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Introducing - 

THE AMBIDEXTROUS 
RECORDER 

Designed with Systems in Mind. 

A high-speed dc strip-chart recorder 
...that can be remotely programmed 

... and can program itself automatically 

... and can program other devices, controls, and processes 

Adding hands to this recorder couldn't have made it a more 
versatile and unique systems component. 

The 1522 recorder can be remotely programmed. Simple 
switch-closure commands will select one of 18 chart speeds, 
start the chart in forward or reverse and stop it; lift the pen; 

and actuate two event markers. 

Or, the 1522 recorder can program itself. Control marks along 
the chart paper's edge are sensed photoelectrically for auto-

matic internal control of any of the above recorder functions. 

Or, the 1522 recorder can program other devices such as 
sort/select mechanisms. It can activate go/no-go systems 

or warning signals if plotted information exceeds preset high 
or low limits. It can be used to program additional test 

equipment and synchronize other 1522 recorders. 

That's not all. The 1522 by itself is a superb dc recorder. It 
writes with a pen speed of 65 inches per second — it takes 

only 70 milliseconds for full-scale traverse. Linearity is 1/4% 

of full scale; accuracy is 1/2% of full scale. Eighteen paper 
speeds from 2 inches per second to 1 inch per day to accom-

modate both rapid plotting and continuous monitoring of 
long processes. There are 15 dc voltage ranges and 18 dc 
current ranges from 2 mV or 0.2 µA per inch to 100 V or 

100 mA per inch. 

The 1522 adds "hands" to your system. We don't claim it to 

be smarter than any other machine. It's just a darn good 
worker and you can put the 1522 on your payroll for $1915 

in the U.S.A. 

For complete information, write General Radio, W. Concord, 

Massachusetts 01781; telephone (617) 369-4400. In Europe: 
Postfach 124, CH 8034, Zurich 34, Switzerland. 

GENERAL RADIO 
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Couple your measurements to a time-sharing terminal. 

With HP's 
2547A Coupler, 
you can record 
BCD outputs 
from your 
measuring in-

struments, ready to feed straight into your 
time-sharing terminal. Data from up 
to six instruments at a time can be 
recorded on ASCII-coded punched tape 
for immediate processing. 

Simply feed the tape into your time-

sharing terminal and get back the 
answers you want. Now. That's a lot 
quicker and easier than typing in data on-
line, or preparing off-line data tapes. 
The 2547A Coupler works with 

more than 40 different HP measuring 
instruments — and most other instru-
ments with BCD output. 

Cost for the coupler, teleprinter and 
a 10-digit data input interface adds up 
to a reasonable $4300. For complete 
information on the coupler and 

time-sharing applications, contact your 
local HP field engineer. Or write to 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT ilk PACKARD 

DATA ACQUISITION SYSTEMS 
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Sculpt a test 
Waveform 

Now you can control pulse shape 
four ways (rise time, fall time, 
width, and repetition rate), with 
these new HP pulse generators. 

For maximum 'control, the 8005A 
gives you dual outputs — either 
positive or negative—with variable 
rise and fall times from 10 nsec to 
2 sec, continuous attenuation of 
each pulse, pulse repetition from 
0.3 Hz to 10 MHz, pulse width from 
30 nsec to 3 sec, and 100 nsec to 
3 sec delay with respect to the 
trigger output. 

If you don't need all that versatility 
— just an extremely fast rise/fall 
time — then the 8004A is your in-
strument. It'll give a variety of 
pulse shapes with 100 Hz to 10 
MHz rep rate. Pulse width is vari-

able from 0 to 1 msec in six ranges, 
with vernier adjustment. 

Both instruments offer high linear-
ity, versatile gating, adjustable dc 
offset, double-pulse mode for stim-
ulating logic and memory circuits, 
and a price as low as performance 
is high. $1050 for the 8005A, $720 
for the 8004A. 

Call your local HP field engineer 
for a detailed set of specs. Or write 
Hewlett-Packard, Palo Alto, Cali-
fornia 94304; Europe: 1217 Meyrin-
Geneva, Switzerland. 

HEWLETT ilk PACKARD 

PULSE GENERATOR SYSTEMS 
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Readers Comment 

Australian taximeter 

To the Editor: 
Your article "Fare enough" [July 

7, p. 186] is incorrect and mislead-
ing. The electronic taximeter is a 
development of Sanders Enter-
prises Ltd., not Standard Tele-
phones & Cables Australia Ltd. as 
your article states. Sanders holds 
the world patent rights to the taxi-
meter, while Standard Telephones 
is the licensee for the Australian 
rights only. 

Plessey Pacific Control Research 
Laboratory does not have any in-
terest in or hold any license for 
this device whatsoever. 

J. Bruce-Sanders 
Sanders Enterprises Ltd. 
Brisbane, Australia 

No agreement 

To the Editor: 
We were disturbed to note your 

report that Qantas has agreed to 
foot its part of the bill for the Pa-
cific segment of the much talked 
of Arinc/Comsat 2 satellite pro-
posal [May 26, p. 58]. 

Your information is incorrect. We 
have been a great advocate of the 
use of vhf aeronautical satellites 
and have participated in the Na-
tional Aeronautics and Space Ad-
ministration program. While we 
are familiar with current develop-
ments, we have never been asked 
to signify our agreement to foot 
what might be our part of the bill. 

M. H. Meyers 
Communications manager 
Qantas 
Sydney, Australia 

Cool to Ray 3 

To the Editor: 
I think there may have been a 

misunderstanding regarding Ray 3 
in your newsletter [July 7, p. 34]. 
When you say, "Fairchild is be-
lieved to be a second source," that 
automatically makes the product 
line approved by the experts—and 
we haven't done that. 
We are very interested in super-
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Magnetic 
equipment 

aboratory 

Walker Integrating Fluxmeter and Hall Gaussmeter 
A line of precision magnetic measurement instruments to ac-
curately measure magnetic flux and produce an accurate ana-
logue voltage proportional to the flux for recording 
hysteresis loops or measurement of magnetic 
fields. Light weight, solid state design. Fast, 
accurate, easy to use. 

Walker Hysteresisgraphs 
Aline of magnetic material test equipment including the Model 
MH-1 Hysteresisgraph for materials with coercivities ranging 
from 100 to 3000 oersteds and saturation inductance up to 
18,000 gauss, the Model MH-2 Hysteresisgra ph for soft mag-
netic material testing and the Model MC-1 Coercivity Meter. 

WALKER 

MAGNETIC 

GROUP 

Walker Regulated 
Power Supplies 

5, 11 and 15 Kilowatt Current 
Regulated Models 

One Part in 100,000 or 
Better Stabilities 

All Silicon Solid State Circuitry 
Ultra Stable Low Noise 

Input Circuitry 

Automatic Polarity Reversal 
(Optional) 

Electronic Sweep Circuitry 
(Optional) 

Impedance Matched to the 
Walker Line of Precision 
Laboratory Magnets 

CI. El. WALKER COMPANY, INC. 
ROCKDALE STREET. WORCESTER. MASS. 01608 617-953-3232 

Walker 
Precision Laboratory 

Electromagnets 

Moderately priced and specifically designed for high perform-

ance with flexibility and accessibility. Five models - 4, 4V (4 
inch diameter), 7, 7V (7 inch diameter) and 10 (10 inch di-
ameter). Magnet pole cap surfaces are precision ground and 
polished to optical tolerances to achieve optimum magnetic 
uniformity. 4V and 7V models are variable gap models with 
continuously adjustable spans. All magnets are capable of 
providing a stepped variable gap by means of precision ground 
spacer blocks. 

Walker 
Superconductor 

Magnets 

Available in bores up to 3" 
with intensities up to 65 kilogauss. Compensated solenoids 
are available for applications requiring high field uniformity. 
A complete line of accessories is available for these magnets. 

Walker 
Custom Coils 

The O.S. Walker Company 
produces to customer order 
numerous coil systems in-
cluding Helmholtz coils, air 
core and iron core solenoids, 
plasma coils and laser coils. 

WALKER 

MAGNETIC 

GROUP 

Walker 
Special Magnet 

Systems 

Typical special magnet 
systems, designed and 
produced at 0.S. Walker. 

SCIENTIFIC DIVISION 
TWX 710 340 7629 
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FIRST again... 
with the largest lineup 
of new linear ICs 

LADOEP 

vOLTAGE REGULATORS 

LAMP REL AY DRIVERS 

L Loco\ DRIE.`-' 

•-L! ;Lt.WING MF-5 

IkANLATORS 

SUFFER AMPLIFIERS 

BIPOLAR 'V% ITCHES 

.1 FEY ANALOG GATES 

DUAL COMPLEMENTARY LéOt TALLE REGULATORS 

POWER AMPLIFIERS 

APPLICATIONS NOTES 

order your free copy today! 
Call 516.733-3243 or write General Instrument Corporation, Dept. H, 600 West Jchn St., Hicksville, L.I., N. Y. 11802 : 

crnent, 

Iv vr 
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Readers Comment 

fast transistor-transistor logic, and 
are, in fact, considering a possible 
custom development for a major 
manufacturer. But we are not mak-
ing Ray 3, nor do we intend to 
develop and produce a family of 
circuits that would be compatible, 
pin-for-pin, with Ray 3 for general 
usage. 

Elliott Sopkin 
Fairchild Semiconductor 
Mountain View, Calif. 

For the record 

To the Editor: 
Your "For the record" item on 

high-speed printers [June 23, p. 60] 
incorrectly credits ITT as the man-
ufacturer of the Inktronic printer. 
Inktronic is trademarked by the 
Teletype Corp., which manufac-
tures the printer. 

D.J. Zigament 
Manager, advertising & sales pro-
motion 

Teletype Corp. 
Skokie, Ill. 

Noise monitors 

To the Editor: 
I read with considerable interest 

your article on airport noise mon-
itoring systems [July 7, p. 183] 
especially since I was recently in-
volved in a similar project for Am-
sterdam's Schipol Airport. 
At that airport, Rohde & Schwarz 

GmbH, a leading West German 
instrumentation manufacturer, re-

SUBSCRIPTION SERVICE 
Please include an Electronics Magazine address ' 
label to insure prompt service whenever you 

I write us about your subscription. 

cently installed a noise monitoring 
system. It built the monitoring 
equipment, which is interfaced into 
a Digital Equipment Corp. PDP-8L 
computer. The programing was 
done by Agrippa-Ord Systems 
GmbH, a West German subsidiary 
of the Agrippa-Ord Corp. 
The Rohde & Schwarz Fluglarm 

is similar to the Hewlett-Packard 
GmbH system in its operation. 
Daily records are kept of the equiv-
alent noise level (LEQ) and all oc-
currences of threshold violations. 
Reports can be obtained on de-
mand or are automatically gener-
ated at predefined times. Threshold 
violations are printed immediately 
on a teleprinter, and information 
about the violation is punched on 
a high-speed tape punch. The sys-
tem is capable of handling as many 
as 16 different monitoring points 
or stations. 

Stephen D. Piner 
Vice president/systems 
Agrippa-Ord Corp. 
Carlisle, Mass. 

A matter of opinion 

To the Editor: 
In the June 23rd issue of Elec-

tronics [p. 116] the symbol CM,.,., 
common-mode rejection ratio, is 
most distracting. To be consistent, 
collector voltage would be C. Mr. 
Soanes must have had a fit! Mien,, 
in my opinion, would have been far 
more plausible. 

New York 
Nicholas Bodley 

ATTACH 
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Microwave. 

Moving around? New Farinon TR-

2500 microwave speeds and sim-

plifies the extension of voice and 

data circuits to temporary locations 

And you can take advantage of 

mobile licensing in the 2450-2500 

MHz band. Equipment can be moved 

when and where you like without 

re-licensing. 

Meeting normal industry standards 

for telephone or data transmission, 
you can operate up to 12 high-

quality voice channels. A complete 

terminal (including multiplex) can 

be mounted on a portable rack or 

in an outdoor cabinet. 

Because TR2500 is a true micro-

wave system, you get the privacy 

and high quality of microwave trans-

mission. And since TR2500 operates 

in a mobile band, you have the con-

venience of mobile licensing. Move 

with TR2500. 

Talk to Farinon. 

Farina, Electric, 935 Washington St., San Carlos, car. 94070 
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Who's Who in this issue 

Chernow Blatchley Kedson Stoughton 

Six men share credit for the four articles on memory technology that 
begin on page 88. Gary Chernow, a staff engineer at Computer Test 
Corp., has been in the field for over seven years. Prior to joining cm, 
U.S. patents and has seven pending. Formerly with RCA, Alan M. 
Stoughton has for the past couple of years headed a CTC group 
designing and programing computer-controlled test equipment. A co-
author, who didn't quite make the picture, is Charles A. Elles, who, 
before signing on with CTC a year ago, racked up 11. years of experi-
ence in the test equipment and instrumentation fields. Elwood A. 
Dance recently left CTC for a new position at Scientific Measurement 
Systems Inc. 

Senior associate editor Harry Karp, who handled the piece on Bell 
Labs' magnetic bubbles (page 83), is very high on this new technique 
for manipulating digital data. Until recently managing editor, he 
has decided to return to field work, specializing in coverage of in-
dustrial electronics. A I4-year veteran of technical journalism, Harry 
holds both BSEE and MSEE degrees from Newark College of Engineer-
ing; before embarking on an editorial career, he worked many years 
in industry. Harry has received two patents on control systems. 

Testing integrated circuits economically is the subject of the article 
that begins on page 74; it was co-authored by Robert Hughes and 
Blaine Belecki of the Digital Equipment Corp. Bob, manager of com-
ponent engineering at the company, is in charge of inspecting all in-
coming components. Before being appointed to this post, he was a 
senior engineer doing design work. His associate won a BSEE from 
the University of Nlanitoba in 1965. He first joined DEC in 1967 after 
working two years at Northern Electric's Montreal facility. Blaine 
started off as a design engineer. At the moment, he's employed as a 
software specialist in Digital Equipment's Toronto Office. 

Gilder 

With the school year about to start 
again, Electronics is saying good-
bye to summer intern Jules Gilder, 
who's returning to the City College 
of New York to complete work for 
his BSEE. Jules, editor in chief of 
Vector, CCNY's engineering maga-
zine, worked in a number of de-
partments, including U.S. reports, 
Designer's Casebook, and Techni-
cal Abstracts, during his stay. And 
during July, he covered the Con-
ference on Engineering in Medi-
cine and Biology. He returns to 
school with our best wishes. 

Biberman 

An applied optics expert, Lucien 
NI. 13ibeiman makes a strong case 
for the sec tube in a special sec-
tion of the cover story on low-light-
level tv that begins on page 64. 
Now a research staff member at 
the Institute for Defense Analyses, 
he specializes in the fields of in-
frared and night vision. Biberman 
earned a BS at Rensselaer in 1940. 

8 
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NEW FLAT PAK DESIGN ONLY 0.1" THICK 

ACTUAL SIZES 

1\1111i4e.--1 0 00 

•  

O 

Air Magnetic Flat Pak 
Modulators, 
Analog Multipliers, -a- t 
Demodulators 
mount directly on IC Cards 

• Hybrid assemblies mount directly on IC cards. 
• Space saver design .. . typical dimensions 0.1" thick x 0.5" 
x 0.75". 

• Rugged design, extreme reliability. MTBF design goal 0.25 
per million hours. 
• Extremely low drift over —55' to + 125'C range. 

• Not affected by high intensity nuclear radiation. 

• Capable of operating on carrier frequencies as high as five 
Mhz. 

• One or more isolated or floating input signals may be used 
for modulating, multiplying, dividing, squaring or extracting 
a root. 

• No external nulling or offset adjustments. 
• No additional components or compensation required. 
• No external operational amplifiers required. 
• Standard 2 15 V DC power supplier unless otherwise speci-
fied. 

• TYPE NUMBER 

Reference Carrier Voltage 
and Frequency 

IMM 1199-1 

10 V RMS 
G 1800 Hz 

1MM 1210-1 

10 V P.MS 
G 400 Hz 

IMM 1212-1 

5 V RNIS 
G 25 KHz 

1MM 1214-1 

5 V RMS 
G 130 KHz 

Input Control Signal Range 0 to 71-1.5 
rra DC 

0 le ±300 
ma CC 

a to -.1.-5 V DC 0 to -±10 V DC 

DC Resistance of Input 
DC Signal Winding 

8 K ohms 30 K ohms 10 K ohms min < 5 K 

AM Phase Reversing 
AC Output Range 

0 to 5 V RMS 
G 1800 Hz 

0 to 5 V RMS 
G 400 Hz 

0 to 5 V RMS 
G 25 KHz 

0 to 5 I., RMS 
G 100 KHz 

Differential Gain 
RMS my. AC Output/ 

ua DC Sig. Input 

4 mv RMS/p. 
a DC 

16.5 in/ RMS/4 
a DC 

I V RMS ,1 V DC 0 5 V RYS/ 
1 V CC 

AC Output Null (Noise Level) RMS 1/2 °S f.s. lio% f.s. 0.5% f.s. 0 to 5 V RMS 
G 100 KHz 

Output Impedance 

External Load 

< 50 ohms 

10 K to 100 K 
ohms 

.050 ohms 

10 K to 100 K 
ohms 

.053 c,--ns 

10 K to 100 K 
ohms 

.050 ohms 

10 K to 100 K 

Excitation (Carrier 
Winding) Impedance 

4 K ohms 25 K ohms 16 )0 ohms 1 K ehms 

Zero Point Drift over Temp. Range 
Referred to DC Input Terminals 

0.25% fn. 05% f.s. 0.5% f.s. 1% max 

Hysteresis In Percent of 
Max. Input DC Signal 

0.2% fn. 0.5% Os. 0.5% Os. 0.5% f.s. 

% Harmonic Distortion 
in Output Wave 

5% IC% < 5°... < 5% 

Temperature Range -55'C to 
+125'C 

—55'C to 
+125-C 

—50C to 
+125'C 

—55" to 
4-100"C 

Frequency Response CC to 200 Pz DC to 100 Hz DC to 2.5 KHz DC to 10 KHz 
Overall Dimensions (in inches) 0.1 x 1.00 1.0 0.1 x 1.0 x 1.0 0.1 x .75 x .625 0.1 x .75 o .625 

Type of Mounting Flat Pak 
Terminals I. errr.1ra atOak T I s 

Printei Circuit 
Flat Pak 

Printed Circuit  
Flat Pak 

TYPICAL FUNCTION PERFORMED 
BY THESE COMPACT MODULES 

INPUT 
SIGNALS 
ISOLATED 
AND 
FLOATING 

Product accuracy: 

1% over temperature range —55"C to +125'C. 

Kd SIGNAL 

MAGNETIC 
DC x DC 
ANALOG 
MULTIPLYING 
MODULATOR 

a±b±c) 

ANALOG 
PRODUCT 
OUTPUT 

(0 to 5V across 
2 K or higher) 
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".1,..e, 
amp,4 ittei rem 
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Division 
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tauteriammilme.e.-c• 
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Square Rodt 

Amplitude Modulation Balanced Modulator 

1110111111 
There is No Substitute for Reliability 

GENERAL MAGNETICS, INC. 
135 Bloomfield Avenue, 
Bloomfield, New Jersey 07003 
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A new custom logic 
element used to cost 
about forty thousand 
dollars, months of 
design and production 
time, and endless grief 
in debugging and reliability 

10 
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How about a 
thousand 
dollars and 
we'll do it from 
memory? 
Use logic programmed into an ROM (Read Only 
Memory) element. With a minimum of time, we can 
set up the pattern your logic table dictates and have 
your circuits coming down the chute. Costs about a 
thousand dollars and there's every probability your 
production run circuits will cost less, too. 

ROM elements are far simpler to make than a new, 
untried logic design. They're highly repeatable and 
proven reliable. No logic race conditions. All of our 
ROMs will directly interface with TTL or DTL logic. 

We've got a memorable packet of information for 
logic designers. Write or call National Semiconduc-
tor. 2975 San Ysidro Way, Santa Clara, California 
95051. (408) 245-4320. TWX: 910-339-9240 Cables: 
NATSEMICON 

Product Organi-
number* Bits zation Package 100 up 
MM520 256 256 x 1 8 pin TO-5 38.00 

MM521 1024 256 x 4 16 pin DIP 45.00 
MM522 1024 128 x 8 24 pin DIP 60.00 

or 256 x 4 
MM523 2048 256 x 8 24 pin DIP 96.00 

or 512 x 4 

*-25° to 70°C. Full mil temp also available. 

National/MOS 
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Our computer plays 
back PM motor 

designs in seconds. 
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INDIANA GENERAL We make it easy for the design engineer. 

