25 +7 6 
WJ-397 0.5·2.0 7.0 25 + 3 18 WJ -349 4.H .5 5.0 25 - 10 17 
WJ-278·9 0.6-0.8 3.2 25 - 10 17 WJ-382 4.8·6.2 6.0 25 + 13 18 
WJ-268 1.0·2.0 5.0 25 - 10 17 WJ-382-5 4.8-9.2 6.0 25 + 13 38 
WJ.r,14 1.0·2.0 8.0 25 +1 6 WJ -3002 5.2-10.4 10.0 40 + 10 3.5 
WJ-294·5 1.0·2.0 8.0 28 +1 6 WJ-3032 l.2·10.4 15.0 35 + 12 3.5 
WJ -328·1 1.0·2.0 12.0 35 + 10 17 WJ-297·2 7.0-11.0 9.5 21 +1 6 
WJ -374 1.0·2.0 5.5 25 0 17 WJ-396 7.0-11.0 6.0 25 - 3 8.5 
WJ-405 1.0·2.0 8.5 25 +1 14.5 WJ-424-14 7.0-11.0 8.0 30 + 10 6.5 
WJ-457 1.0·2.0 8.C 25 + 7 6 WJ-464·1 7.0-11 .0 10.0 40 + 10 3.5 
WJ-280 1.0-2.6 8.0 35 - 10 17 WJ-484 7.0-11.0 13.0 38 + 13 3.5 
WJ-294·2 1.0·2.6 8.5 25 + 7 6 WJ-484 ·3 7.0-11.0 15.0 38 + 13 5.0 
WJ-442 1.0-4.0 7.0 25 0 18 WJ -484·10 7.0·11.0 12.0 37 + 13 5.0 
WJ-370-3 1.4·2.3 4.5 20 - 13 38 WJ -363·15 7.25-7.75 7.0 30 + 13 17 
WJ-268-20 1.435-1.535 4.0 25 - 10 17 WJ-3005-5 7.25-7.75 9.0 30 :j:~ 18 
WJ -26&-24 1.435-2.3 5.0 25 - 10 17 WJ-363-3 8.0-10.0 ) .0 30 18 
WJ -374-1 1.435·2.3 5.0 25 0 17 WJ-377 8.0·12.0 9.0 25 0 17 
WJ -269 2.0-4.0 5.5 25 - 10 17 WJ -276 8.0·12.0 8.5 25 - 5 17 
WJ-295 2.0-4 .0 8.5 25 + 7 6 WJ -287 8.0·12.0 10.0 35 - 5 17 
WJ-295·3 2.0·4.0 10.0 31 + 10 6 WJ -297 8.0·12.0 10.0 25 +1 6 
WJ-295·5 2.0·4.0 8.5 28 + 1 6 WJ-297·5 8.0-12.0 10.0 28 +1 6 
WJ ·329·1 2.0·4.0 12.0 35 + 10 17 WJ·332·1 8.0-12.0 12.0 35 + 10 17 
WJ-375 2.0-4.0 6.5 25 0 17 WJ-363 8.0-12.0 8.0 30 + 13 18 
WJ-406 2.0-4.0 8.5 25 +1 14.5 WJ-345 8.0·12.0 7.0 25 - 3 18 
WJ-422 2.0-4.0 ) .5 25 + 10 6.5 WJ-384 8.0·12.0 8.5 25 + 10 18 
WJ-458 2.0-4.0 8.5 25 +1 6 \YJ-408 8.0·12.0 9.5 25 +1 14.5 
WJ-462 2.0..4.0 10.0 40 + 10 4 WH24 B.0.12.0 7.5 25 + 10 6.5 
WJ-477 2.0-4.0 12.0 25 + 20 7 WJ-424·16 8.0-12.0 9.0 28 13 6.5 
WJ-486 2.0-4.0 15.0 40 + 13 3.5 WJ-460 8.0-12.0 10.0 25 + 7 6 
WJ-3003 2.0-4 .0 10.0 30 + 20 18 WJ -464 8.0-12.0 10.0 40 + 10 4 
WJ·281 2.0·4.5 8.0 35 - 10 17 WJ-472 8.0-12.0 12.0 25 + 20 7 
WJ-343 2.0·8.0 7.0 25 0 18 WJ-484-12 8.0·12.0 13.0 38 + 13 3.5 
WJ-355 2.2·2.3 3.7 25 -10 17 WJ-491 8.0-12.0 8.0 27 + 10 17 
WJ-375-7 2.2·2.3 4.5 13 Note 17 WJ-3005 8.0-12.0 10.0 30 20 18 
WJ-295-2 2.3-4.5 9.0 25 +1 6 WJ-3044 8.0-12.0 10.0 25 +7 12.5 
WJ.494 2.5·10.0 10.0 25 0 18 WJ-437 8.0-18.0 9.5 25 + 3 18 
WJ ·38l 2.6·5.2 9.5 25 +1 6 WJ-424-6 8.5-9.5 6.5 25 + 10 6.5 
WJ-482 2.6-5.2 7.5 25 + 10 7.5 WJ-345·11 8.5·9.6 6.0 25 - 3 18 
WJ-3001 2.6-5.2 10.0 40 10 3.5 WJ-363·4 10.0·12.0 7.5 30 + 13 18 
WJ-3031 2.6·5.2 15.0 40 + l3 3.5 WJ-307·5 10.0·16.0 10.0 25 + 7 18 
WJ-375-1 2.7·3.l 4.5/5.0 23 0 17 WJ -307-15 10.7·18.0 11.0 25 + 7 18 
WJ-295-34 2.9-3. l 5.0 24 - 3 6 WJ-342·2 10.7-18.0 13.0 30 + 7 6.5 
WJ-375·4 3.4·3.6 4.5 25 0 19.5 WJ-307·24 12.0-14.0 8.0 25 - 5 18 
WJ -269-58 3.7-4.2 5.0 25 - 10 17 WJ -307 12.0·18.0 10.0 25 - 5 18 
WJ-381·11 3.7-4.2 8.0 28 +1 6 WJ -342 12.0·18.0 12.0 25 +1 6.5 
WJ-439 3.7-4.2 8.0 25 +1 17 WJ -342-9 12.0-18.0 12.0 28 + 7 6.5 
WJ-481 3.7·4.2 6.5 28 + 10 7.5 WJ-371 12.0-18.0 9.0 25 + 12 18 
WJ -3025 3.7·4.2 10.0 40 + 20 18 WJ·425 12.0-18.0 10.0 25 10 7.0 
WJ-3034 3.7-4.2 10.0 30 +20 7.5 WJ-461 12.0-18.0 12.0 25 + 7 6.5 
WJ-271 4.0-8.0 6.5 25 - 5 17 WJ-465 12.0·18.0 12.0 25 + 10 4 
WJ -286 •.o-a.o 8.0 35 - 5 17 WJ-489 12.0·18.0 13.0 35 :j:l3 5 
WJ -296 4.0-8.0 9.0 25 + 1 6 WJ.489·10 12.0·18.0 13.0 37 13 5 
WJ -296-5 4.0-8.0 9.0 28 + 1 6 WJ -3045 12.0·18.0 12.0 25 +1 12.5 
WJ-331-1 4.0-S.O 12.0 35 + 10 17 WJ-3006 12.0-18.0 13.0 30 + 20 18 
WJ-407 4.0-8.0 9.0 25 +1 14.5 WJ-393 18.0·26.5 13.0 25 0 18 
WJ-376 4.0-S.O 7.0 25 0 17 WJ-393-9 18.0-26.5 11.0 25 0 18 
WJ.423 4.0-8.0 7.5 25 + 10 6.5 WJ-3000 18.0-40.0 14.0 25 +1 25 
WJ.459 4.0·8.0 9.0 25 +1 6 WJ-393-8 18.5-20.0 9.0 25 0 18 
WJ-463 4.0-8 .0 10.0 40 + 10 4 WJ-393-4 20.0-24.0 15.0 35 + 4 18 
WJ-476 4.0-8.0 12.0 25 +20 7 WJ- 338 26.5-40.0 14.0 25 + 3 25 
WJ-485 4.0-S.O 15.0 35 + 12 3.5 WJ- 338-9 28.0-34.0 15.0 25 + 5 25 
WJ -3004 4.0-S.O 10.0 30 + 20 18 Wl-338·5 34.0-36.0 13.0 25 

t~ 
25 

WJ-449·1 40.0-50.0· 17.0 20 27 
WJ.449-2 40.0-90.0 19.0 20 27 

Note.: The amplifier shall have a maximum of l.O dB 
gain compression at an input level of - 15 dBm . 

The 
Serious 
Shopper's 
Guide 
to 

LOW-NOISE 
AMPLIFIERS 

II WATKINS JOHNSON 

3333 HILLVIEW AVE. 
STANFORD INDUSTRIAL PARK 

PALO ALTO, CALIF. 94304 

(415) 326-8830 
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For the engineer whose responsibility is checking out 
incoming precision components, the new Fluke 33308 
Programmable Constant Current/Voltage Calibrator will 
shorten your day and heighten your nights. For the first 
time, computer programmed checkout over a wide range 
of voltages and currents is available with an off-the-shelf 
low priced quality instrument. 
The Fluke 33308 is unique. It can be operated in either a 
constant current or constant voltage mode. Modes can 
be changed without turning the unit off. Voltage range 
is 0 to 1000 volts in three ranges with 10% overranging. 
Voltage accuracy is ± 0.003%. Resolution is 0.1 ppm. 
Stability is 15 ppm per month. Line and load regulation 
are 2 ppm of range. Ripple and noise are less than 60 
µ.v. Voltage trip is adjustable from 1 v to 1000 v. Output 
current is 100 ma in the 10 and 100 v ranges and 50 ma 
in the 1000 v range. 
In the constant current mode, ranges are 0 to 100 ma 
in three ranges with 10% overranging. Accuracy is 
± 0.006%. Resolution is 1 ppm. Stability is 30 ppm/ 
month. Line and load are 2 ppm of range. Compliance 
voltage is 1000 volts on the 1 and 10 ma ranges and 500 
volts on the 100 ma range. 
Crowbar effect through a programmable relay shorts 
output to limit voltage while changing loads. 
Programmable functions are output range, mode, level 
and polarity, voltage and current limit, crowbar, and 
standby/operate. Programming time is tens of milli­
seconds. Price is $3,495. 
For full details write or call us today. 

Fluke. Box 7 428, 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. 15 
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SOT DTS 
410 
413 
423 
431 

+higher gain 
Solitron introduces its 
New SDT Series of high 
voltage silicon power 
transistors. 

Solitron now has a new design approach to the old problem of high 
voltage performance and reliability. That's what you ' ll get with Solitron's 
newly developed high voltage SOT Series. Features include: 
• HI-REL CONSTRUCTION • LOW THERMAL RESISTANCE 
• HI-REL MOUNTING (GOLD (O.s0 c /W typical) 

MOLYBDENUM PEDESTAL) • MULTIPLE GAIN SELECTIONS 
• ULTRA-SONIC ALUMINUM LEAD AT 1.0A, 2.0A or 5.0A 

ATTACH • LOWER SATURATION VOLTAGE 
They're ideal for power supplies, all CRT deflection circuits, converters, 
inverters, relay drivers and series regulators. And best of all, you'll pay 
no more than the price you have been paying for other high voltage 
silicon power devices . 
Contact us today for engineering application assistance and write for our 
free catalog of semiconductor and microwave products. 

YYPE NO. 
.IEDEC To.3 

CASE 

SOT-401 
SOT-.402 
SOT-.410 
SOT-.411 
SOT-.413 
SOT-.423 
SOT-.424, SOT-425 
SDT-430 
SDT-431 

~olitron 
DEVICES, INC. 

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLORIDA 
(305 ) 848-4311 /TWX: (510) 952-6676 

BYcao BY CEO BY no •c '• ,, 
v y v A A w 

500 400 5 2.0 1.0 100 
700 400 5 3.5 2.0 75 
200 200 5 3.5 2.0 80 
300 300 5 3.5 2.0 100 
400 400 5 2.0 1.0 75 
400 400 5 3.5 2.0 100 
700 500 5 3.5 2.0 100 
400 400 5 5.0 2.0 125 
400 400 5 5.0 2.0 125 

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

EUROPE: Solidev Ltd .. Tubbs Hill House North Entrance, London Road , Sevenoaks. 
Kent, England, TEL: (0732) 57541-2-3 

ISRAEL: A .E.L. Israel Ltd .. 51 Hayarkon Street, Bene Baraq , TEL: 78-21-41 

JAPAN : Matsushita Electric Trad ing, 5 Chrome Kawamachi , Hegash i · Ku , Osaka 
TEL: (06) 202-1221 or World Trade Centre Bldg ., No. 5, 3-Chrome, 
Shibahamamatsu-cho, Minato-Ku, Tokyo, TEL: (03) 435-4501 

CIRCLE NO. 11 
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Second generation IC 
"Multiplier Plus" 

Plus What? . . . Plus built-in voltage 
regulator and current converter 

Motorola's new MC1594 / 1494 introduces the 
second generation of monolithic IC four-quadrant 
multipliers based on the variable transconduct­
ance principle. The "multiplier plus" is easier to 
use than the familiar industry standard MC1595 / 
1495, and it offers a new high level of performance. 

"Plus" features for cost reduction 
The built-in current and voltage regulator 

eliminates the effects of power supply fluctuation 
and reduces the number of external components 
required. It regulates all current sources on the 
monolithic chip, effectively immunizing the mul­
tiplier to supply voltage fluctuations . It also pro­
vides two ( +4.3 V) regulated voltages to bias 
the offset adjust potentiometers. Interaction 
among the pots during adjustment is eliminated. 

Changes in offset voltage caused by supply irregu­
larities are eliminated. Four external resistors are 
eliminated. 

At the other end of the multiplier the differ­
ential current converter provides a single-ended 
output current referenced to ground. 

" Plus" features 
for Improved Performance 

Linearity of 0.5% max (X or Y) for the 
MC1594 sets a new standard of excellence, and 
the MC1494 offers a fine 1.0% max error (X or 
Y). The "multiplier plus" is easier for the designer 
to use because it handles input and output volt­
ages of ±10 V with ±15 V supplies. And power 
supply sensitivity is also significantly improved. 

§: LINEARITY VS TEMPERATURE 
a:: 1.00r--.---.--.-----.---,.---~-~ 
0 
a:: 
a:: 
:;:'. 0.75 r---t---+--+----+---1-----1--__J 
l-
a: 
:;3 o.5o r---t----+--+---+--+---+----l 
z ~ ..... r--r--+--+---+--+---+-~ 
~ o.25t----+----+--+---+--+---+----l 

w 
a:: 
o o ~-~---'---...._---L. __ L.._ _ _i_ _ __J 

x - 55 a:: 
w 

- 25 +25 +50 +75 +100 +125 
TA, AMBIENT TEMPERATURE (OC) 

Please turn page for circuit information 



Here Is The Second Generation Monolithic IC Multiplier 
Motorola's MC1594/1494 "Multiplier Plus" 

Vy 

CURRENT 
ANO VOLTAGE 

REGULATOR 

REGULATOR 

BLOCK D I AGRAM 

C OMPLETE C IR C U IT S CH EMAT I C 

MULTIPLIER 

DIFFERENTIAL 
CURRENT + 

CONVERTER 

DIFFERENTIAL CURRENT CONVERTER 

T YPICAL MULTIPLIER CONNECT ION 

v+" +15 Vdc 
~-----------------<~-------<> 

K ADJUST 

rGNO 

Check these performance features Learn all about the 
"Multiplier Plus" right away 
The MC1594L and MC1494L are 

available now from your nearest 
Motorola distributor at 100-up prices 
of $12.00 - MC1594 and $8.00 - MC-
1494. Both devices are in the 16-pin 
ceramic dual in-line package. For a 
14-page applications-specifications 
data sheet, circle the reader service 
number or write Motorola Semicon­
ductor Products Inc. , P.O. Box 20912, 
Phoenix, Arizona 85036. 

• Excellent linearity 
0.5% max (X or Y) - MC1594L 
1.0% max (X or Y) - MC1494L 

• Wide input voltage range - ± 10 V 

• ± 15 V supply operation 

• Single ended output referenced 
to ground 

• Improved offset adjust circuitry 

• Adjustable scale factor 

• Power supply sensitivity -
30 mV / V (typ) 

Circle No. 10 

The circuitry shown external to Motorola products is for illustra tive purposes 
only, and Motorola does not assume any responsibility for its use or warrant its 
perfo rmance or that it is free from patent infringement. 

"Multiplier Plus" 
Special Introductory Offer 

Complete MC1594 or MC1494 
Evaluation and Experiment Kit DC 
and AC applications - All you need 
to build it for Multiply • Square • 
Divide • Square Root • Balanced 
Modulator • Amplitude Modulator • 
Phase Detector• Frequency Doubler. 

403 Off total 1-up price of all com­
ponents and hardware! 

MCK1594 Kit . . This $38.45 value 
only $23.10 

MCK1494 Kit . . A $32.45 value at 
only $19.50 (substitute MC1494L 
multiplier) 

Parts list 
MCK1594 and MCK1494 

Quantity 

1 

1 
2 
2 

1 
1 
1 
1 
2 

2 

2 
3 
1 
1 

10 

Part Desc ript ion 

MCI 594L or 
MC1 494L 
MC1741CG op amp 
1N52418 Zener Diodes 
510 ohm, l/4 W, 
20 % carbon resistors 
16K, l/ 4 W, 5% film resistor 
22K, l/ 4 W, 5% f ilm resistor 
30K, l/ 4 W, 5% fi lm resistor 
62K, l/ 4 W, 5% film res istor 
20K, 15 turn cermet 
potentiometers 
50K, 15 turn cermet 
potentiometers 
O.l µF ceramic disc capacitors 
lOpF ceramic disc capacitors 
16-pin dual in-line socket 
PC board 
terminals 

Also contains complete "How To 
Do It" construction note and data 
sheet with applications information. 

Specify by MCK1594 or MCK1494 
- state quantity - enclose check 
(P.O. is OK for order over $20.00) -
offer expires May 20, 1971 - limit. 
5 (five) kits. Send order to Motorola 
Semiconductor Products Inc., P .O. 
Box 20912, Phoenix, Arizona 85036. 

MOTOROLA LINEAR 
- serving a greater range of analog designs I 



VOLUMETRIC EFFICIENCY. Big words 
that explain why Allen-Bradley type CL 
feed-thru capacitors are so small. Our 
unique multi-layer concept shaves size 
to a minimum, without affecting per­
formance. It took Allen-Bradley to get 
filter capacitors down to their fighting 
weight. Now rolled capacitors are no 
longer a design alternative. 
Concentric layers of proprietary Allen­
Bradley ceramic and noble metal elec­
trodes are fired together for unmatched 
protection against moisture and con­
tamination. Rugged . Non-polar. With 
lower inductance and far less noise. 

EC70·12 (C) Allen-Bradley Company 1970 

Voltages to 200 WVDC. Temperatures to 
125°C. Capacities to 1.0 µF. High dielec­
tric strength and reliability. 
Several styles and sizes are available 
through your appointed A-B industrial 
electronic distributors. For further in­
formation write: Marketing Department, 
Electronics Division, Allen-Bradley Co., 
1201 South Second Street, Milwaukee, 

• 

CIRCLE NO. 7 

Wisconsin 53204. Export office: 1293 
Broad Street, Bloomfield, N.J . 07003 
U.S.A. In Canada: Allen-Bradley Cana­
da Ltd., 135 Dundas St. , Galt, Ontario. 

ALLEN-BRADLEY 



LSI Low-Cost Calculator 
This is a story about a calculator- a 
calculator that began with an 11- by 
11-inch 8-layer printed circuit board 
housing 176 discrete integrated 
circuits. That calculator, because of 
high tooling and labor costs , could not 
be manufactured competitively, and 
so a company folded. 

Today this calculator is wearing a 
new suit. Redesigned by a new com­
pany, The American Calculator Corp. 
located in Dallas, Texas, the printed 
circuit board is now a simple 2-layer, 
6- by 7-in board, thanks to MOS large 
scale integration (LSI). Its readout 
consists of seven-segmented light­
emitting diode (LED) arrays that 
provide a most pleasing display. And, 
with only 2-1/2 hours needed to 
assemble the prototy~ completely, 
it's expected that the entire assembly 
process, once in production, will take 
less than 2 hours. 

All these factors add up to a calcu-

lator that now makes its debut com­
petitively priced with all similar 
calculator units now on the market. 
Just as soon as it was learned that the 
LSI chips now used in the calculator 
were available , it took just 24 days 
for American Calculator to go 
from concept to a finished operating 
unit. 

Designated Model 816 because it 
accumulates sums and products up to 
16 digits that are viewed 8 digits at a 
time, the 3.5 lb, four-function (add, 
subtract, multiply , divide) unit re­
quires only 3W of power for operation. 
Two items account for this low-power 
operation. First, the 6 MOS/LSI chips 
require two supplies of -13v at 65 mA 
and -24V at 25 mA or 1.445W. Each 
of these six chips contains a total of 
8000 transistors. Second, the clock 
frequency, which is 200 kHz, is also 
used to multiplex the eight readouts 
for reduced display power consump-

tion. When the calculator is placed in 
production, the initial seven seg­
mented displays will be supplied by 
Texas Instruments Incorporated. 

Other features include 0 to 70°C 
(32 to 158°F) operating temperature 
range , longest cycle time of 100 ms 
ability to multiply or divide by a 
constant and 0 to 7 digit decimal­
point selection. 

Production schedules call for 100 
calculators in November, 550-1250 
in December and 2-3k in January. 
Average price is under $400. Simulta­
neously, other models will be added 
to the line that will reduce the weight 
to 1-1/2 lb, add the functions of square 
and square root, change the 8/16 
display to 14/28 and provide a con­
nector for hookup to a printer for hard 
copy. 

Regarding its long range plans, 
American Calculator hopes to affil­
iate with one of the larger calculator 

View of the uncased calculator reveals the construction simplic­
ity, thanks to MOS/LSI and the light-emitting diode (LED) dis­
play of the new calculator. A large portion of the unit 's weight 
is in the power supply transformer shown. 

Close look at keyboard shows the K (multiply or divide by a con­
stant select key), the P (select decimal 0-7 position key), the 
<-> (shift to 8 most or 8 least significant readouts key) and the 
clear, numeral and function select keys. 
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houses-a house whose calculator 
line would be complemented by these 
low cost American made units. 

Smart styling of new unit is apparent. 
Operation in any function mode is exactly 
as an individual would perform this opera­
tion in his head. Turn on power, select 
decimal position and proceed are all the 
instructions needed to perform the four 
functions of add, subtract, multiply and 
divide. 

6 MOS/LSI Chips Hold the Key 

Heart of this calculator is its six LSI 
chips. These include an input chip, a con­
trol read-only memory (ROM) chip, a con­
trol logic chip, a register chip, an arith­
metic chip and an output chip. 

The input chip receives input sequences 
from the keyboard. In performing this 
function, an input switch matrix is scan­
ned to detect keyboard activity and a suit­
able bounce delay is generated when an 
input key is activated. The input chip a lso 
composes a 6-bit ROM address code (as a 
function of the input command) to be used 
as an initia l address of a control sequence 
to be issued by the ROM. At the appro­
priate time, the address is transmitted 
to the. control chip and input chip, then 
it waits until the control chip is not busy 
before honoring new inputs. 

The control ROM chip contains the 
ROM which issues the basic control se­
quences that operate the calculator. There 
are 128 ROM words of 15 bits each. Each 
word contains a control bit pattern caus­
ing specific gating or data movements 
associated with a program step to take 
place. In addition, a portion of each word 
specifies the address of the next program 
step within the ROM. 

The control logic chip contains counters 
that control shifting and accumulate digit 
counts during multiply and divide opera­
tions. ROM address sequencing control is 
provided by this chip. 

The register chip is composed of three 
64-bit shift registers, one 4-bit shift reg­
ister and register selection gating logic. 
There are three 64-bit registers: (1) the 
accumulator register, (RA), (2) the input 

register, (RI), and (3) the multiplier/ 
quotient register, (RQ). Each register has 
individual clear and right or left shift 
capability. The input register receives 
keyboard figures and acts as one input to 
the adder on the arithmetic chip. The ac­
cumulator accepts arithmetic outputs and 
the RQ register manipulates multiplier, 
divisor and quotient digits. 

In addition to full BCD adder/subtractor 
and complementing units, the arithmetic 
chip contains sign and overflow flip-flops, 
a digit timing register, and synchroniza­
tion circuits for the keyboard generated 
"clear" function. 

The output chip supplies signals for the 

BCD digit value to drive the display, as 
well as a signal for the decimal point 
display. Eight anode selection signals are 
sequentially activated to select one of 
eight positions for display. The calculator 
has the arithmetic capability to accumu­
late sums and products up to 16 digits. The 
16-digit positions are viewed eight digits 
at a time by selecting an upper half regis­
ter (most significant half) or a lower half 
register, (least significant half). In the 
upper half register , no decimal point is 
displayed, and leading zeros are sup­
pressed. In the lower half register, lead­
ing zeros are suppressed until the deci­
mal point position is reached. 

One of six MOS/LSI chips used in the new calculator is compared to the 8-layer, 11- by 
11-inch printed-circuit board predecessor that housed 176 discrete ICs. Complexity 
of display board used in the initial calculator also is shown. Use of LEDs has greatly 
simplified display board driver circuitry. 
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Ceramic LSI Packages 

Simplified, room-temperature ce­
ramic packaging methods for 36-pin 
LSI are reportedly being used by 
Toshiba in the production of elec­
tronic desk-top calculators. Pin spac­
ing is EIA standard at 600 mils, and 
the multi-layer alumina package is 
claimed to have good hermeticity and 
high heat conductivity, while main­
taining perfect isolation and maxi­
mum power. Previously, the maxi­
mum pin number that Toshiba had 
been able to package ceramically 
was 24. 

.. .... ... ......... 
'No Man's' Space 

RCA is studying a new satellite, 
Atmosphere Explorer, to fly an orbit 
with a low point of 75 to 93 miles. 
This "no man's land", too high for 
observation by aircraft and too low 
for spacecraft, is the thermosphere 
where most of the sun's ultraviolet 
radiation is absorbed. 

Sensitive Mike 

An ultrasensitive microphone so 
sensitive it can "hear" the sound 
made by air molecules striking it 
was used recently at the David Sar­
noff Research Center to evaluate 
theoretical predictions on the amount 
of sound caused by air molecules. 
Dr. Harry F. Olson's measurements 
show that the sound caused by the 
air molecules striking the ribbon 
diaphragm of the microphone was 
-6 dB below the threshold of hearing, 
which means that the microphone is 
more sensitive than the human ear. 

20 

Tiny Pyramids 

A new type of television camera pick­
up tube that offers high sensitivity 
and long life has been developed at 
the General Electric Research and 
Development Center. Application 
may be in "picture phones", where 
its sensitivity will permit it to operate 
in normal room lighting. The "Epi­
con" camera tube target consists of an 
array of millions of silicon semicon­
ductors, tiny pyramids grown 
through the silicon dioxide layer, 
leaving only a small portion of the 
oxide layer exposed protecting it 
from electron influx. High tempera­
ture tube bake-out prolongs the life 
of the tube. 

Cabled Coax 

A 22-tube coaxial cable ultimately 
will carry up to 90,000 telephone 
calls simultaneously. In the new L5 
cable system being tested by Bell 
Labs. , basic repeaters spaced at 1 
mile intervals will use hybrid thin 
film circuits for the first time in long 
haul communications. 

Design Briefs 

Airborne Dialing 

Newest user of the RF spectrum is 
"J etphone", solid-state air/ground 
radiotelephone capable of automatic 
channel select and direct dialing 
service. A Motorola electronic pack­
age also provides manual channel 
selection, conversational quality, 
full duplex (no push to talk), compli­
ance with Bell System specifications, 
compatible with pending automatic 
and existing manual ground stations. 

Around the Corner 

Flexible imagescopes are helping 
helicopter crews with after-dark' 
military missions. These fiber optic 
transmission devices , developed by 
Bendix Mosaic Fabrications Div. in 
Sturbridge, Mass. are part of the 
INF ANT (Iroquois Night Fighter and 
Night Tracker) system. It works even 
in the absence of moonlight and star­
light, with xenon searchlights to 
generate infrared light for illumina­
tion. 

Tube Stores 'Snapshots' 

A small , vidicon-type device that can 
take and store single electronic 
"snapshots" is a new RCA develop­
ment. The still picture, electronically 
stored in the tube, eliminates the 
need for an external storage medium 
such as film or videotape. It can be 
relayed to a TV monitor immediately 
or kept intact within the tube for 
several days. Initial beneficiaries are 
seen as closed-circuit television 
systems designed for use in data pro­
cessing, business, education, defense 
and space. 
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Design News 

Stress 
Sensitivity 

A junction-type strain transducer of 
new structure and principle claims 
more than 10 times the sensitivity 
of conventionally structured devices. 
A semiconductor with high specific 
resistivity is employed as a substrate, 
a rectangular thin plate silicon 
shaped and formed laterally with a 
sharp notched section at the midddle 
(see photo). Responding to both nega­
tive (tension) and positive (compres­
sion) stresses the structure's higher 
sensitivity makes it suitable for 
applications as a microphone and a 
phone-pickup. Other applications 
such as telephone transmitter and 
desk calculator keyboard elements 
are expected. 

Matsushita Electric's new strain 
transducer is 1.8 mm in length, 0.8 
mm in width, and 0.04 mm in thick­
ness. It is fabricated so that n-type 
material is at one side and p-type is 
at the other side. Part of the n-region 
near the center is left with high 
specific resistivity. Total structure, 
therefore, is p-region (p+) at the left 
high resistive-region (n) at the center 
and n-region (n+) at the right. 

And. every one we ship goes "into 
tile circuit" and lives you the 
performance you expect. 

WESCO manufactures a 
custom line of close tolerance film 
dielectric capacitors in Mylar, 
metalized Mylar, Poly tyrene, 
Polycarbonate and metalized 
Polycarbonate. We make custom 
capacitors at "off-the-shelf" prices. 
Write for WESCO's new capacitor 
catalog today. 

WESCO Electrical Company, Inc., 

CIRCLE NO. 13 

27 Olive Street, Greenfield, 
Mass. 01301. Tel: (413) 

74-4358. 

W••cai 
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Volume Resistance of 
Thermosetting Compounds 

at 160° F, 100°k RH 

300 450 
HOURS 

Which resin do you pick 1 
That's right! OAP. That's our DAPON® and DAPON M 

diallyl phthalate resins, filled with glass fiber. on top 
after 900 hours at 1 60 degrees F (70 degrees C) 
and 100 percent relative humidity. The property 
being measured is volume resistivity which is what 
an insulating plastic is all about. 

The story is more involved than that of course. 
Let us send you reprints of "Chemical and Thermal 
Resistance of Thermosetting Molding Materials" 
and "The Effects of Temperature and Humidity on 
Electrical Properties of Thermosetting Plastics" and 
get the complete story. 

,. ORGANIC CHEMICALS DIVISION 
f1D1!J FMC CORPORATION 

CORPORATION Ii\ •• 

CIRCLE NO. 14 

Card Reader 
Is 4- by 
8-lnch IC 

Light-sensitive thin-film circuit 
developed by RCA for electronic read­
ing of stationary punched cards is a 
form of integrated circuit on a glass 
substrate. Unit shown is laid out in 12 
rows of 80 elements to match the 960 
holes on a computer card. Each ele­
ment in the sensor array consists of a 
"lateral-flow" photoconductor in 
series with a thin-film Schottky 
diode connected to mutually perpen­
dicular address strips. Diode action 
results from dissimilar contacts to 
the photoconductor. Four sets of thin 
films are vacuum-deposited, as in 
smaller IC fabrication. Light source 
passes illumination through punched­
card holes , is detected by photo­
sensitive elements. Developers expect 
initial application as card reader for 
computer input, but point to exotic 
uses such as door locks in which a 
punched plastic card would act as the 
key and the photosensitive array 
would act as the tumblers of the 
lock. 
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Design News 

Laser Heat 
Makes 
Photomasks 

A powerful pulse of thermal energy, 
lasting only a few billionths of a 
second, can evaporate a metal image 
from one surface and precisely deposit 
it on another. The experimental tech­
nique, which uses a laser's heat rath­
er than its light, was developed at 
IBM's components division in East 
Fishkill , N.Y. Technique of mass 
transfer permits direct and simul­
taneous production of both positive 
and negative photomasks, a time­
consuming process normally requir­
ing several image-reversing steps. 

A glass plate, coated on one side 
with lOOOA of chromium, is sand­
wiched in a vacuum frame between a 
master mask and a clear glass plate. 
This assembly is then aligned at 
right angles to the optical path of a 
ruby laser which emits a 1-3J pulse 
of collimated radiation lasting 15 
ns -just below the thermal diffusivity 
of the chromium. 

When the beam passes through the 
windows of the master mask, it sub­
limes metal from the first glass plate 
according to the pattern prescribed 
on the master mask and deposits it on 
the second glass plate, thus making 
the first one a positive photomask 
and the second one a negative photo­
mask. Several metals of sub-micron 
dimensions can be transferred by this 
method. At least a hundred such 
photomasks can be made from the 
same master mask without any dis­
tortion of the images, some only a few 
microns wide, say IBM spokesmen. 

Let me tell you why. Scanbe has 

a new version of their DI PAK~ 

packaging system. They call it 

the "Swinger." It has hinged 

panels that swing out and lock 

into position. And that's nice 

because I 'm t i red of breaking 

my fingers trying to change a 

wire or a DIP. What's more, each 

panel has up to 720 14-pin or -

57616-pin DIP color coded Wire 

Wrap* sockets in one vertical or 

horizontal drawer. That's not all. 

If you other young bucks would "THE SWINGER" 

like a complete software and 

wire wrapping service, Scanbe can make your from/to wire lists swing too. 

Write for further information. *Registered trademark of Gardner Denver Company 

~®MANUFACTURING CO RP. 
~ A c:anoea COMPANY 

3445 Fletcher Ave. • El Monte, CA 91731 • (213) 579-2300/686-1202 •TWX : 910-587-3437 
CIRCLE NO. 16 
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IC receptacles 
difference in panels 

A different kind of IC receptacle. 

Wide contact lead-in 
permits easy insertion. 

Solder version -
Spring-fit design 
keeps receptacle 

rigid in panel 
during soldering. 

Stabilizing legs keep 
receptacle 90% to panel for 
consistent center spacing. 

Post types-accept up to 
three TERM I-POINT* clip 
or conventional wrap-type 

terminations. 

The AMP receptacle handles 
any known IC configuration 

or package. 

Accepts round or flat leads 
interchangeably up to 

.025 dia. pins or rectangular 
leads up to .025 x .025. 

Unique anti-overstress 
feature maintains good 

contact regardless of lead 
size and configuration. 



are where the 
• 

We don't stop there. 

We've designed greater reliabiHty in­
to the critical receptacle portion of 
your panel designs, but that's only 
part of the difference in AMP's com­
plete packaging panel capabilities. 
No other company offers the flexi­
bility that AMP does in panels. We 
offer a tried and tested panel build­
ing technique and AMP's one-house 
responsibility to back it up. 

Tell us what you want. 

1. You build the panel. 

If your requirements dictate that you 
build the panels, we don't just supply 
you with loose receptacles and let 
you tackle your production problems 
alone. The AMP IC receptacles are 
supplied with a carrier strip and spe­
cial insertion tooling for high speed 
assembly to the board or panel. 
We've lived with panel production 
problems and we'll share the result­
ing know-how with you. 