30 design possibilities in about 5 minutes, to be precise. All we need 
from you for input data to our computer are speed vs. torque vs. 
current characteristics; maximum diameter and/or length (if re-
quired); and lowest temperature for stall or start (if known). We'll 
feed in characteristics of all the ceramic magnet materials. 

From that, we'll provide virtually as many designs as will 
work, for both DC and rectified AC motors as well as for 

alnico PM motors. Parameters specified will 
include armature diameter and stack 

length. Winding data, including vol-
ume of copper. Magnetic material. 
And magnet dimensions, includ-
ing volume, thickness and 
area. Or we'll be happy to con-
firm your own design. How-
ever you use our computer 

design service, it's free. 
And far more than 

calculating the mag-
netic materials to be 
used, we provide them, 
too. Our wide range of 
Indoxe materials cov-
ers all your PM motor 

needs. Want additional 
design service, or help 

with prototype motors? 
Fall back on IGC's design ex-

perience, with or without our 
computer terminal. 

For design evaluation, or 
further details, send the coupon. 

Mr. C. H. Repenn, Manager of Sales 
Indiana General Corporation 
Magnet Division 
Valparaiso, Indiana 46383 
D Please send me magnet and design Wei-
ature, and an application form for a PM 
motor design evaluation. 
D Please calculate PM motor design possi-
bilities. based on the attached data: Speed 
vs. torque vs. current; maximum diameter 
and/or length: and minimum temperature 
for stall or start. 

COMPANY   

ADDRYre  

_STATE   



DATA TRANSMISSION 

TOTAL ELECTRONIC 
SYSTEMS CAPABILITY. 
SPECIALISTS IN 
TIME/FREQUENCY, 
RADAR AND 
DATA SYSTEMS 
OFFERING RAPID 
GROWTH. 

LELETZ-1:?... 
RESEARCH CORPORATION 

an equal opportunity employe, 

P.O. BOX 222, BUFFALO, N.Y. 14225 

Who's Who in electronics 

Goeken 

"When we started this, everyone 
thought we were nuts," says John 
D. Goeken recalling how people in 
the communications industry and 
in Washington's legal and political 
circles viewed his decision to chal-
lenge AT&T through a petition to 
the Federal Communications Com-
mission for permission to offer pri-
vate microwave service on a route 
between Chicago and St. Louis. 
Now the former G.E. mobile ra-

dio salesman from Joliet, Ill., hav-
ing won his six-year battle with 
AT&T, believes that his firm, Micro-
wave Communications Inc. (MCI), 
is on its way to creating a new na-
tional microwave net to service 
commercial and industrial firms. 
And Goeken contends that the ser-
vice will be 50% to 90% cheaper 
than comparable telephone com-
pany service [See p. 40]. 
Goeken estimates that the fight 

cost ma close to $400,000 in litiga-
tion fees over the last six years. But 
now he contends that a share in 
his privately-held communications 
company is worth $4,000. This com-
pares with a 1963 figure of $100 
and reflects a 5-for-1 stock split. 
Goeken has also started another 

firm, Microwave Communications 
of America Inc. (Micom), through 
which he and Micom chairman 
William McGowan expect to pro-
vide other fledgling microwave ser-
vice companies with assistance in 
filing FCC license applications, with 

engineering expertise, with system 
construction and operation assis-
tance, and with marketing services. 
Thus the determination which 

led people to say that Jack Goeken 
was "nuts" six years ago is already 
paying off. To his friends and col-
leagues he has become "Jack the 
Giant Killer"—a nom de guerre that 
has been recorded for posterity on 
a trophy that looks like it was orig-
inally designed for an amateur 
bowler. But Jack Goeken, ap-
proaching 36, has become a hard-
ened communications pro during 
the lean years of litigation. 
Goeken is enthusiastic about the 

possibilities now open for the com-
munications industry. Before his 
landmark FCC decision and the one 
on Carterfone, he recalls, "you did 
it AT&T's way or you didn't com-
municate." Throughout the 24 days 
of hearings, Goeken says the Bell 
System had 13 attorneys and 15 to 
20 experts every day, at a daily ex-
penditure of over $20,000. "They 
had unlimited resources." ma had 
one lawyer, and "we'd work to-
gether until 4, 5 or 6 in the morn-
ing preparing for the next day's 
hearings. 

With one leg draped over the arm 
of his rocker, the Commerce De-
partment's Myron Tribus appears 
to be the most relaxed man in 
Washington. But it would be a 
mistake to judge his intentions by 
his posture, because the 47-year-
old Assistant Secretary of Com-
merce for Science and Technology 
is determined to convince the Gov-
ernment that the only place for a 
Federal Telecommunications Au-
thority is right in the Com-
merce Department. The authority 
would manage "electrospace"— 
newest capital buzzword for the 
frequency spectrum. 
From his rocker, the gift of his 

students at Dartmouth, where he 
headed the Thayer School of Engi-
neering before joining the Govern-
ment, Tribus makes this case for 
assignment of spectrum manage-
ment to Commerce: the depart-

14 Circle 14 on reader service card 
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Small Precision 

CERAMICS 
"As Fired" 

PROGRESS 
REPORT 

.370 -1- .003 
Hole .025 -1- .002 

00 • do  
Holes .056 -1- .003 
Holes .016 4- .002 

Thickness .0165 -I- .0015 

Radii .171 4: .002 

Slot Width .064 -l- .002 
Floor Thickness .05-tr± .001 

O. D. .304 ± .003 
Holes -4- .002 0. D. .369 - .372 -I- .0015 

9 
0. D..467 + 

Slot Width .070 -+ .002 
Holes .034 --E .001 

Hole .042 ± .001 

0. D. .218 -+- .0015 
Hole .094 .001 

Illustrated Approximately Actual Size. 

.532 -i- .005 

s 
0. D. .379 .4- .0025 

Holes -1-- .003 

O. D. .484 .4- .003 
Hole .016 -7-- .002 

s .  

Holes -1- .002 
Thickness -I- .002 

Improvements in electronic devices have been limited 

by the cost and time requirements of precision ceramics 
produced by grinding, lapping and polishing. The abil-

ity to produce AlSiMag® "as fired" ceramics to close 
tolerances removes the limits on quantity, speeds de-
liveries, favorably influences cost, and assures greater 
uniformity from piece to piece and lot to lot. In many 
cases the "as fired" surface also has more favorable 
electrical characteristics. 

SPECIAL FACILITIES 

The volume of AlSiMage precision "as fired" ceramics 
has grown steadily each year. Equipment has been re-
fined. Skills have been upgraded. Environment and raw 
material controls have been strengthened. Engineering 
know-how has been increased. All these result from 
years of work on precision "as fired" ceramics. 

ALUMINA, STEATITE OR BERYLLIA 

To meet the requirements of our customers, capabilities 
have gradually been extended to include Forsterite, 
cordierite, beryllia and steatite as well as the alumina 

ceramics. AlSiMage steatite ceramics have long been 
the leaders in the industry. They have been used for 
decades with marked success. These highly refined 
steatites, exclusive with American Lava, have favorable 

electrical characteristics which are not equaled by any 
others. They usually offer substantial cost savings, espe-
cially in large volume. 

SPECIALIZED EXPERIENCE 

Today American Lava has the broadest capabilities 
available in precision "as fired" ceramics. The illustra-

tions point out significant dimensional tolerances and 
give an idea of current production capabilities. 

HELP FOR YOU 

Inquiries on close tolerance ceramics should be as de-

tailed as possible. Please remember that the broadest 
tolerances permitted by the design will result in the 
lowest cost. Designs with tolerances "impossible" a few 

years ago are now practical. Tell us what you need and 
our technical people will be glad to rake suggestions. 

liar lir 
CODE DENT. NO. 70371 American Lava Corporation M 

PHONE 615 265-3411 • CHATTANOOGA, TENNESSEE 37405, U.S.A. 

3 

A SUBSIDIARY OF 

I  

COMPANY 

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities 
(see your local telephone directory): Boston: Needham Heights, Mass. • Chagrin Falls, Ohio • Chicago: Elmhurst, Ill. • Dallas, Tex. 
Indianapolis, Ind. • Laurens, S. C. • Los Angeles, Calif. • Metropolitan New York: Ridgefield, N. J. • Up-State New York and 
Canada: Phoenix, New York • Orange, Conn. • Philadelphia, Penna. • Roanoke. Virginia • St. Louis: Lee's Summit, Mo. 
South San Francisco, Calif. • International: c/o American Lava Corporation, Chattanooaa. Tenn 172n6 II c n Tr, zv 
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FPS 
ATTENUATORS 

Each attenuator pad is individ-
ually calibrated at two frequen-
cies-30 MHz and 1 GHz— 
Series FP-50 and FP-75 are 
color coded individually in 
standard resistor color 
code. Both the 50-ohm 
FP-50 and 75-ohm 
FP-75 are available in 
a wide variety of 
connectors, or in 
any combination 
of those con-
nectors. 
PRICES 
FP-50: BNC. 
TNC-$12.50; 
Type N, 

$16.00. 

FP-75: BNC. 
TNC, Type F— 
$12.50; 
70-ohm 

Type N— 

$18.00. 

ZM SERIES 

MINIMUM 

LOSS 

PADS 

Mo .e , DC— GHz 
Model FP-75, DC-1.2 GHz 

Calibration Accuracy: 
Model FP-50, ±0.1 db; 
Model FP-75, -±0.2 db 

Power Handling Capacity: 
1 watt average, 1000 watts 
peak 

50/75 11 50/93 
75/93 52 50/600 (.? 

• Frequency Range: 
Up to 1000 MHz 

• Connectors: 
Any combination of BNC, TNC, 
Type N, or Type F 

Price: $10.00 

ALL MODELS AVAILABLE FROM STOCK. SPECIAL CUSTOMER DE-
SIGNS SHIPPED WITHIN TWO DAYS AFTER RECEIPT OF ORDER 

CORPORATION 

DELAND AVENUE 

INDIANAPOLIS, INDIANA 46219 

Who's Who in electronics 

ment, unlike some other agencies, 

is not mission-oriented, and can 
thus provide the best interface for 
science and technology, the econ-
omy, and the society [See p. 37]. 
The word "electrospace," coined 

by one of Commerce's scientists 
at Boulder, embraces the fre-
quency spectrum plus selective 
directionality, time, and polarity, 
and includes not only the spec-
trum but also cable communica-
tions. Tribus says no one knows 
at any one time how much of the 
electrospace is being used, or by 
whom, and "no one [agency] 
knows or will claim responsibility 
to find out". In addition, he says, 
there's a "tremendous background 
of technical information that's 
missing." For example, what hap-
pens to microwave transmission 
when it rains? 
Commerce "has the best non-

defense capability in Government" 
for in-house systems analysis, Tri-
bus says. While conceding that 
other agencies, such as the De-
fense Department, NASA, and the 
Atomic Energy Commission have 
enormous in-house capabilities, he 
says that their specific missions 
could possibly interfere with judg-
ment on telecommunications mat-
ters. But, Tribus says, "That isn't 
to say NASA couldn't turn around 
and get it". 
Whichever Government group 

gets FTA, Tribus says, "The 
agency would have to serve as a 
coordinating agency", a sort of 
super-agency, of which the Fed-
eral Communications Commission, 
the National Bureau of Standards, 
possibly Comsat, and others would 
be a part. FTA would also manage 
the National Communications Sys-
tem [Electronics, Aug. 4, p. 56]. 
The problem of coordination now, 
Tribus says, is that "FCC plays in 
its part of the spectrum and OTM 
plays in its part of the spectrum," 
and there could be much better 
management if just one office de-
cided who gets what chunk of the 
electrospace. 
Go to cable. One technique he 

thinks would alleviate the growing 
congestion is to put more commu-
nications services on cables. 
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45,9132. 

Sprague Series 54/74 ICs. Illustration: 54/7491 8-Bit Shift Register 

More StuffInside. Sprague 54/74 arrays. 
Design is easier. Package count and costs go down. 

Equipment gets smaller, neater, simpler. Simply because 
you get more inside every DIP or flatpack with Sprague 
Series 54/74 arrays. 

So buy fewer parts. And make every part count. 
Move into MSI. With Sprague Series 54/74 arrays. Get 
the straight answers on complex arrays. Types. Prices. 
Delivery. Call Sprague now. 

Decade Counter 
Divide-By-Twelve Counter 
4-Bit Binary Counter 
Gated Full Adder 
2-Bit Binary Full Adder 

54/7490 
54/7492 
54/7493 
54/7480 
54/7482 

4-Bit Binary Full Adder 

8-Bit Shift Register 

BCD Decoder/Driver 

Quad Bistable Latch 

54/7483 

54/7491 

54/7441 

54/7475 

Call Sprague Info-Central (617) 853-5000 extension 5474. 
Or call your Sprague industrial distributor. He has 

Sprague Series 54/74 circuits on the shelf. For complete specifications, 
circle the reader service number below. 

SPRAGUE 
THE MARK OF RELIABILITY 

Circle 17 on reader service card 
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PNP/ NPN 
COMP MENTARY 

ITCHES 
This month's power products include 
eight high-powered NPN/PNP 
complementary power switches capable 
of handling loads of 10 and 20 amps. 
They're new to the industry, so you've 
never seen the 2N numbers before. 
But you'll see a lot of them from now on. 

We've built these complementary pairs 
with our double diffused epitaxial 
Planar* technology so they don't just 
switch power—they switch it safely. 
Besides excellent reverse-biased safe area 
operation for handling highly inductive 

ads, this technology gives you faster 
switching times. Better overall switching 
characteristics. Very low VcE (sat) and 
VBE. And transistors that operate over 
the full —65°C to + 200°C temperature 
range. At competitive prices. 

NEW: 
CURRENT PACKAGE NPN PNP COMP. 
10A TO-5 2N5729 t 2N 5769 t 

TO-59 2N5730t 2N 5770 t 
20A TO-3 2N5732 t 2N 5772 t 

TO-61 2N5731 t 2N57711 
2N5313 2N5312 
2N5315 2N5314 
2N5317 2N5316 
2N5319 2N5318 

t New to the industry 

In case you've forgotten, we've also 
got some other complementary power 
switches you might find useful: 

NOT-SO-NEW, BUT AVAILABLE: 
CURRENT PACKAGE NPN PNP COMP. 
2A .1•0-39 2N5148 2N5147 

2N5150 2N5149 
TO-59 2N4998 2N4999 

2N5000 2N5001 
5A TO-39 2N5152 2N5151 

2N5154 2N5153 
TO-59 2N5002 2N5003 

2N5004 2N5005 
10A TO-61 2N5006 2N5007 

2N5008 2N5009 

Both the new and the not-so-new devices 
are on your Fairchild distributor's 
shelves. Grab a handful now. 

*Planar is a patented Fairchild process. 

THE 
GREAT 

 GRAB 

, FAIRCHILD 
' POWER 



FAIRCHILD'S 
POWER GRAB 
GOES ON! 

So far in the Great Fairchild Power Grab, we've introduced our NPN Power Switches and Amplifiers. 
Our PNP Complementary Power Switches and Amplifiers. And our NPN/PNP Complementary Power 
Switches. A lot of second-source devices. And a lot of devices no one else can make. 

They're all listed below. Just take your pick. You'll never have a better choice. (Until next month, 
when we bring out our Plastic Power Transistors.) 

NPN DATA 
PACKAGE DEVICE PLEASE 

TO-3 2N3055 
2N3232 
2N3233 
2N3234 
2N3442 
2N3713 
2N3714 
2N3715 
2N3716 
2N3771 
2N3772 
2N3773 
2N4913 
2N4914 
2N4915 
2N5038 
2N5039 
2N5067 
2N5068 
2N5069 
2N5301 
2N5302 
2N5303 
2N5732 
2N5734 

TO-5 2N3439 
2N3440 
2N4300 
2N4877 
2N5336 
2N5337 
2N5338 
2N5339 
2N5729 

TO-39 2N5148 
2N5150 
2N5152 
2N5154 

TO-59 2N4998 
2N5000 

NPN DATA 
PACKAGE DEVICE PLEASE 

2N5002 
2N5004 
2N5346 
2N5347 
2N5348 
2N5349 
2N5477 
2N5478 
2N5479 
2N5480 
2N5730 

TO-61 2N2811 
2N2812 
2N2813 
2N2814 
2N4301 
2N5006 
2N5008 
2N5313 
2N5315 
2N5317 
2N5319 
2N5731 

TO-63 2N3597 
2N3598 
2N3599 
2N4002 
2N4003 
2N5733 

TO-66 2N3054 
2N3441 
2N3738 
2N3739 
2N4910 
2N4911 
2N4912 
2N5427 
2N5428 
2N5429 
2N5430 

PNP DATA 
PACKAGE DEVICE PLEASE 

TO-3 2N3789 
2N3790 
2N3791 
2N3792 
2N4398 
2N4399 

**2N5772 

TO-5 2N4234 
2N4235 
2N4236 

**2N5769 

TO-39 2N5147 
2N5149 
2N5151 
2N5153 

TO-59 2N4999 
2N5001 
2N5003 
2N5005 

**2N5770 

TO-61 2N5007 
2N5009 

**2N5312 
**2N5314 
**2N5316 
**2N5318 
**2N5771 

To-66 2N3740 
2N3741 
2N4898 
2N4899 
2N4900 

NEW THIS MONTH 

NAME  
ADDRESS 

COMPANY  
CITY  

DEPARTMENT  
STATF ZIP  

FAIRCHILD 
SEMICONDUCTOR 

A Division of Fairchild Camera and Instrument Corporation/Mountain View, Calif. 94040/ (415 ) 962-5011 TWX: 910-379-6435 





to even the President of the United States. 

"Sorry, Mr. President:' 
That's what we would have said. 
When we got into the MOS business in 1967, we resolved 

not to follow the over-enthusiastic marketing practices of the 
industry. 
So we didn't sell to anybody until our products were fully 

tested, documented, and deliverable in volume. 
That's why you didn't hear from us until February of this 

year-14 months after we began our operations. 
Electronic Arrays is a volume producer of state-of-the-art 

MOS products. That's all we do. 
We work with no other technology. 
We have the know-how to manufacture complex circuits at 

low cost by packing a lot of electronic function into tiny sili-
con chips. 
Our EA 3500, a 2560 bit Read-Only Memory, for example, 

is made with 3000 transistors all contained in a chip of silicon 
.065 inches by .094 inches—about as small as the head of a pin. 
Our experience with MOS integrated circuits goes way back. 

In fact, Gene Stephenson, our director of manufacturing oper-
ations, designed the very first MOS circuit in 1964. Others on 
our staff account for the next three, along with many current 
designs. 

Our plant is already over 27,000 square feet. Production 
standards are impeccable. This year, we will deliver about 
100,000 circuits. And next year, many times this number. 
We worked a long time behind the scenes. Now we're 

delivering. 
Address your purchase orders to Electronic Arrays, Inc., 501 

Ellis Street, Mountain View, California 94040. (415) 964-4321. 

To the left is our EA 1200, the industry's only Quad 32 
bit shift register. Other products include dynamic and 
static registers, random access read/ write and read-oné 
memories and logic arrays. 

Ha 
electronic 
arrays, Inc. 

Proven MOS products delivered in volume 
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E 

E 
AMPERITE 
600 PALISADE AVE., UNION CITY, N.J. 07087 

GLASS ENCLOSED 
Thermostatic 

DELAY RELAYS 
Offer true hermetic sealing. 
Assure maximum stability 

and life. 

Delays: 2 to 180 seconds 
Actuated by a heater, they operate 
on A.C., D.C., or Pulsating Current 
... Being hermetically sealed, they 
are not affected by altitude, mois-
ture, or climate changes ... SPST 
only — normally open or normally 
closed . , Compensated for am-
bient temperature changes from 
— 55° to + 80°C. . . Heaters 
consume approximately 2 W. and 
may be operated continuously. The 
units are rugged, explosion-proof, 
long-lived, and inexpensive! 

TYPES: Standard Radio Octal and 
9-Pin Miniature ....List Price, $4. 

Amperite Delay Relays are 
approved for all voltages 
up to and including 115V 
under the component reg-
ulations of Underwriters' Laboratories, 
Inc. 
PROBLEM? Send for Bulletin No. TR-81. 

411PIRlif 
BALLAST 

REGULATORS 
Hermetically sealed, 
they are not affected 
by changes in altitude, 
ambient temperature 
— 50° to + 70° Cl, 

or humidity.. Rugged, 
light, compact, most 
inexpensive. 

List Price, $3.00 

Write for 4-page Technical 
Bulletin No. AB-51 

Telephone: 201 UNion 4-9503 

In Canada: Atlas Radio Corp., Ltd., 

50 Wingold Ave., Toronto 10 

Meetings 

Sounding off on Ultrasonics 

The growing interest in surface and 
guided waves in ultrasonics is evi-
denced by the 1969 IEEE Ultra-
sonics Symposium, Sept. 24-26 at 
the Chase Plaza Hotel in St. Louis, 
Mo. Of the 12 technical sessions, 
four will be devoted to surface and 
guided waves. In addition, the 
other eight will include papers on 
biological and medical ultrasonics, 
physical acoustics, elasto-optic in-
teractions, and lattice dynamics. 

In the area of surface waves, 
M. R. Daniels of the Westinghouse 
Electric Corp. will present a paper 
dealing with the electrical equiva-
lent circuit of an interdigital trans-
ducer and its characteristics. H. 
Mathews of Sperry Rand will be 
presenting a paper on magneto-
static surface waves. 
One presentation that could 

draw more than its share of the 
participants will be an overview of 
the status of acoustic emission 

Calendar 

studies. The paper, "Acoustic 
Emission Developments and Cur-
rent State of the Art," will be given 
by P. H. Schofield of Teledyne's 
materials research operation. 
One paper that could attract 

a great deal of interest is one by 
Gordon Atkinson of the University 
of Maryland. His presentation, 
"Low Frequency Absorption in 
Water," will concern itself with the 
problems of transmitting ultrasonic 
sound through sea water. While it 
is known that the chemical reac-
tions of sea water cause the absorp-
tion of high frequency ultrasonic 
waves, he suggests that chemical 
reactions are also to blame for a 
great deal of absorption in the low 
frequencies. However, he believes 
that these reactions are not the 
same as those for high frequencies. 

For further information contact C.K. Jones, 
Westinghouse Research & Development 
Center, Beulah Rd., Churchill Borough, Pitts-
burgh, Pa. 15235. 

Education and Training Technology In-
ternational Convention, IEE; London, 
England; Sept. 2-6. 

Electrical Insulation Conference, IEEE; 
Sheraton-Boston Hotel & War Memorial 
Auditorium, Boston; Sept. 7-11. 

European Microwave Conference, Inter-
national Symposium on Man-Machine 
Systems, IEE; St. John's College, Cam-
bridge, England; Sept. 8-12. 

Convention of the Society of Logistics 
Engineers; Cape Kennedy Hilton Hotel, 
Cape Kennedy, Fla.; Sept. 9-10. 

Petroleum & Chemical Industry Tech. 
Conference, IEEE; Statler Hilton Hotel, 
Los Angeles; Sept. 14-17. 

International Telemetry Conference, In-
ternational Foundation for Telemeter-
ing, Sheraton Park Hotel, Washington, 
D.C.; Sept. 15-17. 

Conference on Trunk Telecommunica-
tions by Guided Waves, IEE; London, 
England; Sept. 15-17. 

Electro-Optical Systems Design Confer-

ence, Industrial and Scientific Confer-
ence Management Inc.; Chicago; Sept. 
16-19. 

Solid State Devices Conference, IEE; 
University of Exeter, Exeter, Devon, 
England; Sept. 16-19. 

Symposium on the Biological Effects 
and Health Implications of Microwave 
Radiation, Biophysics Department of 
the Virginia Commonwealth University, 
Bureau of Radiological Health, 
Environmental Control Administration, 
and U.S. Public Health Service; 
Richmond, Va.; Sept. 17-19. 

Annual Broadcasting Symposium, 
IEEE; Mayflower Hotel, Washington, 
D.C.; Sept. 18-20. 

Joint Power Generation Conference, 
IEEE, American Society for Mechanical 
Engineers; Charlotte, N.C.; 
Sept. 21-25. 

Annual Intersociety Energy Conversion 
Engineering Conference, IEEE, 
American Society for Mechanical 

(Continued on p. 24) 

22 Circle 22 on reader service card 
Electronics September 1, 1969 



This counter fell off a plane. 
It didn't need service 

(but when one does, we're ready). 

This Model 100A Counter-Timer was enroute to a customer. 
A freight handler laid it on the wing of the airplane—and for-
got it. The package finally slid off as the wheels left the run-
way. Instantly freed of its container, the "Small Wonder," as 
our customers sometimes call it, chaséd the plane for about 
a hundred yards, then ground-looped. 

Our nearby Service Center, bored with inaction, 
brightened at the thought of a real challenge when it was 
brought in. But they were disappointed: electrically, the 
"Small Wonder" picked up right where it left off in Final 
Inspection. (Of course, mechanically there were a few abra-

sions to take care of, as you can see.) 
Please help us keep our 37 Service Centers with their 

factory-trained technicians alive and well. Call the one near-
est you anytime you feel that a Monsanto instrument requires 
service or calibration ... or even verification of its perform-
ance. In addition to their expertise and factory specified test 
equipment, all carry a complete stock of spare parts. If there 
should be a defect in materials or workmanship during the 
2-year warranty period, it won't cost you anything. 

Monsanto Company, Electronic Instruments, West 
Caldwell, New Jersey 07006. 
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BETTER 
DISPLAYS 

Remember. You can't do better than Beta. Here is a full 
range of high resolution CRT display system modules that 

have proven themselves in situations ranging from applesauce 
processing to creating the recently televised Apollo moon pictures. 

Send for Engineering Data Sheets today. 

±35 VOLT DEFLECTION AMPLIFIERS 

The models DA223, DA224 and DA225 are dc -cou pled, all-silicon, solid-state modular packages capable 
of supplying up to ±2.0, ±4.0 and ±6.0 amperes of deflection current respectively to each axis of a 
directly-coupled deflection yoke. A unique method of damping optimizes the amplifier for the par-
ticular yoke being used by means of an adjustable potentiometer. The amplifiers also feature extremely 
fast settling time and high bandwidth. The user has the choice of operating the amplifiers Class A for 
achieving nonlinearities of ±0.02% maximum or Class AB for minimum power consumption. 

HIGH & LOW VOLTAGE CRT POWER SUPPLIES 

SERIES HV provides regulated hign voltage outputs for CRT 
electrodes — anode, focus grid, G2, and filament. Model No. 

HV8 
HV20 
HV30 

SERIES PAK provides regulated low voltage outputs for Beta 
modules —±35 volts, ±20 volts, Gl, and filament. Model No. 

PAK 7 
PAK16 

Anode 
Output Range 

1-8 kv 

5-20 kv 
15-30 kv 

±35 volt 
(deflection) Output 

7 amperes 
16 amperes 

MODULAR CRT BUILDING BLOCK COMPONENTS 

Individual, compatible plug-in circuits such as: DF2050 Dynamic Focus Generator; DF347 Electromag-
netic Dynamic Focus Amplifier; DF2496 Electrostatic Dynamic Focus Amplifier; LC2656/2676 Precision 
Linearity Correction Circuit; LC916/918 Linearity Correction Circuit; VA2076 Video Amplifier (10 MHz); 
VA2075 Gamma-Corrected Video Amplifier (10 MHz); VA2769 Video Amplifier (10 MHz, 60 volt output); 
VA2077 Video Amplifier (30 MHz); SG1190 X-Y Sawtooth Generator; PP529 Phosphor Protection Cir-
cuit; DA341 Deflection Amplifier (±200 ma); DA1340 (±.75 amperes); EDA800 Electrostatic Deflec-
tion Amplifier (350 volts plate-to-plate positive or negative); EDA1504 Electrostatic Deflection Ampli-
fier (500 volts plate-to-plate positive or negative); FR1882 Static Focus Regulator; BA1714 Blank/Un-
blank Amplifier. All Beta circuitry features silicon semiconductors and temperature stable metal-film 
resistors throughout. 

PRECISION TUBE AND COIL MOUNTS 

Flexible combinations of standard assemblies for the precision mounting and alignment of CRTs 
yokes and coils: CRTM Basic CRT Mount includes removable bezel, rods and neck end clamps; DSTM 
Dual Gun Recording Storage Tube Mount, includes rods and neck clamps both ends; MCM Micro 
positioner Coil Mount allows 6 independent motions and positive lock; FYM Fixed Yoke Mount fo 
application where micropositioning is not required; FYMS Fixed Yoke Mount for servo-type mounted 
yokes; CCM Centering and/or Alignment Coil Mount; MS983 Magnetic Shield Enclosure. 

Beta Instrument 
377 Elliot St., Newton Upper Falls, Massachusetts 02164 / TeL 617 969-6510 / TWX 710.335-6973 
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Engineers; Statler Hilton Hotel, 
Washington, D.C.; Sept. 21-26. 

Aerospace Development Briefings and 
Fall Meeting, Air Force Association; 
Sheraton Park Hotel, Washington; Sept. 
22-24. 

Ultrasonics Symposium, IEEE; 
Chase Park Plaza Hotel, St. Louis, Mo.; 
Sept. 24-26. 

International Electronics Conference, 
IEEE; Automotive Building, 
Exhibition Park, Toronto; Oct. 6-8. 

Annual Conference of the American 
Institute of Ultrasound in Medicine; 
Winnipeg, Manitoba, Canada; Oct. 6-10. 

Engineering Management Conference, 
IEEE; Montreal, Quebec, Canada; Oct. 
9-10. 

IGA Group Annual Meeting, IEEE; 
Statler Hilton Hotel, Detroit; Oct. 12-16. 

Annual Symposium on Switching and 
Automata Theory, IEEE; Waterloo, 
Ontario, Canada; Oct. 15-17. 

International Symposium on Remote 
Sensing of Environment, The Center 
for Remote Sensing Information and 
Analysis; University of Michigan, 
Ann Arbor; Oct. 14-16. 

Thennionic Energy Conversion Spe-
cialist Conference, IEEE; Carmel, Calif.; 
Oct. 21-23. 

Joint Materials Handling Engineering 
Conference, IEEE, American Society of 
Mechanical Engineers; Sheraton Motor 
Inn, Portland, Ore.; Oct. 27-29. 

Winter Power Meeting, IEEE; Statler 
Hilton Hotel, New York; Jan. 25-30, 
1970. 

Annual Symposium on Reliability, 
Group on Reliability of the IEEE, Amer-
ican Society for Quality Control, Amer-
ican Society for Nondestructive Test-
ing, and the Institute of Environmental 
Sciences; Ambassador Hotel, Los An-
geles; Jan. 27-29, 1970. 

Short courses 

Laser Fundamentals and Applications, 
Polytechnic Institute of Brooklyn; Long 
Island Graduate Center, Farmingdale; 
Sept. 8-12. $275 fee. 

Digital Process Control Systems, Pur-

(Continued on page 26) 
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New Allen-Bradley 
hot-molded Type GD 
dual variable resistor 
shown actual size 

Allen-Bradley 
hot-molded 

dual variable resistor 
Here's the most compact two section variable re-
sistor currently available—the new Allen-Bradley 
dual Type GD. It's one-half inch in diameter and only 
a fraction of an inch longer than the popular single 

section Type G control. The case is dust-tight as 
well as watertight.• Both resistance tracks in the dual 
Type GD are solid, hot-molded elements, which provide 
long operating life. As with the single Type G, the 
noise level is low initially and actually decreases with 
normal use. Adjustment is smooth at all times with 

virtually infinite resolution. And low inductance per-
mits operation at frequencies far beyond the usable 
range of wirewound controls. • In addition to standard 

application, these new dual Type GD controls are 
ideally suited for use in compact attenuators. • Dual 

Type GD controls are available with nominal resistance 
values from 100 ohms to 5.0 megohms. For complete specifi-

cations on tolerances, tapers, and options, please write Henry 

G. Rosenkranz, Allen-Bradley Co., 1201 South Second Street. 
Milwaukee, Wis. 53204. Export Office: 1293 Broad Street, Bloom-

field, N.J., U.S.A. 07003. In Canada: Allen-Bradley Canada Limited. 

A-B 
f/eAllen-Bradley Company 1969 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 

EC69.9 



Meet the "Mite". 
Only .218" diameter. The toughest 
ceramic disc trimmer capacitor its size. 
New from E. F. Johnson. And it's this smn   
Designed for printed circuit applications where space is at a 
premium. Stator of High Alumina fo; • greater shock and 
vibration resistance. The rotor plate is encapsulated in ceramic 
for environmental stability and long life. The Q factor at 1 M Hz 
is 500 minimum. Precision lapped bearing surfaces give you 
smooth linear tuning. Pick from a wide capacitance range: 
1.0-3.0 pF, 2.5-9.0 pF, 3.5-20.0 pF, 5.0-25.0 pF. Designed 
to meet or exceed applicable requirements of MIL-C-81 A. 

Return the coupon today for information on Johnson's 
new Micro-J:" And if you have a special capacitor need, 
we'd like to work with you. The same engineering that made 
our air variable capacitors the standard of excellence goes 
into every new Johnson product. 

E. F. JOHNSON COMPANY/3008 Tenth Ave. S.W./Waseca, Minnesota 56093 

III Send product specification information on new Micro-J capacitor. 

Include information about your full capacitor line and otherJohnson components. 

NAME 

FIRM 

CITY 

TITLE 

ADDRESS 

STATE ZIP 

E. F. JOHNSON COMPANY 

Meetings 

(Continued from p. 24) 

due University, Lafayette, Ind.; Sept. 
15-24. $250 fee. 

Aerodynamics of V/STOL Aircraft, 
Pennsylvania State University, Univer-
sity Park; Sept. 21-26. $175 fee. 

Active Filter Design: Theory and Prac-
tice, University of California at Los 
Angeles; Sept. 22-26. $275 fee. 

Executive Technical Development, 
Polytechnic Institute of Brooklyn, New 
York; Gurney's Inn, Montauk, Long Is-
land; Oct. 6-31. $2,125 fee. 

Computer Manipulation of Symbolic In-
formation, University of California at 
Los Angeles; Oct. 20-24. $275 fee. 

Cali for papers 

Numerical Control Society's Meeting 
and Technical Conference; Statler Hil-
ton Hotel, Boston, April 8-10, 1970. 
Oct. 15 is deadline for submission of 
abstracts to program chairman, Law-
rence D. Levine, Hitchiner Manufactur-
ing Co., Milford, N. H. 03055. 

International Solid-State Circuits Con-
ference, IEEE; Sheraton Hotel, Phila-
delphia, Feb. 18-20, 1970. Oct. 17 is 
deadline for submission of abstracts 
and papers to Mr. L.D. Wechsler, Gen-
eral Electric Co., Electronics Park, 
Building #3, Syracuse, N.Y. 13201. 

Transducer Conference, IEEE; National 
Bureau of Standards, Gaithersburg, 
Md., May 4-5, 1970. Nov. 1 is deadline 
for submission of summaries to Dr. 
Robert B. Spooner, IMPAC Instrument 
Service, 201 E. Carson Street, Pitts-
burgh, Pa. 15219. 

1970 Electronic Components Confer-
ence, Electronic Industries Association, 
IEEE; Statler-Hilton Hotel, Washing-
ton, May 13-15, 1970. Nov. 15 is dead-
line for submission of abstracts to Mr. 
Burks, Sprague Electric Co., Marshall 
Street, North Adams, Mass. 01247. 

Geoscience Electronics Symposium, 
IEEE; Washington, D.C., April 14-17, 
1970. Dec. 1 is deadline for submission 
of abstracts to Mr. Ralph Bernstein, 
Chairman, Technical Program Commit-
tee, IBM Corp., 18100 Frederick Pike, 
Gaithersburg, Md. 20760. 

Parametric Design of Digital Filters, 
Technology Service Corp.; Miramar 
Hotel, Santa Monica, Calif., Oct. 21-24. 
$275 fee. 
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And you can have our Model JC in any color you 
want—so long as it's white or gray. 

Either way, you get a hydraulic-magnetic circuit 
breaker that's handsome enough to put right out 

there on the front panel. At an attractive OEM 
price, too. 

Heinemann hydraulic-magnetic protection, of 

course, has an appeal all its own. Precise current 

ratings from 0.020 to 30 amp. Temperature-stable 

trip points. Choice of time-delay (or non-time-

delay) characteristics. Optional special-function 

internal circuits that let you use the breaker as a 
control element. 

And don't forget our five-year warranty. We don't. 

You can get more information about our 

rocker-handle JC breaker by writing for Bulletin 

3380. Heinemann Electric Company, 

2700 Brunswick Pike, 

Trenton, N.J. 08602 HEiNENIANN 

eo <e 

if it's color you're after, you can code 
our Series JA breaker with any of 

nine different hues, from flash yellow 

to electric blue. 

Write us for Bulletin 3350. 
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To help you cut the cost of multiplexing... 

TI announces a new 
16-bit and two new 8-bit 
MSI data selectors. 

Here are three new ways to cut the 
cost of multiplexing and related 
operations. Each of these data se-
lectors/multiplexers selects one of 
sixteen (or eight) data sources de-
termined by the binary address 
inputs. 
Each contains both inverter-

drivers and AND-OR-INVERT 
gates in a single package. 
This reduces your design time, 

inventory requirements and cir-
cuit costs. In addition, manufac-
turing costs are reduced and 
reliability is improved. 
Applications include: 

• Boolean function generation 
• Random or sequential parallel-
to-serial conversion 
• Multiplexing from N-lines to one 
line (or N lines to M lines) 
• Read-only memory or pulse-
pattern generation. 

SN54150/SN74150 are 16-bit data 
selectors in 24-pin plastic packages 
(left). SN54151/SN74151 are 8-bit 
circuits in either the 16-pin plastic 
or ceramic dual-in-line packages 

shown at the left. SN54152/ 
SN74152 are 8-bit selectors avail-
able in the 14 pin 1/4" x 1/8" flatpacks. 
An SN7493 4-bit binary counter 

may be used as the select register 
to perform sequential selection. Or 
a register with parallel load capa-
bility — such as the SN7495 — will 
provide flexibility to perform ran-
dom selection and/or pulse pattern 
generation. 
Any Boolean function of up to 

five variables can be implemented 
with the SN74150 without any ex-
ternal gating. 
Any number of bits—and any 

word length — may be multiplexed 
by paralleling and cascading cir-
cuits. Decoding may be accom-
plished with SN7442 BCD-to-
decimal decoders. 
Propagation delay is only 10 ns 

from data input to output, and 20 
ns total through three select levels. 
Power dissipation is low...only 

200 mW typical for the SN74150. 
The SN54151/SN74151 features 

complementary outputs, while 

SN54150/SN74150 and SN54152/ 
SN74152 have inverted outputs. 
SN54150/SN74150 and SN54151/ 

SN74151 have strobe inputs to 
enable the data selectors. This pro-
vides maximum flexibility when 
cascading the circuits. 

New TIT, Design Aid 

These new data se-
lectors/multiplex-
ers take their 
places in indus-
try's broadest line 
of TTL/MSI cir-
cuits. To tell you 

the full story, we have just com-
pleted a new 80-page brochure 
that gives valuable design infor-
mation on all Series 54/74 circuits 
including the data selectors. Circle 
195 on the Reader Service card 
for your copy...or write Texas 
Instruments Incorpo-
rated, P. 0. Box 5012, 
MS 308, Dallas, Texas 
75222. 

TEXAS INSTRUMENTS 
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New, more versatile scribing... identical operation 

Changes have been made in the new Model "C." Tempress 
Automatic Scribing Machine, but only where they matter 
. . . to increase operating flexibility and to incorporate im-
proved components where they will contribute to the effi-
ciency, dependability, or longevity of the machine. Follow 
the same set-up procedures; press "actuate," and you are 

scribing any rectangular or triangular pattern from .001" 
to .399", with incremental resolution to .001". How 
versatile? Choose a model to scribe either 11/2 " or 
2" wafers, decimal or metric indexing, extended 
range, 50 or 60 cycle operation, without affecting 

price. The only option for which you pay extra is a binocular 
optical system. Third generation of the machine that 
brought low-cost, automatic scribing to the semiconductor 

industry, the new Model "C" meets the Tempress Standard 
of Excellence, your assurance of precision when you pur-
chase any member of the growing family of Tempress 

miniature assembly tools and production machines. 

-1-1ENARESS 
Tempress Industries, Inc., 980 University Ave., Los Gatos, Calif. 95030 
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Editorial Comment 

Japan's goals are defined 
Predictions about where Japan is headed with its 
electronics industry were confirmed to a great de-
gree by a report recently issued by the country's 
Electronics Industry Development Association. The 
upshot of the report: Japan has no intention of 
relaxing protectionism for its computer and IC 
industries. 