*Trademark of AMP Incorporated 

2. We build the panel. 

Obviously, the same time tested 
know-how can be put to work in our 
plant to build standard or custom 
panels for you. The placing of the IC 
receptacles can be as random or 
uniform as you need. Remember, our 
receptacle can handle any IC con­
figuration or package. Pictured be­
low are several of the panels pro­
duced for our customers. 

3. Either of us wire the panel. 

For point-to-point wiring, AMP offers 
two basic types of panels. One for 
use with the versatile termi-point wir­
ing technique and another for use 
with the conventional wrap-type 
techniques, for use in your plant or 
ours. 

And the price is right. 
Forget the usual claim that something better always costs more. The advan­
tages of the AMP IC receptacle are available at a competitive, low per-unit cost, 
p.lus there are additional savings in our assembly technique. 

For more information on the difference in AMP IC receptacles or our panel 
capability in general , write : 

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

oth #1311 
see us at bo conference INCORPORATED 

rnputer 
Fall Joint co 17 18 19. 

Nov. • ' 
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Circuits and synergy 
To fill a variety of communications needs, 

Bell Labs and Western Electric have worked to­
gether to develop a special kind of integrated 
circuit. Based on two compatible and comple­
mentary technologies-silicon and tantalum 
-this " hybrid integrated circuit" is hundreds 
of times smaller and more reliable than circuits 
using discrete solid-state components. 

The silicon portions of the circuit contain 
active components such as diodes and tran­
sistors; some low-precision resistors and the 
necessary interconnections are also formed on 
the tiny silicon chips. Hundreds of these chips 
are fabricated on one silicon slice. Tiny gold 
conductors-"beam leads" -are formed on 
each chip at the same time. Then the chips are 
separated and the beam leads bonded to tan­
talum thin-film circuits. Typically no more 
than one or two square inches , tantalum cir­
cuits contain precision resistors, capacitors, 
and interconnections etched into the metal 
fi Im, previously deposited on glass or ceramic 
substrates. 

Hybrid integrated circuits open new op­
portunities for circuit designers in many areas 
of communi cations systems engineering­
telephoneequipment transmission, switching. 

In this hybrid integration technology, de­
sign and manufacturing are intimately related . 
Designer and maker must work closely to­
gether. The Bell System fosters this concerted 
action - this synergy-with Bell Labs, for 
research and development, and Western 
Electric for manufacturing and supply. At 
several plants Bell Labs and Western El ectric 
engineers work together in Process Capability 
Laboratories, speeding new designs into man u­
facture . 

Here are a few examples of their team­
work. 

The tantalum portion of a hybrid circuit 
starts as a 2000-Angstrom layer of tantalum, 
deposited on glass or ceramic. This process, 
invented at Bell Labs, was first carried out in 
a vacuum under bell jars. Western Electri c 
designed and built " open ended" machines. 

Now, deposition takes place as the glass or 
ceramic chips move through the machine on 
a chain. 

For highest precision, newly formed tan­
talum thin-film resistors require adjustment. 
This is done by removing, electrochemically, 
just the right amount of tantalum to raise the 
resistance to the required value. Bell Labs de­
vised the process; Western Electric computer­
ized and automated it. 

Silicon circuits are sensitive to impuri­
ties such as sodium ions in the air. So, they 
used to be sealed into expensive evacuated 
cans. But now, a gold and si I icon-nitride shield 
gives the required protection at low cost . Ori­
ginated by Bell Labs, it was put to w9rk by 
Western Electric. 

Making connections to integrated cir­
cuits once called for individual attachment 
of fine gold wires. Then Bell Labs came up 
with " beam leads": gold conductors plated 
into place on silicon circuits . In addition to 
being conductors, the leads also give mechani­
cal support. Western Electric developed meth­
ods for bonding them to circuits. 

Beam leads are fabricated as part of the 
silicon circuit but their free ends must be at­
tached to other circuitry. Bell Labs and 
Western Electric have developed thermocom­
pression bonding techniques for this job. 
With the proper combination of time, tem­
perature, and pressure all leads on the silicon 
circuit are bonded simultaneously to a thin­
film circuit. 

In the future, we hope to get more cir­
cuitry into less space and to find new func­
tions for the technology. The circuit shown 
here, for instance, is one of some 200 logic 
" building blocks" for use in private branch 
exchanges, data sets, and other customer tele­
phone equipment. It could not have been built 
with " discrete-component" technology. And 
we will not stop with silicon and tantalum. For 
other jobs, other materials may be better. Bel I 
Labs and Western Electric areworkingtogether 
to find and apply them. 

@ Bell labs 
Western Electric 
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like this can happen-

it's a good thing there's TEFLON. 
Wire insulation of TEFLON : You can in­

stall it and forget about it. You can forget about 
the hazard of flammability, the hazard of embrittle­
ment or'stress cracking under thermal aging , the 
hazard of solder-iron damage during installation, 
the hazard of heavy smoke emission under elec­
trical overloads. 

You can count on this unbeatable combi­
nation of protective properties . . . and on superb 
electrical properties that remain unchanged over 
a wide range of temperatures and adverse en ­
vironments. You can count on unsurpassed re­
sistance to corrosives and chemicals. In composite 
constructions you can get whatever extra resist-

ance to cut-through and abrasion you may need. 
Consider insulation of TEFLON for any 

electrical, electronic or aerospace application 
that calls for reliability and dependable perform­
ance. Ask your wire and cable supplier about 
the type and construction that best meet your 
needs. For speci~ic information, write us, mention­
ing the application you have in mind . Address : 
Du Pont Company, Room 87 45L>Xlilmington, 
Delaware 19898. 

~TEFLO~® 
.,0 u . .. , 0 " fluorocarbon resins 
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• • MECL Ill OFFERS THE FASTEST 

Picture a computer with limitless storage capacity and instan­
taneous retrieval. Impossible? Today, yes - but new technologies 
are providing more rapid access to data, and performance of high­
speed memory functions outside the main storage memory are 
paving the way to the ideal computer. MECL III now introduces 
three basic memories to meet state-of-art requirements for high­
speed buffers and applications requiring rapid storage and transfer 
of data. 

The MC1684 (High Z)/MC1685 (Low Z) Content Address­
able Random Access Memory performs the read-write (scratch-pad) 
function plus the content addressable (interrogate-match) function. 
In other words, information may be written-in, read-out and the 
memory may be interrogated to check its contents. Typical read, 
write and search delays are 2.5-3 ns, 4 ns and 2.5-3 ns, respectively. 

The MC1680 (High Z)/MC1681 (Low Z) Random Access 
Memory is sometimes called a decoded scratch-pad memory. Data 
can be entered or read out of the memory from either of two words 
simultaneously. Recommended for ultra-high performance applica­
tions, the MC1680/1681 features typical 2.5 ns access times and a 
write delay of 3 ns. Computer interrogation is speeded through 
application of the MC1682 (High Z)/MC1683 (Low Z) Content 
Addressable Memory. Sometimes called an associative memory, the 
MC1682/1683 features a search (interrogate) delay of 2.5-3 ns and 
a write delay of 4 ns, both typical values. 

As illustrated, the MC1684/1685 CARAM and MC1680/8 1 
combine to form a very high speed buffer memory. When a word is 
required from the mass storage memory, it is placed in the RAM 
portion of the buffer for future access. The word's address in mass 
storage is placed in a content addressable memory tied to the random 
access section thereby allowing words to be addressed by their mass 
storage location in one cycle time of the buffer memory. 

As the address of the desired word is presented to the content 
addressable section, the CAM will indicate (in one cycle time) if 
the address is in the CAM and if the desired word is available in 
the buffer. If the word is present, the desired read and/or write 
function can be performed at buffer RAM speeds. If the word is not 
present it must be brought from the slow mass storage through 
'push-down pop-up" techniques. Through the use of the CAM/RAM 
Buffer Memory, the effective access time is a function of the memory 
access sequencing and not the mass storage access time. 

For further details on these high-speed memories write to 
Motorola Semiconductor Products Inc., P. 0. Box 20912, Phoenix, 
Arizona 85036. Evaluation devices are available at your nearby 
Motorola distributor. MECL III provides the fastest memory func­
tions available today. Design in and THINK FAST! 

MOTOROLA MECL 
the only way to go . .. FASTER 
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.... ~ . h DI I 500 ~~"~· T e 1g 1test 
Rius complete accessory kit 

just $335. 

Digitest 500 with 
Battery Pack mounted in place. 

No 
kidding. 
$335. 

The world's smallest. lowest-cost digital 
multimeter is now available complete with all 

necessary accessories - for less than you'd 
pay for any other DVM on the market alone! 

For a limited time (thru December 15. 1970 
to be exact), you can purchase the $250 

Honeywell Digitest 500 and the complete 
accessory kit for a total of just $335. A great 

opportunity to increase your measurement 
capabilities - at a savings of $25. 

The Digitest 500 gives you five functions 
and 17 ranges to choose from, five times 

the accuracy of the conventional VOM 
and overrange up to 100%. 

Complete accessory kit includes: 
DC Power Pack - Lets you carry your power 
source with you. Attaches easily to base of 
Digitest 500 . Overnight charging gives four hours 
continuous operation off its ni-cad batteries. 
$75 if purchased separately. 
AC/ DC Current Shunts - Set of four extend basic 
current range of Digitest 500 from 100 µa FS to 
1 Ampere FS, AC or DC. $25 if purchased separately. 
High Voltage Probe Connector - Extends 
voltage range of Digitest 500 to measure in excess of 
1000 VDC and 300 VAC. $10 if purchased separately. 

Take advantage of this limited-time offer now! 
Use the convenient reply card you'll find attached ... 
for instant action . 

Honey"W"ell 
CIRCLE NO. 18 
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Design Predictions 

THE AUTOMATED FACTORY 
- N ECESSITY, NOT LUXURY 
The electronics industry will be transformed almost beyond 
recognition by the end of the 70s by integration of design, tool­
ing, production, test and shipment into one automated process, 
says Arthur S. Klaben, Project Director of Theta Technology's 
Electronic Manufacturing study program. 

By 1980, annual sales of electronic manufacturing 
equipment in the U.S. will reach $2 billion, and 3/4 of 
this will be for advanced technology processes and 
equipment. Eighty percent of this equipment will be 
part of integrated, automated manufacturing systems 
or subsystems; therefore, producers of individual 
equipment components will find their fractional share 
of the market less than half its present value. 

Labor and material costs will continue to rise and 
must be offset by acc'elerated improvements in pro­
ductivity. Skilled manpower will be in chronic short 
supply and will be the limiting factor on production 
levels. Foreign competition will continue into other 
than consumer market areas if the U.S. electronics industry does not make full use 
of advanced automated manufacturing systems and processes to compete more 
effectively. 

ICs and automation will not provide a magic cure to foreign competition, because 
foreign firms are automating more rapidly and using ICs in their products more ex­
tensively than are domestic firms. 

Penetration of U.S. markets by foreign competitors need not be a one-way street, 
however. The total electronics sales market in Europe and Japan in 1980 may top the 
$52 billion predicted for the U.S., and the market for electronic manufacturing 
equipment overseas will nearly equal that in the U.S. Nearly 1/4 of this foreign equip­
ment market can be captured by U.S. manufacturers if they are ready. One point that 
should be recognized by U.S. equipment producers who wish to serve these foreign 
markets is that they must offer and service complete manufacturing systems rather 
than individual component equipment. Production results are what is wanted-not 
just equipment. 

Closer to home, a lesson might be learned from the Japanese emphasis on economy 
and reliability through standardization. In the IC assembly and packaging areas, the 
industry has fragmented its efforts, developing a wide variety of self-defeating meth­
ods with only marginal advantages. What the industry requires now is a limited num­
ber of versatile and reliable processes. This would accelerate the IC market at more 
competitive costs than a never-ending search for the technically satisfying "ultimate" 
process. 

The basis of automated manufacturing systems rests on computers, both large and 
mini. Sales of dedicated computers, mostly mini, will reach $1.36 billion by 1974. 
Most of these will be associated with advanced manufacturing processes, automation 
and factory information and management systems. Programming costs are still a 
constraint on this industry segment. 

Rapid growth is forecast for the automated test equipment market. With both 
product complexity and density growing (e.g., LSI), automated testing is the only 
possible approach, both physically and economically. To contain these costs, manu­
facturers are introducing more extensive testing in the early and middle positions of 
their production lines where process deviations and corrections are more quickly and 
economically established. 

These are some of the conclusions reached in our comprehensive study and fore­
cast just completed, titled "Electronic Industry Market for Advanced Technology 
Manufacturing Equipment, 1970-1980." 
See Design Dataline p. 78 for details on the complete report. 
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A flexible insulation 
with 2,300 volts 

per mil protection at 
300C. has to be 

incredible. 
It has to be KAPTON: 

The fact that insulation of KAPTON * polyimide 
film offers a dielectric strength of 2,300 volts per mil 
even at elevated temperatures (+300°C.) is only one 
reason it's an incredible insulation. It stays functional 
and flexible even at temperatures as low as -260°C. 

properties. That means savings in weight and space 
in your insulation system. Yet KAPTON can be worked 
with existing equipment and in existing systems. 

Wire and cable, printed circu its and flat cable in­
sulated with KAPTON are being used in such diversi­
fied applications as aircraft, submarines, spacecraft, 
diesel locomotives and computers. Why not see what 
KAPTON can do for you? For a sample and property 
data on this versati le new material, mail the coupon. 

And insulation of KAPTON is tough. So tough it 
can be used in extremely thin wall sections without 
sacrificing its excellent cut-through resistance, high 
dielectric strength or excellent chemical and thermal 

r--------------------, 
Du Pont Company 
Room 8799G,Wilmington, Del. 19898 

Please send me property data and a sample. I want 
to evaluate KA PT ON for the following application: 

Name ________________ ~ 

Title _________________ _ 

Company _______________ _ 

Stree~----------------
City State ip _ _ _ 

L ____________________ J 

~ Kaplion® 
"'" "····'"'' Electrical Insulation 

CIRCLE NO. 19 

• Reg. U.S. Pat. Off. 
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MONOLITHIC MAGNETIC 
DOMAIN MEMORY IS FOR REAL 

A new technique using movement of magnetic domains in thin mag­
netic films prom ises to revolutionize many aspects of the memory 
business. Because it lends itself to simple batch fabrication pro­
cesses and requ ires little electronics, it will be economical as well. 

ROY W. FORSBERG, Boston Regional Editor 

Domain tip propagation logic is the proper name of a 
new memory technology, first shown to the public at 
the 1969 Fall Joint Computer Conference by Cam­
bridge Memories , Inc., Newtonville, Mass. They call 
it DOT for short, standing for DOmain Tip. But just 
what is a magnetic domain memory and how old is it? 
. DOT is the outgrowth of study programs and re­

search sponsored by the Air Force Cambridge Labs. at 
Hanscom Field 7-8 years ago. During the ensuing 
years , work fluctuated on this technology because of 
materials and fabrication problems and, perhaps, be­
cause its applications potential was not fully appreci-

ated . With an eye toward the mass memory storage 
market, Cambridge Memories attacked and solved ma­
terials and fabrication problems. The key to success 

was found in low-cost, reliable, batch fabrication pro­
cesses. Devices manufactured by these processes have 
wide operating margins and show no material changes 
in long-term like tests. First application will be shift 
registers up to 2000 bits long. 

What Are Magnetic Domains? 

Magnetic domains are tiny magnetic spots (Fig. 1) 
generated within a channel of magnetic material and 

(Continued ) 

H FROM 
+-----:r-- NUCLEATE M 

CONDUCTOR 

l 
CHANNEL 

.-.1.-----\ UNSWITCHED CHANNEL 
MAGNETIZATION 

b. a . 

Fig. 1- a. How a Magnetic Domain is Formed (nucleate). 
Shown is a portion of the substrate, start of a channel , 
nucleate conductor, and one magnetic domain. The mag­
netic film was formed on the substrate in an ac fie ld so 
that all magnetic particles are oriented in one axis, thus 
estab lishing an easy axis fo r further magnetization. Per­
manent background magnetization (M) is established 
prior to final device test by applying a high magnetization 
field pu lse (50 Oe) to the entire substrate. A combination 
of high coercive forces and lower strength fields for 
propagation and erase (14 Oe) prevents any furt her 
changes in partic le orientation outside the channel. 
During the nucleate cycle, a field pulse is applied to the 
entire subst rate along with a slightly stronger pulse to the 
nucleate conductor. The field pulse is not of sufficient 
strength to overcome low coercive forces within the 
channel and nucleate a domain , but it is strong enough to 

propagate one, once it has been fo rmed. However, fields 
under the nuc leate conductor overcome t he channel's 
low coercive forces and cause magnet ic partic les to be­
come reoriented in a direction opposite to background 
magnetization outside the channel and unswitched mag­
netization within the channe l. The resul ti ng magnetic 
spot, cal led a magnet ic doma in, ca n be shifted along the 
channel and detected at wil l. 

The channel does not extend to t he edge of the sub­
strate because the fi lm coercive force is low t here , and 
small residual domains cou ld combine into a larger one 
during a propagate pulse, t hus givi ng a false input. 
b. Enlarged section of a domain wall . Since magnetic 
partic les cannot change direct ion ab ru ptly, t here is a 
transition area of changi ng magnetizat ion direct ions t '1at 
makes up t he domain wa ll. It is t he fri ct ion of th is wall 
that keeps domains from collapsing. 
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Domain Memory (Cont'd) 

propagated along this channel in a predetermined 
manner. The DOT technique controls propagation of 
domain tips within a low coercive force channel im­
bedded in a magnetic film of generally high coercive 
force (Fig. 2). Channels can be formed into many con­
figurations so that they can act as diodes , can jump 
domains from one layer to another, cross one channel 
over another, perform logic functions and fan out to 
amplify the signal (Fig. 3). A zig-zag channel shaped 
like a string of diodes (Fig. 4) incorporates part of the 
shifting logic into the magnetic film, simplifying shift 
register operation. 

In order to perform these functions, a propagation 
path must be produced in a magnetic film so that 
domains entered into the channel can propagate only 
in one direction along that channel (Figs. 5, 6, 7, 8). 
One advantage of this type of technology is that you 
can make domains fan out to produce more flux so that 
readout signal strength is as much as needed. (One 
m V is typical with a fan-out of five ). This is in contrast 
to other magnetic memories , where as you try to make 
higher and higher density devices , the output signal 
strength diminishes. 

What Can It Do? 

The magnetic domain memory certainly won't com­
pete with bipolar integrated circuits where speed is an 
important consideration, because propagation veloci­
ties are much lower, similar to thin-film technology 
!about 10; cm/s or 80 mils/µsl. However , a DOT mem-

HIGH COERCIVE FORCE 
MAGNETIC BACKGROUND MAGNETIZATION 

LAYER 

ory should be fast enough (1 MHz) to satisfy 95% of 
buffer memory applications which currently use MOS 
devices. Among DOT's advantages over MOS devices 
are: they are nonvolatile-if power fails, the memory 
will retain its content indefinitely; standby power is 
zero; and little power is needed during operation. 
Circuit design tricks such as parallel operation can 
make a DOT memory look faster than its maximum 
speed actually is. 

Logic elements are made the same way as the chan­
nels, so logic, selection and decoding can be performed 

right in the memory structure. These devices, having 
very little electronics and very few interconnections, 
should lead to low-cost memories in terms of block 
organization. 

Another feature of DOT devices is wide operating 
margins , about two or three times that of ferrite cores. 
The lower margin limit is the minimum field required 
to move or shift a domain , while the upper limit is the 
nucleation level. If the upper limit is exceeded, you will 
spontaneously produce information and get domains 
you don't want. The intrinsic nature of the material 
allows very small stable domains to be produced. 

DOT devices are monolithic, formed on a single 
substrate made by simple batch fabrication processes 
(evaporating aluminum and polycrystalline magnetic 
films on glass). The process, having much wider tol­
erances and using only two masks, one for the channels 
and the other for control conductors (e.g., write, 
sense, hold, erase), is less critical than for semicon-

Fig. 2 - a. Channel construction. The entire substrate uses 
conventional batch fabrication processes. A layer of 
aluminum is evaporated on a glass substrate and etched 
by common photo-lithographic techniques. Photo-mask 
design determines the channel 's shape and layout, which 
in turn depends on circuit functions desired . A layer of 

a . magnetic material is then evaporated over the etched 
alumi num. 

COERC IVE 
FORCE 
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LJ 
POSITION ALONG FILM 

b . 

b. This magnetic film exhibits a high coercive force 
in al l areas surrounding the channel, and a very low 
coercive force within the channel. It is this difference in 
coercive forces that allows a domain to be formed within 
a channel, but not outside, and restricts the domain with­
in the channel walls. 
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Fig. 3- Functions performed by magnetic domains 
a. Inhibit gate - At 'x' both domains repel each other, 
thereby allowing no output if B is true. 
b. OR gate- Even if A and B are both true, they will not 
totally repel each other and one will get through to give 
an output at C. 
c. AND gate - Domain A is always delayed so that it arrives 
after B, and the portion of A in the C leg is further delay­
ed. These constraints, along with inhibit functions, make 
the AND gate work. If B alone is true, it will stop at (1) and 
there is no output at C. If A alone is true, it splits at (3) and 
the domain at (2) inhibits t he one in the C leg, preventing 
an output at C. When A and B are both true, domain B in­
hibits the split domain A at (4) so that domain A in the C 
channel can propagate and become the output C. 
d. Fan-out - This is provided at al l read-out points. Fan­
out capability is unlimited for amplifying domain signal 
flux. 
e. Domain Transfer-When complex circuit functions like 
logic networks must be laid out in multi-layer substrates, 
the transfer func4:ion aflows domains to jump from one 
layer to another much like a through hole in PC boards or 
vias in hybrid substrates. Notice that the actual transfer 
point is wider than the rest of the channel. 
f. Crossover- Provided in multi-layer construction along 
with transfer in order to cross channels. 

Fig. 4- The magnetic domain diode. 
a. The channel section shown is a diode. This shape al­
lows domains to move in one direction only during propa­
gation pulses. 

b. Domains follow paths of least resistance and cannot 
make abrupt direction changes. During propagation 
pulses, domains wi ll grow in all directions al lowed by 
hi-coercive force channel wal ls. They are restricted in 
growth backward by the dead-end at B and narrow 
channel at A, but meet little resistance at C and D be­
cause of gradual direction changes (C) and increased 
area (0). 
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ductors. Storage density is high at about 4000 bits/in2 

right now, with future goals of 8000 to 16,000 bits. 
Output amplification is unlimited using fan-out 
techniques, thus requiring little electrical amplifica­
tion. Magnetic domain memories also appear to be 
insensitive to radiation, temperature, shock and 
acceleration. 

Appl ications: 

Besides a shift register, DOT can perform such func­
tions as decoding, arithmetic, digital logic, storage, 
counting and timing. It can be built as a random-access 
memory, read-only memory and associative memory , 
a ll with nondestructive readout. By combining about 

a. INITIAL 
STATE 

d . PROPAGATE 

-Hh 

i 
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b . PROPAGATE 

e . ERASE AND 
HOLD-
(Final state) 

1000 substrates and sharing associated electronics, it 
is possible to build a mass storage device which would 
end up looking like a magnetic disc memory, except 
that it is not mechanical (no moving parts) and it has 
much shorter latency time. It would give immediate 
access to a block of information and work at h igh data 
rates, faster than current disc memories. 

Because inputs and outputs can be either parallel 
or serial, an electrically alterable ROM could be built 
easily, with little modification of the basic memory 
construction (Fig. 9b). 

Other applications such as an automatic telephone 
dialer could be built easily and inexpensively 
(Fig. 9a). D 

c. ERASE AND 
HOLD+ 

He Fi g. 5- Propagation sequence during one shift cycle . t a. Domain already in channel. Hold line shown in 
three places is one continuous loop (see Fig. 6) so 
that each adjacent line is opposite in field polarity 
when the entire line is pulsed. 
b. Propagate field pulse applied (Hp). The domain 
tries to grow in all directions but must grow as 
shown because of channel restrictions . 
c. Erase (He) and hold (+ Hh) pulses are applied 
simultaneously (see Fig. 7), He being opposite in 
polarity to Hp. The domain at A is erased because 
its polarity and the combined He and Hh are differ­
ent. The domain remai ns at B because He and Hh 
cance l each other. 
d. Second propagate pulse grows domain aga in to 
bring it to its final shift position (C). 
e. Thi s time the applied hold (Hh) pulse is nega­
tive to hold the domai n at C, otherwise it would re­
turn to B. At C, Hh and He cancel allowing the do­
main to remain while at B, Hh and He combine to 
erase it. Thi s completes one full shift cycle. 
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INPUT LINE ~~~~~~ 
CREATES DOMAIN ~~~:;w:~ 

("1") 

Fig. 6- Electronic equivalent of DOT circuit. Circled 
area represents circuit section used in Fig. 5. This 
circu it is a simple one that could be expanded for 
greater capacity or to perform logic functions. 
Note how an abrupt direction cha nge is made at A 
and B. The growing domain fills the tail of the 'Y' 
and then propagates in the direction allowed by 
the diode. 

Fig. 6- Timing diagram and field requirements for 
diode shift register. The input line is pulsed at the 
start of a cycle if a "l" is to be entered. This nucle­
ates a domain. There is no input pulse for a 'O'. 
Note that propagate and erase pulses are always 
plus and minus respectively while hold pulse polar­
ity alternates so that the domain shifts along. The 
sense amplifier is strobed during every other propa­
gate pulse to check for the presence of a domain 
which represents a ' 1' or the absence which is 
a 'O' . 
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DATABANK 

1. K. D. Broadbent, Transcript - Institute of Radio Engineers 
on Electronic Computers, EC-9 , No. 3 pp. 321-323 September 
1960. Describes a magnetic t hin-fi lm shift register using 
domain wall displacement in a magnetic thin fi lm by means 
of a 3 </> conductor system. 
2. H. Rubinstein , T. L. McCormack , H. W. Full er-Proceeding 
from Solid State Circuits Conference 1961, p. 64. Describes 
a technique for controlled positioning of domain walls corre­
sponding to binary information in a magnetic thin film and a 
method of reading out this information. 
3. R. J. Spain , H. I. Jauvtis, H. W. Fuller-Journal of Applied 
Physics Vol. 36, Part 2, p. 1103 (1965). Describes new thin­
fi lm shift register designs based upon sidewise domain wall 
motion. 
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4. R. J . Spain, H. I. J auvtis-Journal of Applied Physics Vol. 
37, p. 3584 (1966). Describes the application of domain tip 
propagation in thin films for construction of a shift register 
device, and performance of logic using such techniques. 
5. R. J. Spain, M. J . Mari no, H. I. Jauvtis-Proceedings from 
Spring Joint Computer Conference, Vol. 30, p. 491 (1967). 
Describes a Push-Down List memory (PUDLl based on DOT 
shift registers. 
6. A. J . Perneski , A. H. Bobeck, R. F. Fisher-1967 Intermag 
Conference, Amsterdam, April 1969. Describes shift register 
devices based upon "bubble" techniques in ortho-ferrites. 
7. R. J . Spain, NEREM Record 1969, Vol. 11, p. 184. Dis­
cusses and compares different types of monolithic sequenti a l 
magnetic memories. 
8. EDN Sept. 15, 1969 p. 18-19. Describes different types of 
"bubble" techniques in ortho-ferrites. 

Fig. 8- Movement of magnetic domains th rough a re­
circulating shift register. These photos were taken through 
a microscope using polarized light (Kerr effect) to make 
the domains visible. Domains will move in a horizontal 
direction vs vertical directions previously illustrated. 
Hold lines are beneath the substrate and not seen so 
that these photos could be taken. 
a. Four possible input posit ions and two output sense 
positions are shown in this shift register. The remaining 
photn" <; how on ly the section directly above and a little 
left of the word DOT. 

b. First domain having been nucleated at the input just 
to the left of the word DOT is being held in its intermedi­
ate position during the initial erase and hold ( + ) pulses 
of cycle 1. 
c. Second propagate pulse of cycle 1 grows domain in 
all directions allowed by channel geometry. Note that the 
domain is changing direction at the diode top. 
d. First domain during erase and hold (- ) pulses is in its 
final position at end of cycle 1. 
e. Nucleation of second domain. Note from timing dia­
gram, Fig. 7, that nucleate pulse coincides with propagate 
pulse and that domain No. 1 has grown to a new position 
at start of cycle 2. 
f. First and second domains are in intermediate positions 
during erase and hold ( + ) pulses of cycle 2. 
g. Photo skips to the erase and hold( + ) pulses of cycle 
4 showing three domains, representing binary 1, 1, 0, 1, 
he ld in intermediate positions. 
h. Domains grow up and right during second propagation 
pulse, cycle 4. None have reached the sense amplifier 
so it will read no output as it is strobed on this cycle. 
i. Domains in final positions of cycle 4 during hold( - ) 
and erase pulse. 
j. Start of cycle 5. Domains have grown down and right 
with first domain just entering the sense amplifier. It 
will not be sensed until the second propagation pulse of 
this cycle (per timing diagram Fig. 7). Next pu lse is hold 
( + ) which holds domains in lower channel positions as in 
photo b. The second propagate pulse will regrow domain 1 
shifting it up and right, and also back into the sense 
amplifier since there is no blocking diode (see photo c). 

Note that a 'O' is now being entered in the input line as 
opposed to a 'l' shown under the same conditions in 
photo e. 
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Fig. 9- a. Automatic telephone dialer is made up of 
a series of recirculating shift registers like the one 
shown, with a separate phone number permanently 
written into each register. The proper register 
would then be selected by a pre-set code. An alter­
nate method would be to code numbers in a 1024-
bit shift register, but this method requires a spe­
cial comparison circuit. 
b. Electrically alterable ROM with parallel outputs. 
Only output stages of the memory are shown. Wh en 
all eight domains of an 8-bit word are in the sense 
amplifiers, the word erase line is pulsed. A new 
word can now be written in , either serial ly or in 
parallel. The entire memory cou ld be cleared by 
interrupting the hold pulse during a regular erase 
pulse. 

h. 

g. 

f . 

e . 

d. 

-HOLD LINE 

OUTPUT !sense) a. 

PARALLEL READOUT b. 

Fig. 10-Assembly of Shift Register. The magnetic thin­
film substrate (a) with channels already formed in it 
is mounted on PC card (bl containing control conduc­
tors , and the two are bonded together (c). The film­
conductor assembly ( c) is placed within the open field 
coil (d), and when the ends are bonded together (el the 
conducto rs meet to form one continuous coil wrapped 
around the film conductor assembly. A magnetic 
shie ld is added to (e) and both are mounted and bond­
ed to the base card (f). Wire connections from base 
pins to control , field , nucleate, and readout conduc­
tors are made (g), and f inally a protective cover is 
added (h). 

c. 

b. 

a. 

Fig. 11 - Complete shift register with associated electronics. 
Shift register assembly from Fig. 10 mounts on 6- by 5-1/2-in 
PC card conta ining all necessary electronics (timing, buffers , 
logic, drive, and sense). Base pins fit holes on master PC card 
and entire assembly is then soldered in one operation. 
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Design Features 

PLASTIC ICs 
ENTICE MILITARY 

Can economical plastic-encapsulated ICs meet military requirements? 
Recent reliability tests show that the silicone-plastic package holds promise. 

EUGENE R. HNATEK, National Semiconductor Corp . 

Although the plastic-encapsulated IC has found a 
comfortable niche in the commercial/industrial mar­
ketplace, the military has been reluctant to accept it. 
Until now, the military standoff was well justified. 
There just wasn't enough reliability test data to war­
rant using plastic I Cs- and the few early tests that 
were performed showed that the plastic package was 
not moisture resistant. 

Why should the military be interested in plastic­
encapsulated ICs? One good reason is cost- plastic 
packages are much less expensive than hermetic types. 
More important, however, are the results of recent 
reliability tests. These tests, discussed in the ensuing 
paragraphs, show that the plastic package, specifically 

Fig. 1 

silicone, holds promise of fulfilling many military 
applications. 

Evaluating Plastic Protection 

About two years ago, the reliability and economy of 
plastic-encapsulated ICs came under intense scrutiny 
by the military and other Government agencies. Since 
then , there has been a growing effort by the military 
and IC vendors to characterize the reliability of plastic 
packages. Rome Air Development Center (RADC) has 
been the leader in the IC reliability drama, with semi­
conductor firms playing important supporting roles. As 
the drama unfolded , RADC played the devil 's advo­
cate - while semiconductor firms ardently conducted 

(Continued) 

Fig. 2 
I 

Fig. I.- Interlocking mechanism designed into the gold-plated Kovar lead frame adds strength 
to the ICs lead bonds by preventing lead movement during any device handling operation. 

Fig. 2- Silicone-polymer conformal coating surrounds IC to enhance protection against hostile environments. 

(Continued) 
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reliability tests on plastic packages. One of the firms, 
National Semiconductor Corp. , has just completed a 
series of reliability tests on ICs packaged in epoxy 
and silicone plastics. With these test results, they hope 
to convince the military to accept the silicone-plastic 
package. 

Before looking at these test results, let's first con­
sider what an IC package must accomplish. Basically, 
the ideal package will protect the IC from a hostile en­
vironment, dissipate internally-generated heat- and 
provide a means for connecting the IC to the out­
side world. As far as these last two requirements are 
concerned, there's not much difference between the 
plastic-molded package and its hermetic counterpart. 
Both types dissipate heat and provide for external 
connections. When it comes to protecting the IC, how­
ever, the hermetic package with its internal cavity 
has had an historical superiority over the plastic 
package. To overcome this inadequacy, plastic-encap­
sulated ICs have had to incorporate an added measure 
of protection. 

In evaluating plastic packages at National Semi­
conductor, the standard gold-plated Kovar lead frame 
with individual locking mechanisms was used (Fig. 
1). As an added measure of protection, two types of 

Temperature Cycle : - 65 to 150°C (30 min each temperature) , 50 cycles 

Thermal Shock: 0 to 100°C (1 min at each temperature extreme) , 50 cycles 

Pressure Cooker. Dl water at 100°C, 15 psi , 1 h/ cycle 

Moisture Resistance : Mil·Std-202C. Method 106 

life Tests alter 240h 

•Storage at 200°C 

' Operator HTRB at 125°C 

silicone-polymer were used to coat the IC (Fig. 2). 
This conformal coating also serves to isolate the 
IC from the lead frame. After the conformal coating 
cured, the units were molded in epoxy or silicone-and 
were finally subjected to a series of mechanical and 
electrical stress tests. Results of these tests, performed 
on a sample of 900 devices, are summarized in Table 1. 

For comparison, Table 2 depicts the test results sep­
arately garnered by RADC. The RADC tests were per­
formed on a sample of 2500 devices which included 
phenolic as well as epoxy and silicone packages. 