In effect, this means that Japan intends to use 
the same approach in the industrial-commercial 
sector that proved so effective for consumer elec-
tronics. Through government subsidization and pro-
tectionism, along with private enterprise, Japan 
was able to build consumer electronics into a $2.3 
billion bonanza. Now, the same priority is being 
given the industrial-commercial sector. And Japan 
will rely heavily on its computer industry to propel 
the nation into this market in a big way. 
Japan laid the groundwork for its lofty goals 

back in 1966, when the Agency of Industrial Science 
and Technology established the national research 
and development program—known popularly as the 
large-scale projects program (LSP). Of six such 
projects, the computer segment is getting more 
funding than all the others combined. Japan has 

Radiation revisited 

The release earlier this year of the results of tests 
by the Radiation Control Unit of New York's Suf-
folk County revealed that one of every five color-tv 
sets tested in consumers' homes emitted radiation 
greater than the recommended Federal guidelines. 
Specifically, 963 sets out of 4,838 tested exhibited 
radiation levels of more than 0.5 milliroentgens 
per hour at a distance of 5 centimeters from the set. 
During the course of the New York tests, which 
began in January 1968, results were relayed to the 
public via press releases. This led to "scare" head-
lines in the daily press, which were decried by 
industry spokesmen who felt the warnings unwar-
ranted. The public, they said with some justifica-
tion, did not appreciate the arbitrariness of the 
0.5 mr/hr limit. (In fact, 550 of the 963 "defective" 
sets emitted X rays at a rate of less than 1 mr/hr). 

Nevertheless, in-home testing continued as did 
publication of results. And pressure mounted for 
Congress to pass laws which would protect the 
consumer. The EIA became disenchanted with the 
bad publicity, and through its counsel asserted that 
no hazard existed. Set makers rebelled at sugges-
tions that they perform extensive—and expensive— 
in-factory tests. They also noted that once sets are 

poured $17.7 million into the project, whose char-
ter is to develop high-performance computers that 
include IC's. 

Japan's engineers envision computers as the 
backbone of their future in industrial-commercial 
electronics. Target performance specifications for 
computers under the LSP program, generated 
through a joint study by major computer makers, 
include a delay time of 1 nanosecond and add times 
of 50 nsec. The system is being designed to in-
clude multiaccess capability, as well as character 
recognition, graphic manipulation, and the ability 
to handle Chinese characters. 

Besides the LSP program, Japan has taken other 
steps to promote its computer industry; tax ex-
emptions have been granted, loans of $120 million 
have been arranged to establish a private agency to 
buy computers from manufacturers and rent them 
to users, and loans have been provided to modern-
ize computer production facilities. 

In view of the success of the support it has al-
ready given its computer industry and the ambi-
tious goals it has set, Japan is unlikely to relax its 
protective attitude in the near future. • 

installed in the home, the radiation levels can still 
go awry, through, for example, misadjustment by 
the installing technician. 
The Suffolk County agency summarized its tests 

as follows: 
• X rays were noted in some sets of all makes 

tested (37 brands in all). 
• Emissions ranged up to 150 mr/hr. 
• Radiation levels between 20 and 150 mr/hr 

were found in only 12 of the 4,838 sets checked. 
These causes for the radiation were listed by the 

agency as the most outstanding: 
• Manual adjustment of the high-voltage shunt 

regulator tube's circuitry, causing the voltage to 
exceed factory specifications. 
• Faulty high-voltage shunt regulator tube. 
• Replacement of the regulator tube with a faulty 

one by a repairman. 
In the final analysis, set makers have been unable 

to design a large-screen color set which, from the 
standpoint of limiting radiation to some factory-
specified level, is foolproof. One solution could be 
the replacement of the radiation-emitting vacuum 
tubes with solid state devices—such as voltage 
triplers. • 
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o 1,100 Hz is your concern, Systron-Donner's new spectrum 
analyzer will simplify your tasks and extend your measuring capabilities as never before. 

Our 710/800 gives you absolute amplitude measurements over a 140 dB dynamic range, 
any 60 dB of which appears on a large 7 x 10 cm high-contrast display. Wave analysis, 

distortion studies, and spectral display are enhanced by a full 50 kHz scan and a narrow 10 
Hz resolution. For measuring EMI and other low-level signals, you get very high sensitivity 
(calibrated to 30 nanovolts/cm) plus selectable input impedances of 50 ohms, 600 ohms, 
10k ohms, and 1 megohm. And you get X-Y outputs, pen lift, sync and sweep inputs, plug-in 
versatility and many other standard features—all for $2495. 

This spectrum analyzer is truly portable. It weighs only 25 lbs. —or 30 lbs. with an optional 
internal battery that operates up to 8 hours before recharging. 

Write for complete specifications. Ask for a demonstration. Contact Microwave Division, 
Systron-Donner Corporation, 14844 Oxnard St., Van Nuys, Calif. 91409. Phone: 213-786-1760. 

New spectrum analyzer covers 
10 to 50,000 Hz with 

universal measuring capability* 
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Another first. 
One of 145 
Systron-Donner 
instruments 
Electronic counters 
Pulse generators 
Mil 

indicators 
Digital clocks 

Memory testers 

An computers 
Time code generators 

Data generators 

rowave frequency 
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Silicon Schottky 

diodes avalanched 

Collins to sell 

customized MOS 

Speech synthesizer 

promised for fall 

Cornell University researchers have operated silicon Schottky-barrier 
diodes in avalanche. At X band, they've obtained 200 milliwatts of c-w 
power with 4% efficiency; at Ku band, the figures are 50 mw with 1% 
efficiency. Results were obtained at current densities of only 500 amps/ 
cm2 at X band and 1,200 amps/cm2 at Ku band. These current densities 
are lower than in conventional avalanche diodes, resulting in cooler junc-
tions and improved reliability and power-handling capability. 

Schottky-barrier avalanche devices are simpler and cheaper to make 
than diffused types. They require no high-temperature diffusion steps, and 
the barrier junction is formed by a simple metal contact to the epitaxially 
grown n layer. Moreover, power handling is improved since there is no p 
layer and thermal resistance is lowered. 
The biggest obstacle to use of Schottky devices as avalanche diodes was 

surface stabilization. Higher reverse breakdown voltage capability was 
needed to prevent premature avalanching. What happens is that ions left 
on the surface of the diode after it goes through the fabrication steps 
of etching, rinse, and baking are more likely to degrade the reverse char-
acteristics of the Schottky-barrier than the diffused devices. 

Collins Radio has lifted the veil of secrecy from its new 200,000-square-
foot facility in Newport Beach, Calif. The company will sell MOS inte-
grated circuits—but there's a twist. Unlike other systems makers that have 
marketed devices designed for in-house use, Collins will permit its cus-
tomers to control design. Chip size is limited to 160 mils on a side. 
The customer will send logic equations to Collins computers in New-

port Beach from six data centers around the country. A Fortran library of 
300 standard cells and larger units of polycells will be available. 

Collins will be able to handle 100 designs per month. Customers will 
pay $8,000 to $12,000 per design. Collins estimates it will take about 60 
days from the time it gets the logic equations until the parts are delivered. 
Custom designs now cost up to $50,000; turnaround is 90 to 120 days. 
The MOS effort is one part of a three-pronged move into commercial 

competition for Collins. The firm will also sell thin-film hybrid circuits 
and multilayer circuit boards externally, and already has a letter agree-
ment to furnish more than $1 million worth of thin-film hybrids to Litton's 
Data Systems division for use in the Navy E-2C aircraft's airborne com-
mand and control system. 

The problems of making speech intelligible to a computer, and of making 
a computer's output resemble speech, may have been solved. Glen J. 
Culler, president of the Culler-Harrison Co. of Santa Barbara, Calif., will 
market a speech synthesizer before year's end that may give computers 
unlimited vocabularies. For the recorded words and numbers used with 
present aural computer outputs, Culler substitutes a microprogramed 
processor and a proprietary form of real-time speech analysis to convert 
bit streams to words, and vice versa. The synthesizer can work at the 
output bus of most computers with only a few changes in mainframe soft-
ware. A microprogramed voice input will follow the output system into 
the market sometime in 1970. 

Electronics j September 1, 1969 33 



à 

Electronics Newsletter 

The first sounds generated by the Culler scheme are whispers of con-
troversy. Culler has worked on speech synthesis for only about two years, 
and is far better known for work on time-sharing scientific computer sys-
tems, some dating back to about 1960. Thus, speech researchers who seem 
to have been making little progress for many years are skeptical. But 
Culler promises a public demonstration this fall. 

Fairchild discovers 

3751 parameter gap 

Increased prices 

for discretes seen 

Viatron completes 

first prototypes 

Addendum 

What do you do when you learn an MOS device you've been shipping for 
some time contains a logic error that makes it unworkable as an analog-
to-digital converter at its intended accuracy without the addition of an 
external flip-flop? This is Fairchild Semiconductor's dilemma with its 
model 3751, an 8- to 12-bit a-d converter that's been shipped at a rate of 
about 300 a month. One customer designed it into a hybrid thick-film a-d 
converter system and got to a-c testing before finding the error. 

Fairchild has offered three options: free flip-flop parts, which will pre-
vent the race condition that develops if the customer doesn't have a 1 
microsecond clock pulse; controlled clock-pulse width to prevent the race 
condition; or chip redesign. The customer that put the 3751 into a hybrid 
system can't wait four months for a redesign, and may have to settle for 
adding the flip-flop. That, however, means 30 additional wire bonds in the 
package, which will raise the device's price. 

Buyers of certain discrete semiconductors will probably be paying more 
for some of the older lines in 1970, if not later this year. Many manufac-
turers expect the steady downtrend to halt this year for those products, 
and foresee production cost increases leveling the price curve or even 
pointing it upward in some selected categories. 

Stephen Levy, vice president and general manager of Motorola's Semi-
conductor Products division, looks for stabilization in metal-canned tran-
sistor prices, with the possibility of price hikes for some devices. David 
Cowden, diode product line manager at Sylvania's Semiconductor divi-
sion, points out that diodes that sold for $1 five or six years ago are now 
down to about four cents and can't go lower with materials and labor costs 
rising 3% to 6% a year. 

Prototypes of the much discussed and closely watched Viatron System 21 
desktop microprocessor have been assembled. This puts Viatron on its 
promised schedule of late 1969 delivery [Electronics, June 23, p. 141] 
despite skepticism about whether the firm will be able to find MOS LSI 
suppliers for the machines, which are to rent for $39 a month. 

Meanwhile, suppliers state that Viatron lately has been demanding 
quick delivery of other System 21 components. While Viatron spokesmen 
won't comment, the word is out that the company plans a mass delivery 
of System 21 processors within the next month or two. 

A research team from Autonetics and the NASA Electronics Research 
Center says a new family of plastics called parylene film may replace 
passivation layers now in use, and could help solve package-contamina-
tion problems. The researchers have already developed a vacuum-deposi-
tion process that is said to be free of pinholes. 
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Amphenol has added fixed contact, high density, 

encapsulated contact and power/coax* 
NOW AMPHENOL GIVES YOU A COMPLETE LINE of pin 
and socket connectors. We've added four new families 
to our original Poke-Home R and hard dielectric 
standards — fixed contact, high density, encapsulated 
contact and power/coax. And they'll intermate with the 
ones you're buying now. 

EXPECT TWO BIG DIFFERENCES FROM AMPHENOL— 
availability and down-to-earth prices. We'll meet your 
delivery schedule and match prices with anyone. 

SEND FOR A FREE WALL CHART showing all six families 
with a wide variety of pin configurations, contact types 
and dielectrics. Return the card in this ad or write 
Amphenol Industrial Division, 1830 S. 54th Ave., 
Chicago, Illinois 60650. 

*Fixed Contact—Fixed solder contacts with 2-piece glass-filled nylon 
insulator. High Density—Removable crimp Poke-Home R contacts with 
glass-filled nylon insulator. Encapsulated Contact—Removable crimp or 
solder Poke-Homes contacts with encapsulating nylon insulator. 
Power/Coax—Removable crimp or solder Poke-Home R contacts for 
either power or coax with glass-filled nylon insulator. Original 
Poke-Home R— Removable crimp or solder Poke-Home R contacts with 
nylon insulator. Hard Dielectric—Removable crimp or solder Poke-
Home R contacts with dially1 phthalate insulator. 

AMPHENOL 
THE BUNKER -RAMO CORPORATION 

FREE MIN-RAC® SIX-PAC WALL CHART 
D Please send free wall chart [1] Have salesman call 

[I] Have distributor call 

Mail to: Amphenol Industrial Division 

1830 So. 54th Ave., Chicago, Illinois 60650 
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MITRE HAS 
IMMEDIATE OPENINGS 
IN WASHINGTON, D.C. 

Transportation Systems 
MITRE's Washington Operations provides 
technical planning and system support to 
the Office of High Speed Ground 
Transportation, the Urban Mass 
Transportation Administration and the 
Federal Aviation Administration. Technical 
assistance is provided for transportation 
technology as well as the analysis of 
economic benefits and demands 
for tronsportation. 

National Military 
Command System 
The NMCS is the "capping system" 
which affords the National Command 
authorities the facilities, communications 
and equipment necessary for the 
strategic direction of the armed forces. 
To support NMCS development, 
MITRE Washington Operations needs 
scientists, engineers and men with 
advanced degrees in operations research 
for systems analysis, feasibility studies, 
and system design in the areas of 
command and control, ADP systems 
development, communications, logistics 
and transportation planning and 

modeling, and cost effectiveness analysis. 

Special Projects 
MITRE's Washington Operations also has 
unusual new openings for systems 
engineers in: Weather Systems, Defense 
Communications Systems, and Information 
Systems. We are also conducting inde-
pendent research in transportation systems, 
educational technology, medical data 
systems and urban planning. 

Interesting opportunities exist also at MITRE 
headquarters in Bedford, Massachusetts. 
For information write to the address below. 

We're not looking for scientists who do as they're told. 
We'd rather hire the kind who question what they do. 

We're involved in projects such as designing the air traffic 
control system of the future. We need people who don't just 
take our word for things, but who are professionally able to 
depend upon their own. THE 

Send us a resume. 
Especially if you're the 

disagreeable type. Of any 
age, sex or color. 

MITRE 
CORPORATION 

An equal opportunity employer 

Near Boston: Richord !Seamans, MITRE, 
2909 Middlesex T'plke; Bedford, Mass. 01730 
Near Washington: Robert P. Knotts, MITRE, 

17959 Dolley Madison Blvd, McLean, Va, 22101 

We'd like to hire some 
disagreeable young men. 

36 Circle 36 on reader service card 
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Granting of software patents still 'iffy' 
Despite court upholding patentability of computer programs in Prater-Wei case, 

other unresolved legal battles will more than likely forestall anticipated boom 

Is the way clear for the granting of 
software patents now that the U.S. 
Patent Office lost its appeal to over-
turn the precedent-setting Prater-
Wei decision? Arid, if so, are the 
independent software firms in for 
an economic boom? 
Don't count on either—not yet, 

at least—despite all the ballyhoo 
in the news media. Although there 
are those in the computer industry 
who believe the floodgates will 
open on a wave of patents as a 
result of the U.S. Court of Customs 
8r Patent Appeals upholding the 
patentability of a program devel-
oped by two Mobil Oil Co. com-
puter experts, Charles D. Prater 
and James Wei, the legal fraternity 
isn't 'quite that sure. Patent attor-
neys, in fact, say there are still too 
many "ifs." 

Typical of this cautious response 
are the views of Irving Kayton, an 
engineer-turned-attorney who now 
directs the Computers-in-Law In-
stitute at George Washington 
University's National Law Center, 
and David Bender, an attorney on 
the institute's staff. 
Other cases. Kayton and Bender 

see the decision as only one of 
several which will affect protection 
of computer programs. Some of 
their "ifs" are: 
• Pending appeals on two other 

cases—Wheeling and Mahony— 
which could decide if, as Kayton 
puts it, "all programable processes 
are statutory, and if all are not, 
then what criteria should be used 
to determine which are." 
• Decisions still to come in the 

Government and civil antitrust 
suits filed against IBM this year and 
last which are expected to deter-
mine the legality of "bundling"— 
the technique by which computer 
manufacturers give away so-called 
"free" software with the purchase 

or lease of computer hardware. 
In the Prater-Wei decision, the 

court ruled that computer pro-
grams can be patentable. Kayton 
and Bender both point out that the 
court did not rule—press reports to 
the contrary—that computer pro-
grams are patentable per se, al-
though Kayton believes the de-
cision amounts to almost the same 
thing. Since the Prater-Wei patent 
package is for a program to be 
run on an analog computer for ob-
taining spectrographic data on gas, 
the more commonly used general-
purpose digital computers are not 
immediately involved. Neverthe-
less, the court said it could see no 
reason why digital systems should 
be restricted from patentability. 
The market. Assuming forthcom-

ing decisions will be favorable to 
an estimated 500 U.S. independent 
software houses, Bender believes 
their $250 million to $500 million 
share of the annual $6 billion soft-
ware market could jump by as 
much as $250 million. Bender's 
market analysis shows $4.5 billion 
of the annual total is generated by 
large computer users, while hard-
ware producers account for about 
$1.25 billion in their software 
bundles. 
Kayton and Bender consider the 

case so important that it is 
scheduled as one of the major 
topics for discussion at the Law of 
Software Conference in Washing-
ton, Oct. 8-9. "The implications of 
Prater and Wei for program patent 
protection," by Virgil Woodcock of 
Philadelphia, who argued the case 
for the appellants, is expected to 
highlight the session. 
While Kayton believes the ulti-

mate value to industry of the 
Prater-Wei ruling is still dependent 
on the upcoming appeals in the 
cases of Wheeling and Mahony, he 

is sure on this point: "There is no 
doubt from the decision that if pro-
gramable computer process and 
machine claims are written in the 
proper form, the court's view is 
that they are indeed protectable by 
patent." 

Reforms urged 

While the Patent Office was losing 
its software court battle, it was 
being assailed for the lengthy and 
"obsolete" process still employed 
in granting patents. The critic was 
none other than Myron Tribus, the 
new assistant secretary of corn-
Merce for science and technology. 

Tribus wants the Patent Office 
automated and is urging a Federal 
study, with industry participation, 
to spell out how to bring the U.S. 
system into the 20th Century. 

Plea for EDP. Pending such a 
study, the new Nixon appointee 

Assistant Commerce Secretary Tribus 

scores patent procedure as "obsolete." 
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from Dartmouth College has some 
ideas of his own for wiping out the 
backlog of patent applications. He 
believes, for example, a workable 
patent office EDP system would 
have to be able to provide direct 
access to the 600 billion characters 
of the 3.5 million U.S. and 17 mil-
lion foreign patents registered. 

Off-line storage of abstracts and 
their 600 billion characters, says 
Tribus, is a "logical first step" after 
a study is completed. Possibilities 
for storage of "trillions of char-
acters" include systems using la-
sers, electron beams and holo-
graphic techniques, with any 
interim approach allowing for com-
plete on-line capability for patent 
office needs within five years. 

Medical electronics 

Safely isolated 

Doctors and hospital administra-
tors, increasingly concerned over 
reports and rumors of patients 
electrocuted by faulty or improp-
erly hooked-up instruments [Elec-
tronics, Feb. 17, p. 92], are pressing 
instrument makers to improve the 
safety of their products. Hewlett-
Packard's Waltham division, in a 
move to satisfy these demands, is 
adding circuit isolation to its line 
of medical instrumentation. 
Waltham isn't the only instru-

ment-maker turning to circuit iso-

lation. "Not too many companies 
are isolating their inputs; but 
pretty soon they'll all have to do 
it," says Joseph Neuland, manager 
of the Clinical Instrumentation 
group at Beckman Instruments 
Inc., another company that is start-
ing to employ the concept in its 
line. "More and more hospital spec-
ifications are calling for such low 
leakage currents that everyone will 
have to isolate," Neuland predicts. 
The isolation technique involves 

eliminating any electrical path be-
tween the circuitry connected to 
the patient and the circuitry that's 
grounded. The idea is to prevent 
leakage currents flowing through 
the patient; these can flow, for ex-
ample, if the patient touches some-
thing that's a few volts above 
ground, such as a poorly grounded 
lamp. 

Costly approach. The safety pro-
vided by isolation isn't inexpensive. 
Dave Kelch, a product manager at 
Waltham, says that building in the 
isolation circuitry boosts an instru-
ment's price by 10% to 15%. Wal-
tham's isolation procedure is to 
amplify and chop the signal com-
ing from a body probe, modulate a 
carrier with this chopped signal, 
and then feed the modulated sig-
nal to the ungrounded winding of 
a transformer. The instrument's 
grounded networks are connected 
to the transformer's other winding 
through a demodulator. 
To ensure that the amplifier is 

totally isolated from ground, the 

AMP 

RECTIFIER 

CHOPPER 

MODULATOR 

CARRIER 
OSCILLATOR 

DEMODULATOR 
GROUNDED 
NETWORKS 

An isolated example. Medical instrument makers, challenged on safety of their 

wares, are turning to circuit isolation. Above, transformers ensure that there's no 

electrical path connecting the patient to ground. 

power-line signal which drives it 
also is passed through a trans-
former; the winding that looks at 
the power line is grounded and 
the one that looks at the amplifier 
isn't. 
The division recently showed its 

new monitoring system, the 7807B 
at the American Hospital Associa-
tion's Chicago convention, as well 
as a series of recorders, amplifiers, 
clocks, and ratemeters, all with 
isolated inputs. Waltham started 
to use isolation in its 1500 series 
of electrocardiograph machines, 
which was introduced last year. 

Avionics 

Chop talk 

Since the Korean war, helicopters 
have been called "choppers," and 
it couldn't be a more appropriate 
nickname, say the engineers design-
ing antenna systems to enable the 
craft to transmit and receive via 
satellite relays. 

If antennas are mounted con-
ventionally on the fuselage, the 
rotating blades overhead chop the 
signals. This would require expen-
sive and complex synchronous 
transmission techniques, using mul-
tiple antennas, to overcome - the 
rotor blade modulation. 

It's important that helicopters be 
equipped with a satellite relay an-
tenna because of the major role 
that the ubiquitous craft now plays 
in combat operations, such as in 
Vietnam. Already under test are 
several tactical ground terminals 
that operate with a satellite; the 
terminals range from jeep-mounted 
units to antennas on board ships 
and aircraft. These tests, being con-
ducted for the past several months 
with the experimental tactical com-
munications satellite (Tacsat 1), 
have been very successful. So the 
helicopter satellite antenna system 
with its own special set of develop-
ment problems appears to be a 
pacing item in the overall Tacsat 
program. 

Solution in sight. Bell Aerospace, 
however, is now building a proto-
type above-the-rotor system that 
would eliminate the multipath, 
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blocking, and diffraction effects in-
herent in any antenna mounted be-
low the rotor blades. The Buffalo, 
N.Y., firm, which had been studying 
the problem along with the 
Avionics Laboratory at Wright-
Patterson Air Force Base in Ohio 
and the Army Communications 
Agency at Ft. Monmouth in New 
Jersey, only recently completed a 
feasibility study to determine such 
a system's aerodynamic effects as 
well as its stability, mechanical, 
and electrical problems. 

In Bell's prototype, which is 
being built under a $489,000 con-
tract, a parabolic dish antenna will 
be mounted on a nonrotating shaft. 
The shaft, along with the control 
wiring, will pass down through the 
hollow rotating drive shaft of the 
helicopter to the cabin. The pilot 
will be able to control the direc-
tion and orientation of the antenna 
so that he can locate the satellite 
signal manually. Once this is done, 
the antenna will lock on and track 

96.4 101.5 100.1 
171.4 165.5 160.3 
135.4 133.9 122.3 
148.0 145.4 138.9 

the satellite automatically regard-
less of any change in the heli-
copter's position or orientation. 

Bell expects to complete the 
prototype late this year or early 
1970, when it will be tested in a 
Bell UH1F. The system will oper-
ate in the superhigh-frequency 
range, 3-30 gigahertz. 

Computers 

Yet another shoe drops 

Some people accuse IBM of being 
an octopus, but when it comes to 
letting shoes drop the company 
looks more like a centipede. Two 
weeks after telling the world about 
its new minicomputer [Electronics, 
Aug. 18, p. 48], it revealed some 
details about the most powerful 
computer it has ever developed. 
To emphasize the magnitude of 

the jump it has made in speed over 

September 1, 1969 

July's electronics production 
index jumped to 148.0, the 
strongest monthly gain this year 
—up 2.6 points from the 
downward revised June figure of 
145.4 and a substantial 9.1 
points higher than the July 1968 
index. 

The figures were boosted by 
advances in both the defense and 
industrial-commercial electronics 
sectors. Defense production 
gained 5.9 points, its biggest 
monthly rise in 1969, while 
industrial-commercial output was 
up 1.5 points from June. July's 
consumer performance, on the 
other hand, showed a sharp 5.1-
point decline from the previous 
month. 

Indexes chart pace of production vol-
ume for total industry and each seg-
ment. The base period, equal to 100, 
is the average of 1965 monthly output 
for each of the three parts of the in-
dustry. Index numbers are expressed 
ac a percentage of the base period. 
Data is seasonally adjusted. 
*Revised. 

the model 85, the largest in its cur-
rent System/360 stable, the com-
pany went to three figures, calling 
the machine the model 195. Sched-
uled for first commercial delivery 
in the first quarter of 1971, the 195 
will make extensive use of mono-
lithic circuits in arithmetic and 
logic operations and its ASLT 
emitter-coupled logic circuitry as 
drivers in a 32,768-byte buffer 
memory. 
For the time being, IBM has let 

Control Data keep the trophy for 
the most powerful machine. CDC's 
7600 has nine separate but parallel 
processors in the central process-
ing unit, a basic machine cycle 
time of 27.5 nanoseconds and a 
main storage cycle time of 275 
nsec. The model 195, by com-
parison, has to make do with only 
five separate processors and pokes 
along at half the speed, 54 nsec. 
Its main storage cycle time is only 
a third as fast, 756 nsec. 

But, industry sources suspect 
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Top of the line. System 360 now has 

a new member, the 54-nsec Model 195. 

that a bigger machine, perhaps five 
times faster than the 195, will be 
introduced by IBM about the end 
of this year, after a 4-year gestation 
period. 
And IBM may need it. Many in-

dustry observers, both competitors 
and impartial experts, are per-
plexed about IBM's latest ploy. 
They point out that the 195 seems 
to have fallen between two stools. 
As a commercial computer—where 
speed is less a factor than software, 
flexibility, reliability and the like— 
it would appear to offer a poorer 
bargain than purchase of two 
360-65's. A user could rent a 195 
CPU with a 1-megabyte memory 
for about $107,800 per month or 
two 65's with megabyte memories 
for about $52,590 each. As a scien-
tific computer, the 195 is only half 
as fast as the 7600, a great draw-
back in an area where speed is a 
critical factor. 

Part of the 195's trouble is IBM's 
need to maintain upward software 
compatibility in the 360 line. In so 
doing, the 195 comes out as part 
commercial, part scientific. In 
doing neither job perfectly, it 
would seem to be able to attract 
only those customers who want to 
do scientific work in the daytime 
and batch the payroll through at 
night. 
"The upward compatibility that 

IBM touts as a feature of the 360 
line is a drag on the 195. Having 
to use compatible software and 
having to fulfill commercial appli-
cations, makes the 195 less fit for 
scientific applications, while its 
speed and price are unsuited to 
commerce." So says an unworried 
competitor. 

The 195 also is hitched to the 
system 360 operating system, and 
in multiprogram in g applications 
to the MVT software package. 
(MVT stands for multiprograming 
with a variable number of tasks.) 
If multiple job streams, or multi-
programing is to be done—and it is 
often so, especially in commercial 
applications—the user must use this 
package. However, one computer 
engineer calls MVT "catastroph-
ically wasteful of processor time in 
its bookkeeping tasks." In trans-
ferring pages or segments out 
of disk, drum or tape into core 
where the CPU can use it, it not 
only wastes time, but often leaves 
about half of the core memory un-
allocated. And this is waste indeed. 
Thus IBM's compatible software, 

and its inefficiencies, may account 
for the increased speed and large 
memory of the 195—if IBM is using 
hardware to offset difficulties with 
software. 
Because of software weaknesses, 

many in the industry expect to see 
a revised and improved operating 
system and MVT by the end of 
1969. With the unbundling, IBM's 
software operations are now said 
to be running under a separate 
profit and loss account, an incen-
tive for IBM to clean out its soft-
ware barn. Otherwise heads may 
roll out if the money fails to roll in. 

Communications 

Getting link going 

Although the Bell System still can 
appeal the Federal Communica-
tions Commission's 4-to-3 decision 
granting Microwave Communica-
tions Inc.'s petition to establish a 
commercial microwave link be-
tween Chicago and St. Louis, MCI 
is proceeding apace with plans to 
make the route operative by July 
1970 and already is buying hard-
ware for the system. 
The David-and-Goliath battle 

between the giant carrier and MCI 
has been raging for six years. But 
MCI president John D. Goeken is 
rapidly making up for lost time. In 
addition to going ahead on the 
Chicago-St. Louis route, an MCI 

affiliate—Microwave Communica-
tions of America Inc. (Micom)—is 
moving to set up other microwave 
routes and interconnect them to 
form a national network. 
Up and going. "This is going to 

be a whole new industry," says the 
36-year-old executive, who form-
erly was a communications equip-
ment representative for the General 
Electric Co. [see p. 14]. 

First, Goeken says, MCI will 
allocate $564,000 for hardware for 
the 275-mile Chicago-St. Louis 
line, and proceed simultaneously 
with plans to upgrade the system 
to make it compatible with 
Micom's projection of a national 
network; this should raise expendi-
tures to about $1 million. Collins 
Radio, one of the few communica-
tions equipment makers that 
Goeken says supported his position 
early in the fight, will supply the 
radio-frequency multiplex gear. 

"Mainline Electronics of Joliet, 
Ill., and A & E Electronics of St. 
Louis will handle the installation," 
including tower construction, he 
says, while ma will negotiate for 
the antennas. The company plans 
to set up nine drop-offs along the 
route for customer interconnection 
with local phone lines—a service 
the FCC told the losers they must 
provide to complete the loop. 
New routes. Goeken and William 

McGowan, Micom's chairman, say 
they will file for new routes be-
tween Chicago and New York, 
Chicago and Minneapolis, St. 
Louis and New Orleans and Kan-
sas City, Kan., passing through 
Kansas City, Mo. Micom, they add, 
recently acquired control of Inter-
data, another special-service micro-
wave carrier, which has filed for a 
New York-to-Washington link. 
Goeken says MCI will offer a 75-

bits-per-second, one-way • data 
channel for five cents a mile on the 
Chicago-St. Louis route—bringing 
monthly charges to $13.75 plus 
another $16.00 for terminal costs 
and a local loop charge by the tele-
phone company. He claims that 
users would have to pay Bell at 
least $400 a month for the same 
service. MCI will offer capacities 
up to 20,000 bits per second with 
a guarantee of no more than one 

error in 10 million bits." 
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We make 95% of the most popular types 
of logic transistors, RF transistors, 

diodes and diode arrays. 

Nobody's perfect. 
We've made a heap of hullabaloo lately about what 
we're doing in ICs. Don't infer from this we've forgot-
ten discrete components. We're lavishing the same 
technological attention on them as on ICs. 

Take core drivers. We're off-the-shelving 10 high 
voltage, high current or high speed NPN drivers, 
including the ever popular 2N3725. Soon we'll log a 
1 amp version of our 2N3735 with 20 nanosecond 
storage time and six new PNP models. And you get 
them all in a panorama of packages: TO-5 or TO-46 
cans, DIPs or flatpacks, all in dual or quad versions. 

And monolithic diode arrays. We deliver 16-diode 
arrays in DIPs. Flatpacks are imminent. And expect a 
64-diode package for your Christmas stocking. 

Or RF transistors. Today our distributors stock a 1 
Watt, 1 GHz 2N5108 transistor in a TO-39 package, 
and sell it for $10.70 in 100 quantities. But right 
around the corner we have a tighter-leakage A ver-
sion looming. And then a 10 Watt model. And by 
year's end a 1 GHz 20 Watt device. 

To prove our discrete dedication we've just moved 
into a shiny new facility. With quick-response special 
products section and fully equipped applications lab. 
But it's that same old knowhow that keeps our more 
than 400 standard and high-rel transistors and 1800 
diodes hustling out the back door. Because in discrete 
components, too, we're the company that gets the ideas 
and delivers the goods. Raytheon Semiconductor, 
Mountain View, California. (415) 968-9211. 

RAYTHEON 
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Industrial electronics 

Turning on 

Read utility meters by telephone? 
Good idea, but the trouble is that 
$20 a meter, perhaps up to $30, is 
about all that utility companies 
seem willing to pay to eliminate 
the cost of sending a man to do 
the job. 

But with some 140 million utility 
meters in this country, 80% of 
them near telephone lines, the mar-
ket looms large and the quest con-
tinues. For the Neptune Meter Co., 
an mOS chip, containing 300 tran-
sistors operating in both digital 
and linear modes, appears likely 
to provide the transponding func-
tion—reading encoded meter dials 
and converting readings to bits for 
transmission over the line. Ex-
pected price: $20 for an integrated-
circuit transponder that will serv-
ice three separate meters (electric, 
water, gas). 
Though some of its automatic 

meter-polling system via telephone 
is still under development, Nep-
tune has practically completed de-
sign of its receiver and computer 
interface equipment. Results so far 
look good, and Neptune expects 

,—ENCODER 

TRANSPONDERS 

to have a commercial system ready 
by mid-1971. 
Ready to call. Having already 

successfully benchtested its com-
puter-directed system at its labora-
tory in Long Island City, N.Y., 
Neptune this month puts a more 
comprehensive operation on trial 
by linking five transponders in 
Long Island City to a central (tele-
phone) office at Bell Laboratories' 
Holmdel, N.J., facility. 
The purpose is to find out what 

happens when transponder pulses 
flow through a telephone com-
pany's switching system (including 
a specially-designed meter reading 
facility) and are sent on their way 
to a meter-polling computer. After 
the tests, Neptune will get together 
with a utility to install transpond-
ers in 25 residences for thorough 
field trials. 
When operational, the meter-

polling system—which can handle 
hundreds of thousands of meters 
—will include an encoder for each 
meter, a transponder that reads up 
•to three meters, and a special data 
set. An experimental version of the 
data set, which has been developed 
by the Bell System, attaches to the 
customer's telephone line. 
The central office equipment 

METER POLLING 
SYSTEM 

Meter poller. Encoded utility-meter readings are digitally conditioned in MOS 

transponders. Computer initiates meter callup, stores returned readings. 

routes pulses to another data set, 
this one connected to a terminal 
that interfaces with the polling 
computer at the utility's offices. 
Connected to the computer is a 
phone company automatic calling 
unit (Acu) that on command from 
the computer dials the phone num-
ber and connects the correspond-
ing transponder to the line. 

Decimals. The encoder, also 
made by Neptune, converts the 
meter's mechanical dial readings to 
electrical equivalents by using four 
10-position decimal switches. Dec-
imal switches need 14 wires to per-
mit readout of the four highest-
value dials; binary coded decimal 
would take 20 wires and have more 
sliding contacts. 

Information from • the decimal 
switches is continuously read into 
the transponding encoding modu-
lator, or transponder. The trans-
ponder reads the decimal numbers 
on each encoder in parallel, for-
mats each character into an unam-
biguous two-out-of-six binary code, 
scans the registers and converts 
the parallel data to a string of se-
rial pulses and modulates the 
pulses to two-tone audio signals 
by frequency shift keying. Under 
control of the central computer, the 
complete calling and readout cycle 
for a transponder is 7.5 seconds. 
As for the heart of the trans-

ponder, the mOS chip, Thomas R. 
Clark, Neptune's advanced sys-
tems engineer, says he chose mOS 
rather than bipolar because MoS 
requires low power, has higher cir-
cuit density, and is less expensive. 
Bipolar would have taken two 
chips, he says. 
Deep in the heart. Texas Instru-

ments produced prototype units. 
From Clark's specs, TI engineers 
worked out the detailed cell ar-
rangements on the chip, which con-
tains such digital operations as 
shift registers and such linear func-
tions as audio oscillators. Neptune 
paid TI $14,000 for development 
and delivery of 25 prototype units. 
The Bell System seems ready to 

agree to supply the power for 
equipment attached to its lines. 
But, says Clark, the maximum 
power that Bell will make available 
to the transponder is 100 milliwatts 
for 2 seconds. Clark had hoped for 
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RUMS. VOLTS --the scale says--
but what about the circuits behind 
that scale? 

All of us have been making rms read-
ings of ac voltages for years. We 
know we have, it says so right on the 
front of the meter. 

If someone were to ask what we 
mean by rms voltage, we could 
quickly explain the concept of "root 

mean square." In the interest of ac-
curacy we might add that the rms 
voltage indication on most meters is 
true only for a sinusoidal wave. Un-
fortunately, most measurements are 

not made on true sinusoidal waves. 
However, for many applications, aver-
age responding meters are adequate. 

But it would seem logical, where 
accuracy is important, to use a meter 
that measures true rms voltage no 
matter what the wave shape—a true 
rms voltmeter. 

Why isn't this done more often? 
Well, until recently, most true rms 
voltmeters were expensive, limited 

1 

HEWLETT à PACKARD 

ANALOG VOLTMETERS 

in capability and rather slow re-
sponding. 

Now Hewlett-Packard has adapted 
the thermocouple concept used in 
standard laboratories; added protec-
tive amplifiers to insure overload 
protection (800 V p-p); and reduced 
final-value step function response to 
less than 5 seconds. 

When you combine these features 
with a low price of $525, it adds up to 

the HP 3400A—the first practical true 
rms voltmeter for general use in the 

10 Hz to 10 MHz range. And, a high 
crest factor (ratio of peak to rms) 
allows you to measure noise and 
other non-sinusoidal wave forms at 
a ratio of 10:1 full scale or 100:1 at 
10% of full scale. You get accurate 
noise and pulse measurements — 

without having to make non-standard 
corrections. 
The 3400 isn't just a fine true rms 

voltmeter—although that's plenty in 

itself. It can also be used as an ac/dc 
converter and a current meter. Typi-

cal dc output accuracy is 0.75% of 
full scale from 50 Hz to 1 MHz. Use 
the HP 456A AC Current Probe ($225) 
and you get quick dependable cur-
rent measurements. The 456A probe 
has a 1 mA to 1 mV conversion allow-

ing direct readings up to 1 amp rms. 
So, if all your measurements aren't 

made on true sinusoidal wave shapes 
and if you like direct accurate rms 
voltage indication no matter what 
you're measuring, it's time to check 
into the HP 3400A true rms voltmeter. 
For more information, contact your 
local HP field engineer. Or, write to 

Hewlett-Packard, Palo Alto, California 
94304. Europe: 1217 Meyrin-Geneva, 
Switzerland. 
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a somewhat larger power allot-
ment, so some MOS chips appear 
marginal. However, he's going for 
a second-generation development 
on the chip, and is looking for sili-
con nitride technology to lower 
the threshold levels, and hence re-
quired power, on the chip. When 
Neptune lets the new development 
contract, he says, another vendor 
will be involved. Fairchild Semi-
conductor is a likely candidate, he 
says. 
An essential part of Neptune's 

automatic meter-polling system is 
the digital computer. Here, Clark 
has selected Data General's Nova 
computer. Working from telephone 
numbers stored on magnetic tape, 
the computer instructs the ACU to 
dial a phone, read the meters, and 
store the data on magnetic tape— 
which is then read out by another 
computer for billing.. Meter polling 
would probably be done between 
midnight and 8 a.m., when tele-
phone traffic is at its lightest and 
there's not much chance of a busy 
signal. 

Components 

Picking up the chips 

Selling unpackaged semiconductor 
chips, which most producers once 
viewed with some reluctance [Elec-
tronics, May 13, 1968, p. 1171, is 
gaining in popularity as demand 
increases. Two companies—Motor-
ola Semiconductor Products and 
Siliconix Inc.—will be putting out 
catalogues this month listing many 
new standard chip types. 
While a number of firms are sell-

ing uncased discrete and IC dice 
to hybrid-circuit makers, none ap-
pears to be offering anything near 
the 85 standard chip types mar-
keted by Motorola. Each of these 
will be included in its new catalog; 
they're all passivated and they're 
all discretes at this point, but un-
packaged IC dice undoubtedly will 
be added to the catalog later on. 

Nevertheless, Joe Vielock, Mo-
torola's product marketing man-
ager for silicon transistors, still re-
gards the effort more as a service 
to customers than as a business 

with big potential. He figures that 
in the estimated $1.2 billion 1969 
semiconductor market, chips ac-
count for $12 million or so, just 
about 1% of the total. Chips 
amount to less than 1% of his di-
vision's business, and Vielock 
thinks uncased dice will never ac-
count for more than 5% of the 
overall semiconductor business. 

'Reluctant virgin.' Still, custom-
ers want bare dice, and manufac-
turers are now somewhatless fear-
ful of being blamed for circuit 
malfunctions. Hybrid-circuit manu-
facturers have become more adept 
at such processes as wire and die 
bonding, and packaging. "We're 
taking the role of the reluctant vir-
gin," Vielock says, "but we'll sup-
ply the devices." 