Silicone Is Superior 

As Tables 1 and 2 show, silicone provides better 
moisture resistance and better mechanical properties 
than epoxy or phenolic. The salient features of the 
superior silicone package are: 

a) Gold-plated Kovar lead frame with internal· 
locking design to provide strength for the finished 
device. 

b) Inert silicone-polymer conformal coating that com­
pletely surrounds the semiconductor die. Apart from 
enhancing the protecti~n of the die, this conformal 
coating also provides a close thermal match with the 
outer transfer-molded plastic-and further acts as a 

PERCENT OF DEVICE AND PARAMETER FAILURES 
EPOXY SILICONE 

19 10 

11 6 

16 

27 (30 cyc les) 10 (50 cyc les) 

58 44 

50 41 

24 14 

The above test results were obtamed on a sample size of 900 devices . Looking in depth at 8 

sample size of 100 devices gives a more defmlf1ve picture of the fa ilure modes as follows· 

Temperature Cyc le - 65 to 15°C. 50 cycles 
Thermal Shock 0 to 100oC, 1 mi n at te"'4> extreme (liquid to liquid) 
Pressure Pot, 01 water at 100oC and 15 psi, 1h each cycle (sample size: 50 each t ype) 

Moisture Resistance . Method 106, Mil·Std-202 
Life Tests after 240h {samples size: 50 each type) Storage at ZOOoC 

High Temperature Reverse Bias Operat ing test at 125°C 
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EPOXY SILICONE 
19 opens, greatly increased leakage 10 opens, constant leakage 

11 opens, large leakage increases 6 opens, steady leakage 

8 excessive leakage failures 2 excess ive leakage fai lures 

50 opens, 22 leakage failures No opens, 10 leakage failures 
10 opens, 19 parameter failures 

3 opens, 9 parameter failures 

10 opens, 11 parameter failures 

3 opens, 4 parameter fail ures 
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~Life Test: relative humidi ty . reversa bias at 1500h and 150-C 

Pressure Pot: percent of weight gain 

Ir. 
Ii 

Pressure Pot: 24h 

Thermal Shock: 240 

Moisture Resistance: 168h 85•C. 85% relative humidity 

Sample size: 2500 units. 

PHENOLIC DTL 
1%) 

7.8 
1.02 

4.2 
4.6 

1.0 

= J 

EPOXY-~TL~SILICONE DTL l s1uCONE DTL 
1%) (%) . I o(%) -:i 

4.0 2.0 

0.88 0.08 0.1 3 
96.0 4.0 0 
62.5 

0 

4.0 
0 

0 
0 

NOTE: Early package design problems. which have since been corrected, caused the difference 
1n failure rates between the sillcone PTL devices of LOT A and LOT 8. The reliability 
figures of redesigned silicone DTL package now compare with those listed for LOT 8. 

= 
mechanical buffer between the lead wires and the 
rigid package body. 

c) Transfer-molded silicone body (Dow Corning 306) 
that provides outer protection, dissipates internally­
genera,ted heat and adds the necessary mechanical 
strength to the finished package. 

Though silicone by itself presents a moisture­
absorption barrier, the die receives its important 
moisture-resistant protection from the silicone-poly­
mer conformal coating. Even when a certain amount of 
moisture penetrated the outer silicone body, it never 
reached the die area because of the internal protective 
coating. Moisture-resistance stress tests, both biased 
and passive, have proved this point, and the pressure­
pot test series backs up this conclusion. As for mechan­
ical integrity, the test results have proved the advan­
tages of incorporating an adequate locking mechanism 
into the lead frame design. With the internal locking 
mechanism, the failure mode for opens has become 
negligible. 

When the salient features of the silicone package are 
combined with in-line screening (visual inspection, 
wire pull and 100% temperature cycling)- the final 
product has reliability characteristics that should 
make it suitable for a host of military applications. 

Because of silicone's superior performance during 
reliability tests, National Semiconductor now exten­
sively offers the silicone-molded package for all of its 
ICs. Tables 3 and 4 depict additional test results for 
several of National's digital ICs that were housed in 
silicone dual-in-line packages. In addition to these 
results, National Semiconductor has a 95% humidity 
test in process with an accumulated operating time 

that exceeds 4000 hours-without a single silicone 
package failure. 

Salt Spray - The Achille's Heel 

During the IEEE Reliability Physics Symposium 
(April , 1970), RADC proposed a set of tests for plastic­
encapsulated ICs (see box). 

These tests could catalyze military acceptance of 
plastic packages for all but the highest reliability 
applications such as Apollo or Minuteman. Although 
these tests are a step in the right direction, they are 
somewhat less than realistic. A case in point is the 
requirement to withstand a salt-spray environment 
- which just happens to be the "Achille's heel" of the 
silicone package. It seems unreasonable to make a 
blanket salt-spray requirement when there are many 
military applications that never get near the ocean. 

It appears that the RADC criteria have been so 
structured that no single plastic package can meet 
them all. Silicone does well on everything but the salt­
spray environment. And, although epoxies and pheno­
lics can pass the salt spray requirement, they fail 
the moisture resistance and pressure cooker tests. A 
more realistic approach would take into account the 
specific application of the ICs. Rather than establish 
a rigid set of criteria for all military programs, it 
would seem more practical to select only those criteria 
essential to a specific program. 

Because of the recent reliability tests, many users 
are beginning to consider the more realistic approach. 
McDonnell Douglas, for instance, has been evaluating 
plastic ICs for use in the F-15 program. Though the 
firm is using these ICs on prototype jets, acceptance 

(Continued) 
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for production units will depend on military approv­
al. D 

Databank 

1. Can Plastic Encapsulated Microcircuits Provide R eliability 
with Economy? Paper presented a t the April , 1970 IEEE 
Reliability Physics Symposium by J . B. Brauer, V. C. Ka pfer 
and A. L. Tamburrino (RADC Reliability Branch). 
2. Reliability E valuation of Plastic Integrated Circuits. 
(RADC TR 69-451 , Feb. 1970) prepared by Delco Divi sion 
of Genera l Motors Corp. 
3. Test Methods and Procedures for Microelectronics (MIL­
STD-833). 
4. General Specification fo r Microcircuits. (MIL-STD-38510). 

• 
TEST SAMPLE SIZE TEST HOURS 

Storage life at 150-C 50 1000 

Storage I ife at - 55°C 50 1000 

Operating life at 125°C 26 250 
Operating life at 25°C 10 1000 -Totals 136 

1 
1f 

5. Plastic !C's Get Foot in Military Door by L. Curran, El ec­
tronics, May 11 , 1970. 

Eugene R. Hnatek is the Mil­
itary Product Manager at Na­
tional Semiconductor Corp. Be­
fore joining Nationa l, he served 
as a Senior Design Engineer 
and Project Manager for Lock­
heed Missiles and Space Co. 
Holding both BSEE and MSEE 
degrees, Mr. Hnatek has au­
thored numerous technica l pa­
pers, and his firs t book, Solid­
State Power Supply Design, will 
soon be published. 

TOTAL OEVICE I 
FAILURES TEST HOURS 

..........::z: 

COMMENTS 

0 50,000 No parameter drift 

0 50,000 Product very stable 

0 6,500 No noticeable change 

0 10,000 Excel lent parameter stabi I ity 

0 

~ 

..... .~-:: ~ 

TEST SAMPLE SIZE MAXIMUM STRESS LEVEL FAILURES COMMENTS 

Pressure Pot: 01 water at 15 psi and 100°C 11 13h 0 No parameter drifts 

Pressure Pot: 01 water at 15 psi and 1()()oC 100 13h 1 One lead opened 

Thermal Shock: 0 to 100°C. 1 min at each extreme 9 130 cyc les 1 One lead open at 70 cyc les 

Thermal Shock: 0 to 100°C. 1 min at each extreme 100 10 cyc les 0 No not iceable drift 

Temperature Cycle -55 to 150°C. 30 min at ea. extreme 8 130 cyc les 0 No significant drift 

Temperature Cycle - 55 to 150°C. 30 min at ea . extreme 100 20 cyc les 3 One device shorted. Two devices, parameter 
degradation failures 

Moisture Resistance/ Method 106 50 10 cyc les 0 No change detected 

Moisture Resistance/ Method 106 50 10 cyc les 0 No parameter or catastrophic failure 

Salt Atmosphere/ Method 1041.1 50 24h 0 Mechanica l ly and electrica l ly unchanged 

Totals 478 5 

.1 .I 
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Cautious Approval . 
At the last IEEE Reliability Physics Symposium (April 

7-10, 1970, Las Vegas), RADC recommended a set of 
standard screening requirements and environmental 
qualification tests in their paper entitled 'Can Plastic 
Encapsulated Microcircuits Provide Reliability with 
Economy?' During the presentation , Joseph Brauer, 
RADC chief of solid-state applications, said: " If these 
recommendations are accepted by the Services, it 
amounts to a cautious approval for military use of those 
plastic devices which can pass an admittedly stringent 
set of requirements. It is recognized as a calculated risk 
based on substantial high stress-test results and exten­
sive failure analysis-but on a negligible amount of docu­
mented field experience. And it is not a blanket approval 
or testimonial to the goodness or acceptability of all 
plastic devices any more than was indicated by the pub­
lication of standard screening qualification procedures 
for hermetic devices . We have seen devices in both cate­
gories which were mistakes in design , materials, process , 
or package, and shou ldn 't even be used in the toy market. 
It does mean we are recommending that the statutory ban 
against plastic devices be lifted and that we provide a 
method for them to qualify against military performance 
and environmental req uirements ." 

Of the proposed tests shown below, Brauer asserted, 
" Class A appl ications will certainly not even be consid­
ered until substantial favorable experience is gai ned in 
Class B applications. Even Class B and C applications 
must be regarded as potential tradeoffs between cost and 
risk . Recognizing this , my committee has recommended 
that a safety factor be applied by assuming that plastic 
failure rates will be at least four times greater than those 
commonly achieved with the equivalent dual-in- line 
hermetic device." 

RADC-proposed Tests for Plastic ICs. Numbered 
test methods (2010, 1008, etc.) refer to MIL-STD-
883. Those methods labeled lOXX are new and 
await number assignment. Numbers listed under 
"L TPD" (Lot Tolerance Percent Defective) in 
Groups Band C refer to a MIL-STD-883 table that 
tells how many defective parts are allowed in a lot. 

GROUP A - 100% SCREENS 

,..,, ell. ,.., , .._c_ 

Screen I Method Conditions Method Conditions 
Internal visua l be· 

Jlll'.J!.. 
Stabilization bake 1008 24h minimum, Test 

Condit ion C, 150± 
1008 24h minimum, Test 

_Ternoerat"'e eve.ling_ 

Bu t:in..1ill 
Final electrical 
tests 

Qualifi cat ion or 

L=-

• Static tests 
"at 25°C 
" at ma x, min oper­
at ing tempi 

.. Functional tests 
• Dynamic tests at 

~ 

qua l ity conformance per applicable 

~ition C, 150± 

• Static tes ts 
"at 25°C 
• at ma x, min oper­
ating tempi 

• Functional tests 
at 25°C 

per applicabl e 
lion. _5005._ Ldoo.wnon.L _2_005 .QQ£._ument 

External vi sual 
1i"'1! -2Ql)lJ 

1 To be accompl1shcd prior to encapsula11Dn w11h all app/1cable cnteflo of Method 2010. 
2 Test 1s required 10 establish conflnu1ty of m1croc1fcu1t bonds and com1ect1ons DI spec1f1ed 

temperature extremes. Detail specd1ca11on shall contain suff1c1en1 stauc tests for screen· 
mg to establish continuity from all used ext ernal leads to the die or subs/fate. An altema· 

11ve 10 usmg s1at1c parameter tests for 1h1s purpose can be a con1mu1ty rest ( threshold} pro­
gram which establishes con1mu1/y from all 11sed exrernn leads to 1he mlernal m1crocircu1t 
elements. 

3 Unless otherwise specified, external visual mspect1on need not mcl11de measUtement of 
physical d1mens1ons. 

GROUP B - SAMPLING EACH LOT 

Test ,.,ethod Conditions Class B Class C 

LTPD LTPD 

Subgroup i Test Condit ion B, per 1 device, 1 device. 
• Vi sual and mechan- 2008 documented design and no failure no fadure 

ica l construction 7 10 

• Bond strength 201 1 Test Conditions B,C,D, 
L2L.f...u_ oo l, cable 

Subgroup 2 
• Marking permanency 2008 Test Condit ion B, par 3.2.1 4 devices, 4 devices, 
• Physical dimensions 2008 Test Condition A no fa il ures no fai l ures 
• Lead fat i ue 2004 Test Condition B 15 20 

Subgroup 3 
• Radi ography 1 2012 One view, normal to die 15 20 

or subst rat e cr iteria as 
Solderabi1ity 2003 spec ifi ed temp, 260:! 15 15 

10'C with 2.9_e 

Subgroup 4 
• Salt atmosphere 1009 Test Cond1tt0n B 15 t 5 

• End-point electri ca l as speci fi ed i n procure- 15 15 

i aramete ~mefil_ 
Subgroup 5 
• Biased moisture life t OXX B5°C at 85% relative hu-

m1 d11y wi th mtn power 
bias for 1,000h min as 10 15 

• End-point electri - specif ied in procurement 
ca.Ll?!lrameter ~ument 

Subgroups 1, 2. and 3 may use electflcaf re1ects. Subgroup 4 samples may be used m Sub· 
group 5 tests. R8dlograph1c acceptance Cfl t er1a include precautions 8g8mSI lead frame shift. 
foreign p8rllcles. lead dress, and encapsulant voids. 

GROUP C - PERIODIC SAMPLING 

Test Method Conditions Class B Class C 

Lil'll -1.Ifll 
Subgroup 1 
• Steady-state reverse 1005 Tes1 Condition A, 160h 15 

al 150<'C, min as speci -
• End-point electri cal f1ed 1n procurement 

YJ!' O!!lOillO_ 
Subgroup 2 
• High-temp storage l OOB 1500C min, 1000h mi n 10 15 

storage as specified in 
• End-point electrical procuremen t document 

..ruorameters . 
Subgroup 3 
• Therma l shock 1011 Tes l Condi1ion B for a 
• Temperature cycl ing 1010 min of 15 cyc les Test 10 10 
• Monitored temp cy- 10XX Condit ion C for 10 cycles 

c l ing i cyc le rang ing from -65 
_!Q._ t .!.fill'.f;_ 

Subgroup 4 
• Moisture re sistance 1004 With min power bias for 

or biased moisture 0' 3024h as spec1f1ed in 15 None 

l i fe l OXX procurement document 
• End-point electri ca l A s spec i fied in 

oarameters _QfOCurement document 

Single s8mpfe may be used for all subgroups. Tesrs w1thm any subgroup must be conducted 

m the order shown. 1n1t iaf device qualificat ion shall be t o l ighten mspecr1on levels 8S de· 
f med m Appendix 8 of Mff·M-385 10 and Mil·S-19500. 
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DC to DC POWER SUPPLIES 
..... NEARLY 1,000 STANDARD 

MODELS TO CHOOSE FROM 

..... HIGH VOLTAGE-LOW 
VOLTAGE 

..... METAL CASE-EPOXY CASE 

..... PRINTED CIRCUIT PINS­
SOLDER TERMINALS 

..... UP TO 20 WATT PACKAGES 

..... REGULATED-UNREGULATED 

..... UNITS QUALIFIED TO 
MIL SPECS. 

..... DELIVERY FROM STOCK TO 
2 WEEKS 

~
SEND FOR FREE CATALOG 

!!!!;: L ELECTRONICS, INC. 

48 

HUDSON, N.H. 03051 

TEL . (603)889 - 6671 
CIRCLE NO. 24 

CIRCLE NO. 21 

GUARD AGAINST 

RFl/EMI 
with NEW 
LUNDY 
MINIATURES 
Designed to incorporate the best 
features available in miniature 
RFl / EMI filters, Lundy miniatures 
meet or exceed the requirements 
of MIL-STD-202 and MIL-F-15733. 
Insertion loss exceeds 80 dB 
over most of the range from 
10 KHz to 10 GHz . 

• Series: Button, rr, Lor T 
• Current: Full range from 0.060 

thru 15 A 
• Voltage: 50 or 100 VDC, 

115 VAC (all series) 
Case dim.: 0.375" dia . 
L. - 0.225" thru 0.540" max . 

For full technical data write: 

LUNDY ELECTRONICS 
& SYSTEMS, INC. 

Glen Head, New York 11545 
516 OR 6·1440 •TWX 510-223-0605 

CI RCLE NO. 25 

Harbour Industries says: 

''STOP 
COSTLY REWIRING 

IN THE FIELD!" 
Debugging faulty wiring in machine tool and 
process controls, EDP equipment, test systems, 
special machinery, and similar applications, costs 
you big money, makes customers unhappy, steals 
profits. Harbour Industries offers RELIABLE 
Teflon TFE* and Teflon PEP* wire and cable 
with upper service temperatures, overload cur­
rent and fire protection, soldering iron resistance, 
superior electrical properties and stability, plus 
resistance to chemicals, weather, and mechanical 
abuse. We lead in quality, fast service, wide range 
of types and sizes. Ask for specifications and 
samples. • Registered DuPont Trademark 

FREE . . . get your copy of 
"Harbour Industries Handbook 
of High Temperature Wire and 
Cable." Updated third edition 
now ready. 

~.Rf!OUR$NDUSTR.(§S. INC 
Wire Division, Shelburne, Vermont, 05482 

Tel. (802) 985·3311 

CIRCLE NO. 26 

E D N N o v e m b e r 1 5, 1 9 7 0 



Build a Savvtooth Generator 
With Three ICs 
Only three inexpensive active components form a sawtooth generator 
with a very linear ramp that is set accurately to zero by a clock pulse. 

JOHN SPRINGER, Fairchild Sem iconductor 

Comparing the ramp from a sawtooth 
generator with an analog voltage is a 
popular technique for forming pulse 
duration signals during an analog­
to-digital conversion. In the circuit 
shown, each clock pulse initiates a 
new output pu lse. When the ramp ex­
ceeds the analog value, the pulse is 
terminated. 

Components Rl, R2 and Cl form 
an integrating network around the 
operational amplifier. Varying the 
value of resistor R2 adjusts the cur-

rent to the summing point and thus 
varies the slope of the ramp output. 
The integrator generates a positive­
going ramp until a positive pulse is 
received on the clock input. This 
pulse sets the R-S flip-flop formed by 
the cross-coupled NOR gates. When Q 
goes high, current is forced into the 
summing point through Dl and R3 , 
and the integrator output is driven 
rapidly toward ground. The compara­
tor detects the point at which the 
ramp reaches ground and resets the 

C1 0.1 µF 
R2 20k 

10 TURN 

CLOCK IN 

R3 
100 

01 

R4 
39k 

pl914 

OPERATIONAL 
AMPLIF IER 

R6 
10k 

COMPARATOR 

Synchronous sawtooth 
generator used in a 
PDM telemetry system. 

R7 
8.2k 

flip-flop , thereby stopping the dis­
charge. Voltage divider formed by R6 
and R7 prevents the voltage across 
the comparator inputs from exceeding 
the breakdown potential of 5V. 

The stability of the reference volt­
age cv .. ef) determines the reproduc­
ibility of the ramp. For most appli ca­
tions, this voltage is set with a zener 
diode or two forward-biased switching 
diodes. Capacitor Cl should be metal­
lized polycarbonate for low leakage 
current. o 

SYNCHRONOUS PDM 

John Springer got his M.S. from Ore­
gon State University and promptly 
went to work for Fairchild Semi­
conductor as a di gital applications 
engineer. He's a member ofIEEE and 
the American Chemical Society with 
a special inclination toward chemical 
and biomedical instrumentation. 
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Design Ideas 

Digital Technique 
Generates Audio Frequencie s 
Frequency generator develops 16 separate audio­
frequency codes under control of a digital word. 

LEONARD E. MILLER, U.S. Naval Ordnance Lab. 

A 12-bit down counter driven by a 1-
MHz clock is the heart of the fre­
quency generator illustrated. Pro­
grammed with a 4-bit word, this 
circuit produces 16 different pre­
determined code commands at fre­
quencies between 122 Hz and 500 
kHz. This design intermixes ICs and 
uses multilayer printed circuitry to 
conserve board space. 

The binary number corresponding 
numerically to the period, in micro­
seconds, of twice the desired fre­
quency is preset into the counter. 
Each time the count reaches zero, the 
number is re-entered. Simultaneous­
ly, a pulse (preset) toggles a flip-

flop whose output generates the 
square-wave version of the desired 
frequency. 

Combined actions of a one-of-six­
teen decoder and several monolithic 
diode matrices produce the appro­
priate number to be entered into the 
counter. Four customized 8 x 6 diode 
matrices are sufficient. These ma­
trices are patterned by "burning out" 
the unwanted diodes. Also, juggling 
the rows and columns of the matrix 
truth table reveals that one 5 x 8, 
one 4 x 10 and two 8 x 6 matrices 
could be used in the frequency gen­
erator shown. 

The decoder outputs provide cur-

CUSTOMIZED CUSTOMIZED 
i:r-----t DIODE MATRIX 1-------t DIODE MATRI X 

DN 

L>------1 ~ ,_______. ~ 

CUSTOMIZED 
1-------1 DIODE MATRIX 

rent-sinking through the diode ma­
trices for the counter preset inputs. 
An input command applied to the de­
coder selects one of these outputs. 
This in turn applies zeroes to the 
appropriate preset terminals. o 

Leonard E. Miller 
is an electron ic 
engineer with the 
U.S. Naval Ordnance 
Lab., Si lver Spring, 
Md. Mr. Miller is a 
member of IEEE. He 
received a B.E.E. 
from Rensselaer 
Polytechnic Institute 
and a M.S.E.E. from 
Purdue Uni versity. 

PARTS LIST 

1, 1-of-1 6 Decoder 
Fairchild's 9311 

2, Diode Matrices 
Radiation 

3. 4-bit Counters 
National Semi ­
conduc tor ' s 8563 

+2 

OUTPUT 
FREQUENCY 

Programmable frequency generator provides sixteen separate AF coded commands. 
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Design Ideas 

DC Feedback Stabilizes Bias 
On FET /Bipolar Pair 
Simple voltage-feedback loop stabilizes bias on 
direct-coupled FET and bipolar stages. 

H. T. RUSSELL, Texas Instruments Incorporated 

Direct coupling a FET to a bipolar 
transistor involves the problem of 
how to make the FET bias the bi­
polar correctly. This problem results 

from the fact that current through 
the FET depends on the device 

parameters (10 58 , V") and source 
resistance. Correct de coupling to 
the bipolar requires that the FET 

be biased properly. 

+Vee" 18V 

There are several methods of bias­
ing a FET independently of its pa­

rameters. Supplying the source ter­
minal with a constant current is one 
method. A constant current forced 

through the drain sets the bias volt­
age at the base of the bipolar. How­
ever, drift in the constant-current 
source shifts this voltage and "un­

biases" the bipolar. 
A possible solution to this problem 

is to make the constant-current 

source dependent on the bipolar bias 
current. By choosing proper resistor 
values, de voltage feedback from the 

emitter of the bipolar can be made to 
control the constant current value. 
Since this current nearly equals th e 
FET drain current, the base-bias 
voltage of the bipolar is set at its 
desired value. Any change in drain 
current causes an opposite change 
in the constant-current value, thus 
stabilizing the bipolar. D 

Howard T. Russell ·· 
(M.S.E.E.), an appli­
cations engineer at 
Texas Instruments 
Incorporated, Dallas, 
Texas, designs audio 
and low frequency 
circuits. He.previous­
ly designed FET cir­
cuits at Fairchild 
Semiconductor. 

Ro= 
220k 64k 

1M 

le2 = j R 
22k 200 µA 5.~ k 

01 

Ro 
68k 

~I---+---- 2N3819 
0.1 ,,F 

1M 

7.Sk 

\ ie6 = 1.0 mA 

Unstable biasing method for 
FET Ql direct coupled to bi­
polar transistor Q3. Constant­
current source Q2 properly 
biases FET Ql independently of 
its parameters luss and V,,. 
Constant-current source Q2 de­
termines FET drain current 10 

and sets bias voltage at Q3 base. 
However, drift in Q2 col lector 
current lc2 shifts base-bias volt­
age causing instab il ity. 

4.7k 

OUTPUT 

Vee. +1BV Stable Biasing Method incorpo­
rates de-vol tage feedba ck from 

7.5k 

j 1eJ = 
1·0 mA Q3 emitter to base of constant­

current stage Q2 to maintain 
stable bias voltage at 03 base. 
Any change in Q2 collector 

OUTPUT 

03 

+ 

10 1, F 

current is ref lected as an oppo­
site change in Q3 collector 
(and emitter) cu rrent. Voltage 
divider R

0
, Rb adjusts 0 2 base 

voltage to · restore th e original 
current value. Feedback meth­
od maintains stable bias on 03. 
Design eq uation for Q3 collec­
tor current is: 

Collector cu rre nt thus is a 
function of resistor values and 
complete ly independent of FET 
parameters. loss value rangi ng 
from 3 to 20 mA has negligible 
effect on Q3 collector current. 
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Customer Engineering Clinic 

MIL Spec Capacitors 
Short During Soldering 
D. D. CUOZZO, Hazeltine 

Problem: Ceramic capacitors failed 
in large numbers during a fast turn­
around production run . Rejection rate 
was 80% at the printed-circuit-board 
level. This caused a "panic", since a 
tight delivery schedule had been im­
posed by the military customer. 
Discussion: inspection of failed 
boards disclosed the primary point of 
failure to be the CK05 ceramic capac­
itors that were used in fair numbers. 
Inspection of failed CK05 capacitors 
revealed that the two electrode plates 
on either side of the ceramic dielectric 
had shorted inside the epoxy case. It 
appeared that the solder used by the 
capacitor manufacturer to connect 

the leads to the plates had spread out 
and bridged between the plates. The 
solder had flowed right across the 
edge of the dielectric. 

To determine whether the capac­
itors were being received in this con­
dition, 200 CK05s of different values 
and randomly selected from incoming 
inspection were tested electrically. 
All were found good. 

Investigation then turned to the 
PC-board soldering operation. The 
200 good CK05 capacitors were 
mounted on PC boards and run 
through the production wave-solder­
ing machine. An 8% fall-out occurred. 
This was at the 500°F temperature 

,---- --EPOXY CASE 

SOLDER BRIDGE 

_____ 7"'°" 
LEADS 
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which was normal for the solder bath. 
When the vendor was contacted, 

he said he assembled his capacitors 
according to the requirements of 
MIL-C-11015 and used a 430°F melt­
ing-point solder. MIL-C-11015 was 
consulted, and it verified that 430°F 
solder was indeed adequate for these 
capacitors. 
Solution: The immediate corrective 
action was to increase the travel 
speed of the PC boards through the 
wave-soldering machine to minimize 
the heat conducted through the ca­
pacitor leads. 

Long-term corrective action was to 
formulate specification control draw­
ings for CK05 capacitors that called 
out a 550°F minimum melting point 
(internal) solder. 

The Department of the Navy was 
advised of the problem with the sug­
gestion that the MIL Spec be revised 
to require higher-temperature solder. 
(This change will be under consider­
ation at the next MIL-C-11015 Spec­
ification Coordination Meeting. ) o 

EDN will pay $50 for any problem· 
solution article accepted for publication . 

Next Issue's Problem 
Our July 15 Clinic asking for solu­
tions to the problem of simulta­
neously testing two zeners resulted in 
an avalanche of answers-more than 
900 were received! Next issue we will 
name the winner and runner-up, and 
will give the circuit finally used. 
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Tvvelve Tips 
For Proposal Writers 

Contract awards are often won by companies that submit 
the least undesirable proposal. This is hardly a positive 
way to do business with anybody, let alone the government. 

CHARLES E. ANDERSON, Reflectone, Inc. 

There are many improvements that industry can make 
to increase the quality and yield of proposals. One of 
the most significant steps is to help the proposal 
writer himself, since it is at this ground-zero level that 
communication between a company and the govern­
ment begins to take shape . . . or starts to break down. 

As an engineer, some portion of your professional 
life will be devoted to writing technical and manage­
ment proposals. In these times, you help yourself 
best by helping your company. So help yourself to 
any or all of these dozen writ ing tips. They'll assist 
you to get off to a better start-and fi nish- in your 
proposal writing efforts. 

TIP 

1 
BEFORE YOU START 

Treat a Proposal As a Sales Document­
Anything that offers the services of your com­

pany to perform a specific task for a specific re­
muneration is a sales qocument. The ultimate 

sales document is a proposal- and, just because it is 
the ultimate, it must have three qualities . It must be 
clear. It must be concise. And it must be convincing. 

Take another look at those three "Cs" - they may 
comprise the toughest set of criteria you've ever tried 
to meet. Certainly, if you come anywhere near this 
threefold goal, your proposal will be a stand-out in any 
competition. 

Be warned: the term "sales document" has nothing 
whatever to do with "salesmanship" in the Madison 
Avenue sense. No huckster's spiel, no sweeping gen­
eralities or blind superlatives, no "blue sky" sales 
pitch can stand up to this triple test of clarity, con­
ciseness and conviction. 

Let's concede for the moment that you may be able to 
state and explain facts and ideas clearly, and th at you 
have learned how to do this concisely. In a word, you 
can handle expository writing, the technique used to 
explain facts and ideas. But how on earth do you make 
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it convincing at the same time? 
There's a technique that professional writers call 

"argumentation" that you may have forgotten, even if 
you h ad ever run into it. Argumentation, exposition's 
cousin, is closely related to debate, and it is character­
ized by attempting to convince (sell) the reader on a 
specific point or set of points, or to persuade him to 
think or act as the writer desires. 

Therefore, as you start your proposal activity, bear 
in mind that you will try to persuade the reader to 
adopt the facts and ideas behind your technical and 
management approaches. You will do this best by 
demonstrating to him that these approaches are not 
only sound, responsive and cost-effective, but also the 
best available. 

Ways and means of doing this will be discussed under 
tips in the "writing" portion of this article. 

TIP 

2 
Understand Proposal Capture Strategy-

We hear a lot these days about "game plan" 
and "game strategy" - which are nothing more 
or less than a formalized set of rules that state 
what you are going to do under a given set of 
possible circumstances. Your company, if it has 

properly assessed the procurement objectives of the 
customer and the strengths and weaknesses of the com­
petition, has such a "game plan". Let's call it the pro­
posal capture strategy here - the course of action that 
will win the contract for your company. 

The proposal, to be optimally effective, should re­
flect and reinforce this theme, and, as a worst-case 
example, the proposal should do nothing to hinder or 
negate the proposal capture strategy. You and all other 
contributors should clearly understand this strategy, 
so that a unified, consistent argument is presented 
throughout the proposal. 

Study the proposal outlines carefully . Thorough 
familiarity with them will give you the necessary in­
sight into the company's capture strategy. 

TIP 

3 
Understand Your Assignment-

All too often, engineers assigned to work on a 
proposal are handed a subject to write about, 
then left alone to develop their personal treat­
ment of that subject. Nothing could be more 
disastrous. 

The proposal manager should clearly identify the 
treatment of a given subject for you. Main points to be 
covered, length of the section, number and types of 

illustration and their content-all these should be 
worked out before you begin. If these aren't laid out 
for you, go to your proposal manager and discuss them 
with him. 

Remember, it is the proposal manager's responsibil­
ity to formulate or, at the very least, approve the pro­
posal message before the team starts on individual 
assignments. Don't start without this guidance; if you 
do, you'll waste precious time and perhaps duplicate a 
portion of someone else's work. 

TIP Study the Documents -

4 
Before you can draft an effective, convincing 

response to a request for proposal (RFP), you 
must know the exact detailed requirements of 
the technical specification and the technical 
proposal requirements (TPR). Study these 

documents thoroughly, because the agency will mea­
sure responsiveness and relevance in terms of your 
understanding of the specific language of the custom­
er's requirements. 

Thorough study of the particular RFP enclosures will 
allow you to talk the customer's own language when 
you write the proposal. It's not only unfair, but also 
unrealistic to expect him to learn your language. After 
all, it's your firm that's seeking t he cont;act. 

TIP 

5 
AS YOU WRITE 

Follow Your Writing Plan-
While even the best plans can go astray, in 

proposal work which is severely limited by time, 
there is no place for false starts or extensive re­
work. Even under the best of conditions, scant 
time is allocated for editing and review of drafts, 

so stick to the writing plan laid down for your effort. 
Improvements in your writing plan may occur to you 

as you go along, but be sure to get your proposal man­
ager's approval for them before you depart from the 
original plan. 

Proposal planning, most essential when the writing 
must be hurried, is an iterative process and therefore 
must continue throughout the entire proposal prepara­
tion period. "Plan your work and work your plan" 
never fitted any task better. 

TIP 

6 
Incorporate References -

To show tie-in, relevance and responsiveness, 
incorporate into your draft specific references 
to the particular paragraphs of the specification 
and technical proposal requirement to which 
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your message is addressed. Some proposals are written 
as though these documents never existed, leaving the 
proposal evaluator with the burden of matching his 
requirements to responses. 

Show continuity, unity and coherence within your 
proposal by incorporating references to other parts of 
the proposal which relate to your message. But first, 
go to these referenced paragraphs and read them care­
fully to be sure that you develop a maximum amount 
of continuity and coherence in your assignment. Be 
sure it all hangs together; don't just guess about the 
content of your referenced paragraphs. 

Develop Your Topic Logically -
In writing your assignment, develop your argument 

RELATIONSHIP REQUIRED 

Addition 

Comparison and Contrast 

1 

Conditions 

100 CONNECTIVES Exemplification, Repetition, Summary , 

TO HELP YOU Intensification 

WRITE WELL 

Logical Conclusion 

Place 

Purpose 

Result or Cause and Effect [ 
Time 

logically. For example, start with the problem (or 
specification requirement), analyze it, assign a com­
plexity factor to it, review the solutions available indi­
cating the advantages and disadvantages of each, then 

TIP 

7 
select the best approach, giving your rationale 
for the selection and the benefits that will 
accrue to the customer if he can be induced to 
implement your selected solution or approach. 
Be sure to discuss the reasons for rejecting each 
of the possible solutions that you've considered. 

Knocking down unacceptable solutions goes a long way 
in selling yours- and unselling your competitor's if he 
has selected one you've shot down. Show your line of 
reasoning by employing some of the writing aids shown 
in the accompanying box. 

CONNECTIVE TO USE 

aga in equally important in addition 

at so fi nal ly last 

and further moreover 

besides fu rthermore yet another 

after all in li ke manner ! on the contrary 

but li kewise or 

converse ly nevertheless similarly 

however notwi ths tand ing still 

in comparison on the other hand whereas ·--although in these c ircumstances this being so 

because nevertheless though 

even though otherwise unless 

for since until 

if 

as has been sta ted in other words obviously 

as 1 have said in particular of course 

as well as in short that is 

for example in summary to be sure 

for instance in br ief to illustrate 

here again indeed to sum up 

in any event in fact 

apparently for all that presumably 

certa inly notwi thstanding therefore 

evidently of course undoubtedly 

adjacent to here on the other side 

beyond near opposite to 

for this purpose toward th is object ive 

J 
with this goal 

to th is end 

accordingly hence therefore 

because it follows that thus 

consequently otherwise wherefore 

for this reason 

after formerl y meanwhile 

afterward immedia tely subsequent l y 

at length in the meant ime then 

before la ter 
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TIP 

8 
Summaries and Visuals Reinforce Your 
Text-

In argumentation (see Tip No. 1), one tech­
nique is to stop occasionally to sum up your 
argument. Provide the evaluator with the con­
clusion you wish him to take away with him 

when he concludes reading your section; don't leave it 
to him to decide what your main points were. His job 
is to read and evaluate the proposal, not to decipher, 
edit or interpret it. 

Further support your text by including meaningful 
visual devices that summarize your main points. Add 
to these visuals a descriptive sentence or two so that 
they can stand alone as a text/visual entity. It should 
be possible, then, to follow the main points of the pro­
posal by "reading" the illustrations, as easily as by 
reading the text- and the reader should be led to the 
same conclusion in both cases. 

TIP 

9 
Write Clearly and Concisely, Be Readable-

y our proposal won't be separately scored on 
its writing quality, but the degree of communi­
cation you've established with your reader will 
certainly have an impact on his comprehension 
and subsequent acceptance of your argument. 

To this end, strive for clarity, conciseness, coherence, 
continuity, e~phasis and vigor in your writing. Use 
the conversational "you'', "I", "our company", "your 
agency". These are effect~ve words that achieve per­
sonalized persuasion and argument. Use the force of 
the active voice ("we feel that the XYZ solution will 
benefit your agency for the following reasons .. . ") 
rather than the dull, long-winded passive voice ("it is 
felt by this offeror that the customer will benefit by the 
XYZ solution because .. . "). 

Make your writing readable by paying attention to 
your writing style. Don't, for example, start every sen­
tence with "the" as one proposal writer did in 16 out of 
20 sentences. Change sentence length and structure to 
keep the captive proposal evaluator from falling off 
into sandmansville. This technique also materially 
strengthens clarity by making your paragraphs more 
coherent. Use the connectives shown in the box to com-
pare, combine or contrast ideas and to smooth the en­
tire flow of the sales message. 

TIP 

10 
AFTER WRITING 

Review Text and Artwork Thoroughly-
After your draft has been rough typed 

and your sketches turned into clean art­
work, and after a suitable period of time 
has gone by for your initial efforts to cool 

to the point where you can apply some objectivity, 
thoroughly review your effort to insure that it presents 
your argument clearly, concisely and convincingly. 
While you're doing this, wear the hat of the proposal 
evaluator; play the devil's advocate; and above all, be 
honest with yourself. Rewrite your section if you have 
to, for effective writing most often requires several re­
visions - at least admit that one might be required. 
(Howard Roberts of Hewlett-Packard Co. had some 
wise words on this topic in an article in EDN, March 15, 
1970, p. 97. Better re-read it.) 

Don't, as so many engineers do, just proofread the 
draft for typographical errors. You wouldn't hesitate 
to revise a schematic drastically; don't hesitate to rip 
up mere words, either. 

TIP 

11 
Compare Your Draft Against the Pub­
lished Version -

This will help you determine what tech­
nical and editorial changes were made and 
why. Proposal editors generally don't make 
arbitrary changes to please their own 

journalistic or literary whims, and a good proposal edi­
tor will work with you to insure that he is not being 
arbitrary. Remember, a proposal editor usually has a 
better overview of ~he entire proposal than any indi­
vidual writer does, so if you don't understand why 
something has been changed in your draft, find out by 
asking him. -

TIP 

12 
Keep a Proposal File -

Maintain a file of your personal proposal 
efforts, including both your original draft 
and the published version. Clip proposal 
articles and engineering writing articles 
from trade magazines. Save good samples 

from other proposals. Whether you enjoy it or not, you, 
as an engineer, will probably be spending a sizable por­
tion of your professional life writing proposals. Any 
job worth doing . . . D 

Charles C. Anderson 
is manager of proposal 
services for Refl ectone, 
Inc., Stamford, Conn. He 
holds a B.S. from the 
University of Bridge­
port, an res diploma in 
EE and is presently a 
Masters candidate in 
Corporate Communica­
tions at Fairfie ld Uni­
versity. 

FOR A FREE REPRINT OF THIS ARTICLE , CIRCLE L65 
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Fora dime, 
PEC will knock 30% off 

For the price of a phone call , PEC 's new 75ips 

transports will give your min icomputer system faster 

throughput with higher transfer rates. And for 30% 

less than you 've been paying . 

These new 101f2" reel transports have a unique, 

simple design and a vastly superior servo system for 

gentle , positive tape control , excellent speed 

stability, and controlled start/stop operation . Tape 

is accelerated to 75ips with negligible velocity 

transients or overshoot. 

These PEC 6000 Series transports offer high data 

reliability in 7 and 9 track, 800cpi NRZI and 9 track, 

1600cpi phase-encoded USASll and IBM compatible 

formats. They are available in read-after-write , with 

a dual gap head ; and in write/read with a single gap 

head. Other outstanding features include program 

restriction-free 0peration , easy tape loading , and 

Visit us at FJCC '70. Booth 3016. 

what you've 
been paying 
for75ips 
transports. 

IBM compat ible tape guides . And all 75ips models 

are plug-for-plug compatible with PEC's other 

popular 6000 Series transports. 

(5ms/cm) • 

For all the facts and 

figures on this 75ips 

breakthrough and an 

immediate price quote, 

call your local PEC 

office today. Or save 

the dime and write 

for our new brochure. 

Peripheral Equipment 

Corporation , 9600 Irondale Avenue , Chatsworth, 

California 91311. (213) 882-0030. 
• This waveform is the vo ltage seen at the head when read ing an "a ll 
ones" tape, and starting and stopping in the midd le of the data. 

PEC 
SALES OFFICES: Los Angeles (2 13) 882-0030. • Orange County (7 14) 546-4836 
San Francisco (415) 948-4577 • Chicago (312) 696-2460 • Philade lphia (215) 
849-4545 • Boston (617) 899-6230 • Washington, D.C. (703) 573-7887 • New 
York (203) 966-3453 • London Reading 582115 
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For complex waveforms, 
a new dual-channel pulser­
Top of HP's '8000' line 
HP's Model 8010A dual-channel pulse 
generator is a new top-of-the-I ine ad­
dition to our 8000 series. It gives you 
the ability to produce two separate 
pulses-to vary them independently 
in all respects but rep rate-and to 
combine them to form complex 
waveforms, without loss of am­
plitude. 

The rep rate (common to both 
channels) can be varied from 1 Hz to 
10 MHz. Rise and fall times can be 
varied independently, on both chan­
nels, from less than 10 nanoseconds 
to 1 second . Pulse width, delay, dc­
offset and polarity are also inde­
pendently variable. Five volt ampli­
tude of each channel can be com­
bined to form a single-channel 10V 
output, while maintaining son 
source Impedance. In addition, 

either or both of the two channels 
can be operated in double-pulse 
mode (giving an effective rep rate of 
20MHz) or in squarewave mode (50% 
duty cycle) . 

If you don't need all the capa­
bilities of the 8010A, then one of the 
other models in the 8000 series is 
probably just right for you. You can 
get fixed or variable risetimes (rang­
ing down to 1.5 nanosecond on the 
8004A), programmability for low-cost 
remote-control uses (model 8003A}, 
simultaneous positive and negative 
outputs (model 8005A), and num­
erous other capabilities, in various 
combinations. 

We can even give you digital for­
matting capabilities, with our 8006A 
word generator. Word length can be 
varied from 2 to 32 bits, with great 
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versati l ity in output format. And , it' s 
remotely programmable. 

Price of the 8010A is only $1925 ; 
other units in the HP 8000' Series of 
pulse generators begin as low as 
$470. Call your local HP field office to 
order . For full information on the 
8010A, or on the entire 8000 Series, 
see pages 237-245 in your 1970 HP 
Catalog , or send for a free HP 8010A 
data sheet and brochure on all HP 
pulse generators. H~wlett-Packard , 

Palo Alto , California 94304. In Europe: 
1217 Meyrin-Geneva, Switzerland . 

080 118 

HEWLETT. PACKARD 

SIGNAL SOURCES 
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Neither heat, 
nor cold, 

nor any other adversity 
can l<eep our new RAM 

from meeting Milspec 883. 

It's the first MOS RAM of its size and type that 
will hold its electrical characteristics from 
- 55C to +125C. And it 's designed to meet all 
the other requirements of Milspec 883, too . 
The UC6550/7550 comes in a 64 word by 4 
bit configuration . Four chip-select lines let 
you expand up to a 1024 word by n bit mem­
ory without external decoders. It 's bipolar 
compatible too. 

requirements. No maximum rise time require­
ments. No possibility of address racing . Mem­
ory elements are self-sustaining flip flops ; no 
" refresh address" is needed. The read / write 
cycle is non-destructive. 
We ' re already shipping parts for mil itary and 
commercial applications. Contact us for full 
specs and prices . 

Typical access time is 600ns. Single phase 
clocked operat ion lowers average power dis­
sipation . Total input lockout simplifies timing 

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

l~olitron 
For custom designs or standards, contact Solitron , leader in semiconductors: 

SAN DIEGO, CAL 
8808 Balboa Avenue 
FET & Dual FET Transistors 
MOS I FET Devices 
MOS Memo1y Arrays 
Shill Registers 
Mono l1th1 c IC's 

RIVIERA BEACH, FLA . 
1177 Blue Heron Blvd 
H1 Rel Po wer Transistors 
SI & Ge Power Transistors 
AF & small Signal Transist ors 
PNP·NPN lndush1al Transistors 

PORT SALERNO. FLA 
Cove Road 
M1 c1owave Connectors 

000010 Computer Hardware 

LONG ISLAND CITY, NY 
37- 11 47th Ave 
Micro wave Components 
Bolometer Elements 
Fertile & Ferrite Devices 
Microwave Sem1cond 
Plax1al (A) Cable 
P1ec1s1on AF Coax 

TAPPAN , N.Y 
256 Oak Tree Road 
Diodes & Rectd1ers 
Zeners 
High Voltage Assemblies 
Power Rect1!1ers 
Th ick Film Hybrid Circuits 
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KENT , ENGLAND 
Tubs Hill House 
London Road, Se~enoaks 
Sol1dev. Lid 
Full line OI 
Sol1 l ron devices 

BEN BAROO, ISRAEL 
51 Hayarkon Street 
AEL Israel, Lid 
Full line ol 
Sol1tron devices 

TOKYO 105, JAPAN 
NO 5. 3-Chome 
Sh1bahamamatsu-cho 
M1nato-ku 
Matsushi ta Elec l rtc Trading 
Full line ol 
Sol1 tron devices 
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computer hardware 
EXCLUSIVELY FOR DESIGNERS OF, COMPUTER MAINFRAMES, PERIPHERALS ANO SYSTEMS 

cover 
Cover photo by Digital Equipment Corp. portrays the 
computer hardware th at forms computer interface. 
For more on computer interface, seep. 010001 . 

What is Computer Hardware? .......... ...... .... .. . .... ... .. ........ 000101 

direclions 
LSI Critic Voices Cautious Skepticism . .. .................... .. ... . ... ... 001000 
(An EON interview with Paul Niquette, Director of 
Advanced Development for Xerox Data Systems) 

. "Mini '', "Maxi " Computers Will Change Education 

. Now-MOS/LSI Kit for Low-Cost Calculators. 
Designers Generate Their Own Patterns. 

features 
Exploring the Computer Interface ... . . . .. .... . . . . . .. . . . ... .. ..... . ... . 010001 
There is no longer any question as to whether pro-
cesses or instruments shou ld be connected to com-
puters. The question is who defines the interface 

·· between systems- the end user, the computer man­
ufacturer or the system house. 
Exclusive-OR Unravels Cyclic Codes . .. .. .. . .... ... . ....... . . ... ........ 011010 
Cyclic-code conversion, costly in the past, has be-
come economical with multichip circuits. Here's how 
to design converters with exclusive-OR devices. 
Digital Circuits Invade Gigahertz Range .... .. . .. . . . . . .. . ..... ... ....... .. 01 ll ll 
Highest-speed digital circuit required in a system 
is often the toggling flip-flop . Design of a 1-GHz 
flip-flop is the subject of this article. 

events 
1970 FJCC Preview . 
Coming Soon . . 
Call -for Papers . .. 

feature oroducts . . . . . . . . . . . . . . . . . . . . . . . . 

. 100101 

. lOOllO 

. 100110 

. 101000 

Computer Hardware 000011 



Flat cable of TEFLON 
provides high-performance 
high reliability wiring 
in IBM SYSTEM/ 360. 

The IBM SYSTEM/360 is a 
versatile data-processing system 
able to handle a broad range of 
applications. It offers a wide choice 
of central processors, files , 
printers, terminals, and input and 
output units. In developing this 
system , IBM engineers put special 
emphas is on ease and reliabil ity of 
interconnections. They chose the 
flat flexible cable concept, with 
up to 66 conductors per cable , in 
preference to conventional cables 
that take more space. 

000100 Computer Hardware 

And , to insure reliable performance, 
they chose flat cable insulation of 
Du Pont TEFLON. This nonflam­
mable, transparent fi lm allows 
higher signal transmission velocity 
with less crosstalk and less signal 
distortion than other dielectrics. 
These performance benefits remain 
constant because the propert ies of 
TEFLON are virtually unaffected 
by time, temperature and other 
environmental influences. 

Consider the space and cost 

CIRCLE NO. 404 

savings made possible for your 
products by flat flexible cable-and 
be sure to evaluate TEFLON for 
the insulation. That's the surest way 
to realize the full advantages of 
reliability, convenience and 
economy in a modern, space-age 
wiring system. For further infor­
mation , write: Du Pont Company, 
Rm. 7773L, Wilmington, Del. 19898. 
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computer 
hardware a new EON service 
what is computer hardware? 

It is a new section in EDN devoted exclusively to the unique technical in­
formation needs of EDP equipment and systems designers. 

who receives computer hardware? 
Only EDN subscribers who have indicated on their qualification forms that 

they are responsible for the design of computer mainframes, peripherals or 
systems will receive the Computer Hardware section in their EDN copies . 

how often will computer hardware be published? 
Once each month in the issue dated the 15th of the month . It will be located 

immediately before our regular " Design Products" section in these issues. 

what kind of articles and departments can I expect to see in computer 
hardware? 

Computer Hardware will consist of four clearly-defined sections-Direc­
tions, Features, Events and New Products. Directions will scan the forefront 
of computer-oriented hardware technology ; Features will detail design tech­
niques, methods and surveys relating to the hardware of computer equip­
ment and systems ; Events will discuss those portions of exhibits, symposia, 
courses and other meetings that relate to Computer Hardware readers ; New 
Products will display hardware product innovations of direct and exclusive 
interest to computer equipment and systems designers. 

why the emphasis on hardware? 
Most computer-oriented magazines address themselves to software and 

the problems of end users . Our research convinced us that the hardware­
related information needs of designers were not being met by existing publi­
cations. That's why we selected the name, Computer Hardware, and why 
content will concentrate on hardware design. 

is there a special reader service card for computer hardware? 
No. Use the regular card located inside the back cover for all items in both 

EDN and Computer Hardware. We are especially interested in your opinion 
of C~mputer Hardware as an entity, as well as the individual articles we pub­
lish . Feel free to use the portion of the card reserved for comment. Opinion 
expressed there is thoroughly reviewed (and acted upon) by the editorial 
staff, then passed along to pertinent outside authors and information 
sources. 
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000110 Computer Hardware N o v e m b e r 1 5, 1 9 7 0 



• • • • MECL Ill MAKES IT HAPPEN 

In this computer world of rapidly accumulating data it is 
imperative to develop new high-speed techniques for analog-to­
digital data conversion. To meet these demands Motorola now offers 
the MC1650 A/D Comparator, a digital integrated circuit providing 
faster conversion rates than any comparable IC system available 
today - at no increase in cost! 

Basically, the MC1650 compares an analog signal to a refer­
ence voltage when the gate is in the logic "1" state. When the 
analog level is greater than the reference, the output (Q) of the 
comparator goes to a logic "l". When the analog signal is less than 
the reference voltage, the comparator output voltage goes to a 
logic "O". 

The comparator will accept analog signals with slew rates up 
to 340 V / µ,s and provides digital information at rates up to 200 
megabits per second, at the least significant bit (LSB). And the 
MC1650 features a built-in memory whereby the gate input, when 
taken to a logic "O" level, will cause all bits of digital information 
to remain in the present state, regardless of a change at the analog 
input. The MC1650 incorporates two comparators in one package 
and operates at MECL III logic levels. Other features include a 
typical delay of 3.5 ns and complementary outputs which increase 
flexibility of design. 

In the 3-bit A/D converter illustrated, the analog signal is 
represented as a straight line, but may assume any form as long as 
the maximum slew rate is not exceeded. The incremental steps are 
determined by the bias values supplied by resistors between + V111-:F 

and -VHJ·: F· Equal values for all resistors (assumed here) will break 
the analog sensitivity of the system into equal increments, while 
different values result in unequal increments. 

Apply the MC1650 to instrumentation applications such as 
frequency measurement, high-frequency sample and hold, and peak 
voltage detection. In navigation and aviation use the comparator 
for application in altimeters, peak detectors, and electromechanical 
system-control interfacing. And consider the high-speed applications 
for computer terminals and memory translation and amplification. 

For complete MC1650 specifications write to Motorola Semi­
conductor Products Inc., P .O. Box 20912, Phoenix, Arizona 85036. 
Your local Motorola distributor has evaluation devices available 
now. Evaluation will introduce you to the latest concept of high­
speed A/ D data conversion where MECL III makes things happen. 
M ECL - Trademark of M o toro la Inc. 

MOTOROLA MECL 
the only way to go .. . FASTER 
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LSI critic voices cautious skepticism 

Paul Niquette 

001000 Computer Hardware 

EL SEGUNDO, CALIF. - While many feel that LSI will soon form the cornerstone 
of computer architecture, there's at least one critic who doesn't think so. 
Paul Niquette, Director of Advanced Development for Xerox Data Systems, sees 
better alternatives. EDN interviewed him to learn why. 

EON: When did your company begin using complex ICs? 
Niquette: Back in 1965, we adopted a technology that's now called MSI. Our 
first complex IC comprised 104 transistors and served as an 8-bit scratchpad. 
Designated the "304", that particular device turned out to be pretty famous. 
EON: How would you define LSI? 
Niquette: It's a matter of degree; however, 100 gates seems to be generally 
accepted as the start of large scale integration. I sometimes wonder, though, 
what we'll call 1000 gates-or 10,000 gates. 
EON: Do you plan to adopt LSI technology for your computers? 
Niquette: Though we're actively evaluating LSI, we have no plans to adopt that 
technology. I look upon the prevailing LSI technology with constructive 
skepticism. 
EON: What's the basis for your skepticism? 
Niquette: Never before has any business experienced anything like LSI. My 
skepticism stems from LSI's uniqueness - which is characterized by the con­
temporaneous occurrence of two events. These are "low intrinsic value" and 
"high throw-away cost". 
EON: What do you mean by "low intrinsic value"? 
Niquette: Every product has an intrinsic value that is measured by the cost of 
materials and labor required to build it. Now LSI has a very low material and 
labor cost- hence "low intrinsic value". Although the intrinsic value of an LSI 
device is worth only a dollar or two - that same device is likely to cost you $100 
in the marketplace. This cost disparity arises because of poor yields. In other 
words, we pay for 97 LSI devices that fall in the wastebasket just to get three 
good ones to use. 
EON: Despite its low intrinsic value and high market price, doesn't LSI add 
"extrinsic" value to your equipment in terms of better performance and 
higher reliability? 
Niquette: Not really. First of all, there are other alternatives, such as PC 
logic boards, that are doing their jobs extremely well. And secondly, I think 
it's logical to assume that everything made by man will fail-so where does 
that leave me with a failed LSI device? 
EON: You must now be referring to the "high throwaway cost". 
Niquette: That's right. A failed PC board that houses ICs with small to medium 
scales of integration can be easily and economically repaired. But a failed LSI 
device performing the same function is destined for the wastebasket. 
EON: But wouldn't you expect greater reliability with the LSI device? 
Niquette: If an LSI device is going to cost me ten times as much as its MSl/PC­
board counterpart-then I would expect ten t imes the reliability. That's just 
not happening. LSI is still a very young technology and its reliability ~as yet 
to be proven. Anyone who doubts that ought to read the patent dealing with 
"electron wind". 
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EON: And what is "electron wind"? 
Niquette: The better known terminology is "mass migration". It turns out that 
whenever you pass a high current density through a conductor with a small 
cross-sectional area- the conductor actually wears away. 
EON: In other words, the electron flow is causing a metallic erosion in LSI 
devices? 
Niquette: Erosion is a good word for it. Readily seen through a scanning elec­
tron microscope, this serious failure mechanism has yet to be well charac­
terized. 
EON: Isn't MSI also susceptible to the ravages of electron wind? 
Niquette: Yes- but to a far lesser degree because MSI has a higher micro­
redundancy. 
EON: What do you mean by "microredundancy"? 
Niquette: That's my way of describing redundancy on a microscopic level. To 
understand what I mean, consider the metal interconnect on a PC board. If a 
piece of this interconnect were chipped away, it would still function as a con­
ductor-hence the PC board's metal interconnect has "microredundancy". 
Because the LSI metal interconnect is far smaller than its PC board counter­
part- and I might add smaller than its MSI counterpart-LSI has a lower 
microredundancy. Although LSI's claim to fame is miniaturization- let's not 
overlook the tradeoffs that miniaturization carries with it. 
EON: From your continuing evaluation program, have you found any prom­
ising developments in LSI technology? 
Niquette: The most promising thing that I've seen is silicon-gate MOS and 
some of the bipolar technologies to which it interfaces. Silicon-gate MOS has 
a lot going for it-self-alignment, low capacitances and small geometries . 
Given higher yields and better means to dynamically test dice to assure 
packaged operation - we would seriously consider using an LSI memory 
made with silicon-gate MOS devices. 
EON: What kind of yields would you expect? 
Niquette: In the range of 30%. 
EON: Do you think semiconductor vendors will come across? 
Niquette: Though I believe they're doing well at the MSI level , I just don't 
think they're going to make LSI fly-unless, of course, they come up with 
some major process breakthroughs. I can't forget that back in 1965 we quali­
fied three vendors for our MSI scratch pad. At any given moment today, we're 
lucky to have one vendor that can still produce it. 
EON: And why is that? 
Niquette: Horror stories! They call up and say, "We've lost second diffusion." 
EON: Is there any final thought you'd like to leave with our readers? 
Niquette: Despite my skepticism over prevailing LSI technology, we're still a 
pretty adventurous company. Our Sigma computer line is selling very well. 
One of the reasons it turned out to be such a good product is due to the MSI 
scratchpad memory that we developed for it. The use of MSI was cost-effective 
-it was a right decision and we're proud of it. But if you knew the stories be­
hind the scenes-some of the problems encountered-I think you'd agree that 
there's still a lot of black magic in semiconductor houses. 
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Solve trickiest RFI problems 
with this new twist! 

?~fiEl'&tJoJaJC]CP53® 

Latest addition to the Sticky Fingers line! 

We've made STI CKY FINGERS beryllium copper contact strips 
narrower; given them a new twist; and a new super 
adhesive-to make even your trickiest RFl / EMI problems 
practically disappear. 

Take our series 97-555. It measures a scant 3/ 8" wide, 
yet offers shielding effectiveness with a dynamic 
range of l / 16"! It's the ideal all-purpose 
contact strip for just about any type panel or 
equipment shielding, where space is at a premium. 

For equal ly effective shielding of equipment in panel­
divider bar cabinets, specify series 97-560. Only l / 2" 
w ide, its unique design permits any unit to be easily 
removed without chance of damage to the strip itself. 

And a new, stickier, stronger, self-adhesive 
makes application quick and simple ... no holes 
to dril l ... no mechanical fasteners to use. 

Just cut strip to size ... peel off the protective 
backing ... mount firmly in place. Holds instantly; bonds perma nentl y. 

New twist-series SUPER STICKY FINGERS are available 
in a variety of surface finishes. Even if you've already seen 
samples of STICKY FINGERS, write toda y for complete 
technical information and free samples of the new 
SUPER STICKY FINGERS. Address: Dept. CH-61 

CI RCLE NO. 405 
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INSTRUMENT SPECIALTIES CO., INC. 
Li ttle Falls, New Jersey 

Phone 201-256-3500 
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directions 

"mini", "maxi" computers will change education -

Dr. Roger Levien 

Minicomputers with programs fed to them by cassette and maxicomputers 
serving as central storage facilities available by telephone connection may 
sharply affect instructional techniques on the nation's campuses. But these 
recent technological advances will be effective only if they are accompanied by 
solutions to the production and distribution of instructional materials. 

These views were expressed by Dr. Roger Levien at a three-day conference 
on "Computers in Instruction -Their Future for Higher Education" in Octo­
ber. Dr. Levien was head of a study by Rand, a non-profit research center in 
Santa Monica, on a $100,000 grant from the Carnegie Commission on Higher 
Education and a $45,000 grant from National Science Foundation, which will 
be entitled "The Emerging Technology: Instructional Uses of the Computer in 
Higher Education". 

Significant advances in the technology make it imperative that decision 
makers in education consider now "things that are feasible which before this 
have only been speculated upon," Dr. Levien said. 

He cited some of these advances: 
Economy- "In 1955, the cost of performing one million additions on a com­

puter was about $10. By 1975, a million elementary operations will cost less 
than one cent." 

Speed - "In the vacuum-tube days, computers could execute from 10,000 to 
100,000 computations per second. Now, with integrated circuitry, a million 
computations per second are common and some can do twice that." 

Abundance - "There were about a dozen computers operating in this country 
in 1950. Today there are almost 80,000 and some authorities already are pre­
dicting that number will be doubled by 1975-then doubled again by 1980." 

Sophistication- "We shall understand (in the coming era) how to program a 
computer to do the work of an engineer when he is applying well-developed 
design processes to a standard product; the work of a linguist when he is par­
sing a sentence in any one of several major languages; the work of an indus­
trial manager when he makes a standardized decision (such as) when to re­
order his inventory; the work of a teacher when he explains the essentials of 
a well-understood subject to beginning students." 

The computer, said Dr. Levien, will soon be able to " ... operate with words 
and sente~ces as well as with letters and numerals; read, form and transform 
points, lines, arcs and the pictures formed from them; execute the logical oper­
ations that underlie inference, the way arithmetic operations underlie com­
putation; and store and recall a single fact from files comprising millions." 

Finally, in citing accessibility, Dr. Levien said: "The results of recent de­
velopment will be computer service that is close at hand, like a typewriter or 
television-like console." 

Computers will be easy to speak to in a language natural for the interests 
of the user and will be quick to respond at a conversational pace easy to un­
derstand. 

"They will be ready for use at any hour. And through a single console, the 
user will have access to both a rapid reckoner and an encyclopedic memory." 
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The IC 
troubleshooters. 

-~ 
For $US, it lets you 

see logic states 
ata glance. 

Engineers testing the logic states of 
DTL or TTL IC packages no longer 
have to go the troublesome voltmeter 
route. The new HP 10528A Logic Clip 
shows you the state of all 16 (or 14) 
pins. This simple tool clips over the 
IC package, uses the circuit's power, is 
auto-seeking of Vee and ground. 

Bright LED's light up, indicating a 
high logic state. All this for just $125. 
Or less in quantity. 

For $95, it lets you 
see pulse activity 

ata glance. 
The HP 10525A Logic Probe makes 
tracing pulses through integrated circuits 
a painless task. Just touch the DTL or 
TTL circuit with the probe, and the 
tip flashes a signal for pulses as narrow 
as 25 nsec. A light in the tip indicates 
pulse, polarity, pulse trains, logic state. 

It's almost like having an oscilloscope 
squeezed into a ball-point pen. And 
it only needs 5 volts and $95 to start 
troubleshooting your circuits. 

Your local HP field engineer is your source for the clips and 
probes to speed up your IC testing. So give him a hurry-up 
phone order. Or you can write for full information from 
Hewlett-Packard, Palo Alto, California 94304; 

HEWLETT. PACKARD 

Europe: 1217 Meyrin-Geneva, Switzerland. 

CIRCLE NO. 406 
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directions 

now - MOS/LSI kit for low-cost calculators -
Off-the-shelf set of standard MOS/LSI cir­
cuits provides American calculator manu­
facturers with a real boost in their continu­
ing battle against low-cost imports. In ad­
dition, these sets should be of interest to 
data handling and instrumentation manu­
facturers who can use their capability in 
real-time data reduction. Such kits would 
save the manufacturer a year or more in 
design time normally required for logic and 
circuit development. An example is Elec­
tronic Array's set of six MOS/LSI circuits 
(See feature products). 

designers generate their own patterns -
Because of the recent introductions of pro­
grammable solid-state ROMs, Spectrum 
Dynamics, Inc., Ft. Lauderdale, developed 
a portable "Memory Programmer" that per­
mits programming of an off-the-shelf blank 
ROM. Manual or automatic programming 
and verification are performed quickly and 
reliably with this ten-pound unit, without 
auxiliary equipment. 

Manual method involves a "program data 
card" that is fed into the unit one word at a 
time. A series of switches is selected to in­
dicate the programming logic for each 
word. Then required voltages and currents 
are introduced to establish the pattern. 
Thus, any system requiring various ROM 
configurations may be quickly programmed. 

Where duplicates of an established pat­
tern are needed, the programmer quickly 
reads the pattern and produces a duplicate. 
Consequently, it becomes a production in­
strument in addition to its use in proto­
typing. 

Access sockets are available for auto­
mated usage. Punched tape or card inputs 
can be devised to trigger the programming 
sequence. With patterning and verifying in 
under 150 ms/bit, a completed and checked 
ROM can be obtained in seconds. For fur­
ther information, see feature products. 

who makes 
one 

digital head 
do the 
work 
of two? 

E Read/ Read Head 
ne 7-track read section , 

e 9-track read section . 

Nortronics 
is who! 
These heads with the split personalities 
are indicative of Nortronics' prowess in 
designing and manufacturing unique 
solutions to magnetic recording prob­
lems. For digital , mini-digital, card 
reader, or audio applications, Head First 
To Nortronics. 

FJCC-BOOTH 3122 

NORTRONICS 
COMPANY, I NC. 
8101 Tenth Avenue North 
Minneapolis, Minnesota 55427 
(612) 545-0401 

CI RC LE NO. 407 
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Straight answers to common questions about 

The pace of change in MOS 
technology is bewildering. 
New products , new proces­
ses , new companies are being 
announced with almost each 
new issue of industry trade 
journals. If you're consider­
ing MOS, these answers will 
give you a quick understand­
ing of how TI can help you 
make the most of this dynam­
ic, complex technology. 

Q: First, where does TI stand 
in the MOS/LSI business? 
A: To meet the industry's bur­
geoning demand for MOS, we have 
committed heavily in resources, 
faci li ties and talent to develop a 
broad-spectrum MOS capability. TI 
can offer you t h e most complete 
custom capability in the industry 
plus a broad range of standard 
catalog products from which to 
choose. A large portion of our 
newest facility is fully dedicated 
to MOS, and expansion capability 
is virtually unlimited. So, we are 
ready to meet your volume pro­
duction requirements now and are 
committed to the kind of growth 
you can depend on for your future 
needs. We are confident this kind 
of capability is the key to clear-cut 
leadership in this growth industry. 
That is our publicly stated goal. 

Q: But why should I consider 
TI rather than a "specialty" 
MOS supplier? 

A: The answer lies in your range 
of options. Today, there are a num­
ber of advanced MOS processes 
offering many advantages and 
trade-offs which should be tailored 
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5040-Bit Programmable Logic Array 

carefully to your specific require­
ments for speed, power consump­
tion, circuit density, function , 
volume, economy and the like. 
Competence in circuit design is no 
longer enough; the industry has 
passed through the era when most 
MOS improvements were achieved 
by means of circuit design modifi­
cation. The major advantages to 
you today are being brought about 
by innovations in process technolo­
gies and manufacturing capability. 
This requires resources, engineer­
ing talent, volume manufacturing 
know-how, computer-aided-design 
strength, and technological depth 
-in short, real commitment. 

By coming to Tl, you gain the 
flexibility that allows you to best 
adapt the optimum MOS approach 
to your requirements rather than 
vice versa. You can engage at any 
level and any stage; you can choose 
from several high-yield MOS pro­
duction processes; you can draw on 
an extensive custom capability and 
a large selection of standard cata­
log products to best meet your 
cost/performance requirements­
and you can get the circuits you 
need in whatever volume you need. 

Q: From exactly whatprocesses 
can I choose at TI? 

A : Virtually any MOS/LSI process 
availab le in the industry. Depend­
ing on your requirements, we can 
employ (111 ) high threshold and 
(100 ) low threshold, or (111 ) ni­
tride low threshold and ( self­
aligned gate ). In addition, we are 
actively pursuing ion implantation 
and CMOS, t h ough we feel these 
are not yet fully mature. We are 
also evaluating a variety of newer 
technologies and production tech­
niques that hold considerable 
promise. To ensure the earliest 
advantage from these new tech­
nologies, TI will stay at the fore­
front of the MOS state-of-the-art. 

Q: What about my custom 
requirements? 

A : You can engage at any stage 
you desire for almost any circuit 
you require. As an example, we 
have produced volume-quantity 
circuits which can add, subtract, 
multiply and divide up to 12 digits 
for an electronic calculator which 
uses only three MOS/LSI chips. 
And we have designed and pro­
duced custom circuits for many 
different calculators and a variety 
of other types of systems. 

Q: In going custom, what kind 
of' help can I expect from Tl? 
A: TI will work with you at any 
phase of design and production. If 
you have a logic function in mind, 
but desire help with the logic im­
plementation, we'll supply that 
help. We'll advise you in choosing 
the best MOS technology. We' ll 
aid in the preparation of yo u r 
logic and artwork, or work directly 
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from the artwork you 've prepared. 
We'll partition the system, pro­
duce the prototype and supply a 
computer-generated performance 
sim ulation for your check and 
verification. We have the capacity 
to produce and de liver whatever 
quantities you need, and if you 
like, we will second-so urce present 
MOS/LSI designs from existing 
photomasks. 

Q: What standard catalog MOS 
circuits can I get from TI? 
A: Today, we offer you 22 off-the­
shelf circuits, and there are a num­
ber of others in development for 
announcement later this year. 

Tl's CATALOG MOS CIRCUITS 
Shift Registers 
TMS 3000 Dual 25-Bit Static 
TMS 3001 Dual 32-Bit Static 
TM S 3002 Dual 50-Bit Static 
TMS 3003 Dual 100-Bit Static 
TMS 3012 Dual 128-Bit Static Accumulator 
TMS 3016 Du al 16-Bit Static 
TMS 3021 21-Bi t Static 
TMS 3028 Dual 128-Bit Static 
TMS 3304 3 x 66-Bit Dynamic 
TMS 3305 3 x 64-Bit Dynamic 
TM S 3406 Dual 100-Bit Dynamic 

Character Generators 
TMS 2403 USACll (5 x 7) Row Output 
TMS 2404 EBCDIC (5 x 7) Row Output 
TMS 4103 USACll (5 x 7) Co lumn Output 
TMS4177} Combined, USACll (10x 7) 
TMS 4178 Row Output 
TMS 4179 EBCDIC (5 x 7) Column Output 
TMS 4886 USACll Parallel Output 

Random Access Memories 
TMS 4003 256-Bit 
TMS 4006 13 word x 6-Bit Digital Storage 

Buffer 

Analog Switches 
TMS 6005 6-Channel 
TMS 6009 6-Channel , Common Drain 

Read Only Memories 
Each of the read only memories in our pro- . 
grammable circuits line (see list at ri ght) is 
availab le off-the-she lf as a pre-programmed 
sa mple to assist you in evaluating the elec­
trical characteristics of these memories. 

Q: What advantages are 
offered by programmable 
circuits? 
A: While these are essentially stan­
dard circuits, they can be pro-

grammed to your specifications by 
simply changing one mask in t h e 
production cycle- providing an eco­
nomical, quick turn -around ap­
proach to custom requirements. 

Your choices here include three 
static read only memories of 1024, 
2048, and 4096 bits with full decode. 
Also, there are three fast (200 ns) 
partial decode ROMs of 2048 bits 
for 4, 8 and 16 output bits. A fu ll 
line of programmable character 
generators is avail able for all types 
of alpha/numeric displays. 

Further, there are two program­
mable logic arrays of up to 6000 
devices which perform sequential 
and combinational logic. These are 
combinations of master-slave J-K 
flip-flops and static read only mem­
ories on a single chip that permit 
easy implementation of random 
logic with the same turn-around 
time and low cost as a read only 
memory. They feature bipolar buff­
ers on the same chip. 