Motorola's 85 device types break 
down this way: small-signal switch-
ing and amplifying transistors, 30 
devices; silicon switching transis-
tors, 23 devices; silicon amplifying 
transistors, nine types; silicon 
power transistors with currents up 
to 25 amps, eight devices; silicon 
radio-frequency power transistors, 
five types, one of which puts out 
8.4 watts at 400 megahertz; field-
effect transistors, six devices of 
which four are junction devices 
and two are MOS FET's; and 
switching diodes, two devices. 
To this list must be added 122 

zener diodes, which have been 
available as standard catalog items 
in unencapsulated form since last 
spring. Most of these have equiva-
lent 1N, or EIA diode registration, 
numbers; all are passivated. 
A sampling of prices of the bare 

chips shows that Motorola's mMOS-
9999,A, an uncased version of the 
popular 2N2222A switching and 
amplifying transistor, sells for 
$1.25 compared with $3.25 for the 
packaged version in quantities of 
100 or more. In the zener line, 
some chips also will cost less. The 
unpackaged price for the 1N753A 
is 90 cents in lots of 100, compared 
with $2.05 for a hermetically sealed 
version of this 6.2-volt device. In 
some instances, however, the zener 
chips will cost more than a pack-
aged part because these diodes 
have been redesigned to mount in 
leadless inverted ceramic carriers 
or u-shaped mountings. The chip 

size has been cut from 37 mils 
square, and the metalization has 
been changed from chrome-silver-
gold to plain gold to facilitate die 
bonding. 
Customer warning. In specifica-

tion sheets, Motorola will dupli-
cate the direct-current characteris-
tics of the packaged counterparts 
of most of the parts, but customers 
will be cautioned on some of the 
larger-size power transistor chips, 
which require a little more care to 
insure that they're properly used 
in circuits. 

Semiconductor Product division 
officials expect two carriers to be 
their mainstays for shipping unen-
capsulated dice—a 400-compart-
ment tray which has a protective 
cover that holds each die face up 
securely in its individual nest for 
visual inspection, and a 10-chip 
carrier for smaller-quantity buyers. 
The dice also will be available in 
vials. 

Motorola planners anticipate the 
possibility of adding thyristors and 
varactors to their chip catalog; 
some of these may even have beam 
leads and be radiation hardened. 
"Our intention," says Vielock, "is 
to pursue customer demand for 
dice after showing a broad capa-
bility." 

Siliconix has been offering three 
uncased flip-chip FET's for some 
time; next month it will add some 
20 new devices in a standard chip 
catalog. These entries are not flip 
chips, but include radio-frequency, 
switching, general-purpose, and 
low-leakage FET's, which the firm 
feels will give hybrid designers 
any combination they need in this 
area. 

Siliconix officials emphasize that 
they will sell just about any device 
they make uncased, although the 
new catalog is the first big step in 
attempting to attract a substantial 
chip business. 

Fairchild Semiconductor is not 
now making an attempt to push 
standard uncased dice through a 
catalog, although the division sells 
them to its licensees, as do many 
others, but not to competitors. 
Texas Instruments, which also sells 
chips but doesn't catalog them, 
also notes an increasing demand 
for the devices. 
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Consumer electronics 

Showdown for tv 

After several false starts—and a lot 
of public clamor and private per-
suasion—safety standards for color 
television receivers have been 
worked out by a technical commit-
tee advising the Secretary of 
Health, Education, and Welfare 
Robert R. Finch. 
The electronics industry and the 

bipartisan committee scored a vic-
tory in keeping the permissible ra-
diation level at a "managable" 0.5 
milliroentgen per hour. However, 
as an electronics industry source 
present during the discussions 
says, ". . . it's a tough 0.5." The 
standard calls for keeping the level 
of emission to 0.5 mr as measured 
5 millimeters from the set. 

In the Act. Under provisions of 
the Radiation Control for Health 
and Safety Act of 1968, the Govern-
ment must have standards estab-
lished for one electronics product 
by the end of this year. It looks as 
if the first product to be put under 
control will be the color tv receiver. 

Standards for all products are 
being worked out by the HEW ad-
visory committee working from 
drafts of standards submitted by 
HEW's Bureau of Radiological 
Health. The first television draft, 
which called for extremely strin-
gent standards—including a reduc-
tion in the level of permissible ra-
diation to 0.1 mr per hour, was 
unanimously rejected by the com-
mittee in June [Electronics, July 7, 
p. 48]. 

Early in August the committee 
met again and has worked out 
standards for television which will 
almost certainly become law. The 
exact language of the standards 
still needs touching up before be-
ing sent to the head of the Envi-
ronmental Control Administration 
and then on to Secretary Finch for 
final approval. Once the standards 
arc approved at the top, they will 
be published in the Federal Regis-
ter and become law 30 days there-
after. 

Controls. Three operating proce-
dures have been stipulated by the 
committee: 
■ Sets produced on or after Jan. 
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HEATH 801 Digital System... 
buy the complete system or discrete components 

Now .... A Complete System to Enable You 
to Get the Most Out of Digital Electronics. 
Here is a system that is revolutionizing 
instrumentation in labs and classrooms 
throughout the world. The basic design con-
cepts of Professors H. V. Malmstadt and 
C. G. Enke combined with the engineering 
of Heath's scientific instrument group have 
resulted in the unique 801 Anakag Digital 
Designer (ADD) and the EU-51A bread-
board and parts group. This versatile sys-
tem can perform equally well in construtting 
high performance research-quality instru-
ments, in performing hundreds of experi-
ments in the teaching laboratory, in rapid 
testing of new digital ideas, or in interfacing 
to computers. 

Start ... By Learning the New Digital Elec-
tronics. Drs. Malmstadt and Enke have 
written a pioneering new text "Digital Elec-
tronics for Scientists" (published by W. A. 
Benjamin, Inc.) that provides a systematic 
introduction to the digital circuits, concepts 
and systems that are basic to the new in-
strumentation — computation revolution. 
The book is written for engineering and 
science students and for practicing engi-
neers, scientists, and technicians so that all 
may effectively utilize the startling recent 
advances in digital electronics. 

Never before have the latest "state-of-the-
art" methods been made so rapidly and 
conveniently accessible through an inte-
grated combination of new text and versa-

tile equipment. The experimental section of 
the text is written specifically for utilizing 
the Heath 801A and 51A to provide ex-
perience and working knowledge with hun-
dreds of digital and analog-digital circuits, 
instruments and systems. 

Write . . . for Complete Information on 
Cards, Modules and Parts in the Heath 
Digital System. The basic Analog-Digital 
Designer (EU-801A) contains 3 modules 
(power supply, binary information, and 
digital timing) and 13 circuit cards includ-
ing TTL gates, flip-flops, monostable MVs, 
relays, op amps, and V-F converter. The 
EU-51A Experimental Parts Group is a 
highly flexible breadboard system for cir-
cuit design and teaching. The group in-
cludes a desk chassis, 493 components, a 
patch card accepting these components, and 
a power patch card. 

The system is open-ended. New cards and 
modules are continuously being introduced 
so you can construct your own special fre-
quency meters, counters, timers, DVM's,rate 
meters, and many dozens of other in-
struments. 

Take ... advantage of the digital revolution 
— order your Heath Digital System now. 

E U -801 A, Analog-Digital Designer $435.00* 
EU-51A, Experimental Parts Group $135.00* 
E U P-19, text "Digital Electronics For Scientists" 
by H. V. Malmstadt and C. G. Enke (published by 
W. A. Benjamin, Inc.)   99.50* 

FREE Heath Scientific 
Instrumentation Catalog 
.....--,-nemmar Describes these 

and other pre-
cision instru-

t-A ments for labo-
ratory, engineer-
ing, education 
and R & D au-

_ plications. Send 
- --- for your FREE 

copy now ... just write on your 
school or company letterhead. 

HEATH COMPANY, Dept. 586.04 
Benton Harbor, Michigan 49022 

Please send FREE Heath Scientific Instrumentation Catalog 

Name 

Address 

a SChh.1117bCfgel 

City_    State  Zip  
Prices and specifications subject to change without notice. EX -278 
*Mail Order Prices; F.O.B. Factory 
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1, 1970, must be capable of keeping 
radiation below the 0.5 line under 
conditions of excessive power 
source voltage with external con-
trols available to the viewer. 
• Sets produced on or after June 

1, 1970 must be capable of comply-
ing with the standard with both ex-
ternal and internal receiver con-
trols adjusted to maximize X-ray 
radiation. 
• That by late in 1971 sets will 

be built to prevent producing 0.5 
mr in the event of a circuit or com-
ponent failure which would maxi-
mize radiation. 
The last point was originally 

scheduled to go into effect at the 
beginning of 1971, but the commit-
tee agreed to set the date to coin-
cide with the new television model 
year. 
The stipulations are not going to 

be easy for the industry, especially 
the last point, but they are far eas-
ier to live with than the original 
0.1 mr proposal. A spokesman for 
the Electronic Industries Associa-
tion says that the failure provision 
is going to "cause a problem, but 
not an insurmountable one." He 
points out that EIA members are 
looking at different approaches to 
meeting the stipulations. These 
fixes range from incorporating a 
circuit mechanism to shut the set 
off if any part goes above the criti-
cal level, to going to solid state de-
vices in areas where emission is a 
problem. 

Memories 

Taking the bit 

Minicomputer users often are 
shocked to discover that their nice, 
little $10,000 machine needs a $50,-
000 memory to do its job. With 
just this dilemma in mind, Singer-
General Precision Inc.'s Librascope 
group has come up with a 500,000-
bit disk memory that promises to 
extend minicomputer capabilities 
for only $2,750—slightly more than 
half a cent per bit. 

Currently, the Emerson Electric 
Co. is evaluating the memory for 
use with automatic testing equip-
ment. Other companies have ex-

pressed interest in using it as a 
compact memory for remote cath-
ode-ray tube -display terminals. 
Designated model L107-8-4, the 

memory is a low-cost lineal de-
scendant of Librascope's L598, a 
65,000-bit disk memory for the mil-
itary. The L107-8-4 weighs only 11 
lbs., and measures 6 by 9 by 9 
inches, including signal-condition-
ing electronics. Packing density is 
conservative, with 20,000 bits per 
track; there are 25 tracks with one 
flying head per track. Rotational 
speed is 3600 revolutions per min-
ute, with a 1.2-megacycle transfer 
rate. 

Interface simplified. The mem-
ory, which uses Signetics 6400 
series transistor-transistor-logic 
gates, can be plugged directly into 
most minicomputers without addi-
tional interfacing. A circuit board 
containing the electronics is 
mounted on top of the disk for ac-
cessibility. Six screws and two 
soldered connections hold the 
board in place. There are no me-
chanical adjustments to compen-
sate for variations in integrated-
circuit values; one adjustment is 
provided in the electronics for op-
timizing the strobe signal, and two 
for setting pulse periods in the 
timing-track logic. IC and discrete 
components are used for the read 
and write amplifiers. 
The signal-to-noise ratio is maxi-

mized by amplifying the analog • 
signal close to the head. Mag-
netic interference on read-and-
write functions is averted by using 
a 4-to-20-bit gap between bit 
words. To decrease vibration a du-
plex paired bearing is mounted at 
the disk instead of right at the 
motor. 
Access time is 8.5 milliseconds 

average, and a coded timing track 
provides the index clock, block, or 
sector clock and master bit clock. 
Recording is phase modulated and 
is in serial format, block alterable. 
Data bits-per-block and blocks-per-
track are set to customers' speci-
fications. 
The memory's relatively low 

cost—possibly well under $2,000 in 
large quantities—permits expansion 
of minicomputer memories in 
small, fairly inexpensive incre-
ments, according to Librascope. 

Manufacturing 

New twist to flip chips 

Hughes Aircraft has been putting 
bumps on semiconductor dice for 
face-down bonding for several 
years, but flip-chip sales at Hughes 
—and for a number of other pro-
ducers for that matter—haven't 
really caught on in a big way. Now 
the company has a new system it 
says will give its flip-chip sales a 
big boost. 
And in addition, to keep down 

its own production equipment 
costs, Hughes has gone to an 
anisotropic back etching to sepa-
rate the 1-0-0 silicon chips from the 
wafer, rather than conventional 
scribing and breaking. This is how 
Bell Telephone Labs separates 
beam-lead dice from the wafer, but 
Jack Hirshon, manager of Hughes' 
Newport Beach, Calif., division, 
says their technique is much less 
complicated and should give higher 
yields. 
Up to now the new technique has 

been restricted to producing wafers 
for discrete devices. And the proc-
ess only needs one additional mask-
ing step: defining the back-etch 
dicing pattern. Hirshon says the 
back-etched flip chips along with 
the bonders and other associated 
equipment needed to handle them 
are being delivered to a few cus-
tomers making hybrid circuits for 
what he describes as the "home-
entertainment systems" market and 
the automotive market. He says 
Hughes hopes to get high-volume 
customers, including appliance 
manufacturers. 

Salesmanship. "The customer 
has to know he can buy these chips 
for less than he can get plastic 
transistors to put into a printed-
circuit board," says Hirshon, "and 
our studies confirm that our prices 
will allow us to meet these objec-
tives." Hirshon adds, "We're aim-
ing at people now using flip chips, 
so we have to provide the razor, in 
effect, so that the customer can 
buy our blades." He estimates the 
bonder, turret feeder and template 
and pantograph that go with the 
back-etched flip chip system will 
cost about $30,000, but points out 
that Hughes will modify the equip-
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ment to suit the customer. 
In the aniostropic etch process, 

with 1-0-0 silicon, the angle that 
results on the side of the die is 
about 55° because of the crystalline 
structure of the material. A spe-
cially designed ultrasonic bonding 
needle with a nest shaped to ac-
commodate that angle is used. 
The process allows etching 

through wafers 8 mils thick, and 
the dice on which it's now being 
used-13 types of transistors and 
six diodes, are about 32 mils square. 
Each has four silver bumps coated 
with silver-tin solder to facilitate 
face down bonding using an ultra-
sonic head or reflow soldering. The 
chip edge is the reference for pre-
cisely positioning the bumps. 
Magazine load. After the wafer is 

probed and the glass-passivated 
dice are separated, they're auto-
matically transferred to nests in 
specially designed plastic carriers 
about one-fourth inch square. 
These carriers, each containing one 
die, are then loaded into a maga-
zine and the magazines are affixed 
to a turret on the table holding the 
bonding tool. 
The operator uses an enlarged 

template of the circuit, and a panto-
graph to locate the point where a 
given die should be bonded. Logic 
in the system assures that the tur-
ret holding the magazines of dice 
brings the proper magazine into 
place. A feeder arm extracts the 
carrier-held die from the turret and 
places it over the substrate at a 
preselected point. The ultrasonic 
bonding head drives the die down 
through the carrier to the contact 
pads on the substrate. The bonding 
head is raised, the feeder arm re-
moves the empty die carrier, and 
the bonding head then comes down 
again, this time applying energy to 
make the bond. The operator then 
moves the pantograph pointer to 
another template position, the tur-
ret indexes to bring the proper die 
magazine into place for that loca-
tion, and the process is repeated. 
Hirshon says the system bonds 

900 dice an hour. "If our approach 
is right," he concludes, "the next 
six months should show a dramatic 
shift in momentum in the use of flip 
chips." The system was shown for 
the first time at Wescon. 

READ OUT THESE 
FOUR. RECEIVERS 

WITH THIS 
ONE COUNTER 

TYPE DRO-307 
TIME-SHARED 

READOUT WITH 
DIGITAL 

AUTOMATIC 
FREQUENCY 
CONTROL 

Four receivers with a 30-300 MHz 
frequency range and a 21.4 MHz IF can 
be read out with W-J's new Type DRO-
307 Time-Shared Digital Readout. 

The counter alternately samples and 
counts the LO signal from each of the 
receivers, automatically subtracts 21.4 
MHz IF and stores the result in inte-
grated circuit storage elements. The 
unit reads out a six-digit visual display 
of the tuned frequency of any one of 
the receivers as selected by a front 
panel switch. Information is updated 
12.5 times each second. 
Other features include simultaneous 

BCD output from the storage elements 
for all receivers and full-time digital 
automatic frequency control (DAFC), 
which locks the receivers to a desired 
frequency. Separate DAFC circuitry 
is provided for each receiver. 

For details circle the Reader Service 
Card number, write CEI Division or 
contact a W-J representative. 

World's largest selection of receiving equipment for 
surveillance, direction finding and countermeasures 

CEI DIVISION 

wu VVATKINS -JOHNSON 

6006 Executive Boulevard, Rockville, Maryland 20852 (301) 881-3300 
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8" HELIAX 
high power without a hanger "HANG-UP" 

Faced with carrying a couple of hundred RF kilo-
watts? Need low, low attenuation? Move up to 8" 
HELIAX® coaxial cable. Big. Semi-flexible. Con-
tinuous lengths to 850 feet. Eliminates connector 
bullets and complicated hangers. Thermal expan-

sion and contraction don't faze it. Power capabili-
ties: 300 kw average at 30 MHz; 58 kw at 600 
MHz. Use for HF; Tropo; 0TH radar; VHF and 
UHF-TV. Wouldn't you like to know more? 
Communicate with Andrew. 11.68 

-10e-ANDREW 
CONTACT THE NEAREST ANDREW OFFICE OR ANDREW CORPORATION. 10500 W. 153rd STREET. ORLAND PARK. ILLINOIS 60462 
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Army's tactical Look for the Army's tactical operations system (TOS)—presently ear-
o system marked for the field-army level—to be extended to division and battalion perations  

levels. In the works at the Army's Computer Systems Command is an ex-
to be expanded... panded system called, aptly enough, DIV/TOS. According to Army 

sources, DIV/TOS is being kept in a "hold" status until the fiscal 1970 
defense budget is finally worked out. The Army intends to procure DIV/ 
TOS separately from the existing TOS system, for which Control Data 
Corp. is prime development contractor with an estimated $5 million in 
contracts to date. 
The Army's immediate problem with DIV/TOS is to get it through 

Rep. George Mahon's (D.-Tex.) House Appropriations Committee before 
stamping it approved. In addition to Control Data, Litton, RCA and 
Hughes Aircraft have made informal proposals to the Army on the pro-
posed system. 
One of three elements in the automatic data system for the Army in the 

field (Adsaf), TOS supports staff intelligence, communications, and opera-
tions via a variety of interconnected electronic data processors and dis-
plays. Vans housing the first TOS system are deployed in West Germany 
for configuration verification and testing, most recent of these being 
Exercise Cardinal in which CDC says its system operated successfully. 

... as Litton tries for 

a slice of the pie ... 

... while Control Data 

fields new computer 

Litton Industries, with a $122.2 million prime production contract for an-
other Adsaf element—the tactical fire direction system (Tacfire)—is work-
ing diligently to cut itself in for some of the TOS action by promoting its 
Tacfire computer for both DIV/TOS and TOS. Litton had been counting 
on incorporating its Tacfire computer modules in TOS [Electronics, 
March 4, 1968, p. 17]. 
An Army official says a Tacfire-type computer "probably" will go 

into TOS production equipment, noting that the existing test installation 
now in Europe was put together with nonruggedized, off-the-shelf hard-
ware. "The master plan calls for utilizing the ruggedized hardware from 
Tacfire in other elements of the Adsaf program," he says. 
At this point, Tacfire has slipped somewhat. But under a revised time-

table, Litton will deliver the first three Tacfire computers by May 1970 
for eight months of engineering tests. A production go-ahead would 
follow in early 1971. When work was getting under way in early 1968 
on the total-package-procurement program, Litton engineers said they 
hoped to get Tacfire operational by 1971. 

Control Data apparently isn't too worried about the competitive threat to 
the DIV/TOS computer business. "We'd like to see DIV/TOS go out for 
competitive bids," maintains a Control Data official. The company will 
bid its new, miniaturized "fourth generation" computer dubbed Alpha, 
recently developed in an in-house program. 
The modular system is described as meeting Mil-E-5400, class 2 envi-

ronmental specifications. Built with large-scale integration, Alpha's 18-
pound central processor occupies one-third of a cubic foot. It will operate 
with a destruct readout core memory that has a 350-nanosecond access 
time with 16,384 words of memory in a 36-lb package occupying two-
thirds of a cubic foot, and a non-destruct readout thin film memory with 
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comparable stores in an 18-lb package. CDC maintains Alpha is ready to 
go and says about 4 units have already been sold to the Canadian govern-
ment for a classified application. 