Tl's PROGRAMMABLE MOS/LSI 
CIRCUITS 

Static Read Only Memories 
TMS 2800 Series 1024-Bit 
TMS 2600 Series 2048-Bit 
TMS 4300 Series 4096-Bit 
TMS 4500 Series 2048-Bit (128 x 16) High 

Speed 
TMS 4600 Series 2048-Bit (256 x 8) High 

Speed 
TMS 4700 Series 2048-Bit (512 x 4) Hi gh 

Speed 

Character Generators 
TMS 2400 Series 5 x 7 Row Output 
TMS 4100 Series 5 x 7 Column Output 
TMS 4880 Series 5 x 7 Parallel Output 

Programmable Logic Arrays 
TMS 2000 5040-Bit, 60 product terms 
TMS 2200 5472-Bit, 72 product terms 

Q: How are Tl's programmable 
devices programmed to fit my 
requirements? 

A: We provide a software package 
which you use to prepare the cod­
ing information on punched cards. 
Your punched-card instructions 
then tell our computers how to pro­
gram your circuit. This results in 
fast turn-around time and elimi-

nates human coding errors. Com­
puter print-out of the circ u it 
patterns can be returned to you 
for verification of coding accuracy 
before prototype production. 

Q: Is the cost of programming 
expensive? 

A: It's free on orders of 1000 or 
more pieces. For smaller quanti­
ties, there is a nominal charge de­
pending on the type of devices and 
quantity you desire. 

Q: How about price and 
delivery? 

A: On catalog products, we can of­
fer you immediate delivery at very 
competitive prices. The program­
mable circuit costs are comparable 
with standard catalog circui t 
prices. For example, the TMS 4300, 
a 4096-bit ROM, is priced at $25.00 
each in quantities over 1000 units. 
It is available as a pre-program­
med catalog device, or the same 
device can be custom programmed 
to yo ur needs with no additional 
coding charge in these quantities. 

Now about delivery: working 
from your photomasks, we can 
usually deliver dedicated-design 
custom products in two months or 
less. If you have MOS logic, but no 
photomasks, turn-around t ime is 
usually three to six months. If you 
prefer, we will work from your 
system specifications and deliver 
within four to eight months. 

Q: How can I get more 
answers? 

~l<lS/LSI 

A: A good place to 
start is with our 
brand new technical 
brochure on MOS/ 
LSI , Bulletin CB-
126. For your copy, 
circle 401 on the 

Reader Service Card or write Texas 
Instruments Incorporated, P.O. Box 
5012, M.S. 308, Dallas, Texas 75222. 
If you need more im­
mediate help, call your 
local TI sales office or 
authorized distributor. 

TEXAS INSTRUMENTS 
INCORPORATED 
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With $250,000 a race 
riding on his system, 
this OEM places his bets on 
an HP tape drive. 
American Totalisator has just computer­
ized its world-famous Tote Board . So 
odds and payoffs can be posted instant! )". 
And with indisputable accuracy. 

Unless the computer "crashes. " 
In which case, you've got a mob of 

outraged race fans to contend with . So 
the computer is backed up with HP's 
7970 Digital Magnetic Tape Recorder. 
If there is a "crash," the 7970 can be 
relied on to get the numbers back on the 
board in minimum elapsed time. 

Reliability makes the 7970 a money 
winner for American Totalisator. Its 
exclusive HP features assure trouble-free 

operation from 10 to 37.5 ips. 
And to make sure the 7970 stays in 

the winner's circle, there are 141 Hewlett­
Packard sales and service offices around 
the world to serve you and your cus­
tomers. If a 7970 should need work, 
simple plug-in service cards permit re­
pairs on-site with minimum down time. 

American Totalisator chose the HP 
7970 Digital Magnetic Tape Recorder 
for reliability. If you want a sure thing, 
just call your local HP field engineer. 
Or write to Hewlett-Packard, Palo Alto, 
California 94304; Europe : 1217 Meyrin­
Geneva, Switzerland. 

CI RCLE NO. 408 
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BRADSTREET VACHON, Digital Equipment Corp . 

• 

AUTO RANGING? 
PROGRAM RANGE? 
SINGLE GAIN? 

Every day the on-line services of com­
puters accomplish nearly impossible 
feats. However, none of this can be ef­
fectively realized without a good mar­
riage between the computer and the rest 
of the equipment - always an essential 
fact for a system designer to keep in 
mind. 

Whether processes or instruments should be connected 
to computers is no longer a question. Speed, repeatabil­
ity and tirelessness of computers make possible greater 
reliability and more efficient use of equipment and 
operational procedures. In many instances computers 
permit instrumentation to perform functions that 
otherwise would be difficult or impossible if attempted 
manually. However, with this growing awareness of 
the desirability for computerizing equipment, often 
one of the more important factors to any engineer in­
volved in designing the final system is not faced 
squarely-developing the proper communication medi­
um between the process or equipment and the com­
puter. 

Take the scientific field, for example. It is one thing 
to connect a computer to one or more laboratory instru­

ICor~inued! 

RESOLUTION? 
SPEED? 

ft'ill111:--..._ A/ D vi a D MA? 

.....l~R"'!l~·~l/~O~ BUS? PROGRAM 

PROGRAM RANGE? 

DIGITAL CONTROL? 

To achieve optimum design in a customized system, many 
questions, such as those shown, must be answered. 

SAMPLE RA TE? 
SIGNAL ANALYSIS? 
DATA MANIPULATION? 
DATA CONVERSION? 
CONTROL? 

(Continued) 
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Computer Interface (Cont'd) 

ments, but it is quite another to develop a system that 
includes a reliable interface . Obviously, the laboratory 
instrument output can be analog and the computer's 
input digital, so an analog-to-digital converter is re­
quired. But there are other considerations that are not 
so obvious. 

- Does the system have only data-gathering func­
tions, or does it a lso have control functions? 

- Is there only one instrument, or ar e there many? 
- Is there compensation for the wide dynamic range 

inherent in the output signals from many laboratory 
inst ruments? 

These and many more questions must be resolved 
before it is possible to use a computer for control or 
monitor ing of laboratory instruments. Of course, these 
same questions apply to other computerized systems 
and specialized computer peripheral equipment. Each 
presents a special and unique problem that requires 
the consideration of a ll parameters necessary for an 

efficient and effective system. 

Defining the System 

For efficient computerization of any process or ex­
periment, the most important item to be considered is 
a concise definition of the interface. This means de­
termining what parameters- both hardware and soft­
ware- must be included in the interface to achieve the 
desired results efficiently. 

Defin ing the interface requires an underst anding of 
both the computer and the instrument or process to be 
computerized. Although th is may be the assigned job 
of a project manager, it is seldom that one person has 
the expertise to cover both areas. As a consequence, a 
mutual understanding must be established between at 
least two people to define an adequate interface. 

As an example, the end-user , such as a chemist, 
knows the "language" of his problem but seldom knows 
the "language" or interface parameters of a computer. 

NUMBERS GAME 
B e Sure of What You're Gett ing 

An end user who elects to purchase peripherals 
and interface them himself should be aware of 
what he is buying. For example, a line printer man­
ufacturer may offer a " low cost OEM vers ion" for 
what seems an unbelievably low price. Does this 
sound like a good deal? Perhaps it may sound too 
good to be true. The rule here is: " Do not buy on 
the basis of reputation and price alone. Look into 
the specifications." Chances are that th is line 
printer is only mechanical - without solenoid 
drivers, power supplies and a full -line buffer. What 
anybody who contemplates making such a pur­
chase must realize is that volume users can bu ild 
the equipment to produce a fully electrically­
buffered printer. An end user ·just cannot bu ild 
the electronics into the printer, build the inter­
face to t he computer, document it, test it and 
support it for less than he could buy a complete 
(more expensive) unit. 

Same applies to tape drives and other periph­
eral devices offered in " OEM vers ion" . You may 
not be buying a complete per ipheral device- j ust 
a large portion of one. A hint on OEM versions is 
to check model numbers and be sure you know 
what t hey mean before you buy. One digi t differ-
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ence in the model number could reduce the pur­
chase pr ice by $1000 but increase true cbst by 
$10,000. 

An OEM Speak s Out 

A specifi c brand of synchronous MODEM has 
been used previously with computer systems. 
Let 's say that t he AJ -1 Series MODEM is tried and 
true with your system. In fact , the computer man­
ufacturer has standard ized interfaces available 
off the shelf. Your next customer says that he also 
has the same brand of synchronous model , thus it 
is unimportant to check the model number since 
it is probably j ust another AJ -1 Series. 

Maybe you will be lucky, but if it is the less-used 
AJ -2 or BJ -1, you are in for a shock. Connectors 
alone cost nearly $80 more for an AJ -2 than an 
AJ -1. And that is just the beginning. Consider the 
other hardware and computer software changes 
requ ired - plus changing all t hat documentation. 

This word of caution does not apply just to 
MODEMS. A one-digit difference in model num­
bers can mean twice the speed, half the density, 
hund reds more lines per minute, larger tape reel s, 
twice the rack space, or just a whole new input/ 
output connection scheme. 
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COMPUTER I 

LESS THAN $500/CHANNEL 
SERIAL OPTION 

COMPUTER 

SERIAL BY BIT 

LJLJl.J 
---+SERIAL 
---+OUTPUT 

SPECIAL 
INTERFACE 

JUST A SIMPLE SERIAL LINK 

I 

~ - - -- -lh·!"f· ,.. • ~·- •• 14ii ...... . - .......... ---~· . 1/0 SERIAL BY CHARACTER 

DATA 

UP TO $1,000/CHANNEL 

What Do You Mean by Serial Data? 
Peripheral manufacturer told end user· (who 

wished to interface four peripheral controllers) 
that required interface data path was "a simple 
serial interface". End user bought his computer 
with four-channel serial option commonly used 
for Teletype connection. 

Peripheral controllers and computer system 
arrived at end user's plant at about the same time. 
To the end user's dismay, his definition and pe­
ripheral manufacturer's definition of " serial data" 

Even if he did , it is highly improbable that he would 
know it expertly, and this could be unfortunate-espe­
cially if he attempts to design the complete system 
himself. 

On the other side of the fence, the computer manu­
facturer or consultant has an intimate understanding 
of how the computer works. He knows the computer 
language and how his system can be made to operate 
efficiently. However, he is not an expert with regard to 
the instrument or process to be computerized. 

Therefore, an optimum design requires a working 
partnership between the end user and the manufac­

turer. This team effort becomes a form of mutual edu­
cation, permitting an accurate and complete definition 

differed. Computer options were designed to gen­
erate data in a serial bit format and peripheral 
was designed to accept serial data 6-bits/char.). 

End user had to design and build a four-channel 
special interface. Delays associated with design, 
parts, building and testing delayed project 3 
months. Also, it cost several thousands of dollars. 
Clearly, this was a case of an apparently simple 
job becoming complex and costly because of con­
flicting and ambiguous terminology. 

of all parameters for the best interface as well as the 
most efficient computerized system. 

Importance of Teamwork 

Because both hardware and software are developed 
simultaneously, it is important to have teamwork. To 

illustrate, consider interfacing a scientific instrument 
with a computer. This instrument may have an analog 
output with a dynamic range of 106 or greater. There 
are many factors that determine how this wide range 
can be handled. One typical factor is the frequency 
components of interest in the output signal. This factor 
determines the sampling speed; defines the operational 
range of the amplifiers; establishes the analog-to-

1 Continued) 
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Computer Interface (Cont'd) 

digital conversion speed and suggests the characteriza­
tion of the converter-to-computer interface. 

Obviously , to be utilized efficiently, very fast con­
verters must interface direct-to-memory as opposed 
to the slower program-transfer techniques. If pro­
grammed gain is used, as might be expected in slow 
instrumentation, the interface must also contain the 
control circuitry for the computer program to address 
the amplifiers' gain-changing elements. If this is the 
case, part of the software (operating program) re­
quirement is defined. 

The computer must be able to monitor and control 
the instrument intelligently. If control settings on the 
instrument affect the output signal , these effects must 
be made known to the computer. This status informa­
tion is critical, and the interface must provide this 
data to the computer under program control - another 
software requirement has been defined, as well as a 
possible need for instrument modifications. 

After further study of other factors, such as the 
number of instruments to be monitored and controlled 
and the amount of data manipulation and conversion 
to be done on each sample, one begins to get some 
understanding of the optimum interface parameters 
and the operating program design parameters. If either 
is developed first, without regard for the other, a bur­
den is put on the remaining system elements, resulting 
in an inefficient hardware and/or software design. 

A final consideration is the practicality of the de­
sign . Suppose the final design must fit into a volume 
no more than 10% larger than the original instrument. 
It may be physically impossible to perform the design 
at all, but even if possible, it certainly could not be done 
at all without close coordination between experts in 
both the computer and instrumentation fields. This is 
where a project manager must manage- in the engi- · 
neering sense of the word. 

Who Builds the Interface? 

After a system has been specified, it must be built. 
A corollary to the statement that the development of a 
computer interface requires adequate definition is that 
the actual construction of an interface is almost as im­
portant and that the choice of a builder is not to be 
taken lightly. 

There are three approaches to producing the com­
puter interface: the user builds it; the computer man­
ufacturer builds it; or a "third party" that specializes 
in designing computer systems builds it. 
USER- Often, though not always, the user knows his 
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process best. If the user completely understands his 
process and transducers , and if he has well-defined 
specifications on the computer he wishes to interface 
with , then it is possible for the user to define, design 
and assemble the interface. This sort of construction 
approach can be most efficient and powerful. 

However, there are disadvantages. Frequently, the 
user does not really know the relationship between his 
process and the computer, so he creates a system that if 
it works at all does not employ the full potential avail­
able. An analytical instrument, for example, that is 
computerized by an end user might merely act as a 
simple data-reduction device-translating analog form 
to digital printout. With expert programming, how­
ever, this system could act as a controller or could pro­
vide second- and third-order derivations of the results 
on-line. 

Another consideration is that the end user is re­
sponsible for making the system functional. If any­
thing goes wrong, he has nobody but himself to blame 
- or turn to. Although the individual instruments or 
mechanisms within the system may be under warranty, 
the manufacturers are only obligated to service their 
instruments as "instruments" without regard for how 
they fit into the system. 
MANUFACTURER- Just as the user knows his sys­
tem or process best, the manufacturer knows the char­
acteristics of his computer. If the manufacturer obtains 
well-defined parameters from the user, it is possible 
for him to design and assemble a reliable interface. 
Quite frequently, the computer manufacturer has al­
ready had experience in designing similar systems. 

This approach has many advantages. The manufac­
turer knows his products better than anybody else. 
With proper definition, he can develop an interface that 
can operate with his computer with maximum effi­
ciency. If the manufacturer designs the system, then 
the operation of the computer-based system as a sys­
tem is his responsibility. Because the manufacturer 
has developed other systems, it is often easier for him 
to design the interface, even if he has never had ex­
perience with a similar system. 

Also, manufacturers know from experience that most 
computerized systems tend to expand; accordingly, 
they usually include expansion capability. A system 
house for example, is under no obligation to provide for 
expansion unless this :requirement is specifically con­
tracted- and frequently the system houses deliver 
complete systems that are difficult or impossible to 
expand. 
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COMPUTER 

MASS STORAGE DEVICE 

LET'S SAVE MONEY 

Have You Considered the Software? 
An end user wishes to save cost of buying two 

large mass storage devices for a dual computer 
by purchasing two computers and one mass stor­
age unit that was to be connected to the com­
puters by a special electronic switch. System 
arrived and was installed. In a few hours, the sys­
tem was operational and all diagnostic routines 
ran as specified. 

However, the computer manufacturer provided 
the mass-storage device with a sophisticated op-

Servicing a computer-based system is easier for man­
ufacturers because they usually have a multitude of 
service centers and regional depots. Besides offering 
rapid response to service calls, this also implies a large 
depot of spare parts are available. If a user or systems 
house maintains the system, an inventory of spare 
parts is needed or they must be prepared for the sys­
tem to be inoperative until the delivery of spare parts . 

Naturally, there are disadvantages such as the man­
ufacturer's desire to develop the interface for his 
products only, thus limiting the choice of available 
computers. Also, it is vital that the interface be de­
fined exceedingly well so the manufacturer will pro-

erating system program, which the end user was 
expected to use. But the program required a com­
plete redesign to include use of special electronic 
switch. When investigating the cost, it was esti­
mated that one man-year of programming effort 
was needed to do the trick. End user elected to 
discard the electronic switch and buy another 
mass-storage unit. He gambled to save a little 
money and lost both time and money because all 
facts were not considered. 

duce the correct configuration. This in turn puts a dif­
ferent sort of burden on the designer- he must com­
municate clearly to the manufacturer what he is trying 
to do with his instruments or process. 
THIRD PARTY - A third party might be a consult­
ing firm or a "system house" comprised of professionals 
who do nothing but design computer systems. This 
type of organization tackles the whole job, from con­
ception to on-line operation, and actually creates a 
customized system to do what the user wants. 

The third party has its advantages. For instance, 
customized computer systems are their only business. 
Consequently, they probably have teams of instru­

(Continued J 
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Computer Interface (Cont'd) 

mentation, process and computer specialists - all of 
whom have worked on computer systems and have an 
understanding of the interfacing problems. With this 
sort of organization there is less time wasted in devel­
oping the necessary interfacing. 

However, there are corresponding disadvantages to 
this approach. The responsibility of the third party is 
to deliver precisely what the customer asked for-and 
no more. Therefore, the system usually meets today's 
requirement with no consideration for future develop­
ment. This rigidly "locks in" the end user to the third 
party for modifications and improvements that invari­
ably loom up a few weeks or months after the system 
is on-line. In addition, a third party meets the require­
ment of delivering a working system, but not of main­
taining it. Responsibility for the upkeep after the war­
ranty period (if any) usually rests upon the user unless 
previous contractual arrangements are made. 

Furthermore, while system houses theoretically are 
not "locked in" to any particular computer or com­
puter manufacturer, they may be more familiar with 
one specific computer. Naturally, they will tend to use 
the product that they know. In terms of choosing a 
computer under these circumstances, a third party 
offers no advantages over dealing directly with the 
manufacturer. 

Finally, there is a possibility that a systems house 
may in fact have had little experience in a specific field. 
Even though they can tie a computer to an instrument 
or process, the responsibility for defining the system 
and interface reverts mainly to the user. 

What Is the Best Approach? 

Often the best way depends in part on the final con­
figuration and what the user expects of it. Maybe the 
user wants a "turn-key" system- a complete package 
that performs a specialized function quickly and effi­
ciently. Such a system however , is usually inflexible, 
and thus it may be difficult to incorporate improve­
ments into or to expand for future jobs. For the user to 
whom this makes no difference , or for the user with 
little or no knowledge (or desire to learn) about com­
puters, this may be the answer. 

On the other hand, if the user visualizes future ex­
pansion of his system's capabilities or functions, a 
turn-key system is not a good solution. Rather, such a 
user needs a system that he can alter (or have altered) 
without redesign of existing hardware and software. 

All of these considerations reflect aspects of a prob­
lem basic to every project design of a potential com-
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puterized system-cost. How do you measure cost in 
organizing a computer system? Indeed, this is the area 
that separates the project manager from the engineer­
ing designer. A project manager has to take long and 
detailed views of all aspects of cost. 

How Do You Measure Cost? 

On snap judgement, someone might say, "The least 
expensive system that will do the job." This, however, 
might not be a correct-or even a meaningful- answer. 

First of all , the "cheapest" system may be the least 
expensive for the original job but not be adaptable to 
an expanded or extended role. Secondly, it may be that 
the system originally described was inadequate to per­
form the user's task. This can happen when an end 
user requests a turn-key system and provides the sys­
tem house or manufacturer with an incomplete or in­
adequate description. In either case, the system's capa­
bilities are limited (in the latter case, for corrections), 
and the price of altering the system usually exceeds by 
a wide margin the price of a system with inherent ex­
pansion and alteration features. 

The end user should consider here the very high cost 
of paying too little. If you economize to the point where 
you end up with a marginal or unsatisfactory solution 
to your immediate and near-future requirements, you 
have lost the ball game. On the other hand, for a small 
additional cost, you may attain flexibility, reliability, 
useability and expandability. Chances are that this 
will pay off handsomely in the long run when the ease 
of maintenance and expandability yields a realization 
of future requirements. 

When we talk of a "least expensive" system, what 
are we really talking about? Is it hardware cost, engi­
neering cost, servicing cost? Many times the "least 
expensive" system turns out to be anything but the 
lowest-cost, depending upon the criteria used to mea­
sure expense. An understanding of which criteria are 
right is one of the most important factors of good 
project management. 

Development Cost 

To demonstrate what has been discussed, assume a 
hypothetical system that uses a computer to control the 
output of an electrical power plant. First the system is 
defined and designed. The computer will monitor the 
voltage, frequency and load. Also, it will have sufficient 
decision-making capabilities to enable it to determine 
when to disconnect the power station from the power 
network to keep the system from a ruinous load. In 
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ANALOG SUB-SYSTEM 

? • 
DEFINE 

DEFINE 

DEFINE 

BUILD ME AN ANALOG SUBSYSTEM FOR MY COMPUTER 

Specifications? Definitions? You Bet! 
System house builds a compact A/D subsystem 

for an e1Jd user. It mates with end user's com­
puter, and test signals demonstrate suitable 
accuracy and resolution. Yet, every time end 
user connects it to his equipment, multiplexer 
switches burn out immediately-sometimes dra­
matically. 

Soon, the problem becomes apparent. There is 
a different low-signal reference point for each 
analog signal connected to each subsystem chan-

addition, the computer will have sufficiently fast re­
action time and explicit control functions to permit the 
necessary disconnection in time, yet avoid being so 
hasty as to contribute to failure elsewhere by upsetting 
the overall network. 

The power station personnel probably can design 
such a system. Based on an inexpensive computer such 
as the PDP-8/L, hardware cost could conceivably be 
kept below $20,000. However, this does not include the 
development and debugging of software, which in­
volves time, money and usually "outside" help-unless 
the power station has a programmer. And, of course, 
there is the intangible expense of a nonoperating sys-

nel. In some cases, common-mode voltage be­
comes as large as several hundred volts. Analog 
subsystems must be specifically designed for 
this type of application. 

Who is to blame is of little consequence. Some­
one has to pay for the delay and expense of re­
designing with the analog subsystem-from 
scratch-based on new specifications acquired 
the hard way. 

tern during the development stages. With a system de­
signed in-house, $20,000 probably represents less than 
a third of the final cost. 

If a consultant (third party) or a computer manufac­
turer proposes the same system, the initial cost could 
be approximately $35,000. However, this system will 
be operating within a matter of days after installation. 
The question that must then be answered is: "What is 
the cost per day for nonoperation?" 

Installation 

When the end user designs and builds the system, he 
assumes the responsibility for making the components 

(Continued ) 
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of the system work as a system. Yet each component 
within the system may be serviced by its respective 
manufacturer. But specialized items and designs are 
not covered by any warranty and this applies equally 
to any nonstandard modification by the end user. In 
fact, just the problem of continuously training service 
personnel might make this approach undesirable to 
the end user. 

On the other hand, the manufacturer's seemingly 
higher price allows him to guarantee satisfaction re­
gardless of the circumstances. If problems develop dur­
ing installation because of misunderstanding or inade­
quate initial definitions, the computer manufacturer 
is in a position to have engineers work with the end 
user to guarantee ultimate satisfaction. 'By oontrast, 
the lowest price, shave-it-to-the-bone attitude of an 
independent third party seldom leaves room for any 
contingencies. As a result, the end user faces a take-it­
or-leave-it attitude (or worse) when dealing with a con­
sultant under these circumstances. 

Service 

. There is the matter of service and maintenance. Who 
wi ll service the power station control system once it 
has been built? Who has the spare parts for it? How 
long can the station afford to be without the services 
of the system? 

Indeed, no matter what sort of computerized system 
you are talking about, the service problem is critical 
during and after installation, but it must be considered 
in the beginning. And to a certain extent, this reflects 
upon the question: "Who builds the system?" 

For fast repairs, the end user requires a reasonably 
large inventory of parts. Without them, an intolerable 
delay could develop at a crucial time. Depending upon 
the application, this criterion alone might be a key fac­
tor in deciding against building an in-house system. 

With a system ho\1,se, the end user may be in virtu­
ally the same situation, because the system responsi­
bility after acceptance then reverts to the end user. 
Although the end user did not put the machine to­
gether, he still has to keep it running. Even with a ser­
vice contract the system house is faced with the basic 
problem·of replacing parts. Since system houses usu­
ally develop one-of-a-kind systems, they would need a 
larger inventory of parts to maintain all of these cus­
to1I1~designed systems. In addition, if they did keep all 
these parts, the costs involved in maintaining such an 
inventory will ultimately be reflected in the price of 
the end user's contracts. 
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By contrast , the computer manufacturer is in a 
better position with regard to service. First, there are 
the logistic considerations. A manufacturer usually 
has a widespread organization of servicing depots. 
This means not only fast service, but low transporta­
tion cost-which reflects in the service contract costs. 
Also, if the manufacturer generates the system con­
figuration , he assumes system responsibility and re­
pairs the system as a system. Another point is that the 
manufacturer usually uses standard parts even in 
special equipment. This reduces the spare parts stock­
ing problem to those supplied by one vendor-the com­
puter manufacturer. Because the spare parts are avail­
able, service calls will be quick and efficient- again 
reducing service contract cost. 

Finally, with regard to malfunctioning systems, the 
manufacturer has a deep knowledge of his product and 
has well established trouble-shooting techniques that 
permit rapid and efficient repair of an ailing computer, 
thus further reducing the effective costs of r~pair. 

A rather subtle point is continual service longevity. 
Too often independent "low cost" third parties suffer 
from the "here today, gone tomorrow" syndrome. Under 
certain conditions, this can spell disaster for the end 
user. The end-user project II}anager must have the 
foresight to think through these sometimes-overlooked 
aspects. 

Costly A lte rnatives 

Eventually, the majority of systems are expanded or 
extended after a period of operation. This happens be­
cause, after an end user has worked with his system for 
a while, he discovers other areas of application. There­
fore , the major question is whether to incorporate ex­
pansion capabilities in the initial design or to face 
the problem of expansion only when and as it occurs 
- sometimes a costly alternative. 

There is no absolute answer to this question, any 
more than there is an absolute answer to the question 
of who should design the interface itself. Because a 
large number of systems do get extended-and con­
sidering that leaving provisions for expansion within 
the initial design usually does not cost much more than 
a nonexpandable system-it is considered a good in­
vestment to provide for future growth. Adding expan­
sion capabilities later generally proves to be a very 
intricate and costly undertaking. 

Like the problem of the original design, who is re­
sponsible for modifying the system depends upon many 
variables. Here, however, it is a little more clear-cut 
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SOFTWARE? ,, 
• 

THE END USER'S 

INTERFACE 

I'll MAINTAIN MY COMPUTER-BASED SYSTEM 

Are You Sure You Know How? 
An end-user project manager agrees to main­

tain his computer system containing special inter­
face designed and built by his engineer. Inevita­
bly, the interface develops problems-6 months 
after installation. However, the engineer deter­
mines the problem in less than 2 hours. While 
still filled with pride for saving the cost of a ser­
vice contract, the engineer is transferred. Then 
the manager turns to the computer manufacturer 
for a service policy on the entire system. 

because the expansion will almost invariably involve 
the computer. The end user's resources, and usually 
even those of the system houses, are not as compre­
hensive as those of the computer manufacturer in any 
expansion program. 

Final Analysis 

In order to build that optimum system, many design 
factors must be considered-some not too obvious. 
Since the most important consideration in the area of 
design is definition of the interface parameters, these 
parameters should be nailed down precisely as a pre-
1 ude to and guide to choosing a system design. D 

It is then that he learns that his engineer has 
the complete design in his head-no documen­
tation. Also, the "mother board" is a custom pack­
age. He did recall his engineer saying something 
about cost savings in his packaging approach. 

Who does the user turn to for service? Com­
puter manufacturer will service his standard 
equipment, but what about interface? Only one 
man, the designer, knows for sure what it is 
- better get him at any cost. 

Bradstreet Vachon is man­
ager of the Computer Special 
Systems Group at Digital 
Equipment Corp., Maynard, 
Mass. Bradstreet is a gradu­
ate of Wentworth Institute 
and has been granted two 
patents. He is a member of 
ISA. Mr. Vachon feels that 
"far too much emphasis has 
been placed on looking at 
C.P.U. costs-which actually 
can be as little as 1/6 the 
total costs of system imple­
mentation''. 
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exc usive· 

Four exclusive-OR gates in a single pack­
age permit a fresh look at the design of 
cyclic-code converters. 

Popular techniques for designing cyclic-code converters 
have been expensive in terms of the actual hardware 
needed to build the circuits. Usually this is because 
they are serial converters built with conventional 
gates. Today, multicircuit chips allow code conversions 
such as Gray-to-binary or binary-to-Hamming to be 
performed in parallel - but with a substantial reduc­
tion in hardware. Designers now can attack the conver­
sion speed and cost problems broadside. 

unrave s c c ic co es 

011010 Computer Hardware 

Gray-to-binary conversion is extremely easy to 
design. For example, the actual gate complexity using 
conventional gates is 15 for the 4-bit converter shown 
in Fig. 1. However, with quad exclusive-OR gates such 
as the DM 7086/DM 8086, all that is required is one 
package and three connections. 

Converting binary to a Hamming code is more com­
plex, because the Hamming code is three-dimensional. 
This type of code detects and corrects errors using 
parity check bits distributed throughout the message 
word. With the help of a truth table, the exclusive-OR 
gates easily unscramble the necessary logic. In Fig. 2, 
six gates (l-1/2 packages) convert a 4-bit binary word 
into a 7-bit Hamming-code word. With the circuit in 
Fig. 3, three check bits permit single error detection. 

Exclusive-OR gates certainly are not a new logic 
concept. The novelty of these devices is that they 
provide a minimum-package solution to functions best 
performed with exclusive-OR logic. Each package is 
functionally equivalent to four AND/OR/INVERT 
gates and eight inverters-equivalent to 20 gates/ 
package. Obviously, these devices are more economical 
to use. A "minimum gate" solution in reality requires 
more packages and costs more by the time the systerri 
is built. D 

N o v e m be r 1 5, 1 9 7 0 



GO G2 GJ 

BO B1 B2 BJ 
GRAY/ BI NARY TRUTH TABLE 
INPUTS 

No. G3 G2 G1 GO 
0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 1 
3 0 0 1 0 
4 0 1 1 0 
5 0 1 1 1 
6 0 1 0 1 
7 0 1 0 0 
8 1 1 0 0 
9 1 1 0 1 

10 1 1 1 1 
11 1 1 1 0 
12 1 0 1 0 
13 1 0 1 1 
14 1 0 0 1 
15 1 0 0 0 

Fig. 1-Gray-code conversion to binary code is ideal for 
exclusive-OR elements. As indicated in truth tab le, 
binary bit B2 is " l " whenever Gray code bits G3 and G2 
are different; Bl is " l " whenever bit combination of Gl, 
G2 and G3 is odd, and so on. To increase the word 
length, extend the daisy chain to the left. 

H7 

H6 

HS 

H4 

HJ 

H2 

H1 

H1 H2 H3 H4 H5 H6 H7 

BINARY/ HAMMING TRUTH TABLE 
INPUTS OUTPUTS 

No. YB Y4 Y2 Y1 H7 H6 H5 H4 HJ H2 H1 
0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 1 1 0 0 1 0 1 1 
2 0 0 1 0 0 1 0 1 0 1 0 
3 0 0 1 1 1 1 0 0 0 0 1 
4 0 1 0 0 0 0 1 1 0 0 1 
5 0 1 0 1 1 0 1 0 0 1 0 
6 0 1 1 0 0 1 1 0 0 1 1 
7 0 1 1 1 1 1 1 1 0 0 0 
8 1 0 0 0 0 0 0 0 1 1 1 
9 1 0 0 1 1 0 0 1 1 0 0 

10 1 0 1 0 0 1 0 1 1 0 1 
11 1 0 1 1 1 1 0 0 1 1 0 
12 1 1 0 0 0 0 1 1 1 1 0 
13 1 1 0 1 1 0 1 0 1 0 1 
14 1 1 1 0 0 1 1 0 1 0 0 
15 1 1 1 1 1 1 1 1 1 1 1 

Fig. 2- Hamming code is an error-detecting and correct­
ing code that employs check bits distributed through­
out message word . Truth table illustrates how a 4-bit 
bi nary word converts into 7-bit Hamming code. 

Information bits H3, H5, H6 and H7 are message bits 
and are the same as respective binary bits Y8, Y4, Y2 
and Yl. Information bits Y8, Y4 and Yl form check bit 
Hl ; Y8, Y2 and Yl form H2; and Y4, Y2 and Yl form H3. 
Check bits detect odd parity (they are " l " when number 
of information bits is odd). 

}------+X2 

}-----• X1 

l------• xo 

Fig. 3- When receiving transmitted Hamming code, check bits provide error detection. 
Bit positions H 1, H3, H5 and H7 generate error output XO; H2, H3, H6 and H7 generate 
Xl; and H4, H5, H6 and H7 generate X2. Error outputs are " O" only when t here is an 
even number of " ls" in each four-bit group. If there is an error in either information or 
check bit, appropriate error output goes to " l ". Binary combination of these outputs 
identifies the erroneous bit. Following examples il lustrate circuit operation. 

VALID MESSAGE ERRONEOUS MESSAGE 
NO. 

3 
9 

12 

H7 H6 H5 H4 H3 H2 Hl 

0 1 
0 0 
1 0 

H7 H6 H5 H4 H3 H2 Hl 
BIT POSITION 
XO Xl X2 

Jeff Kalb, director of dig­
ital IC operations at 
National Semiconductor 
Corp., Santa Clara, Calif., 
is responsible for design , 
development and produc­
tion of all digital IC com­
ponents. J eff received his 
degree in electrical engi­
neering from the Univer­
sity of Cincinnati. He has 
four patents pending and 
has authored several 
articles. 

1 1 0 0 0 
1 0 0 1 1 
0 0 1 1 1 

0 1 0 0 0 0 1 
1 0 1 1 0 0 
0 0 1 1 0 0 

1 1 1 (H7) 
1 0 1 (H5) 
0 1 0 (H2) 
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Intel introduces Type 1103, a history-making 
1024-bit RAM made by our silicon-gate MOS 
process at such high yields that the cost dips 
below cores. · 
Just tell us what core memories cost you, and 
we'll tell you how to build operational Type 
1103 memories for less cost in any size from 
50,000 bits to 10,000,000 bits. 
The Intel 1103 makes a fully assembled mem­
ory system that has a maximum access of 
300 nanoseconds and a total cycle time of 600 
nanoseconds. The chip is fully decoded and 
dissipates only 100 microwatts per bit, permit­
ting dense packing in compact configurations. 
For proof of the cost advantage, phone your 
Intel representative or call us collect at (415) 
961-8080. For immediate delivery phone your 
local Intel distributor, Cramer Electronics or 
Hamilton Electro Sales. If your distributor isn't 
stocked, call Intel collect for immediate same­
day shipment. 
Intel Corporation is in high-volume produc­
tion at 365 Middlefield Road, Mountain View, 
California 94040 . 
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B. 0. BROEKER, JR., Motorola Semiconductor Products, Inc. 

dioilal circuits invade &Hz ranue 
Often the highest-speed digital circuit in a system is 
the binary divider or toggling flip-flop. When the sys­
tem speed approaches the state of the art, a binary di­
vider is used to divide the operating frequency down to 
a more readily operable range. Thus, prescalers have 
evolved in counter and synthesis circuitry. With a few 
simple modifications to a basic ECL circuit, a binary 
divider can be developed that is capable of operation 
to 1 GHz. 

Basic gate, shown in Fig. 1, consists of a current­
mode switch and emitter follower outputs. Assuming 
that current-mode logic will be used, there are several 
changes that can be made to the basic ECL circuit to 
decrease propagation delays and other switching times. 

The first change is to omit the emitter follower out­
put and coupling stages that give the logic family its 
name. By coupling the collector of one current mode 
switch directly to the base of the next current switch, 
the propagation delay through the coupling transistors 
is eliminated. This , of course, necessitates a smaller 
logic swing if the current switch transistors are to be 
kept out of saturation. A 300-mV logic swing was 
chosen as being sufficient to drive the current switches, 
yet small enough to keep the switches in the active 
region. 

Fig. 1- Basic MECL Ill gate consists of current­
mode switch and emitter follower output. 

. • CI RC LE NO. 410 

An increasing number of digital 
circuits have invaded the once-private 
realm of RF circuitry. Monolithic 
emitter-coupled logic handling 
frequencies up to 400 MHz has become 
routine, with 1 GHz as the next plateau. 

Second change is to reduce the 100!1 collector resis­
tors to 15!1, thus reducing the impedance level of the 
switch. This has the effect of reducing the parasitic 
and junction capacitance time constant, resulting in 
faster rise time. Also, the 15!1 colle~tor resistor 
allows higher currents within the 300-m V logic swing, 
decreasing discharge time and resulting in faster 
fall time. 

Because the monolithic design was not complete, a 
test circuit comprised of discrete components was 
built to prove the design concepts. For the initial 
design, the selected transistor MMT3960B was in an 
extremely small µ,T epoxy package and had a typical 
fr of 2 GHz at 20-mA collector current and low collec-

tor voltage. The small package allows very small 
total circuit size. 

Two current-mode flip-flops cross-
coupled in a master-slave configu­

ration form the 1-GHz divider 
(Fig. 2). The second-level current 
switches control latching and up­
dating of the individual flip­
flops. These switches are driven 
in such a way that the logic state 
of the master is shifted into the 
slave on the positive transition 
of the input voltage, then in­
verted and transferred back to 
the master on the next negative 
transition-result, a .;-2 function. 
The secondary switches, as well 
as all others, are driven differen­
tially to eliminate rise- and fall­
time difference effects. Since the 
divider is intended for direct 

(Continued) 

Computer Hardware 011111 



Gigahertz (Cont'd) 

interfacing with MECL III circuits, an output stage 
was added to provide an 800-mV logic swing. If this 
output stage is not to saturate, the master and slave 
outputs must be translated downward with a diode 
drop in the power supply section. 

The final circuit is shown in Fig. 3. The-0nly emitter­
follower used in the circuit is in the output where 
addi tional delay is noncritical because it runs at one­
half the frequency of the remaining circuits within the 
device. 

To minimize interconnections, one transistor was 
soldered directly to another. The resulting three­
dimensional array with outward radiatip.g resistors 
(Fig. 3), while difficult for mass production, pro­
vides very short signal paths and produces maximum 
frequency response. During tests, the device could be 
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Fig. 2-A 1-GHz divider comprised of modified MECL 
Ill elements with second level current switches. 

100000 Computer Hardware 

"tweaked" to a maximum operating frequency of 
1.04 GHz. 

In an effort to increase reproducibility, several 
printed-circuit board designs were considered in an 
effort to keep overall size as small as possible. The 
selected board has components on both sides with sev­
eral transistors stacked on top of others. Micro-minia­
ture connectors were used because they hav·e better 
high frequency transmission characteristics than the 
standard BNC types. Maximum operating frequency 
of the transistor MMT3960B is about 850 MHz mount­
ed on this board-15 percent decrease in circuit re­
sponse attributable to physical layout. A newly­
released transistor MMT8015 with f.r of about 4 GHz 
was tried, and the maximum toggle frequency on the 
board increased to 1.15 GHz. 

SLAVE 
Vee 

15 15 

luPDATE . !STORE 

1 ~20rm 

These switches control latching and updating of 
individual flip-flops. 
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The divider has no current switch offset such as that 
designed into the MC1670S, thus it is sensitive to the 
input rise time. The input current switch must see 
switching times less than the propagation time of the 
master-slave sections, or the divider can oscillate 
during transitions. A current-mode Schmitt trigger 
was used to drive the divider at lower frequencies. 
If this input characteristic is satisfied , the device can 
be used from its maximum limit down to close to de, 
depending on the size of the input-coupling capacitors. 

This divider can be used in a multitude of counter, 
synthesizer or signal processing applications. However , 
the 250- to 750-mV input requirements place a strain 
on the state of the art in amplifier design. Therefore, 
it is probable that the initial use will come in synthesis 
circuits where signals of proper amplitude are avail-

15 15 

50 15 15 50 

150 

- Vee 

J 150 
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Fig. 3- Final design of 1-GHz divider shown in photograph. 

able. As soon as suitable gain amplifiers are avail­
able, electronic counters using this divider will be 
able to count directly from de to 1 GHz. o 
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Bud Broeker is a section man­
ager in the Computer Applica­
t ions Dept. at Motorola Semi­
conductor Products, Inc., Phoe­
nix, Ariz. Bud's major duties 
include application engineering 
and responsibilities for memory 
and interface system designs. 
He received a B.S.E.E. from 
Lehigh Universi ty and M.S.E.E. 
from the University of Illinois. 
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New Interface for Mini-Computers 
- without computer modification 
•PDP 81/L •PDP 11 • 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-P2114, 15, 16 $1 ,365. 

Datascan 
CIRCLE NO. 41 ~ 

Your New Interface system sounds good -

O Send me informat ion by return mail 

O Call me for a demonst rati on on my co mputer. 

I have a ..................... ............ mini -co mputer. 

Tt TLE ________ ______ _ 

COMPANY ___ _ _ ____ _ ___ _ 

ADDRESS ___ _ _ ________ _ 

CITY - -------- STATE _ __ _ 

ZIP ____ _ __________ _ 

PHONE ______________ _ 

DATASCAN, INC. 
1111 Paullson Avenue, Clifton, N. J. 07013 

Telephone 201-478-2800 



1970 FJCC preview 
Technical Program for the 1970 Fall 
Joint Computer Conference includes 
26 sessions designed to provide a view 
of the latest developments and ex­
pected trends in computer hardware, 
software and applications. Seventy­
four technical papers and nine panel 
discussions are planned on a number 
of major topics of importance to the 
computing field. The conference, 
sponsored by the American Federa­
tion of Information Processing Soci­
eties (AFIPS), held Nov. 17-19 in the 
Astrohall in Houston, also features 
exhibits of computer hardware, soft­
ware and services. 

In the hardware area, pertinent 
sessions will be held on computers 
and communications and on memory 
systems. As part of the presentation 
on Computers and Communications, 
a special panel session will attempt to 
lay bare some of the problems in this 
field and to formulate reasonable ap­
proaches for solving them. In the area 
of memories, the planned session 
should give the attendee a fairly good 
picture of what's currently being 
done in hierarchical memory systems 
development. 

Hardware sessions are: 
SESSION 2 - MODERN MEMORY SYS­
TEMS (Tuesday 12:30-2:30) Session 
Chairman: L. Litman, Shell Develop­
ment Co., Houston, Texas. 
2/1-0n Memory System Design, 

R. M. Meade, Cogar Corp. 
2/2- Design of a Megabit Semicon­

ductor Memory System, D. Lund, 
C. A. Allen, S. R. Anderson and 
G. K. Tu, Cogar Corp. 

2/3 - Design of a Very Large Storage 
System, S. J . Penny, R. L. Fink 
and M. Alston-Garnjost, Law­
rence Radiation Labs. 

SESSION 3 - DESIGN FOR RELIABILITY 
(Tuesday 12:30-2:45) Session Chair­
man: W. G. Bouricius, IBM Corp., 
Yorktown Heights, New York. 
3/1- Optimum Test Patterns for Par­

ity Networks, D. C. Bossen, D. L. 
Ostapko and A. M. Patel, IBM, 
Systems Development Div. 

3/2 -A Method of Test Generation for 
Fault Location in Combination­
al Logic, Y. Koga and C. Chen, 
Univ. of Illinois and K. Nae­
mura, Nippon Telegraph and 
Telephone Public Corp. 

3/3-The Application of Parity 
Checks to an Arithmetic Con­
trol, C. P. Disparte, Xerox Data 
Systems. 

SESSION 10- COMPUTERS AND COM­
MUNICATION - A BURGEONING IN­
DUSTRY (Part I- Wed. lf:00-12:30) 
(Part II is Session 13-Wed. 2:00-
4:30) 
Session Chairman: R. A. Kaenel, Bell 
Telephone Labs., Murray Hill, N. J . 
10/1-The Telecommunications 

Equipment Market: Public 
Policy and the 1970s, M. R. 
Irwin, Univ. of New Hamp­
shire. 

10/2 -Digital Frequency Modulation 
as a Technique for Improving 
Telemetry Sampling Band­
width Utilization, G. E. Hey­
liger, Martin Marietta Corp. 

10/3 -The Aloha System - Another 
Alternative for Computer Com­
munications, N. Abramson, 
Univ. of Hawaii. 

SESSION 13 - COMPUTERS AND COM­
MUNICATION - A BURGEONING INDUS­
TRY (Part II- Wed. 2:00-4:30) 
Session Chairman: R. A. Kaenel, 
Bell Telephone Labs., Murray Hill , 
N. J. Presentations: "Communication 

events 

Based Data Processing in the 1970s", 
F. N. Trapnell, T. C. Hudson Assoc., 
London England; "Computer Net­
works and the Common Carrier", 
J. W. O'Byrne, MCA, Washington, 
D. C.; "Communications Control Sys­
tems", A. E. Lewis, Comcet, Rockville, 
Md.; "Communications Software Or­
ganization", W. A. Levy, Informatics, 
Riveredge, N. J . 
SESSION 25 - SELECTED COMPUTER 
SYSTEM ARCHITECTURES (Thurs. 
2:00-4:00). 
Session Chairman: R. W. Watson, 
Shell Development Co., Emeryville, 
Calif. 
25/1-Associati ve Capabilities for 

Mass Storage Through Array 
Organization, A. M. Peskin, 
Brookhaven National Labs. 

25/2-lnterrupt Processing with 
Queued Content-Addressable 
Memories, J . D. Erwin, E. D. 
Jensen, Southern Methodist 
Univ. 

25/3-A Language-Oriented Comput­
er Design, C. McFarland, First 
Business Computing Corp. 

A BROAD PERSPECTIVE (Wed., Novem­
ber 18, 8:30-10:00) Mr. Gerhard L. 
Hollander, Hollander Associates, will 
present "System Architecture in the 
LSI Era". (10:30-12:30), Dr. John W. 
Carr, III and Dr. David K. Hsiac will 
present "Multiprogramming Systems 
Design, and Operation-Current and 
Future". 

Fall Joint Computer Conference 
Proceedings may be ordered through 
the American Federation of Informa­
tion Processing Societies, 210 Sum­
mit Ave., Montvale, N J 07645, at a 
cost of $26 with a 50% discount to 
members of AFIPS constituent soci­
eties provided the order is prepaid. 
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coming soon ... 
CONFERENCE ON DISPLAY DEVICES, 
Dec. 2-3, United Engineering Center, 
New York, N.Y. Designers should 
find the invited paper "Display Re­
quirements for Future Man/Machine 
Systems" by Stephen W. Miller of 
Stanford Research Institute to offer a 
good deal of insight into the limita­
tions of the presently used CRT and 
what is needed for future systems. 

ADAPTIVE PROCESSES: DECISION 
AND CONTROL SYMPOSIUM, Dec. 7-9, 
Univ. of Texas, Austin, Texas. D. G. 
Lainiotis, Electronic Research Cen­
ter, Univ. of Texas, Austin, Texas. 

• 78712. 

call tor papers 
NATIONAL TELEMETERING CONFER­
ENCE AND EXPOSITION, April 12-15, 
1971, Washington Hilton Hotel, 
Washington, D. C. Specific paper 
areas on Computer Communications 
covering: computer traffic statistics, 
multiplexing techniques and inquiry­
response systems communications. 
Signal Processing covers: coding 
and data compression theory, pro­
grammed data processors and deci­
sion and information theory. Send 
300-word abstract by Dec. 14, 1970 to 
Henry B. Riblet, NTC '71 Technical 
Program Chairman, The Johns Hop­
kins Univ., 8621 Georgia Ave., Silver 
Spring, MD 20910. Telephone: (301) 
953-7100. 

COMPUTERS AND AUTOMATA - TO­
WARDS A COMMON THEORY April 13-
15, 1971, New York City. Tentative 
arrangement of sessions is: Basic 
Limitations on Speed and Power, 
Real-Time and Other Time-Bounded 
Computations, Computer Architec-
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COMPUTER SYSTEMS ANALYSIS, Dec. 
9-11, Washington, D. C. Three-day 
seminar designed to insure that com­
puter systems analysis is carried out 
with reference to specific hardware, 
software, and logical criteria; to iden­
tify procedures for updating com­
puter-based. operations; and to ap­
praise available options of the Sys­
tems Analyst. Brig. Gen. Fred Karch, 
The Institute for Advanced Technol­
ogy, 5272 River Rd., Washington, 
D. C. 

INTERNATIONAL SYMPOSIUM ON CIR­
CUIT THEORY, Dec. 14-16, Sheraton 

tures and Synthesis of Automata and 
Logical Circuit Design. Send abstract 
of 500 words before Dec. 15, 1970 to: 
Polytechnic Institute of Brooklyn, 
MRI Symposium Committee, 333 Jay 
St. , Brooklyn, NY 11201, . Attn.: 
Jerome Fox. Telephone: (212) 643-
2393. 

1971 ELECTRICAL & ELECTRONIC 
MEASUREMENT & TEST INSTRUMENT 
CONFERENCE, June 1-3, 1971, Skyline 
Hotel, Ottawa, Ontario, Canada. 
Papers on: Automation of Measure­
ments, Digital and Sampling Tech­
niques and Pulse Measurements. 
Send four copies of 200-word abstract 
and 500-1000-word summary by Jan. 
15, 1971 to Mr. F . L. Hermach, Elec­
trical Instruments Section, National 
Bureau of Standards, Washington, 
DC 20304. 

1971 IEEE/OSA CONFERENCE ON 
LASER ENGINEERING AND APPLICA­
TIONS, June 2-4, 1971, Washington 

even1s 

Biltmore Hotel, Atlanta, Ga. With a 
theme "The impact of new technol­
ogies and disciplines on circuit the­
ory", sessions of interest are: I Cs and 
Telecommunications for the 70s, 
Graphs and Structural Properties of 
Networks, Digital Filtering-Design 
Problems and Application, Computer 
Aided Network Design, Graphs and 
Networks in the Real World, Digital 
Filters, Active Circuits and Modeling, 
Systems and Computational Tech­
niques for Networks. Ivan Frisch, 
Network Analysis Corp., Beechwood, 
Old Tappan Rd., Glen Cove, N.Y. 
11542. 

Hilton Hotel, Washington, D C. Pa­
pers on Optical Information Pro­
cessing, Storage and Retrieval Sys­
tems and Techniques, including 
Holography. Send 2 copies of 35-word 
abstract and 500-word summary by 
Jan. 11, 1971 to Mr. Donald R. Herri­
ott, Bell Telephone Labs., Murray 
Hill , N J 07974. Telephone: (201) 
582-3908. 

1971 SUMMER COMPUTER SIMULA­
TION CONFERENCE, July 19-21, 1971, 
Sheraton-Boston Hotel, Boston, Mass. 
Understanding through simulation. 
Papers should stress the conceptual 
aspects of computer simulation, rather 
than language or computational de­
tails, and emphasis should be placed 
on the communication of ideas 
through examples. Send 500-word ab­
stract by Nov. 30, 1970 to Program 
Co-Chairman, Edward E. L. Mitchell, 
Raytheon Co., Hartwell Rd. , Bedford, 
Mass. 01730. Telephone: (617) 274-
7100 Ext. 3212. 
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field program your own ROM 
Spectrum Dynamics, Inc., Ft. Lauder­
dale, Fl. , offers a memory program­
mer Model 402 that is portable and is 
designed specifically to establish pat­
terns on programmable integrated­
circuit read-only memories. Manual 
or automatic programming and veri­
fying are performed quickly and re­
liably without auxiliary equipment. 
Manual programming of a 64 by 8 
ROM, using a specially designed pro­
gram data card, is achieved in min­
utes. This master pattern may then 
be used for programming duplicate 
ROMs automatically. 

The address section, 512-word ca­
pability, includes an up/down coun­
ter, a 3-digit word number readout 
and a word capacity selector. Program 

switches permit selection of up to 
eight logical ''l''s for each word. Elec­
trical programming is accomplished 
internally by generated signals of 
exact amplitude and duration - pre­
scribed by the ROM manufacturer. 

1ea1Ure products 

One row of bit indicators displays the 
program logic set into the storage by 
the operator, and a second row dis­
plays the logic actually programmed. 
Numerous other features have been 
incorporated to insure fast and accu­
rate programming. 

Using interchangeable socket as­
semblies, the Model 402 accommo­
dates many types of device packages 
such as 16-and 24-in dual in-lines and 
24-pin flat packs. Optional features 
include programming from external 
sources like card of tape readers. A 
separate tester, designated Model 124, 
checks parameters of the ROM. The 
12- by 10- by 5-in unit weighs 10 lb. 
Price is $945. Spectrum Dynamics, 
Inc. , Ft. Lauderdale, FL 33307. 420 

unique memory concept surpasses other techno1ouies 
Less than 100 ns cycle time, batch 
fabrication , low drive current require­
ments, no deterioration of perfor­
mance due to aging, non-volatile and 
high package density all describe a 
unique approach labeled "flux ring". 
In a nutshell , this is what Signal Gal­
axies offers memory designers and 
users for less than one cent per bit. 

Relaxed magnetic characteristics, 
provided by this concept, are part of 
the key to the memory's outstanding 
performance. Signal Galaxies is cur­
rently offering planar arrays ofthick­
film elements that provide 8 to 32k 
bits of storage with up to 16k ele­
ments in a 4 in2 • By late 1970, up to 
64k-bit arrays in a single stack will 
be offered. These, in turn, can be 
easily expanded into million-bit mem­
ories. 

Two adjacent memory elements per 
bit provide 100% redundancy. Al­
though failure of one element will 
cause degraded output of that ele­
ment, the remaining element will 
still function as a storage unit. This 
redundancy also permits degraded 
elements to be bypassed when neces-

101000 Computer Hardware 

sary by stringing a few wires from 
adjacent bit elements. 

Complementary bit structure and 
uniformity of the plane insures self­
cancellation of common-mode noise 
- a problem in virtually every mem­
ory technique. A further advantage 
of the "flux ring" is "magnetic clo­
sure" , a proprietary technique that 
provides nonvolatility of memory bits 

because the elements remain locked 
in their magnetized state .in case of 
power failure. 

Output voltage is independent of 
word current direction. Word drive 
currents are lower for "flux ring" 
than for plated wire. For example, 
flux-ring drive currents are approxi­
mately 450 mA as opposed to 900 to 

1200 mA for plated wire, thereby per­
mitting the use of smaller word-select 
transistors. Rise times for this mem­
ory are typically < 10 ns. Aging in 
conventional planar film memories 
usually is indicated by increase of 
skew and dispersion. With the "flux 
ring", these are mechanically de­
fined parameters, so there can be no 
change in them, and the output flux 
available is greatly increased. 

Users can organize the "flux ring" 
memory either as 2D or 2-l/2D, de­
pending upon how they set up 
their electronics. Cleanrooms meet­
ing semiconductor standards and a 
series of several thousand com­
prehensive tests on each plane per­
formed by Signal Galaxies assures 
uniform, high qua Ii ty of all planes. 
Users can test them on the same 
equipment used to test plated-wire 
memories. With each plane is shipped 
a complete computer diagnosis of the 
upper and lower limits of the readout 
signals and location of the 12 lowest 
and highest signal bits. Signal Gal­
axies, Inc. , 6955 Hayvenhurst St., 
Van Nuys, CA 91406. 421 

N o v e m b e r 1 5, 1 9 7 0 



Design Products 

D/ A Converter 
Touts 9/1 Settling Improvement 

With a price tag that ranges from 
$10 to $36 (100 units), Burr-Brown 
introduces Model 4550 quad cur­
rent switch that offers these specif­
ications: 12-bit accuracy ( ± 0.01 %) 

using a - 15V supply, switching 
time of 200 ns for settling to within 
± 0.01 %, temperature coefficient of 
error only ± 2 PPM/°C and a choice 
of two operating temperature ranges 
0 to 70°C and - 55 to 125°C. 

To achieve these characteristics, 
the monolithic IC design team at 
Burr-Brown attacked those areas 
that were the performance limiting 
parts of circuits presently available. 
With current switching instead of 
voltage switching, for example, time 
delays from the charge-storage 
effects in saturated transistors are 
eliminated. However, current switch­
ing poses the problem that it is dif­
ficult to get V B E matching and good 
thermal tracking between current 
switches that have extreme differ­
ences in current. In a 12-bit converter 
the MSB switch current is 2048 times 

LOGIC INPUTS 
LSB 

4550 

CURRENT 

SWITCHES 

BR 4R 2R R 

4550 

CURRENT 

SWITCHES 

':' BR 4R 2R R 

REFERENCE 

CIRCUIT 

MSB 

RF 

4550 

CURRENT 

SWITCHES 

':' BR 4R 2R R ':' 
Ea -RFio 

12-bit D/A converter. Reference circuit conta ins zener diode, op amp and 
summing resistors that provide base drive to all quads which compensates 
for drift. 

larger than that through the LSB 
switch. To overcome this limitation, 
Burr-Brown chose a current switch­
ing method where current densities 
are made equal. Logic partitioning 
is identical to Analog Devices 
µ,DAC concept (AD550). 

Each Burr-Brown 4550 contains 
a 4-bit section that produces four 
weighted-current outputs. Nominal 
values are 1, 1/2, 1/4 and 1/8 mA but 
the 4550 can switch up to 5-mA cur­
rents. This higher current level 
allows use of lower impedances which 
improve switching speed. 

To make 8-bit to 12-bit converters, 
4-bit sections are cascaded and 16:1 
current attenuators between circuits 
provide proper sealing. 

In this design, monolithic construc­
tion makes having an initial V/J E 

match within 500 µ,V easy and both 
V

8
f; and beta track accurately. For 

temperature compensation of full­
scale output, a reference transistor 

included in each quad substrate 
tracks the current switches. With 
an external op amp, a stabilizing 
loop is formed that holds all current 
densities constant with V BE drift. 

For switching, Burr-Brown uses 
all npn high-gain input switches to 
avoid use of slow monolithic pnp 
circuitry. The emitter-base reverse 
bias that turns off the current switch­
es is controlled by an input gating 
circuit. This circuit is designed to 
minimize the time delay caused 
by emitter-base capacitance charge­
storage effects. Result is a 9/1 im­
provement in switching speed and 
settling time to 200 ns for a 12-bit 
conversion. A bonus from this high 
speed design is that power supply 
range is improved. The 4550 operates 
from a positive supply of 5 to 18 Vdc 
and from a negative supply of -14 
to -16Vdc. Burr-Brown Research 
Corp., International Airport Indus­
trial Park, Tucson, AZ 85706. 
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MOS/LSI Calculator Circuits 
Now in Standard Kit 

Six MOS/LSI circuits that provide the en­
tire electronic logic required to build an 
eight-digit, four-function, desk-top calcu­
lator have been announced by Electronic 
Arrays, Inc. 

Offered as the industry's first off-the­
shelf calculator circuits, the set provides 
the functions of add, subtract, multiply 
and divide. Data entry by the user­
supplied keyboard is to eight digits with 
internal arithmetic operations and storage 
to 16 digits. A fixed decimal point can be 
electronically set and constant multi­
plier/divisor can be entered and stored. 
Sign and overflow are indicated and non-

Systems 

Portable calculator, Marchant One, 
weighs only 38 oz, yet has the capacity and 
features of larger machines. The 10- by 
5- by 2-in unit has 8-numeral display and 
the price is $495, including battery re­
charger. SCM Corp., 299 Park Ave., New 
York, NY 10017. 236 

Digital computer laboratory makes logic 
design come alive for students and re­
searchers. Complete lab, including work­
book, circuitry and patch board, sells for 
$395. Quantum Electronics Corp., 1106 
Wisterwood, Houston, TX 77043. 226 

Two computers , 2114C and 2116C, are 
16-bit machines with memory cycle times 
of 2 and 1.6 µ.s respectively. Storage ca­
pacities are 8k (2116C) and 4k (2114C) 
with expanding capabilities. Hewlett-Pac­
kard, 1501 Page Mill Rd., Palo Alto, CA 
94304. 227 
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significant zeroes are suppressed. The 
maximum solution time with a 200 kHz 
clock is 120 ns. There are separate clear 
and clear-entry functions. The user sup­
plies his own display system to the BCD 
outputs. 

Each of the six MOS circuits is packaged 
in a 24-pin dual in-line hermetic package 
and all utilize p-channel enhancement 
mode technology. The set is composed of 
(1) an input chip, (2) a register chip, (3) 
an arithmetic chip, (4) a control ROM, (5) 
control logic and (6) an output chip. Price 
in lots of 1-10 is $158.46/set dropping to 
$119.04/set in 100-499 quantities. See 

Digital communication system, DCC-90, 
can be used as a front-end processor and a 
remote programmable concentrator. Sys­
tem features synchronous and asynchro­
nous communications with 2000 to 50,000 
baud and 40 to 9600 baud respectively. 
Time-Zero Corp., 12701 S. Van Ness Ave., 
Hawthorne, CA 90250. 228 

Optical page reader, DFR-100, operates 
at between 8 and 64 characters/s. The 
32-lb unit handles document sizes up to 
8.5 by 14 in. Power requirement is 117 
Vac, 60 Hz, with 200W power dissipation. 
Datatype Corp., 1050 N.W. 163 Dr., Miami, 
FL 33169. 229 

Data acquisition system, "Milliverter", 
accepts up to 64 low-level together with 
32 high-level analog inputs. Unit is avail­
able with either 12- or 14-bit AID con­
verter. Throughput rate is 40 kHz. Ray­
theon Computer, 2700 So. Fairview St., 
Santa Ana, CA 92704. 230 

A/D converter provides high resolution 
video with 64 separate shades of gray. 
Converter made up of ICs samples inputs 
every 10 ns with 6-bit resolution. Hughes 
Aircraft Co., Box 90515, Los Angeles, CA 
90009. 231 

Computer system 1080 provides acqms1-
tion and analysis of spectral data using 
Fourier or CW NMR techniques. Features 
include 20-bit word and a memory that 
can be expanded from 8192 to 45,056 
words. Fabri-Tek Instruments, Inc., 5225 
Verona Rd., Madison, WI 53711. 232 

them at FJCC in Houston, Nov. 17-19, 
Booth 1427. 

Electronic Arrays, Inc., 501 Ellis St., 
Mountain View, CA 94040. 224 

Memories 

Monolithic memory, Type 1103, is a MOS 
RAM with 1024 by 1 organization and is 
fully decoded. Contained in a plastic 18-
pin DIP, price is $0.01/bit in 100,000 or 
more quantities. Intel Corp., 365 Middle­
field Rd., Mountain View, CA 94040. 
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A 256 by 8 ROM features 350 ns cycle time 
and 175 ns access time. It requires 5V 
supply and is TTL compatible (74 Series). 
In 100 quantity, it sells for $289. Unicom, 
Inc., 1275 Bloomfield Ave., Fairfield, NJ 
07006. 234 

Medium capacity 2-1/2D core memory, 
NANOMEMORY 2500, stores up to 294,-
912 bits. Using 18-mil cores, the cycle 
time is 500 ns and access time is 300 ns. 
All electronics and stacks are PC board 
mounted. Electronic Memories, 12621 
Chadron Ave., Hawthorne, CA 90250. 
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Plated wi re memory, NM-1000 Series, Magnetic Tape 
features 200 ns read access, 300 ns read 
time and 500 ns write time. Maximum 
capacity is 163,840 bits. Stack is modular 
in design . Nemonic Data Systems, Inc., 
1301 W. 3rd Ave., Denver, CO 80223. 
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Plated-wire memory (4k by 72), 2D multi­
plexed array, may be organized as 8k by 
36, 16k by 18 and 32k by 9 systems. 
Standard configuration prices are $0.035/ 
bit for complete systems. MSI, Haw­
thorne, CA. 238 

Serial memory, MOSTOR 100, is a 1024 by 
8- or 9-bit system with a sequential access 
time of 0.3 µ,s. Packaged on a PC board, 
the basic storage element is a 512-bit, 
dynamic MOS shift register (EA1206). 
Electronic Arrays, Inc., 501 Ellis St., 
Mountain View, CA 94040. 239 

Mass memory system Discotor 510 com­
bines fast head-per-track access (8.7 ms) 
with interchangeable disc capability. 
Total capacity is 10 megabits with as high 
as 2.35 MHz transfer rate. Systematics/ 
Magne-Head Division, General Instru­
ment Corp., 13040 S. Cerise Ave., Haw­
thorne, CA 90250. 240 

Keyboards 

Keyboard has all encoding- up to 9 bits 
and 4 levels-on one LSI/MOS chip. Speci­
fications include 88 encoding keys plus 
direct functions, 200 mW power drain and 
double-shot-molded keytops. Clare-Pendar 
Co., Box 785, Post Falls, ID 83854. 241 

Keyboard array 53SW1-1 offers USASCII 
code assignment with four modes of opera­
tion. Both encoding and switch termina­
tion require only one PC board. Power re­
quirement is 5Vdc, 0.8A. Micro Switch, 
11 W. Spring St., Freeport, IL 61032. 
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Tape transport, PEC 6000 Series, attains 
high performance 75 ips operation without 
a vacuum column buffer. Transports use 
10 112-in reels and a re desi gned for mini­
computer application. Peripheral Equip­
ment Corp., 9600 Irondale Ave., Chats­
worth, CA 91311. 243 

Synchronous recorder, Model 205, uses 
1/8-in tape width cassettes a nd stores 
2 megabits. Packing densities of 500 or 
800 bpi and operating speeds of 6 or 12 ips 
are avai lable. Mobark Instrument, Inc., 
1038 W. Evelyn Ave., Sunnyvale, CA 
94086. 244 

Four tape loop system, Model 4196 Cartri­
File, has total storage capacity exceeding 
12 megabits. Each loop can be indepen­
dently controlled. Data transfer rate is 
18,000 bps. Tri-Data, 800 Maude Ave., 
Mountain Vi ew, CA 94040. 245 

Cassette bulk memory, ST-2 Minicorder, 
provides 2 megabits of storage in a com­
pact unit. Measurements are 8 7/16- by 
9 1/2- by 3 3/16-in and weight is 6 1/4 lb. 
Genisco Technology Corp., 18435 Susana 
Rd., Compton, CA 90221. 246 

Cassette tape transport, Model 250, is a 
4.5- by 6- by 2.4-in unit with recording and 
retrieval rate of 1000 8-bit characters/s. 
Unit required ± 5V. Price is $250 in OEM 
quantities. Computer Access Systems, 
3050 W. Cla rendon Ave., Phoenix, AZ 
85017. 247 

Computer Products 

Cassette tape transport, Compudette 
llOODC, is for portabl e app lications where 
low power drain is critical. Write speed is 
variable to 450 steps/s and read speed is 
selectab le from 3 to 12 ips. Compucord, 
Inc., 225 Crescent St., Waltham, MA 
02154. 248 

Hard Copy 

Incremental plotters, Series 1430, come 
with four factory selectable step sizes and 
OJ'lerate at 300 steps/s (250 steps/s for 
0.01-in uni t). The 14-in plotter weighs 
45 lb. University Computing Co., 1300 
Frito-Lay Tower, Dallas, TX 75235. 249 

Card Reader Model 9630-02 is a table top 
unit for OEM use. This low cost 96-column 
reader has an operating speed of 1200 
cards/min and costs $4500 with OEM 
quantity discounts avai labl e. Decision 
Data, 300 Jacksonville Rd. , Warminster, 
PA 18974. 307 

Strip printer, CRS 4, prints 64 a lphanu­
meric characters at 35 characters/s. It 
weighs 4 lb and measures 4 1/8 by 8 1/8 
by 3 in . Price is $149.99 ea. (quantiti es 
of 1000). Computer Terminal Systems, 
Inc., 52 Newtown Plaza, Pla inview, NY 
11803. 308 

Card reader operates up to speed of 90 
cards/min for full 80 column card. Cards 
are read photoelectrically. Reader is front 
loaded and unloaded. Hopper capacity is 
1000 cards. Data Pathing, Inc., 370 San 
Aleso Ave., Sunnyvale, CA 94086. 309 

Printing mechanism, Mark X, is for ap­
plications requiring low cost output. Unit 
prints up to ten columns at one line/s on 
standard adding machine paper. Price is 
< $170 in OEM quantities. Data Special­
ties, Inc., 1548 Old Skokie Rd., Highland 
Park, IL 60035. 310 
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is a switch? 



You've never seen anything like it before. 

A 14 pin dual inline switch that gives you greater 
programming capability in less space than 
any rotary, toggle, or sliding switch 
used in dual inline packaging. 

DAVEN'S NEW 100°/o IC COMPATIBLE 

Low Profile (only .230" 
high) allows PC cards to be 
stacked in % " increments. 
Screw driver slot, readily 
accessible in the front, provides 
six, equally spaced, detented 
positions, each corresponding to a respective circuit 
configuration. Switch positions are clearly identified 
at the front, and a pointer ·located above the screw driver 
slot. Factory-adjusted stops can limit the number 
of desired switch positions to your specifications. 

Knob Control. 
Dipswitches with 
flatted shaft 
extensions are 
available for 
operations 
requiring 
knob control. 

Dipswi t ch with Resistors 

Other electronic circuits, 

Piggy Back Feature lets you 
plug any 14-pin dual inline 
package onto the top of the 
switch. For example, up to six 
different voltages can be 
selected for field adjustment 
or testing circuits. 

packaged into IC components, 
such as delay lines, voltage 
dividing networks, and relays can 
be used in important new ways at 
considerable savings in cost and space. 
A punctu re seal type is available for 
immersion in c leani ng fluids. 

Dipswi t ch with 

IC Componen t 

Tandem Capability. A special coupling and rear shaft 
extension enables Dipswitches to be joined in 
tandem for even greater design versatility. 

.:; •' 
' ' 

Like any other IC component, the Dipswitch can be 
wave-soldered into a printed circuit card. The plastic 
housing of Celanese X917 is impervious to 
tetrachlorethylene cleaning solutions, Freon and 
alcohol. The Dipswitch is also available in a completely 
sealed waterproof housing . 

Without special tooling and assembly costs , the Dip­
switch can give you unmatched 
programming capability 
with utmost economy. We 'll be 
glad to assist you in any engineer­
ing application. Write or call us 
for the complete story on 11111116 
this great new development Jiii 
in dual inline switching. 

Daven Division , McGraw-Edison 
Company, Manchester, 
New Hampshire 03101. (603) 669-0940. 
TWX 710-220-1747 . 

DAVEN 
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Remote Control 
Operation 



RCA . ' 

Solid-State Data 
for Designers 

Profit makers: 
RCA's power 
transistor families 

Here are two established families 
of RCA low-power transistors-the 
2N5320 and its companion type, the 
2N5322-that can help you increase 
profit margins from your equipment 
sales. 

These extremely reliable devices 
are suitable for a myriad of general­
purpose industrial applications. To 
name just a few: industrial controls, 
test instrumentation and control 
equipment , and power amplifier 
drivers. 