House may soften 

Senate controls 

on DOD spending 

FCC to put Bell 

on the carpet 

Addenda 

When Congress reconvenes after Labor Day, it's likely that the House 
and its powerful Armed Services Committee will react strongly to pre-
recess Senate legislation and refuse to go along with some of the stiff 
controls passed on military spending. For example, the Senate approved 
(47-46) a Defense budget amendment granting the General Accounting 
Office broad powers to investigate contracts is not expected to stand in its 
present form. 
The amendment's provision that the Pentagon submit quarterly cost 

reports to GAO on major weapons systems may be the only section to 
survive the House [Electronics, July 21, p. 61]. This could pass since 
Defense Secretary Laird plans to establish a comparable system of his 
own. But provisions giving GAO unprecedented subpoena powers over 
contractor's records and the right to audit contracts where the Comptroller 
General believes costs are excessive or performance below par are not 
expected to get by hawkish House leadership. 

Should Western Electric be barred from all nontelephone business? And 
should the Bell System's hardware procurement, all of which now goes to 
Western Electric—Bell's manufacturing arm—be opened to competitive 
bidding? An inquiry the FCC will hold later this month on the Bell 
System-Western Electric relationship might well delve into these signifi-
cant questions. 
Telephone company officials are expected to be subjected to a hard line 

of questioning that could produce a great deal of ammunition for those in 
industry who would like to see Western Electric separated from AT&T. 
The FCC has already given indications that it will focus its attention on 

the large number of service complaints lodged against Bell's manufactur-
ing arm. Certain to be brought up are whether Western Electric has 
missed delivery dates for equipment and whether competition would 
make the company more responsive. 

Richard P. Gifford's appointment to head General Electric's new Com-
munications Systems division at Lynchburg Va., comes as no surprise. 
It agrees with earlier reports that he would not be a candidate to head the 
White House Office of Telecommunications Management [Electronics, 
Aug. 4, p. 69] ... While the courts indicated that computer programs meet 
the criteria for patentability [see p. 37], IBM has been pushing for a 
registration system that would protect computer software in lieu of 
patents. The company is urging the enactment of "well-thought-out legis-
lation" rather than the development of a system on a case-by-case basis 
in the courts . . . A White House letter asking industry for input for its 
domestic satellite system study indicates that other than telephone lines 
may be employed for ground distribution in the proposed system. Such 
a position is expected to be made more evident when the Administration 
issues its study in about two months . . . Microwave ovens are next now 
that standards have been agreed upon for color tv [see p. 45]. The tech-
nical committee that worked out the tv standards will turn its attention to 
oven interlocks at a Richmond, Va., meeting on September 16. 
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High-speed programmable 
de power supplies $178" 

se. POWER SUPPLY MODEL ORD40-.15 
RAYTHEON COMPANY, NORWALK, CONN 

VOLTS J17,. AMPS 

METER 

The QRD Series of precision power supplies is com-

posed of seven off-the-shelf models covering the range 
of 0-60Vdc at current levels up to 4 amperes. 

In the high speed programming mode the QRD's per-

formance is unmatched — less than 10 microseconds 

for a step change of Emax. to 0! The capability of being 

programmed by resistance, voltage or current sig-

nals to frequencies of 100k Hz makes the QRD 

Series unequaled in digital, microcircuit 

testing and servo system applications. 

Other features include: ±0.005% vol-

tage regulation 200,uV r.m.s (3mV p-p) 

ripple automatic crossover between 

constant voltage and constant current operation. 

Send your high-speed programming power supply spe-

cifications to Sorensen, today, for the optimum solution 

of your modular, bench or rack mounted power supply 
problem. 

For more information contact your local Sorensen 

representative or; Raytheon Company, Soren-

sen Operation, Richards Avenue, Nor-
walk, Connecticut 06856. 

Tel: 203-838-6571; 

TWX: 710-468-2940; 

TELEX: 96-5953. 
RAYTHEON 
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RCA 
Solid-State Data 
for Designers 

IR Injection Lasers with Double the 
Output at Half the Threshold Current 

Here's your answer to designing 
compact IR laser range finders; 
line-of-sight communications 
systems; aircraft altimeters; 
proximity fuzes, and intrusion 
alarms: RCA's new Close Con-
finement ("CC") GaAs infrared 
injection laser diodes in RCA's 
OP-3 coaxial-lead, stud-type 
package. "Close Confinement" 
means that the radiation is con-
fined strictly in the junction area. 

Choose from 1 to 10 watts 
(minimum); 2 to 13 W (typical). Peak 
current ratings: l,„ from 4 amperes to 
10 A; ITm from 10 A to 40 A. 

For technical data on RCA's new 
Close-Confinement GaAs lasers, cir-
cle Reader Response No.501. 

RCA 
OP-3 
Pkg. TA7606 TA7608 TA7610 

Peak Power 
Output (Watts) 

Typ. 

1 
2 

5 
6 

10* 
13 

Largest 
Emitting 
Area 
Dimension 3 mils 6 mils 9 mils 

Amps 
Peak 
Current 
Ith 
1FM 

4 
10 

7 
25 

10 
40 

*Selections offering power output up o 5 W at 
70°C are available. 

High Beta Values, High Dissipation 
Ratings, High Voltage Capabilities... 

rttril 

The characteristics you need for high-
voltage, high-current amplifier and 
high-current switching applications 
are provided by RCA's 2N3241A family 
of silicon n-p-n, epitaxial, planar tran-
sistors. Fourteen types give you a 

broad selection of ratings and char-
acteristics for audio preamplifier, 
audio and video amplifier, computer 
switching and instrumentation circuits. 
Included in the family are transistors 
with integral heat-radiators which pro-
vide 50% lower thermal resistance be-
tween junction and ambient and thus 
twice the dissipation capability of the 
prototypes at ambient temperatures 
up to 25°C. 
Take advantage of these ratings for 

your circuit designs: 
AUDIO PREAMPLIFIER —NF as low 

as 2 dB at 10 kHz, beta values as high 
as 165 (min.) at Ic-10 mA. 
AUDIO AMPLIFIER—PT ratings as 

high as 2 W at Tc to 75°C for types 
with heat radiators, high current capa-
bilities to 300 mA max. 
HIGH CURRENT SWITCHING ap-

plications including core drivers up 
to 300 mA max. 
INSTRUMENTATION—high beta 

values; leakages as low as 10 nA max. 
at Vc5=25 V; saturation voltages as 
low as 0.1 V typ., 0.2 V max. at Ic= 
100 mA; breakdown voltages to 40 V 

Circle Reader Response No 502 
for detailed specs. 

"All Purpose" Economy 
For Linear IC Users 
Wherever your designs call for econ-
omy—without sacrificing performance 
—look at the RCA-CA3053 Linear IC. 
CA3053 is specified to bring you im-
portant savings in a high-performance 
IF and general-purpose integrated cir-
cuit. It's designed to fit your plans 
for differential and cascode amplifiers, 
for limiters, detectors, mixers, modu-
lators, converters and oscillators. You 
can figure on 40 dB typical cascode 
voltage gain, 30 dB typical differential 
voltage gain at 10.7 MHz. 
RCA-CA3053 is offered in the her-

metic TO-5 package at a 1,000 unit 
price of 49C per unit. 

Circle Reader Response No. 503 
for full details. 
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COLLECTOR-TO-EMITTER VOLTSIVce 

40 A to 50 A Performance 
For Your High-Speed Switching 

Whatever you want to switch—control 
amplifiers, power gates, switching reg-
ulators, converters, or inverters— in-
vestigate RCA's new high-speed, 
high-current switching transistors. 
Other recommended applications in-
clude DC-RF amplifiers and power 
oscillators. 

For instance, RCA developmental 
types TA7337 and TA7337A—silicon 
n-p-n types—both in modified TO-3 
package (two 60-mil pins)—offer pa-
rameters like those listed below. 

Additional benefit: These units have 
enhanced second breakdown capabil-
ity under forward and reverse-bias 
conditions. 
Circle Reader Response No. 508 for 
full details. 

Type 

VCEO (sus) 
(V) 

Ic 
(A) VCE (sat) 

fi 
(MHz) ton 

TA7337A 
TA7337 

120 
90 

40 
50 

1.2 V (max.) @ 40 A 
1.5 V (max.) @ 50 A 

50 
50 

1 izs (max.) @ 40 A 
1 irs (max.) @ 40 A 
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400 Hz 120-V Line 
Operation for Triacs 

You can turn to triacs for all your 
airborne controls that you now design 
with electro -mechanical relays or 
switches! 
RCA offers a cross-section of triacs 

—all rated at 400 Hz, with RMS cur-
rents from 0.5 A to 40 A and repetitive 
peak off-state blocking voltages of 200 
V and 400 V. Units are available in 
two- . and three-lead modified TO-5, 
press-fit and stud-type packages. 

Plan around these triacs for such 
aircraft applications as: lighting con-
trols for cabins and running lights; 
heater controls; motor controls, and 
hydraulic valve controls. Circle Reader 
Response No. 504 for help in your 
designs 

Optimize RF Amplifier Designs to 
400 MHz ...And Protect Against 
Handling and In-Circuit Transients 

RCA's new 40673 Dual-Gate MOSFET 
gives you all the inherent, superior 
performance characteristics of an 
MOS Field-Effect Transistor and tran-
sient voltage protection for each gate. 
Integrated "Transient Trappers" 
(back-to-back zener diodes) guard 
each gate of the 40673 against static 
discharge during handling operations 
and in-circuit transients. Now, you 

have new assurance of dependable, 
high performance when you take ad-
vantage of these outstanding charac-
teristics of the RCA-40673 to optimize 
your RF amplifier designs: 
• Power Gain (MAG) =- 20 dB @ 200 
MHz 
• Noise Figure (NF) = 3.5 dB @ 200 
MHz 
• Superior Cross-Modulation Char-
acteristics 
• Wide Dynamic Range Without 
Diode Current Loading 
• Reduced Spurious Response 
• Extremely Low Feedback Capaci-
tance = 0.02 pF 
• Excellent Gain-Reduction Char-
acteristics 
• Simplified AGO Circuitry 
• Reduced Oscillator Feed-through 

Furthermore, the dual-gate design 
of the 40673 makes it possible for you 
to reduce feedback capacitance by 
operating in the comn.on-source con-
figuration and AC-grounding gate No. 
2. Result: Maximum gain without neu-
tralization and reduced local oscillator 
feed-through to the antenna. 

So, before initiating new designs 
for RF amplifiers, mixers or IF ampli-
fiers (to be used in industrial, military 
and consumer communications equip-
ment; aircraft and marine vehicular 
receivers; CATV and MATV equipment 
or telemetry and multiplex systems) 
get complete technical data on the 
RCA-40673 MOSFET. Circle Reader 
Response No. 505. 

TA7205—World's Highest Power, 
Gain, Efficiency Transistor 
For Operation at 2 GHz 

The RCA-TA7205 is the latest RF 
power transistor featuring RCA's pat-
ented multiple-emitter "overlay" con-
struction in a coaxial package. You 
can rely on its dependable perform-
ance in microwave communications, 
L- and S-band telemetry, microwave 
relay link, phased-array radar, dis-
tance-measuring equipment and col-
lision-avoidance systems. 

Packaged in a hermetically-sealed, 
ceramic-metal, coaxial configuration, 
this silicon n-p-n device is ideal for 
large signal applications in coaxial, 
stripline and lumped-constant circuits. 

Specifically, the TA7205 provides a 
5.8-W (typ.) output, 7.6-dB (typ.) gain 
and 45% (typ.) efficiency at 2 GHz in 
a common-base circuit. At 1.2 GHz, it 
offers 11-W output with 11.5-dB (typ.) 
gain and 60% (typ.) efficiency. 

Circle Reader Response No. 506 
for further details. 

High Performance 
At New Low Prices from RCA's 
COS/MOS Logic— 
COS/MOS Memory 

Now, take advantage of the many op-
portunities for innovations in design, 
performance and application offered 
by RCA's unique monolithic integrated 
circuits using COmplementary Sym-
metry MOS construction. These new 
COS/MOS integrated circuits provide: 
• Nanowatt quiescent power dissi-
pation 
• Frequency capability—from DC to 
5 MHz 
• Noise immunity-4 V (typ.) @ VDD 
-= 1 0 V 
• Fanout capability up to 50 
• Operation from a single power 
supply (6-15 V) 
• Full military temperature range 
• Operation with single-phase 
clocking 

RCA has a package of bulletins for 
you on COS/MOS. Included in this 
package is a new product-line catalog 
which provides data on commercial 
and developmental COS/MOS types. 

For your package of bulletins, circle 
Reader Response No 507. 

For price and availability information 
on all solid-state devices, see your lo-
cal RCA Representative or your RCA 
Distributor. For specific technical data, 
write RCA Electronic Components, 
Commercial Engineering, Section 
QN9-1,Harrison, N. J. 07029. 

RCA 



It took us years to develop 
the best stereo microscope. 

Now give us a few minutes to prove it. 
Let us compare our StereoStar/zoom to any 
stereoscopic microscope in your lab. 

Our microscope offers high resolution, larger 
fields of view, greater working distance. We 
have as wide a magnification range as you're 
likely to need: a full 6 to 1 zoom range with 
magnifications from 3.5 X through 210 X. 
The zoom control knob is coupled—so that it's 
conveniently located on both sides, for either 
left or right-hand operation. And the entire 
head is easily rotatable through 360°. 

135 years of optical excellence went into the 
AO StereoStar/zooM. Let us compare it to any 
stereo microscope in your lab. After all, if it's 
worth your money, it's worth your time. 

Call your AO Representative. Or write for our 
convincing 24-page brochure. 

AMERICAN OPTICAL 
CORPORATION 

SCIENTIFIC INSTRUMENT DIVISION • BUFFALO, N.Y. 14215 
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20 to 100 watts. ..- 32 dB intermodulation guaranteed 

TRW offers three new 28-volt RF 
transistors to meet a range of output 
power needs in either SSB or CW. 

All are designed for Class A, Class 
AB, or Class C operation. All will 
withstand severe output mismatch. 

All are available in low profile, strip-
line packages. 

The 2N5707 provides 20 Watts 

P.E.P. in SSB use from 2 to 30 MHz, 
and 30 Watts CW output to 150 MHz. 
The 2N5708 provides 40 to 50 Watts 
respectively over the same frequen-
cies, and the 2N5709 furnishes 80 
and 100 Watts in the same operating 
modes. All three have excellent 
broadband capabilities. 

Contact any TRW Distributor or 

TRW Semiconductors, 14520 Avia-
tion Boulevard, Lawndale, California 
90260. Phone: (213) 679-4561. TWX 
910-325-6206. TRW Semiconductors 
Inc. is a subsidiary of TRW Inc. 

TRW 
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Gyro-tuning. 

A new, wideband, high speed tuning 
technique for coaxial magnetrons. 
Gyro-tuning employs a ring gear which drives 

a set of rotating dielectric paddles within the 
magnetron coaxial cavity. A high speed synchro-
nous motor drives the entire mechanism, which 
is external to the tube vacuum envelope. This 
arrangement provides a high degree of frequency 

tuning and reliability for coaxial magnetrons 
used in airborne search, navigation, terrain fol-

lowing and missile seeker radar applications. The 
complete tuner assembly is compact and adds only 
1/2 pound to the basic magnetron weight. 

Gyro-tuning presently achieves tuning rates of 

400 Hz at frequency excursions of 250 MHz at 
Ku-band. It features low tuning drive power and 
a simple, directly driven, high voltage electrical 
generator readout technique to reduce local oscil-

lator tracking problems. 
Gyro-tuning is reliable. The rotary 

tuner mechanism provides long operat-
ing life and meets relatively stringent 

shock and vibration specifications. 

Operation outside the vacuum 
enhances tube life. 

Gyro-tuned magnetrons are 
now being delivered at the 35 
kilowatt level at Ku-band and 70 
kilowatt level at X-band. Tubes 
are in development at other 

power levels. 
For information on Gyro-

tuning and other rapid tuning 
techniques now available or 

under development, contact: Electron 

Tube Division, 960 Industrial Road, San 
Carlos, California 94070. Telephone: 

(415) 591-8411. 

EEI LITTON INDUSTRIES ELECTRON TUBE DIVISION 
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Here's technical achievement for you... 
better living for you and your family 

We are particularly anxious to meet you if you are a Circuit De-
sign Engineer; Packaging and Mechanical Engineer; Electron 
Optics, Vacuum Technology or Materials and Process Special-
ist. But whatever your technical strengths, if "roll-up-the-
sleeves" engineering appeals to you, we'd like to hear from you. 

Here you'll find an environment that emphasizes the indi-
vidual, and his personal contribution to technical development 
—contribution by working on projects, not writing about them. 
Your work will benefit advanced engineering throughout the 
world. You will benefit from technical association with special-
ists experienced in developing state-of-the-art instrumentation, 
components and devices. 

All Tektronix R & 0—financed entirely from our annual sales 
of approx. $150 million—is directed toward commercial prod-
ucts. Our community is prosperous, balanced, with a stability 
of employment not typical of every industrial center. And as for 
the Green Land we live in—it speaks for itself. 

If you're seeking technical advancement and better living 
for you and your family, why not investigate Tektronix? 

Write to D. A. Thompson, Tektronix, Inc., P. 0. Box 500A, 
Beaverton, Oregon 97005, or send in the coupon. 

Professional Placement Mgr., Tektronix, Inc. 

P. 0. Box 500A, Beaverton, Oregon 97005 

Please send me your r Booklet, "Tektronix" — Application Form 

• 
• NAME: 

ADDRESS: 

• 
• CITY: 
• 
• 
• I am interested in: 

STATE: 

Tektronix, Inc. 
An Equal Opportunity Employer. 



The 
Choice 

1S TM. 

YA 
TI's new MS! SN5486/SN7486 

does it fast. 

(And easy on the pocketbook.) 

Typical propagation delay of this new 
TI monolithic quadruple 2-input ex-
clusive-OR gate is 12 ns. Power dissipa-
tion per exclusive-OR function is only 
39 mW. In 100-999 quantities, the plastic 
dual-in-line carries a $3.00 price tag. 

TI's low-power version, SN54L86/SN-
74L86, will help ease your critical power 
dissipation situations. Power dissipa-
tion: 3.75 mW per exclusive-OR function. 
Propagation delay: 58 ns. Cost: $3.41 
for the plastic dual-in-line. 
You can get both versions promptly 

Tm 
integrated circuits 

from lbws Instruments 

and both are fully compatible with TI's 
growing family of Series 54/74 inte-
grated circuits. 
For all the facts, fast and easy, get 

our data sheet on the SN5486/SN7486. 
We'll also send along our new 80-page 
brochure on our Series 54/74 ICs. Circle 
190 on the Reader Service Card or write 
Texas Instruments Incorporated, P.O. 
Box 5012, M. S. 308, Dallas, 
Texas 75222. Or call your 
nearest authorized TI Dis-
tributor. 

TEXAS INSTRUMENTS 
58 

INCORPORATED 
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Choosing a Signal Processor 

by DR. E.U. COHLER, President 
Computer Signal Processors, Inc. 

Signal processing systems fall into three 
general categories. It is important to ap-
preciate the differences in order to make 
a sensible selection. 

Function-Specific 

Function-specific processors are usually 

designed to perform a single version of a 
complete processing function. These sys-
tems, when developed and debugged, very 
often maximize performance per dollar. 
Unfortunately, they often result from the 
observation: "It's simple; we just throw 
together a few integrated circuits and ...". 
Sadly, the result is usually functionally 
rigid, obsolescent, and has cost a great 
deal to engineer. 

Algorithm-Specific 

Algorithm-specific processors are de-
signed to perform individual algorithms of 
general usefulness, such as Fast Fourier 
Transforms. This category really consists 
of partial systems, since these processors 
must be combined with either a function-
specific processor or a computer. Thus it is 
clear that the algorithm-specific proces-
sor, like the function-specific processor, 
is an inherently rigid approach. 

General-Purpose 

General-purpose processors are systems 
whose functions are programmed rather 
than wired. The most flexible of the three, 
they combine the advantage of standard 
hardware with a multiple function capa-
bility. Such a system may be used for any 
algorithm: Fourier transforms, digital fil-
tering, correlations, convolutions, cepstra, 
amplitude histograms, signal averaging, 
spectral densities, or statistical analyses. 
It can also accomplish the many odd jobs 
peculiar to a non-specific environment: 

comparison, peripherals handling, display, 
threshold sets, adaptation, and decision-
making. 

Each category has its place and its most 
useful applications. Since you know your 
own requirements better than anyone else, 
it is practical to do your own evaluating. 
After each category has been considered 
against the application, selection will be 
nearly automatic. 