The n-p-n 2N5320 and its p-n-p 
complement, the 2N5322, are dou­
ble-diffused epitaxial planar tran-

MOD. 
Application or 

cw 
Paper Tape Reader CW 

Card Reader CW 

Shalt Encoder CW 

Keyboard CW or 
CODED 

Ci rcuit Isolator MOO 
Coupler-
" DC Transformer" 

Data MOD 
Transmission 

line Finder( CW or 
Edge Sensor PULSE 

Intrusion Al:arm MOD or 
PULSE 

Remote Control MOD 
Signalling 

Voice PULSE 
Communications 

Ranging PULSE 

Night Vision PULSE 
Applications 

GaAIAs - wavelengths 
from BOO to 880 nm 

Emitter 

40736R 

40736R 

40736R 

40736R 

40736R 

40736R 
TA7762R 

40736A 

40736R 
TA7762R 

40736A 
TA7762R 

Room Temperature Devices 

Laser 
Laser Diode 
Diode Stack 

TA7606, 7, 8, 9, 10, 
TA7699, TA7925 

TA7606, 7, 8, 9, 10, TA7764 
TA7699, TA7925, TA7765 
TA 7763, TA 7864 

TA7606, 7, 8, 9, 10, TA7764 
TA7699, TA7925, TA7765 
TA7763, TA7864 

TA7606, 7, 8, 9, 10, 
TA7699, TA7925, 
TA7763, TA7864 

TA7699, TA7925, TA7764 
TA7763, TA7864, TA7765 
TA7705, TA7787 

All l ypes above 
plus TA7867 • 

RCA Thyristors 
expands its triac line 
to 600 volts 

RCA announces a new line of 600 V 
triacs available now for industrial 
control manufacturers. These new 
triacs have a 600-V peak repetitive 
rating at a maximum rated junction 
temperature of 1 oo· c. 

sisters in hermetic T0-5 cases that 
feature 1 A current capability. They 
are big brothers to RCA's 2N2102 
(n-p-n) and 2N4036 (p-n-p) transis­
tors that have 0.5 A current capa-

0.1 ' 10 102 10 3 
COLLECTOR MILLI AMPERES Oc l 

bility. Examine their performance 
curves. You ' ll find they have the 
characteristics you need for your 
circu it application . 
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l aser 
Array 

looking for GaAs lasers 
and IR emitters? 
RCA has the devices to 
meet your requirements 

Gallium-arsenide lasers and/or 
IR emitters are now being de­
signed into a wide range of 
signaling and illumination 
equipment. For such applica­
tions, RCA offers a broad line 
of lasers and emitters-well­
suited to meet these require­
ments. 

TA7687· 
92incl . 

RCA injection lasers feature 
high peak powers, low drive 
currents and proven reliability. 
Because of their simplicity , 
ease of drive, and covert wave­
length , they are naturals for in-

TA7924t 

177 K 

In difficult industrial applications 
where ac power sources demand 

600 VOLT TRIACS 

Package 10 A 15 A 30 A 40 A 
Press-Fit 40795 40797 40671 2N5443 
Stud 40796 40798 40672 2N5446 
Isolated 

40801 40804 40807 40690 Stud 

trusion alarms, ranging , data-link 
communications and secure illumi­
nation. RCA IR emitters feature small 
size and high efficiency. Their pre­
focused, high brightness beam pat­
tern allows optimum performance in 
card readers , shaft encoders, short 
range intrusion alarms and data-link 
communications. Finally, RCA lasers 
and emitters are compatible with 
most photo.detector systems. 

Try RCA's superior GaAs lasers 
and IR emitters in your system. 
You ' ll beam! 

Circle Reader Service No. 41 

added safety margin , this group of 
RCA triacs can be used to assure 
reliable equipment operation. 

These new triacs (as the chart il­
lust rates) range from 10 amperes, 
with availability in press-fit , stud and 
isolated stud packages. 

Circle Reader Service No. 42 



TA7625A: a new 
high power op amp 

RCA's new TA7625A plast ic power 
hybrid amplifier is capable of handl­
ing 7 amperes peak current . It is a 
modification of RCA's well known 
TA7625 linear amplifier, and thereby 

terminal 3 and 4) can be varied to 
minimize distortion at low fre­
quencies. 

What does this mean to the de­
signer? It means that he is better 
able to use the hybrid as a current 
source . It also means that the 
TA7625A has greater capability and 

~---.--....---..-.----------...--...~.---{110 

R3 
IOK 

PIN 6 R2 
CONNECTE D IOK 
TO BASEPLATE 
INTERNALLY 

I 
I 
I 

Cl 
.05 

R4 
18K 

C2 
.05 

R5 
820 

Rl2 
27 

O----t--1----< 05 
LOAD LI NE 
LI MITING 
CIRCUIT 

08 

+37.SV 

RE SISTAN CE VALUES IN OHMS CAPACITANCE VALUES IN MICRQFARAOS UNLESS OTHERWISE SPECIFIED 

SCHEMATIC OF TA7625A HYBRID POWER MODULE. 

provides added versatility. With 
minor circuit changes, the TA7625A 
can replace the TA 7625. 

The TA7625A has both short­
circuit protection and reactive load­
f au It protection . Its inverting 
terminals are external. Thus the 
feedback resistor (22 ohms across 

Custom design your own 
30 MHz broadband amplifier 
with IC's transistor array 

RCA's CA3018-monolithic , four­
transistor array-offers the circuit 
designer a best-of-both-worlds ap­
proach. Here you have the economy, 
compactness, and device matching 
and temperature tracking you ex­
pect of IC's, combined with acces­
si bi 1 ity and design freedom that 

versatility in servo-amplifier applica­
tions, in voltage-regulator circuits, 
inverters, and in deflection-amplifier 
circuits (V5 = ± 37.5 V max.). 

Contact your local RCA Represen­
tative for planned price reductions. 

Circle Reader Service No. 44 

normally require discrete transistors. 
In the CA3018 , two independent 
transistors and two Darlington-con­
nected transistors are housed in a 
12-lead T0-5 style package. 

The wideband video amplifier 
shown here (in the schematic at 
right) utilizes the CA3018 to provide 
a 30-MHz bandwidth and a gain of 
49 dB-with two feedback loops for 
excellent stability across the full fre­
quency range. Gain of the amplifier 

is constant within 1 dB over the full 
- 55 °C to + 125 °C temperature 
range. With slide rule and bread­
board you can custom-tailor this cir­
cuit to your own specifications. 

RCA's CA3018 and its companion 
type, the CA3018A, are well suited 
to a variety of applications in low 
power systems in the de through 
VHF range. The CA3018 provides a 
V6e match of ± 5 mV. In the CA3018A, 
V6e is matched within 2 mV and per­
formance characteristics are con­
trolled from 10 /LA to 10 mA. You can 
purchase the CA3018 for just 98¢, 
the CA3018A for $1.35 (at 1000-unit 
levels). 

The circuit shown here may also 
be built with the five-transistor 
CA3045 in a DIC package or the 
CA3046 in a DIP package. 

For Application Note ST-3895 , 
"Design Ideas for RCA Linear Ar­
rays, " circle Reader Service No. 
43. 

V+ • 6V 

SCHEMATIC OF WIDEBAND VIDEO 
AMPLIFIER USING THE CA3018. 

For price and availability information on 
all solid-state devices, see your local 
RCA Representative or your RCA Distrib­
utor. For specific technical data, write 
RCA, Commercial Engineering, Section 
SOK-15 UM6, Harrison, N. J. 07029. Inter­
national: RCA, 2-4 rue du Lievre, 1227 
Geneva, Switzerland, or P.O. Box 112, 
Hong Kong. 

Ren Solid State 
Division 



IC test clips accommodate 24- to 40-pin 
packages. Four units available, all accom­
modate DIPs with 0.5 and 0.6 in pin spac­
ing. Firm spring-controlled grip assures 
positive contact . These clips also serve as 
excellent extractors for damage-free re­
moval of DIPs. Price is $21 in quantities 
of one to nine. A P Inc. , 72 Corwin Dr. , 
Pa inesville, OH 44077 . 250 

Thick-film voltage dividers, HD Series, are 
designed specifically for miniaturized ap­
plications requiring up to 10 kV. Resis­
tance ratio tracks to < 25 PPM/°C for tem­
perature change and 10 PPM/V for voltage 
change. Resistance values range from 300 
kfl to 250 Mfl. Indi vidua l resistor toler­
ance is ±10%; r atios between tapped sec­
tions can be supplied to ±2%. Components, 
Inc., Biddeford , ME 04005. 251 

Display switches, Model 2R and 2S, offer 
two separate message areas, illuminated 
in a choice of six colors. Excl usive "Lever 
Latch" permits removal of front-panel dis­
pl ay module for relamping and message 
changes without tools. Units are available 
in 28 Vdc and 115 Vac ratings, with 
switching capabilities from 10 µ,A to 5A. 
Price is $6.95 each in 100 lot quantities. 
Stacoswitch, 1139 Baker St., Costa Mesa, 
CA 92626. 252 
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Centipole transfer switch contains 100 
pol es with double throw action and has 
behind-panel depth of 10 in. Switch is 
available with either solderable terminals 
or plug-in connectors for standard PC 
board connections. Solenoid types are 
ava ilable on special order. Daven, Div. of 
Thomas A. Edison Industries, Grenier 
Fi eld, Manchester , N H 03103. 253 

Three Glass-K BX/BR capacitors provide 
semi-precision performance over - 55 to 
125°C. Identified as CYK12, CYK13 and 
CYK14, capacitance values range from 
10 to 100,000 pF with 10 or 20% tolerance. 
They qualify to both MIL-C-11015/20 and 
MIL-C-39014/5. Their axial leads are both 
solderable and weldable. Corning Glass 
Works, Corning, NY 14830. 254 

Cermet potentiometer Model 3359 is a 
3/8-in single-turn unit that is desi gned for 
PC board application and sells for $0.50 
each in 1000 quantity . Temperature co­
effi cient is 0 to 300 PPM/°C for values up 
to lkfl, 0 to 200 PPM/°C for lkfl and up. 
Power rating is 0.5W at 70°C. Two ver­
sions are offered: top-adjust Model 3359P 
and side-adjust Model 3359W. Bourns, 
Inc. , 1200 Columbia Ave., Riverside, CA 
92507. 255 

Thick-film resistor networks exhibit a 1 % 
tol erance. Temperature compensation is 
matched up to 10 PPM. Resistance change· 
over 1000 hour life at 85°C is less than 1 %. 
Units are available in dual in-line pack­
ages, conformal coating or epoxy molded 
packages. Availability depends upon com­
plexity. Cal-R Inc., 1601 Olympic Blvd. , 
Santa Monica, CA 90404. 256 

Optical switch Model OS 100, comprised of 
LEDs and phototransistors, switches by 
passing a mechanical device through a 
0.06-in a ir gap to break a light beam and 
open the circuit. The unit is a 4-pin pack­
age measuring 0.25 by 0.25 by 0.35 in. 
This unit also doubl es as an optica lly­
coupled isolator. Price in 100-lot quantity 
is $8.05 ea. HEI, Inc., Jonathan Industrial 
Center, Chaska, MN 55318. 257 

Pushbutton switch physically changes 
color. As the switch is pushed, a rellect­
ing prism a t the sides of the switch cap 
causes color bands to change color, thus 
eliminating ON/OFF errors . The cap is 
mounted in a barrier adapter that accepts 
a switch-based with one or two sets of 
double-break contacts rated at lOA, 30 
Vdc or 125/250 Vac. Complete assembly 
price is between $4 and $6. Marco-Oak, 
Box 4011 , Anaheim, CA 92803. 258 
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Components 

Low-voltage indicators are 7-bar segment, 
vacuum fluorescent tubes that provide 
alphanumeric readout. Family consists of 
the Y-4075 (10-pin tube in a T-3 envelope) 
and the Y-1938 and Y-1939 (9-pin tubes in 
T-61/2 envelopes). Character sizes range 
from 0.23 by 0.43 in (Y-4075) to 0.36 by 
0.57 in (Y-1938 and Y-1939). General 
Electric Co. , 316 E. 9th St., Owensboro, 
KY 42301. 259 

R/C combinations in chip configuration are 
ideal for use in filters or general periph­
eral circuitry. Referred to as the "The R/C 
Bug", they contain up to 16 monolithic 
ceramic-chip resistors, 12 ceramic-chip 
capacitors or any combination of both. 
Contained in a normal 14-lead dual in­
line package, the unit can be handled by 
automatic machinery. Crownover Elec­
tronics Corp. , 7705 Fay Ave., La Jolla, CA 
92037. 260 

Digital readout, called "Lite-Pak", plugs 
directly into a standard 0.05-in center 
edge connector and presents a 7-segment, 
directly-viewed incandescent display. Fea­
tures include patented cross-over filament 
that eliminates dark spots in the corner; 
120° wide-angle viewing; a wide color se­
lection; and required voltage source of3 to 
5V de. Pinlites, Inc., 1275 Bloomfield Ave., 
Fairfield, NJ 07007. 261 
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NPO 
CHIP CAPACITORS 

MDI offers 1000 pf 
IN A STANDARD CHIP .100" x.OSO"x .050" 
CHIP KIT . ... 300 monolithic tolerances at 50 VDCW. Values 

ceramic NPO capacitor 

chips for hybrid circuits. 

Browse, examine, and 

test. Kit includes 10 

chips of each standard 

RETMA values from 3.9 

pF to lOOOpFin + 10% 

Monolithic 
Dielectrics 

----

below 10 pF are gener· 

ally supplied in a chip 

size of .050" x .040" 

x .025". Complete kit 

only $99.50. Delivery 

from stock. Call direct 

and ask for Jim Waldal. 

Inc. 
P.O. Box 647 • Burbank, California 91503 • (213) 848-4465 

MDI REPRESENTATIVES IN ALL PRINCIPAL CITIES 

Anbak Sales, Canada, Limited Given Associates, Inc. Normell Associates 
3208 Lenworth Drive P.O. Box 183 10 Day Street 
Cooksville, Ontario , Canada Riverton, New Jersey 08077 Newton, Mass. 02166 
(416) 625-1061 (609) 829·7249 (617) 969-5478 

Martin P. Andrews Inc. William H. Goudy Associates Roberts Sales Company 
Fartteville , New York 13066 P.O. Box 15 9704 Lanward Drive 
(3 5) 637-3144 Lake Grove, N.Y. 11755 Dallas, Texas 75238 

161 Tobey Road 
(516) 585-0033 (214) 348-4283 

Pittsford , N. Y. 14534 The Jay Company, Inc. Weightman and Associates 
2914 Annandale Road 1226 West Oli ve Ave . 

Howard Brown Sales Falls Church, Va . 22042 Burbank, Calif. 91506 
3400 Indian Road S.E. (703) 534-7800 (213) 849-7711 
Cedar Rapids, Iowa 52403 Kentron Corp. 120 Santa Margarita Ave. 
(319) 366-0635 411 South Ritter Ave . Menlo Park , Calif. 94025 

Electric Component Sales Indianapolis, Indiana 46219 ( 415) 325-2885 

6524 Walker Street (317) 356-2493 
EUROPE Minneapoli s, Minn. 55426 Kirkwood and Associates (612) 929-4494 Elenic 

3530 First Ave. , North 1 Avenue Carnot 
Electro-com St. Petersburg, Florida 33713 91 Massy 

8761 Snow Road (813) 894-8240 Paris, France 
Cleveland, Oh io 44130 Mile High Electronics Materials For Electronics, Inc. (216) 886-2404 1828 Pine (P.O. Box 1577) 149-32 132nd Street 
1700 Needmor Road Boulder, Colo. 80302 Jamaica, N. Y. 11430 
Dayton, Ohio 45414 (303) 444-5615 (212) 322-9400 
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Line driving op amps slew at lOOOV I µ.sand 
settle to 1 % in 200 ns. Both Model 3341/ 
15C and 3342/15C have output capability 
of ±5V up to 20 MHz when driving a 50.!1 
line. Voltage drift is ±25 µVl°C and ±50 
µ.V/°C respectively. Both models have FET 
inputs and operate single-ended (invert­
ing). Prices are $69 and $59 respectively. 
Burr-Brown Research Corp., Internation­
al Airport Industrial Park, Tucson, AZ 
85706. 262 

Voltage controlled crystal oscillator oper­
ates from 0 to 75°C without oven. Model 
VCX0-541 units are available from 150 
kHz to 4 MHz. Size is 1 by 1.55 by 0.56 
inches and weight is 40g. Solid State Elec­
tronics Corp., 15321 Rayen St., Sepulveda, 
CA 91343. 263 

D/A converters provide ± 1/2-bit accuracy 
over the temperature range of - 30 to 
+ 100°C and are avai labl e in 8- and 10:bit 
versions. All are complete with TTL and 
DTL compatible input switches, resistor 
network, internal precision reference and 
output amplifier. Prices range from $29 
to $99 in single lots. Micropac Industries, 
Inc., 905 E. Walnut St., Garland, TX 
75040. 264 

Programmable-gain data amplifier, only 
3 by 2 by 0.4 inch in size, is priced at $245. 
Model 3600K has voltage drift of ±1 µ.V/ 
°C and noise of 2 µ. V rms. Operation is on 
standard ±15V de and +5V de system 
power supplies. Burr-Brown Research 
Corp., International Airport Industrial 
Park, Tucson, AZ 85706. 265 

Fork oscillator, Model FS-11-1, contains 
driving circuit, drive and pickup coils, and 
temperature compensated fork. Its her­
metically sealed case is 1-1/2 inch2 by 3/8 
inch high. Operating temperature range 
is -55 to +85°C. American Time Products, 
Bulova Watch Co., 61-20 Woodside Ave., 
Woodside, NY 11377. 266 
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Frequency synthesizer comprised of four 
multi-chip ICs is intended for telecommu­
nications systems up to 200 MHz. Com­
ponent microsystems include Model SH-
8095 emitter-coupled logic prescaler, 
Model SH8096 programmable divider, 
Model SH8097 VHF voltage-controlled 
tuner and oscillator and Model SH8098 
programmable reference divider and refer­
ence oscillator. Units are avai lable in 
hermetic 30-lead fl atpacks with prices as 
low as $228 for all four units (industrial 
grade). Fairchild Semiconductor, 313 Fair­
child Dr., Mountain View, CA 94040. 267 

Dual FET analog gate has low ON resistance 
(50.!1 maximum). Model CAG13C is a 
SPST break-before-make switch. It is sup­
plied in a 14-lead T0-87 flat pack and sells 
for $40 in 100 quantities. Teledyne Crys­
talonics, 14 7 Sherman St., Cambridge, 
MA 02139. 268 

Power supply module, Model PM532, de­
livers 5V at lA from a package measur­
ing 3.5 by 2.5 by 1.25 inch. Operation is 
from 115 ±lOV ac, 50 to 400 Hz. Oper­
ating temperature range is - 25 to + 71°C. 
Price is $63.95. Computer Products, Box 
23849, Ft. Lauderdale, FL 33307. 269 

Standard microcircuit modules including 
a dual, a quad, a power relay driver and 
a MOS clock driver are introduced by 
Centralab. These thin-film chip hybrids 
require area of 0.69 by 0.75 inch on a PC 
board and are priced between $10.20 and 
$16.40 in single quantity. Centralab Elec­
tronic Div., Globe-Union Inc., 5757 North 
Green Bay Ave., Milwaukee, WI 53201. 

270 

Monolithic filter with center frequency of 
70 MHz has 6 dB bandwidth of ±20 kHz 
minimum and 60 dB bandwidth of ±40 
kHz maximum. Insertion loss is 5 dB, in­
put and output impedances are 50.!1. Pack­
age size is 1-61/64 by 19/32 inch. McCoy 
Electronics Co., Mount Holly Springs, PA 
17065. 271 

DC power switches handle load currents of 
0 to lOOA (surge to lOOOA) at load voltages 
to lOOV de. Switching rate is up to ap­
proximately 700 Hz, and essentially 
square pulses of current as short as 50 µ.s 
can be delivered continuously over the 
operating range of -55 to + 100°C. Pack­
age size is 3 by 4 by 5 inches. United Tech­
nology Center, Div. of United Aircraft 
Corp., Sunnyvale, CA 94088. 272 

Modular signal generator-comprised of 
generator, sine converter, trigger, and reg­
ulator modules- generates sine, square, 
triangle, pulse and ramp waveforms from 
de to 100 kHz. Power required is + and 
-15V de regulated. Wavetek, Box 651, 
San Diego, CA 92112. 273 

Combination crowbar and circuit breaker 
package is available with firing voltages 
of 6.5 or 16.5V and current ratings of 2, 5 
or lOA. The crowbar operates in 500 ns, 
the circuit breaker in 10 ms, avoiding 
crowbar destruction. Sample cost is $20. 
Heinemann Electric Co., 235 Magnetic 
Dr., Trenton, NJ 08602. 274 

Oscillator with ±0.001 % stability from 0 
to 60°C and current drain of 1 mA is of­
fered at frequencies from 1 Hz to 1 MHz. 
Size of the Series 162 units is 1-1/2 by 
1-1/2 by 0.5 inch and price ranges from 
$40 to $98. Accutronics/Div. of Gibbs 
Mfg. and Research Corp., 628 North St., 
Geneva, IL 60134. 275 
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Circuits 

Op amp with differentia l input uses mono­
lithic IC for moderate input drifts and 
high de voltage gain. The Model P/N-6.830 
has 6 dB/octave roll off and features 107 

de gain, 5 MHz full signal bandwidth , 
300V I µ,s slewing rate and 50 mA output 
current. MTBF is in excess of 10 years at 
25°C. Size of the plug-in modules is 1.7 
by 2.3 by 0.45 inch. Electronics Assoc., Inc., 
West Long Branch, NJ 07764. 276 

Op amp, Model 47, settles to 0.01% in 1 
µ,s in both inverting and noninverting 
modes. Featured are FET input, all metal­
can transistors and operating temperature 
range from -55 to + 125°C. Pri ces range 
from $69 to $95. Analog Devices, Inc., 221 
Fifth St. , Cambridge, MA 02142. 277 

Miniature synchro bridge accepts Sl, S2, 
S3 synchro outputs and converts them to 
a 2-wire voltage representing synchro po­
sition. The Model SB-M-11 has accuracy 
of 20s of arc. Size is 0.44 by 0.5 by 1.75 
inch, and price is $100. Theta Instrument 
Corp. , Fairfield, NJ 07006. 278 

Solid-state relay can switch a bipolar de 
signal of up to ± lOOV at current levels 
of ±50 mA. Featured is 50 µ,s switching 
and long life. Operating temperature is 
- 55 to + 100°C. Package size of Model 
2850-10050 is L31by1.31by1.75 inches . 
Solid State Electronics Corp., 15321 Rayen 
St., Sepulveda, CA 91343. 279 

Wideband amplifier, Model 610, covers 
from 1 to 100 MHz at 20 dB gain with less 
than 15 µ, V equivalent input noi se. It can 
drive 1 V pk-pk into a 50!1 load with less 
than 1 dB gain compression. Size is 1.75 
by 1by0.6 inches, and price is $150. Arvee 
Engineering Co. , Inc., Box 3759 Torrance, 
CA 90510. 305 · 

PRECISION NONFERROUS TUBING 

Produced in a wide range of copper and aluminum alloys , 
Prec ision tubing meets the requirements of vi rtu ally any 
appl ication . Rigid control of dimensional accuracy and 
physical properties assures unvary ing quality and perform­
ance. Complete information on all Prec ision products is con­
tained in our new 44-page techn ical manual , as well as engi­
neeri ng data he lpful to al l users of meta l tubing or tu bular 
parts. Write or phone for your copy. 

PRECISION TUBE COMPANY, INC. 
NORTH WALES, PENNSYLVANIA 19454 

Phone: 215-699-5801 TWX: 51 0-661-8427 
CIRCLE NO. 48 

aer-o-ne- tics 
(Ur'o-ne'tiks)n. 
1. Having to do with electronic metering and meas­
uring. 2. The design and manufacture of metering 
and measuring devices to equal or exceed all known 
industrial, scientific or military requirements. 3. The 
ability to adapt principles proven by the aviation/ 
aerospace industry to satisfy s imi lar electronic instru­
mentation requirements. 

AERONETICS Divis'ion has the engineering crea­
tivity cmd rnanufacturing flex ibility to satisfy your 
electronic rnetering and rneasuring needs . Send us your 
requirernents and specifications. 

~~ra~~A~~~~ 0 
2100 Touhy Avenue 
Elk Grove Vi ll age, Il linois 60007 
PHON E: (312) 593-6700 
TELEX: 253594 I CABLE : AIRN AVCOM 

CIRC LE NO. 49 
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Silicon power transistors in the 2N5928 
Series feature a V CE (sat) of < 1 V at lOOA 
and a guaranteed hFE at 150A. Devices 
have Va (sus) to 120V and are rated 200W 
at 100°C. Packaged in the JEDEC T0-114 
container, price range is from $109.50 to 
$219 each. PowerTech, Inc., 9 Baker Ct., 
Clifton, NJ 07011. 280 

Semiconductors in the ECG line, part of a 
repair kit, replace 95% of the most popular 
solid-state components found in home 
entertainment products. The ECG303 re­
pair kit consists of 24 commonly used 
semiconductor devices which are replace­
ments for over 20,000 equivalent types. 
The kit is priced at $37.92. Sylvania 
Electric Products, Inc., 730 Third Ave., 
New York, NY 10017. 281 

Complementary power Darlington tran­
sistors, the first available in the industry, 
include five new series that provide gain 
up to 2500 typical, current from 4 to 16A, 
collector-emitter breakdown voltage rat­
ings of 60 and 80V and 100-up quantity 
prices that range from $3.20 to $8.50 per 
complementary pair. Technical Infor­
mation Center, Motorola Semiconductor 
Products, Inc., Box 20924, Phoenix, AZ 
85036. 282 

68 

Broadband photon detectors in the KN-15 
Series provide high sensitivity from 
2000A to 3JLm with a time constant of ap­
proximately 500 JLS . Peak detectivity is 
typically 1 x lO"cm(Hz)1t2W- 1 with re­
sponsivity of 4 to 7 x 105 V/W. Optoelec­
tronics, Inc., 1309 Dynamic St. , Petaluma, 
CA 94952. 283 

Dual 32-bit static shift register VOOl is a 
low voltage p-channel MOS unit that re­
quires only a single phase TTL compat­
ible clock. It features de to 2 MHz opera­
tion from -55 to 125°C, power dissipation 
typically 1 mW /bit at 2 MHz and a price 
of $3.25 each in lots of 100 items. Var­
adyne, Inc., MOS Operation, Semicon­
ductor Div., 10432 N. Tantau Ave., 
Cupertino, CA 95014. 284 

r 

Dual element photocells contain two com­
pletely independent and isolated photo­
sensitive elements on a common ceramic 
substrate. The family of 10 new devices 
offers a dynamic resistance range > one 
million to one, and peak spectrum res­
ponse can be specified in the range of 5150 
to 7100A. Unit price in production quan­
tities is $0.90 each. Raytheon Co. Indus­
trial Components Operation, 465 Centre 
St. , Quincy, MA 02169. 285 

- · 
Microwave tuning varactors in the E700 
Series have an fco in excess of 100 GHz and 
a working voltage of 60V. These tuning 
units are made from 1 to 22 pF and pro­
vide full octave tuning capability. Prices 
range from $7.80 to $25 each in lots of 100. 
Eastron Corp., 25 Locust St., Haverhill, 
MA 01830. 286 

Hex 32-bit MOS/LSI shift register TMS-
3112JC is organized as six registers by 
32 bits. The unit is produced by low­
threshold MOS technology and requires 
+5 and - 12V supplies. Available in a 
standard 24-pin ceramic dual in-line con­
tainer, price in lots of 250 to 999 is $11 .20 
each. Texas Instruments, Inc., Inquiry 
Answering Service, Box 5012, M/S 308, 
Dallas, TX 75222. 287 

Photodiode/operational amplifier HAD-
1000 incorporates in a T0-5 package the 
SGD-lOOA silicon photodiode chip and a 
dual FET, differential input operational 
amplifier. The unit operates from 0.35 to 
1.15 JLm, offers a slew rate of6V/JLS, 2 MHz 
gain bandwidth product, input impedance 
of 1012{), and output impedance < lOOfl.. 
EG&G, Inc., Electronic Products Div., 170 
Brookline Ave., Boston, MA 02215. 288 
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Static read-only memories 3507 and 3580 
are MOS units organized as 256 words by 
eight bits and 512 words by four bits re­
spectively. Outputs have wired-OR capa­
bility which permits direct stacking of 
up to eight packages. Access time is < 1.3 
µ,s over the operating temperature range 
from 0 to 70°C, and price in lots of 100 to 
999 units is $20 each. Fairchild Semi­
conductor, 313 Fairchild Dr., Mountain 
View, CA 94040. 289 

NewSC's 

Germanium pnp alloy high-power tran­
sistors feature current capabilities to 
25A. Designated JAN 2N456B-457B-458B 
Series and JAN 2N1021A-1022A Series, 
these units are available packaged in the 
JEDEC T0-3 case. Other characteristics 
include a V 0 : (sat) of 0.5V, Vrno to 120V 
and Vn:x to 120V. Solitron Devices, Inc., 
1177 Blue Heron Blvd., Riviera Beach, FL 
33404. 293 

"'" Zener diode BZX86 is a 300W unit that 

Teardrop disc thermistors are epoxy coated 
and provide insulation up to 5000V de. 
Units are available with resistance values 
from 100 to 20 kn, tolerances from 0.5% 
to 20% and diameters of 1/8 in or less. 
Prices range from a few cents to a few 
dollars, depending upon tolerance and 
quantity. Cal-R, Inc./Thermonetics Div., 
1601 Olympic Blvd., Santa Monica, CA 
90404. 290 

Static MOS read-only memories in the 7600 
Series are the fastest static ROM family 
in the industry, with a typical access time 
of 350 ns. Chip organization in the series 
includes units with 256-word by four, 
128-word by eight, 256-word by eight, 512-
word by four, 512-word by five , and 256-
word by 10. In lots of 100 to 999, prices 
range from $14.70 to $29.10 ( - 25 to 70°C), 
and from $22.10 to $41 each ( - 55 to 
125°C). Intersil, Inc., 10900 N. Tantau 
Ave., Cupertino, CA 95014. 291 

provides surge suppression up to 3 kW 
for 50 ms. Mullard, Inc., 100 Finn Ct., 
Farmingdale, L.I., NY 11735. 292 

ulton's 
N 
thermistor 
.exceptional delivery• 20-years experience • stringent quality assurance 
Write or call today for Gulton's new 24-page catalog. Complete 
specifications provided for: 

• beads • wafers • medical probes • bead-in-probe 

• probe housings • linear voltage temperature modules • disc and rod 

Gulton MICROCER.AMICS DIVISION 

Industries, Inc. 
Metuchen, New Jersey 08840/ Tel. (201) 548-2800/ TWX 710-998-0592 
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Watch for EDN's fourth annual 
Caravan tour, September-December 
1970. A traveling exposition of 
products and ideas visiting over 100 
leading electronic manufacturers 
throughout the U .S.A. 

[EON] MAGAZINE PRESENTS. 

Featuring new products, ideas and 
application assistance from: 

Allen-Bradley Company 
Bodine Electric Co. 

Borden Chemical 
Mystik Tape Div. 

Centralab Electronics Div. 
Globe-Union , Inc. 

Dale Electronics, Inc. 
General Electric Co. 

Miniature Lamp Dept. 

Triplett Corporation 



EON CARAVAN ROUTING 
November 2 - November 30, 1970 

DATE I DAY I TIME 

M onday, November 2 
9:00 - 12:00 noon 
1 :30 - 4:30 p.m. 

Tuesday, November 3 
9:00 - 12:00 noon 
2:00 - 4:30 p.m. 

Wednesday, November 4 
9:00 - 12:00 noon 

Thursday, November 5 
9 :00 - 12 :00 noon 
1 :30 - 4:30 p.m . 

Friday, November 6 
9:00 - 12:00 noon 
1:30-4:30 p.m. 

Monday, November 9 
10:00 - 12:00 noon 
1 :30 - 4:30 p.m . 

Tuesday, November 10 
9:00 - 12:00 noon 
1 :30 - 4:30 p.m. 

Wednesday, November 11 
9:00 -12 :00 noon 

Thursday, November 12 
9:00 - 12:00 noon 
1 :30-4:30 p .m. 

Friday, November 13 
9:00 - 12:00 noon 
2:00 - 3:00 p.m. 

M onday, November 16 
9:00 - 12:00 noon 

Tuesday, November 17 
1 :30 - 3 :30 p.m. 

Wednesday, November 18 
9:00 -12:00 noon 

1 :30 - 4:00 p.m. 

Friday, November 20 
9:00 - 12:00 noon 

1 :30 - 4:30 p .m. 

Monday, November 23 
9:00 -12:00 noon 
1 :30 - 4:30 p.m. 

Tuesday, November 24 
9:00 -12:00 noon 
1:30 - 4:30 p.m. 

Wednesday, November 25 
9:00 - 12:00 noon 
1 :30 - 4:30 p.m. 

M onday, November 30 
9:00 - 12:00 noon 
1 :30 - 3 :30 p.m. 

AREA 

Orlando, Florida 
Melbourne, Fl o rida 

Palm Beach Gardens, Fla. 
Ft. Lauderda le, Fla. 

Miam i, Flori da 

Sarasota, Florida 
St. Pete rsburg, Fl a. 

St. Petersbu rg, Fl a. 
St. Petersbu rg, Fla. 

Houston , Texas 
Stafford, Texas 

Au stin, Texas 
Au stin , Texas 

Au stin , Texas 

Dallas, Texas 
Dallas, Texas 

Garland, Texas 
Ft. Worth, Texas 

A lbuquerque, N. M . 

Scollsda le, A rizona 

Phoenix, A rizona 

Phoenix, A rizona 

La Jol la, Ca l if. 

San Diego, Ca l if. 

Fullerton, Ca l i f. 
Ful lerton, Ca l if. 

El Segundo, Ca li f. 
El Segundo, Ca li f. 

Hawthorne, Cal if. 
Canoga Park, Ca li f . 

Sunnyva le, Ca l if. 
Santa Clara, Ca l if. 

SITE 

Dynatronics, Inc. 
Radiation, Inc. 

RCA (EDP Div.) 
Bendix Corp. (Avionics D iv.) 

Mi Igo Electronics Corp . 

Eleclro-Mecha nical Research 
General Elect ric (Nuclear Energy 

Div.) 

Elect ronic Communications, Inc. 
Honeywell Inc. (Aerospace) 

Texas lnslruments Incorporated 
Texas Instruments Inco rporated 

IBM Corp. 
Texas Instrument s Incorporated 

Tracor Inc. 

Texas Instruments Incorporated 
Recognition Equipment Inc. 

LTV Electrosystems 
West ronics, In c. 

Sandia Corp. 

Motoro la Inc. 

Honeywe l l In fo rmation Systems Inc. 
(Computer Operations-Phoenix) 
Sperry Fli ght Syst. D iv. 

Contro l Data Corp . 
(Analog-Di gita l Systems) 
NCR (Da ta Processi ng D iv.) 

Hughes Ai rcraft Corp. 
Beckman Inst ruments Inc. 

Hughes Airc raft Co rp./Space Sys. 
Xerox Da ta Systems 

NCR (Data Processi ng Inc.) 
Hughes Ai rcraft Corp. 

Memorex Corp. 
Hewlel t Packard Co. 



Sweep and marker generator covers from 
30 kHz to 110 MHz in a single sweep 
range and features twin variable pulse 
markers and crystal-comb calibrators. The 
sweep itself offers continuously variable 
sweep widths and center frequency over 
the full 110 MHz range. The variable 
markers have digital frequency dials, and 
the crystal combs mark at 1 and 10 MHz 
intervals. Price is $1345. Kay Elemetrics 
Corp., 12 Maple Ave., Pine Brook, N J 
ITT MS. 2M 

Variable bandwidth amplifiers, the ITV-1 
series, provide 35 dB of gain at center 
frequency of 30, 60 or 70 MHz. Bandwidth 
is variable between 0.2 and 12 MHz for 
the 30 MHz unit, and noise figure is 8 dB 
max. Varian, Solid State Div., 611 Hansen 
Way, Palo Alto, CA 94303. 295 

Digital multimeter measures ac and de 
volts, ohms and frequency. The 4-1/2-digit 
Model 8420 offers resolution of 0.01 %, 
along with basic accuracy of 0.01 % for de 
volts. Price is $695. California Instru­
ments Corp., 3511 Midway Dr., San Diego, 
CA 92110. 296 

Pulse generator for t ime domain testing 
features continuously variable manual 
control of pulse rate, delay, width and 
amplitude. Performance includes double 
pulse to 40 MHz, 3 ns rise and fall time, 
20 ns to 100 ms pulse width, and trig­
gering from de to 25 MHz. Posit ive and 
negative outputs are independent ly vari­
able between 0.5 and lOV. Price of Model 
3103 is $395. Lear Siegler, Inc., Cimron 
Div., 1152 Morena Blvd., San Diego, CA 
92110. 297 

POVVERTEC 
THE POWER HOUSE 

POWER SUPPLIES 

bright ideas 
for 

connecting 

0 EM SERIES 

ADJUSTABLE 

IC's 

CI RCLE NO. 51 
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TO 12 AMPS 
4 TO 26 voe 3 TO 12 AMPS 
RIPPLE : 1 MVRMS 
SHORT CIRCUIT PROTECTED 
FOLD BACK CURRENT LIMITING 
OPTIONAL OVER VOLTAGE PROTECTION 
REGULATION : LINE ±.0.25% LOAD ±.0.25% 

MODEL 
1-9 

PRICE 
100 

DIMENSIONS 

2B5 - 3 AMPS $24.95 $19.50 4.8 W X 4 L X 1.8 D 
2C5 - 6 AMPS $44.00 $36.00 4.8 W X 5.7 L X 2.8 D 
2C5 - 12 AMPS $75.00 $60.00 4.8 W X 9 L X 3 D 

OEM CONTRACTS AVAILABLE 

POWERTEC 
A DIV I SION OF 

AIRTRONICS INC. 
9168 DESOTO AVENUE 

CHATSWORTH, CALIFORNIA 91311 
(213) 882-0004 TWX 910-494-2092 

CIRCLE NO. 52 
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Programmable FM signal generator, Model 
6009, offers full computer or front panel 
control of percent deviation and of center 
freq uency from 100 Hz to 10 MHz, together 
with voltage control of frequency devia­
tion up to ±39.9% of center frequency. 
Features include a deviation calibrator, 
LED numeric display, FM linearity better 
than 0.1 % and center frequency accuracy 
of 1 %. Price is $5950. Reaction Instru­
ments, Inc., 215 Mi ll St., N.E., Vienna, VA 
22180. 298 

Dual-channel oscilloscope with 35 MHz 
bandwidth and sensitivity of 5 mV/cm is 
particularly suitable for field computer 
applications. Viewing area of the Cossor 
model CDU 150 is 8 by 10 cm, yet weight 
is only 27 lb and size is only 10 by 10 by 16 
inches. Price is $1695. Raytheon Service 
Co., Boston Service Center, 177 Pine St., 
Natick, MA 01760. 299 

RF power amplifier with lOW output and 
100 MHz bandwidth is flat within ±1 dB 
from 0.05 to 80 MHz. Operation is Class 
A. Price of the Model RF-806 is $795. RF 
Communications Inc., 1680 University 
Ave., Rochester, NY 14610. 300 

Equipment 

Pulse driver, Model 310, consists of two 
current drivers housed in a single cabinet. 
Positive or negative output modules are 
available, and outputs may be directly 
mixed in any combination. Amplitude is 
variab le from 5 mA to lA in two ranges. 
Rise and fall times are continuously vari­
able and independent of amplitude. Price 
is $3100. Systron-Donner Corp. , Data­
pulse Div., 10150 W. Jefferson Blvd., 
Culver City, CA 90230. 301 

Get low-cost 
transient protection in 

Test Clips 

a microcircuit package. 

Test Cl ips 

i~ Push a Posts 

'' A 

Stand-Off 
Insula to rs ~ · 

' 

Binding 
Posts 

Sockets 

._, Plastic 
IPJ!lll Molded __,,,,w Parts 

Adjustable tension, threaded studs or plug 
in bases , various sizes . 

Push Posts 
Plunge r action lets you connect ond d is­
conn ect qu ickly ond easily, assures posi ­
tive contact. 

Binding Posts 
Screw typ e or spring loaded , banana plug 
or stud mount ing , single or multiple units, 
with va ri ous colors for circuit identification. 

Stand-Off Insulators 
High d ie lectric strength , low loss insula ­
tion , low moisture absorption, various 
mounting styles . 

Sockets 
Lamp or trans istor, various colors , various 
mount ings incl uding printed ci rcuit. 

Custom Molded Parts 
Tight tol e rances pro yide you with " assem­
bly ready" units. Thermose tting plastics to 
meet most speci fications. 

. . . the Difference Between Excellent and Adequate 
CIRCLE NO. 53 

Capable of deflecting overvoltage transients in 
50 nano-seconds or less, the new ~-"""!!::;:--

TRANSTECTOR"' Circuit Protector 
Hybrid Crowbar can operate in 
circuits carrying up to 10 Amps. 
Standard overvoltage trip points 
from 5 to 200 voe. 

Conveniently packaged in standard dual in-line 
integrated circuit and D0-27 diode cases-it permits you 
to save space on your printed circuit or multi-layer boards 
by 3 to 1 over the o ld method of using discrete components . 

Find out about Transtector Systems from M & T Chemicals 
Inc ., 532 Monterey Pass Road, Monterey Park, Calif. 
91754. Tel. (213) 283-9278 . 
*Trademark of M & T Chemicals Inc. 

~s~!RY~f~~ETc!~!~~o~~A~; ® 
M&T can 
make you look good . 

CIRCLE NO. 54 
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Polyphase ac voltage and current stan­
dard, Model AC-162, delivers precision 
output over the frequency range of 20 
to 9999 Hz with amplitude stability of 
0.002% and output power of 40 VA each 
phase. Output is 6 wire, either Ooating or 
grounded neutra ls. Output voltage is 120, 
208, 240 , 480 and 600V rms, line to line. 
Optimation , Inc., 9421 Telfair Ave., Sun 
Valley, CA 91352. 302 

Logic tester, the computer-controlled "Ca­
pable", has 128 programmable pins (ex­
pandable to 256) and will test logic cards, 
LSI or MSI circuits with 192 separate 
tests per program. No programming need 
be learned, and an unskilled operator can 
test virtually any binary logic assembly . 
Price is $27 ,500. Computer Automation , 
Inc., 895 W. 16 St., Newport Beach, CA 
92660. 303 

YES! Send a free SOCKET TO ME! 
MINIATURE 8 - PIN FEMALE 

AND MALE CONNECTORS FOR 

FLAT RIBBON CABLE. 

• Female AP Connectors typically used as ribbon 
cable terminations to A P Integrated Circuit Test 
Clips or wire wrap posts. 

• Male AP Connectors typical ly used as ribbon cable 
terminations to female connectors and AP 
Terminal Strips. 

• Female sizes accept .019" to .035 " diameters : 
companion mal es available. 

• Harness assemblies available on request. 
• Sockets and pins avai lable separate ly. 
Request your FREE SAMPLE from : 
AP INCORPORATED 72 Corwin Drive . Painesville. Ohio 44077 

®~:;ed~PAR 
Order off. the -shelf 
from nearest facility 

Equipment 

Data Analyzer, Model DQA-10, measures 
data source oscillator baud rate error, 
character parity errors, voltage or current 
levels of the data or logic input signal and 
digital pul se di stortion. It is a companion 
to the TMG-10 test message generator 
that simulates a variety of signals with 
and without degradations. Atlantic Re­
search Corp., Shirley Hwy. a t Edsa ll Rd., 
Alexandri a, VA 22314. 304 

(201 )473-2660 (301 )484-5400 (505)265 -1020 (617)969- 7140 
(203)288 9276 (303)757 -7621 (51 3)878-2631 (713)667 -3420 
(205)539 8476 (312)775-0170 (518)489 -7408 (7 14)279-9280 
(206)822 4191 (313)357 5369 (602)947 -4336 (716)271-2230 
(213)843 - 1 772 (31 4 )542 -3399 (607)723-8743 (801 )364-,, 63 
(214)363 - 1526 (315)47 1-3356 (609)429-1526 (919)723-1002 
(216)333 -4120 (415)347 -5411 (612)922-7011 

CIRCLE NO. 55 

VISIT PANDUIT AT BOOTH 222 AT N.E.C. SHOW 

CIRCLE NO. 56 
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Analog/digital/analog conversion, signal 
conditioning and digital display products 
are covered in this 16-page short-form 
catalog that includes basic specs. Analogic 
Corp., Audubon Road, Wakefield , MA 
01880. 100 

Zeners and rectifiers are covered in this 
35-page 1971 catalog. Zener diodes from 
3.3 to 2.00V and as high as lOW are cover­
ed, while rectifier and rectifier assembly 
voltages as high as 15,000V and currents 
to lOA also are included. Power Compo­
nents, Inc., Box 421, Scottdale, PA 15683. 

101 

M1 
a:=:J 

II 
Wire and cable is the subject of this 195-
page product and technical handbook. It 
incorporates new data on the high­
temperature wire and cable industry. 
Copies are available on company letter­
head to Tensolite, Div. of Carlisle Corp., 
West Main St., Tarrytown, NY 10591. 

. c-

Miniature dry reed relays are covered in 
this 17-page catalog that explains how to 
choose the correct new metal-covered 
Clare Picoreed relay. Fifty-six PC-board 
types and 40 high-sensitivit¥• 50 mW 
types are included. This Enginfl~ring Data 
Sheet No. 971B is available from C. P. 
Clare & Co., 3101 Pratt Blvd. , Chicago, 
IL 60645. 102 

Pin-and-socket connectors for rack and 
panel cable applications are described in 
32-page Catalog No. 908. Specifications 
plus application and dimensional data for 
over 300 items are included. AMP Inc., 
Harrisburg, PA 17105. 1 03 

-
Micro-miniature inductors, believed to be 
the smallest coi ls in the world today, are 
covered in this eight-page brochure. Com­
plete electrical and physical data on five 
micro-inductors plus a shielded printed 
circuit variable inductor are covered. 
Cambridge Thermionic Corp., 445 Con­
cord Ave. , Cambridge, MA 02138. 104 

"Recording Instrumentation Selection 
Guide" contains 16 pages of information to 
answer all osci llograph recorder ques­
tions. It describes the type of instrument 
to use under various circumstances. Cen­
tury Electronics & Instruments, Inc., 
6540 E. Apache, Tulsa, OK 74115. 105 

Molded push buttons for use with switches 
and keyboards are covered in this six-page 
catalog. Units contain single or double 
light cavity, single or multiple station, 
engraved or double shot-molded char­
acters, gloss or non-gloss. Bulletin No. 
2500 is available from Maxi-Switch Co., 
3121 Washington Ave. N., Minneapolis, 
MN 55411. 106 

Literature 

"Electronic Instruments" is a 64-page book 
that describes over 45 instruments in­
cluding digital counters, sine and square 
wave generators and pulse generators. 
Monsanto Electronic Instruments, 620 
Passaic Ave. , West Ca ldwell , NJ 07006. 

107 

DC Motor Product Brochure VM covers 
high-performance de motors ranging from 
the small 50W unit to a large unit capable 
of 215W of power output. These hollow 
rotor motors can leap from dead stop to 
2000 rpm in < 1 ms. Micro Switch, A Div. 
of Honeywell Inc. , 11 W. Spring St., Free­
port, IL 61032. 108 

ue 

"DC Power Supply Kits" is an eight-page 
brochure that covers 450 regulated and 
unregulated units. Kits are avai lable with 
choke or capacitor input and 0.15% or 
0.01% regulation. Techni-Kit , Universal 
Electronics Co., 17811 Sky Park Cir., Box 
4517 , Irvine, CA 92664. 109 

Keyboard Information File includes every­
thing needed to order or specify electronic 
data entry keyboards. Two bulletins give 
detailed specs on key modules and key­
board arrays, while a third provides easy­
to-use, step"by-step worksheets for custom 
designing keyboards. Cherry Electrical 
Products Corp., 3600 Sunset Ave., Wau­
kegan, IL 60085. 11 0 
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Microwave variable capacitors offering Qs 
previously unavailable in trimmer capac­
itors are covered in this product brochure. 
Johanson Manufacturing Corp., 400 Rock­
away Valley Rd., Boonton, NJ 07005. 111 

Digital voltmeters, thermometers and 
accessories, data acquisition components 
and systems are covered in this six-page 
brochure from United Systems Corp., 918 
Woodley Rd., Dayton, OH 45403. 112 

The causes of magnetic interference and 
the procedure to follow for successful 
engineering of magnetic shielding are 
covered in a four-page brochure. Eagle 
Magnetic Co., Box 24283, 7421 Crawfords­
ville Rd., Indianapolis, IN 46224. 113 

RF coaxial connectors now available in 
tarnish-free ASTROplate finish are de­
scribed in four-page brochure "Amphenol 
ASTROplate, The 'Permanent' Finish" 
CD-Form 181B). Amphenol Sales Div., The 
Bunker-Ramo Corp., 2801 S. 25th Ave., 
Broadview, IL 60153. 114 

"DC to DC Power Supply Catalog" contains 
20 pages covering over 700 standard 
models. Supply levels from < lW to 15W 
are included. Mil Electronics, Inc., Dracut 
Rd., Hudson, NH 03051. 115 

DC-DC converters, designated the CVM 
Series, feature pulse width modulation 
for high efficiency, regulation of 1 % and 
efficiency of 80%. Literature is available 
from Custom Power, Inc., Box 23117, 
Houston, TX 77028. 11 6 

Crossed planar log periodic antennas for 
frequencies from 100 MHz to 12.4 GHz are 
covered in this new literature. American 
Electronic Labs., Inc., Box 552, Lansdale, 
PA 19446. 117 

A/D, D/A, transducer/digital, special pur­
pose converters and manual and automat­
ic test instrumentation are covered in an 
eight-page catalog. Astro-systems, Inc., 
6 Nevada Dr., Lake Success, NY 11040. 
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Computer-designed bandpass active filter, 
Type 41, has a frequency range of 20 Hz 
at 0.5% bandwidth to 20 kHz at 1 % band­
width. A product bulletin on the $17 de­
vice is available from KDI Navcor West, 
15551 Cabrito Rd., Van Nuys, CA 91406. 

119 
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Antenna types such as blades, stubs, horns, 
slots, and frequency independents are 
covered in this 16-page catalog from Elec­
tronic Resources, Marketing Dept., 4561 
Colorado Blvd., Los Angeles, CA 90039. 
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Thermocouple assemblies are discussed in 
this six-page brochure. Included are stan­
dard, angle type and pipe extended type 
assemblies. Pyco, Inc., 600 E. Lincoln 
Hwy., Penndel, PA 19047. 121 

Miniature magnetic components are cov­
ered in a six-page short form catalog that 
lists 36 specific a pplications and keys the 
applications to 15 different series of com­
ponents. Pulse Engineering Inc. , Box 
12235, San Diego, CA 92112. 122 

Junction and MOS FET chips are offered in 
either wafer or chip form. Thirty-four 
standard types for use as single and dual 
amplifiers, analog switches and current 
limiters are available. Siliconix, Inc., 
2201 Laurelwood Rd., Santa Clara, CA 
95054. 123 

Narrow tolerance phototransistors include 
three silicon planar epitaxial units that 
are described in CLT 2010, 2020 and 2030 
data sheets. Clairex Corp., 560 S. Third 
Ave., Mount Vernon, NY 10550. 124 

RFI filters and capabilities for design and 
manufacture of filters to customer require­
ments are outlined in a four-page brochure 
available from Electro Cube, Inc., 1710 S. 
Del Mar Ave., San Gabriel, CA 91776. 125 

A/D converters (8- to 12-bit) based on 
monolithic IC components are described in 
Model ADC-Q data sheet. Analog Devices, 
Inc., Pastoriza Div., 221 Fifth St., Cam­
bridge, MA 02142. 126 

Potentiometric , variable reluctance and 
differential transformer type transducers 
and miniature modular power supplies 
and amplifiers are covered in an eight­
page summary brochure. Bourns, Inc., In­
strument Div., 6135 Magnolia Ave., River­
side, CA 92506. 127 

Connectors in the "MICROMATE" Series 
are covered in a four-page test report 
which describes 15 tests performed on this 
series of connectors. Copies of Report PIB 
7-3 are available from Microdot Inc., 
Connector Div., 220 Pasadena Ave., South 
Pasadena, CA 91030. 128 

Literature 

"Mini-grip" probes designed for use on ICs 
are the smallest available and are covered 
in this four-page bulletin. Dept. Probes-1, 
Data Display Systems, Inc., 139 Terwood 
Rd., Willow Grove, PA 19090. 129 

Fixed composition resistor established 
reliability to meet specification MIL-R-
39008A is covered in this six-page folder 
from Airco Speer Electronic Components, 
St. Marys, PA 15857. 130 

Stepping switches for military and other 
applications requiring performance under 
severe environmental conditions are de­
scribed in Bulletin SP-365. Oak Manu­
facturing Co., A Div. of Oak Electro/Netics 
Corp., Crystal Lake, IL 60014. 131 

"Systems and Operation Manual" for the 
Raytheon 704 minicomputer contains 656 
pages written for the requirements of 
automation and system designers. It is 
available without charge from Raytheon 
Computer, 2700 S. Fairview St., Santa 
Ana, CA 92704. 132 

RFl/EMI fi lters including Button, L, Pi, T 
and Bolt Series are described in this 12-
page Catalog MF-1. Lundy Electronics & 
Systems, Inc., Glen Head, NY 11545. 133 

"Ultimate Surfaces for Plating, Resist 
Adhesion and Solderability" covers the 
preparation of printed circuits prior to 
assembly. London Chemical Co., Inc., 
Dept. EN-2, 240 Foster Ave., Bensenville, 
IL 60106. 134 

Distribution amplifiers for use in broad­
cast or closed-circuit TV applications are 
described in six-page data sheet 6-535. 
Cohu Electronics, Inc. , Box 623, San 
Diego, CA 92112. 135 

"Power Supplies and Electronic Devices 
for Industrial, Commercial and Military 
Applications" is an eight-page OEM Bul­
letin, Revision 1. Constant Voltage Co., 
4114 N. Ravenswood Ave., Chicago, IL 
60613. 136 

"Scotch-Weld" (anaerobic type) struc­
tural adhesives are covered in a four-page 
brochure, Z-ANB. Physical properties and 
performance along with typical applica­
tions are included. Adhesives, Coatings 
and Sealers Div., 3M Co., 3M Center, St. 
Paul, MN 55101. 137 
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Irate Clock Watchers 
Readers of these columns include more 
"clock watchers" than we realized, judg­
ing from the torrent of mail received about 
D. R. Barnhill's "metric clock". (See EDN, 
Oct. 1, 1970, p. 70). Readers found little 
fault with Mr. Barnhill's idea of metriciz­
ing time, but they had lots to say about the 
illustration that accompanied his letter. 

The illustration was ours, not his-and 
it's wrong! 

The clock in the illustration reads 
4.08.82, which is somewhat at odds with 
Mr. Barnhill's text. He has our apology, 
and we have a bushel basket of letters, 
some of which contained further proposals. 
Dear Sir: 

D. R. Barnhill 's suggestion to metricize 
time is received with clamorous approval 
here. 

We have no need, however, for "hours", 
"minutes" or "seconds", all of which is 
terribly confusing and artificial. Since 
we must fix on a national standard, why 
not use a day, deciday (dd), centiday 
(cd), milliday (md), microday (µ,d) and so 
on? The conversions are easily established: 

NEW TIME OLD TIME 
Day (d) Day 
Deciday (dd) 2.4 hours 
Centiday (cd) 14.4 minutes 
Milliday (md) 86.4 seconds 
Microday (µ,d) .0864 seconds 

Months, may I add, are also quite super­
fluous. Time in the new notation might 
easily be expressed as a decimal. For 
instance, 358.940 is simply 10:30 p.m. 
on Christmas Eve! 

J . R. Breton 
NUSC!NLL New London, CT 

Gentlemen: 
... Incidentally, 24 hour time is never 

referred to as (example) 2200 hours. The 
2200 is sufficient. 

Dear Sir: 

C. H. Bartlett 
Jacksonville, FL 

(Trouble reading Mr. Barnhill's clock) 
. . . is also the trouble common to power­
company meter readers- that of determi n­
ing whether or not the time is actually 
4.08.42 (sic) or 4.07.42. Perhaps a digital 
readout will be the only way to avoid 
ambiguity. 

Editor Boe: 

James Wright Belville, III 
University of Florida 
Gainesville, FL 

You did a service to common sense and 
order by letting everyone see Mr. Barn­
hill 's ideas. But for my circle I took the 
(also) common-sense stand of "one circle" 
=unity, divided decimally as far as useful/ 
practical. (The day is "unity", too, and 
should be ONE DAY, divided decimally. ) 
One time around is one circle, naturally. 
Any portion of this is a decimal part up 
to the limit of "l". And hang the Baby­
lonians and that awkward number, 360! 

Temple Nieter 
Evanston, IL 

(Ed. Note: Does this imply that sin 0.25 = 
1.000? One impact of metrication might 
be a boom in republishing textbooks and 
tables!) 

• J Misleading 
: Dear Mr. Boe: 
: On page 33, paragraph 1 of " Hybrids 

Today" (EON, Oct. 1, 1970), there is a 
statement which is somewhat misleading: 
"According to Computer Microtech­
nology, a cross-license agreement per­
mits Fairchild to implement CMl's 
patented all-aluminum beams." To keep 
the record straight, the basic patent for 
aluminum beam lead technology was 
awarded to John Schroeder while an 
em ployee of Fairchild Semiconductor. 
Computer Microtechnology is the first 
company to implement this technology 
under a cross-license agreement with 

: Fairchild. 

: David C. Conrad ! Vice President, Marketing, CM! 

~~~~~~~~·~·········· 
urn~rnm 
rnill~w 
Reader at General Time's Research Center 
points out that EDN's news story on 
"Supercon" VSF 400-filament supercon­
ductor (about the size of a human hair) 
would read much better if each filament 
were 0.007 mm in diameter, instead of 
0.007 inches. Otherwise a hair would be 
2.8 inches in diameter! 

Printer Developed Down Under 

Robert A. Chapman writes from Australia that he's seeking a 
U.S. buyer for his newly-invented electrostatic printing process. 
He says he can demonstrate printout of 12,000 characters/sec­
ond and that experimental results indicate speeds up to 2.4 
million characters/second, 120 wide. It prints on paper or other 
material without pretreatment and is capable of color and con­
tinuous tone. If interested, write him at PO Box 55, Kilsyth, 
Victoria, Australia . 

••••••••••••••••••••••••••••••••••••••••••••• 
I don't trust these electronic fellers when they talk about milli­
amperes-that's a thousandth of something you couldn't see in 
the first place. 

- Josh Billings Jr. 
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KEPCO'S® 

simple 
power supply 

the PAM series 60 
"Size D" 

17 models with 
tap-adjustable output 

Model PRM 15-4 - Nominal output: 15V @ 4A 

Cover removed to show taps. 
Dimensions: 5" x 3U," x 10 ¥." 

f] 
RESONANT 

TANK 

SHUNT 

Simplified schematic diagram 

TAP SELECTOR RANG E 
MODEL VOLTS AMPS 

MIN MAX MIN MAX 

PAM 5- 10 4.2 5.8 12.0 8.6 

PRM 6.3-8 5.5 7.1 9.1 7.1 

PAM 8-7 7.2 8.8 7.8 6.4 
PRM 10-6 8.4 11 .6 7.1 5.2 

PAM 12- 5 10.4 13.6 5.7 4.5 

PRM 15-4 13.4 16.6 4.5 3.6 

PAM 18- 3.3 16.4 19.6 3.6 3.1 

PAM 2i - 2.9 17.9 24.2 3.4 2.6 
PAM 26-2.3 22 30 2.7 2.0 

PAM 36-1.7 32 40 1.9 1.5 

PAM 48- 1.25 42 54 1.43 1.1 1 

PAM 60-1 52 68 1.15 0.88 
PAM 70-0.85 60 80 1.00 0.75 

PAM 90- 0.65 80 100 0.75 0.60 
PAM 120- 0.50 11 0 130 0.54 0.46 
PAM 160- 0.37 140 180 0.43 0.33 
PAM 240- 0.25 220 260 0.27 0.23 

de 

+ 

PRICE 

$96.00 
96.00 
96.00 
96.00 
96.00 
91 .00 
91 .00 
91 .00 
91 .00 
91 .00 
91 .00 
91 .00 
91 .00 
91.00 
91 .00 
91 .00 
91.00 

The tap system for voltage adjustment is 
found only in Kepco's new Series 60, Size 
"D" Power Supplies. Five voltage taps are 
available, nominal (designated by the 
model number) or two voltages above or 
two voltages below nominal. 
For complete specs-write Dept. DE- 12 

KEPCD @ 
131-38 SANFORD AVE.• FLUSHING, N.Y. 11352 

(212) 461-7000 •TWX #710-582-2631 
CIRC LE NO. 57 
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Linear 
Integrated 
Circuits 

Linear 
Integrated 
Circuits 

RCA/Solid State Div., Somerville, N. J. ; 
416 pages, 5-1/2 by 8-1/2 in ; $2.50 
(optional). 
This is an update of RCA's LIC manual, 
extensively revised and expanded to keep 
up with the state of the art. Beginning 
with basics of the subject, such as fabri­
cation, packaging, mounting and in ter­
connection techniques, it progresses rap­
idly to several new sections. Notable 
among these are a new application guide 
that indicates circuit types recommended 
for specific applications, a chapter on the 
effects of monolithic fabrication on circuit 
design, and chapters that deal with diff 
amp circuits, operational voltage ampli­
fiers, operational tranconductance am­
plifiers and special-purpose circuits. 

The manual will be helpful to circuit 
and system designers who must determine 
optimum specifications. It will also aid 
educators, technicians and others who 
have a basic understanding of solid state 
devices and circuits. For more informa­
tion. Circle No. 320 

Direct Transistor 
Substitution Handbook 

H. A. Middleton; Hayden Book Co., Inc., 
New York, N.Y. ; 224 pages; 6 by 9 in; 
illus.; paper; $2.95. 
Reference guide provides computer-se­
lected substitutes for nearly 12,000 dif­
ferent transistors currently used in enter­
tainment, industrial and commercial 
equipment. Close, conservative toler­
ances yield a lmost 130,000 substitutions, 
graded from "good" to "best". All sub­
stitutions take into account both electrical 
and physical parameters. Illustrations 
include more than 200 base drawings and 
a lead arrangement chart. For further 
information. Circle No. 321 

Decade Market Forecast 

"Electronic Industry Market for Advanced 
Technology Manufacturing-1970/1980" 
Theta Te(;hnology Corp., Peer Bldg. , 530 
Silas Deane Hwy., Wethersfield, CT. 
06109. $825 per 2 copies. 
This report projects the growth of the 
electronic industry through the 70s, pin­
pointing those key product areas whose 

Design Dataline 

rapid growth will dictate electronic man­
ufacturing equipment needs. Detailed 
forecasts are given of the changing de­
mand for a wide range of manufacturing 
equipment, including such areas as equip­
ment for artwork generat ion, assembly 
and packaging, automated testing, com­
puters (maxi and mini), CAD, computer 
graphics (including CRTs), computer out­
put microfilm , diffusion , electrochemical 
machining, electron beam processes, flex­
ible printed cable, furnaces , holography, 
lasers, numerical control fabrication, 
optical character recognition (OCR), pho­
toexposure equipment, photofabrication, 
plating, riveting and staking, and wire 
preparation. For more information. 

Proceedings -
1970 NAB 
Engineering 
Conference 

Circle No. 322 

Tab Books, Blue Ridge Summit, Pa. ; 
224 pages; 8-1/2 by 11 in; softcover; $10.00. 
A complete transcript of all the technical 
papers presented at the 1970 National 
Association of Broadcasters Engineering 
Conference is typeset in uniform style. It 
includes all the photos, slides and draw­
ings that illustrated the talks, and its 
subject matter spans a broad range of in­
terest. Some papers, such as those on time 
and control code for video tape editing, 
the CBS color corrector for encoded video 
signals, and modular digital-controlled 
routing switcher, will be of intense 
interest to the designer. Other articles 
appea l more to a non-technical audience. 
For more information. 

Circle No. 323 

ABCs of FETs 

Rufus P. Turner; Howard W. Sams & Co., 
Inc., Indianapolis, Ind.; 1970; 96 pages; 
5-1/2 by 8-1/2 in, softbound; $2.95 . 
Listed as Catalog 20789, this reference 
presents detailed principles of FET op­
eration, with stress on the application of 
FETs in practical circuits. The language 
is simple and st;aightforward, and the 
presentation is exhaustive, beginning 
with basic theory in the first chapter and 
progressing through tests and measure­
ments to design considerations and typ­
ical applications. This is one of those 
basic books that form a well-used portion 
of the engineer's reference shelf. 
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APPiication Notes 
"Position Counts" is the title of a free-loan 
15-minute, full-color sound film on numer­
ical control positioning systems. Several 
generation, interconnection and assembly 
operations common to PC manufacture are 
covered. A four-page brochure gives more 
details. The Superior Electric Co., Bristol, 
CT 06010. 90 

"Loran-C Timing Handbook" contains 30 
pages on the Loran-C system and its ap­
plication to practical problems of time and 
frequency synchronization. Both articles 
and applications information are included. 
Aerospace Research, Inc., 130 Lincoln St., 
Boston, MA 02135. 91 

"DC Power Supply Handbook 90A" con­
tains 138 pages divided into six main sec­
tions: Definitions, Principles of Operation, 
AC and Load Connections, Remote Pro­
gramming, Output Voltage and Current 
Ratings, and Performance Measurements. 
Inquiries Manager, Hewlett-Packard Co., 
1601 California Ave., Palo Alto, CA 94304. 

92 

Zero axis switching is the subject of a 
three-page application note on employing 
solid-state relays. Questions such as 
"What is it?", "Why does normal switching 
cause RFI?" and "What can you do about 
it?" are both asked and answered in this 
note. Zenrad Controls Co. , 1575 A.P.S. , 
Santa Barbara, CA 93103. 93 

Mercury-wetted contact relays for PC 
boards are covered in 27-page Manual No. 
860. Graphs comparing contact noise and 
jitter between the old industry standards 
and new types show improvement often 
exceeding 8 to 1. C. P. Clare & Co., 3101 
Pratt Blvd., Chicago, IL 60645. 94 

Interactive time sharing program, MICAP, 
for solving a wide variety of circuit prob­
lems covering the range from microwaves 
down to acoustical frequencies requires 
no knowledge of computer programming 
and enables the user to retain control 
over the program at all times. Tymshare, 
525 University Ave., Suite 220, Palo Alto, 
CA 94301. 95 

Design Data 

"Control Handbook" 1971 edition contains 
408 pages offering a practical guide to 
solid state control logic. It is written for 
specifiers, designers, manufacturers and 
users of electronic or mechanical logic. A 
free copy is available from Dept. P, Digital 
Equipment Corp., Maynard, MA 01754. 

96 

Lapped substrates of alumina or beryllia 
for thick film hybrid circuits is the subject 
of Technical Bulletin A-24. It is written 
to assist engineers in designing and pro­
cessing hybrid circuits. Accumet Engi­
neering Corp., 25 Broad St., Hudson, MA 
01749. 97 

"Component Oven Designers Catalog" is 
written specifically for the equipment de­
sign engineer requiring a temperature­
controlled environment. Definitions and 
illustrations provide a sound basis for 
rapid and accurate temperature control 
specifications. Oven Industries, Inc., 1106 
E. Simpson Rd., Box 229, Mechanicsburg, 
PA 17055. 98 
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General Electric's 
new epoxy T0-18 
transistors run 
hot and cold 

PASSED 
SSC @ 85% R.H. 

PASSED 
- 65 to + 150C 
temperature cycling 
MIL TEST 

General Electric has just introduced 
32 new T0-18 based epoxy tran­
sistors. And we know they' re good. 
We've tested them over and over 
again. Tests like temperature cycling 
from - 65C to + 150C. Not just a 
few times .. . but 300 times. That's 
30-times the normal MIL require­
ment for reliability. 

We 've subjected these new epoxy 
transistors to other tests, too, such 
as 85C at 85% relative humidity for 
up to 8000 hours just to find out 
how reliable they really are. 

GE 's epoxy T0-18 transistors can 
take the bumps, too. No need to 
worry about shock or vibration 
damage. Their solid epoxy encapsu­
lant provides rigid mechanical sta­
bility . . . seals trouble out and 
performance in. 

We've got 16 new JEDEC types 
and many new GET replacement 
devices that will substitute for 
common 2N types with no redesign 
at all. We're adding more new 
types every month . They're avail­
able in NPN's, PNP's, matched 
pairs and Darlington amps with 
breakdown ratings up to 60V and 
dissipation as high as 500 mw. 

We've tested these transistors in 
every way possible. See the results 
for yourself in our new reliability 

NPN 

brochure (Pub. #95.28). We'll send 
the brochure along with specifica­
tion sheets for GE's new epoxy T0-
18 transistors. 

Just write General Electric Com­
pany, Section 221-33, 1 River Road, 
Schenectady, N. Y. 12305. In Can­
ada : Canadian General Electric, 189 
Dufferin Street, Toronto, Ont. Ex­
port : International Sales Division, 
General Electric Co., 159 Madison 
Avenue, New York, N. Y. 10016. 

GE Type Replaces GE Type Replaces GE Type Replaces 

!~ ~~ JEO EC h;l li~?i~~ JEDEC 1---~"-"' ~---1 Noise 

Type v~;~ii ~~~~~ ~~~~~ {mn) Type vd1~~\vjv~cE~~gvjv~~~~gv 1~~.~~ 
GET706 2N706 GET2221A 2N2221A GET3013 2N3013 

GET708 2N708 GET2222 2N2222 GH3014 2NJ014 

I- -+--+---·+----+--- t------1 
400! 500 2N6000 50 40 J.O 2N6001 90 35 3.0 GET914 2N914 GET2222A 2N2222A GET3638 2N3638 

400t 500 2N6002 130 80 2.0 2N6003 210 so 1.5 GET929 2N929 GET2369 2N2369 GET3638A 2N3638A 
t---+-+--+- -t--t---+-+-----+- --+--~-t---t--~ 

400rr 500 2N6004 50 40 J.O 2N6005 90 35 3.0 GET930 2N930 GET2484 2N2484 GET3646 2N3646 

I- -+-+---I-- -+-
400tt 500 2N6006 130 80 2'.0 2N6007 210 50 1.5 GET2221 2N2221 

500tt IOO 2N6010 45 85 45 5.0 2N60 11 70 65 45 3.0 

SOOH 800 2N6012 90 160 50 3.0 2N6013 180 135 70 2.0 

500ttt 800 2N6014 45 65 1 15 5.0 2N6015 70 60 35 3.0 

500ttt 800 2N6016 90 60 15 3.0 2N60l7 180 125 55 2.0 

1 BVcw=25V; ti BVcrn=40\I; 111 BVcw=60\I 

GENE RAL. ELECTRIC 
CIRCLE NO. 59 



Dale RH and RS resistors are used 
in Burroughs' popular TC 500 

on-line terminal computer. 