Circle 59 on reader service card 

CASE IN P I[NT: 
CompuSignal 

System 3 
(CSS-3) 

A general purpose signal processing system 
capable of performing Fast Fourier Transforms 
(FFT's) in real time, and able to acquire samples 

at rates up to 50 KHz. Will perform 2048-point 

transforms, which can be extended by option. 
Also provides zoom FFT, auto-correlations, cross-
correlations, convolutions, averaging, histograms, 
digital filtering, and special application-oriented 
signal processing routines. Complete system, in-

cluding software, for less than $45,000. Sixty day 
delivery. Write for complete specifications: Com-

puter Signal Processors, Inc., 209 Middlesex 
Turnpike, Burlington, Mass. 01803. Tel. (617) 
272-6020. 

COMPUTER 
SIGNAL 
PROCESSORS, INC. 

Invitational demonstrations will be held in your area. 
Write for dates and program subjects. 



Five generations 
of satellites 

came from Hughes. 

Join us for the sixth? 
Syncom was the first synchronous 

communications satellite. Launched in July, 1963, and 

still operating. 
Then Early Bird. The Intelsats. Applications 

Technology Satellites. And now, giant TacSat, being 
built for the Department of Defense. 

But there's lots more history to be made. 
Far more sophisticated satellites. With bigger voices 
than ever in world communications. 

Want to be in on the new generations of 
satellites? We need men who do. Our pioneering work 
in communications satellites has led to new and 
expanding programs with many unusual career 
opportunities. 

Typical openings for Space Systems Engineers 

Astro Dynamicists • Dynamic Analysts • 
Spacecraft Systems Analysts • Space 
Communications Analysts • Senior Systems 
Engineers • Communications & Telemetry — 
Telecommunications Specialists • Spacecraft 
Circuit Design Engineers • Project 
Engineers • Power Conditioning Equipment 
Design Engineers • 

All assignments require accredited 
engineering or scientific degrees, a minimum of two 
years of applicable, professional experience and 
U.S. citizenship. 

For prompt consideration, please airmail your resume to: 

Mr. Robert A. Martin, Head of Employment 
Hughes Aerospace Divisions, Dept. 77 

11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 

HUGHES 
L. 
HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer—M & F 
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We're available 
Get up to1000 units of 

2N3773 and 2N3054 transistors 
in less than two weeks. 

Now from Westinghouse. 

What's more, we'll also give 
you fast service on larger or-
ders. However many it takes 
to fill your total requirements. 

Our 2N3773, 2, 1 (T03) 
is a family of 30-amp diffused 
transistors for high power 
switching and amplifying ap-
plications. They offer a wide 
selection of voltage and gain. 

Our 2N3054 (T066) is a 4-
amp device used to drive our 

2N3773, or as the output stage 
in low-to-medium power 
applications. 

For complete data —and a 
large ready supply—of any 
and all of these transistors, 
contact your local Westinghouse 
Sales Office or Westinghouse 
Semiconductor Division, 
Youngwood, Pa. 15697. 

You can be sure.., if it's 

Westinghouse 

SC-2-69 
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+15oplinirc 
in all Helipot Cermet Trimmers 

This significant advance in Helipot's 
cermet technology is now available 
at only a dime/unit more ... 100 
ohms thru 2 megohms. In addition, 
you get essentially infinite reso-
lution, environmental stability, 
reliability, no catastrophic fail-
ures— all superior to wirewound 
trimmers. We'll also deliver off-
the-shelf, locally stocked trimmers 
with a standard tempco of 
±100 ppm/°C in the 100 ohm 
thru 2 megohm range. 

Beckman 

INSTRUMENTS, INC. 

HELIPOT DIVISION 

FULL ERTON, CALIFORNIA • 92634 

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN. GENEVA; GLENROIHES. 
SCOTLAND; LONDON: MEXICO CITY; MUNICH; PARIS; STOCKHOLM: TOKYO: VIENNA 
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September 1, 1969 Highlights of this issue 

Technical Articles 

Cat's eyes 
for the 

military 
page 64 

Sorting IC's 
economically 

page 74 

Magnetic bubbles— 
a technology 

in the making 
page 83 

Memory testing: 
four approaches 

page 102 

Integrated circuits 
in West Germany 

Electronics 
Electro-optic systems in general and low-
light-level television in particular have yet 
to provide an all-purpose solution to the 
military's night-vision problems. As a re-
sult, the Pentagon, which has long been 
high on such equipment, is taking a long, 
hard look at the difficulties involved in 
coming up with practicable apparatus. 
Among the hang-ups: a lack of uniform 

standards and sensor-tube shortcomings. The sec tube, for 
example, though considered a workhorse, still lags at low 
light levels and overloads in strong light. Silicon vidicon 
units, just now getting into production, look promising. The 
fabulous feline on the cover is named Ruffles; she belongs 
to art director Jerry Ferguson's little girl, Emily. 

Integrated-circuit users will soon be faced with the problem 
of testing assemblies at a reasonable cost. What's needed is 
a system that can check devices for pennies apiece. The Digi-
tal Equipment Corp. has come up with a computer-based 
set-up that does just this. All an operator must do is type 
the IC's number on the Teletype and insert the device in the 
test fixture; the machine measures every parameter specified 
by the manufacturer and burst-tests flip-flops. 

Bell Telephone Laboratories has developed a new technology 
using magnetic bubbles—cylindrical magnetic domains. Bell 
has generated, propagated, and detected these bubbles, which 
can be as small as .00004 inches in diameter, and performed 
both memory and logic operations. Though there are no 
magnetic-bubble devices commercially available at the mo-
ment, companies with mask-making, thin-film, and chip-han-
dling facilities shouldn't find it too difficult to market simple 
systems within the next year or so. If they choose to do so, 
however, they'll find magnetic bubbles competing with their 
digital semiconductor product lines. 

When you cut into a three-layer cake, you get something from 
each section. This is analogous to what's involved in memory 
testing, where elements, arrays, and systems must be checked 
separately, as well as, to an extent, in common. The tech-
niques and technology required are discussed in four articles 
by engineers at the Computer Test Corp.; this is the eleventh 
installment in Electronics memory series. 

Coming 

The articles in this special report on the state of the IC art 
in West Germany will cover such subjects as partitioning for 
color tv applications, circuits for automatic camera controls, 
noise-immunity designs, and the like. An overview article will 
survey the efforts of top producers. 

Electronics 1September 1, 1969 
63 



Cat's eyes 
for the military 

Low-light-level tv systems hold out 

great promise, but development has 
been painstakingly slow and costly 
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By Alfred Rosenblatt 

Associate editor 

Promising contender. Arrays of silicon photodiodes, 

used in a tv tube like Texas Instruments' Tivicon, 

can take pictures in very low light levels and will 

probably be used in most light-sensing 

tubes of the future. 

• Hailed by the military as critical for night combat op-
erations, electro-optical systems—particularly low-light-
level television—haven't turned out to be the panacea 
hoped for by their advocates. True, there has been prog-
ress (both color and black-and-white low-light-level tv 
have been deployed in Vietnam on a limited scale in 
recent years). But the progress has been painstakingly 
slow and the cost for research and development has al-
ready run into the millions of dollars. So slow has been 
the development that the military is now wondering 
whether it is getting a sufficient return on its investment. 

This has led the Pentagon to take another, closer look 
at its entire night vision effort. Or, to use the phrase 
popular during the Eisenhower Administration, the time 
has come for an agonizing reappraisal. And considering 
the political climate in Washington and the cost-con-
scious mood of the American public—the furor over the 
costly, ill-fated Cheyenne helicopter is ample testimony 
of what the military is up against—this reappraisal is 
none too soon. The Army has already moved to 
strengthen the management and evaluation of its night 
operation programs [see "Army seeks more light on low-
light-level tv," p. 68]. 

Unquestionably, electro-optical systems hold out a 
great potential for the military. But fulfilling this poten-
tial is apparently far more difficult than what had been 
anticipated. To be sure, electro-optics is an emerging 
technology. And like all new technologies, electro-optics 
is plagued by a host of problems. Perhaps the most 
outstanding problem of all is the lack of standards. 
This, to some degree, has led to unrealistic specifica-
tions—specifications that are fine on paper, but, as they 
often turned out, had little to do with the actual en-
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vironment in which the systems had to operate. 
In hopes of specifying systems so that they work in 

the field as well as in the laboratory, the Air Force em-
barked on a study aimed at setting standards for the 
technology [Electronics, Aug. 4, p. 33]. The study is 
primarily an effort by the Image Evaluation Criteria 
Working Group at the Avionics Laboratory, Wright-
Patterson Air Force Base, Ohio. With the help of in-
dustry, through seminars for exchanging ideas, the Air 
Force, hopefully, will standardize not only terminology, 
but its approach to defining and measuring the perform-
ance of electro-optical systems as well. The study also 
covers infrared sensor systems. What prompted the al-
most sudden decision to start this study? Problems that 
have cropped up in Vietnam, says the Air Force. 

"Presently there are no criteria, no procedures, and 
no facilities in any one laboratory for really evaluating 
any one sensor, or any facilities that are accepted by 
all laboratories for evaluating one sensor," wrote Lucien 
M. Biberman, in a report earlier this year for the Insti-
tute for Defense Analyses. "As yet, there is no way that 
one can compare the performance of different types of 
sensors for some given task." 
Not even the same units of measurement are used to 

specify the performance of an electro-optical sensor. 
Two techniques are generally used—the photometric 
technique, which is geared to the characteristic spectral 

response of the eye and uses such units as foot-candles, 
lamberts and luxes, and the radiant technique, which is 
geared to energy concepts. This difference can make per-
formance comparisons almost impossible. 

J.E. Hamby, manager of low-light-level tv systems 
at Westinghouse Aerospace opts for the radiant tech-
nique. "We'd like to see everybody using radiant units 
because you can specify watts at any wavelength," he 
says. "You can't do that with photometric units." 

If the difference in measurement techniques make 
comparisons difficult at best, it makes pinning down 
specifications equally difficult. And this had led to a great 
many misunderstandings, which are always costly. 

But the lack of standards hasn't stopped the military 
from pouring R&D funds into electro-optics. And as 
things now stand—with or without standards—even more 
funding is in the offing. Airborne systems, particularly 
those using secondary electron conduction (sec) vidicon 
tubes, are expected to get a good chunk of the money. 
Also due for a sizeable share are complex systems that 
will employ different types of electro-optical sensors. 
These systems will handle multiple tasks that might 
include surveillance, target detection, and acquisition. 
"Any one sensor is not going to do the complete job," 
says Loren H. Ford, manager of electro-optics systems 
engineering at the General Electric Co.'s aerospace elec-
tronics department in Utica, N.Y. "We'll probably 

IDA's Biberman sees sec tube us u workhorse 
What's the best tv tube for low-light-level systems? There is no 

simple answer; much depends on the application. But if one type were 
to be singled out, it would probably be the sec. According to Luden 
M. Biberman, one of the nation's leading experts on low-light-level 
tv systems, sec's hold out the greatest promise and will, in all proba-
bility, become the workhorse of future systems. Here, Biberman ad-
dresses himself to the place of these tubes in low-light-level systems. 

By Lucien M. Biberman 

Institute for Defense Analyses, Arlington, Va. 

• Simple image-intensifier tubes, together with good op-
tical collectors and eyepieces, are more than sufficient for 
direct-view systems in which video processing or transmis-
sion isn't required. But when it comes to remote viewing, a 
television tube and display replace the eyepiece. The result: 
a low-light-level tv system. 
With a good light amplifier, the amount of information 

that can be transmitted is proportional to the area of its 
photocathode. Basic experiments have shown that the per-
formance of a good photoemissive sensor depends, in addi-
tion to its size, upon the irradiance of the scene imaged on 
the photocathode, the contrast within the scene, and the 
spectral quantum efficiency of the cathode. Thus, for a 
particular low-light-level scene and collecting optics of equal 
F-number and field of view, an 80-millimeter cathode will 
provide more than three times the number of resolved lines 
at a given contrast, or about ten times the information, than 
will a 25-mm cathode. 

In a well-designed system, the emitted photoelectrons 

should be amplified sufficiently to produce a readily discerni-
ble image on the output or display. But, the gain shouldn't 
be so high so that the random fluctuations or photon noise 
start to obscure the image. 

Useful gains in the system, taken from where the photons 
strike the photocathode, may well run from 50 to 50,000, 
but this depends on the application. For the higher gains, 
two or more intensification stages are used in series. Since 
each stage not only has gain, but distortion and contrast 
losses as well, multiple stages result in higher brightness but 
lower image quality and contrast. 
When a tv tube replaces the eyepiece of the direct-view 

system, an additional set of noise problems is introduced. 
Picture quality from tv tubes is degraded by noise and loss of 
contrast. The noise arises in the input scene, in the tv-tube 
storage target, in the reading beam, and in the video amplifier. 
If the tube's output is small, the noise in the video amplifier 
might well dominate. 
The quality of readout depends largely upon the quality 

of the readout beam and the capacity of the target. High-
capacity targets store large numbers of photoelectrons and 
result in large beam-signal currents in the target-discharge 
process. Thus, high signal-to-noise outputs and good picture 
quality arc achieved. 

However, a great number of photoelectrons are needed to 
charge these high-capacity targets. This, in turn, requires 
many photons. Simply, a great deal of light is needed to pro-
vide the high resolution potentially available in high-capacity 
tubes. 

Preferable would be a small number of photons to charge 
a high-capacity target to a significant level. Internal gain in 
the target can help make this possible. The image orthicon 
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Dark eyes. Low-light-level 
tv and direct-view systems 
of Infant "see" through 
round light sensors 
mounted on front of this 
UH-1C helicopter. Targets 
can also be illuminated 
by searchlights mounted 
at sides of cabin. Hughes 
Aircraft developed this 
system for the Army's 
Night Vision Laboratory. 

tube was developed to achieve this function. The sec (sec-
ondary electron conduction) vidicon is similar to the image 
orthicon in this respect, but it has approximately ten times 
the gain in the target, less capacity, and, thus, an inherent 
capability to provide moderate resolution at moderately low 
light level, or starlight, conditions. 
The isocon version of the image orthicon can outperform 

the sec vidicon at low light levels on stationary scenes. But 
the return-beam version of the sec is a strong contender. 
However, because of its image persistence, the isocon is less 
desirable for moving targets. It is best, however, for low-
velocity moving scenes where smear isn't a problem and 
where the values of the irradiance incident on the photo-
cathode are quite low. 
Some selected types of vidicons, such as the Plumbicon 

and Oxycon, provide much higher resolution than the orthi-
con or isocon. But 'because they have low gain and high tar-
get capacity, they require a great deal of light. In a low-light 
level system, this light can be obtained, from a series of cas-
caded intensifiers, each of which degrades the image quality 
at the same time that it amplifies the brightness. 
A low-light level system using a "starlight sniperscope" 

made up of image intensifiers coupled to an oxide vidicon 
will work if the requirements of resolution at low contrast 
aren't demanding. It is a cheap system that provides an 
amplified image of a low-light level scene, but with added 
distortion and a loss in contrast. It may be adequate, how-
ever, for law enforcement applications, such as looking into 
a darkened alley in which the targets are relatively close and 
are moving at relatively slow speed. 
For high-performance airborne systems operating in a low-

light-level environment, a family of sec vidicons and intensi-
fier sec vidicons has been developed. The larger and costlier 
sec devices meet the more demanding needs, while the 
smaller and less expensive ones fill less demanding needs. 

The cost of the sec tube is expensive, at present, since pro-
duction runs on the tubes have been short. 
The major advantages of the sec vidicon are its high gain 

and its target's low capacitance. These characteristics make 
possible moderate resolution of low contrast scenes at 
moderately low light levels. Price of the sec is higher because 
comparatively few tubes are being produced and used. 

Current developments of tubes similar to the sec, but with 
both much higher target gain and target capacitance, have 
led to a new family of tubes based upon silicon microcircuit 
technology. These tubes have good sensitivity. And, because 
of their high target gain, coupled with high target capacity, 
they have—with a well-designed beam readout—good con-
trast transfer. 
These silicon-target tubes make possible potentially simpler 

fabrication and higher yields, and thus could have apprecia-
bly lower prices than current sec devices. It would appear 
that direct interchange of the new for the present sec tube 
may be in the offing. 

Future oxide versions of the vidicon, with surfaces of the 
same high quantum efficiency but appreciably larger 
diameters, could become of considerable interest. But they 
would require multiple, large and costly intensifiers. The sili-
con target tubes, which should be in general use within two 
to three years, however, are expected to provide better per-
formance at lower cost with but a single intensifier. Until 
then, the sec vidicon appears to be the workhorse for most 
applications of low-light-level tv. • 
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• Apparently dissatisfied with the slowness in getting night-
vision programs in high gear, the Army is counting heavily 
on two newly formed organizations—Task Force Riposte and 
Stano—to get things moving. Among the high-priority systems 
that have fallen behind schedule is low-light-level tv. 

Riposte, which is under the jurisdiction of the Combat 
Development Command, is officially charged with develop-
ing, testing, and fielding and "integrated night operations 
capability" in Vietnam by June of next year. But even if 
Riposte adheres to its schedule—unlikely, considering the 
Army's limited success in recent years—operational systems 
couldn't be ready for combat zones for at least another year; 
systems developed by June 1970 will be funded in fiscal 
1971. 
By seeking, via Riposte, new planning, management, and 

quality-assurance programs to define the equipment and 
operating procedures for its night-operations capability, the 
Combat Development Command has admitted, in effect, that 
its present programs have failed. Critics of the night-opera-
tions programs have charged that the Army is guilty of 
unsatisfactory planning and bad management when it comes 
to night-operations programs. And, they add, the result has 
been poor performance in existing systems. 

Stano, which stands for surveillance, target acquisition, 
and night operations, goes beyond any one Army command. 
Headed by Brig. Gen. William Fulton, who reports directly 
to Gen. William C. Westmoreland, Army chief of staff, Stano 
is charged with overseeing night operations within any com-
mand of the Army. Its primary mission: correct and improve 
all systems whose performance is considered unsatisfactory. 

But before the Army can get started on new systems, it 
will first have to obtain a lot more performance data than is 
now on hand. According to sources at the Army's Night 
Vision Laboratory at Ft. Belvoir, Va. systems that have been 
operational in Vietnam have provided precious little data on 
performance. A great deal more data will be needed before 
existing systems can serve as a guide for the development 
of future systems. • 

Army 
seeks 
more 
light on 
low-low-level 
television 
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see combinations of i-r and tv, for example,- says Ford. 
The i-r sensor would detect targets at long range, he 
points out, and the tv, with its better resolution, woulc: 
identify them. 
How these sensors will be combined into systems is 

shrouded by a cloak of secrecy. Although a great deal 
of work has been, and is still being, done on low-light-
level tv systems, almost all of it was and is for the 
military. Therefore, most of it is under security classifi-
cation. But even the military will admit that there is no 
commonality among the services—Air Force, Army, and 
Navy—because of differing mission requirements. The 
Army, for example, has only light aircraft and helicop-
ters, therefore, specifies smaller and lighter systems than 
either the Air Force or the Navy. And, the Army stresses 
that its systems, must operate under "any conditions" 
and must be simple enough so that it can be operated by 
what the Army calls the average GI, a difficult task even 
with mature technology. 
One of the Army's newest systems, but one that 

doesn't quite fit the "average GI" classification is called 
Infant (for Iroquois night fighter and night tracker). 
Developed by the Hughes Aircraft Co. under the direc-
tion of the Army's Night Vision Laboratory at Ft. Bel-
voir, Va., Infant could be considered a follow-on to the 
outfitting of several UH-1B helicopters with low-light-
level tv systems three years ago. 

See-through tube. Intensified 
image of target scene produced 
by direct-view portion of the 
Army's Infant night vision system 
is viewed by helicopter crewman 
through a fiber-optic cable. The 
cockpit also contains two displays 
of the target taken with low-
light-level television camera. 

For openers. Sketches show 
basic image reading techniques 
for a sec tube, top left, which 
reads image from secondary 
target; for image orthicon, 
bottom left, which relies on 
information in the return beam; 
and for direct-reading vidicon, 
shown with both silicon array 
and photocathode faceplates, 
top. 
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Infant is essentially two night-viewing systems in one 
—a direct-view system and a tv system. In the direct-
view system, image intensifiers are mounted in the nose 
of the helicopter and coupled to an eyepiece in the 
cockpit via a fiber-optic cable. In the tv system, a low-
light-level tube—probably a sec tube made by Westing-
house—is mounted, along with intensifiers, in the air-
craft's nose and coupled to three displays in the cockpit. 
Infrared searchlights, mounted outside of the aircraft, 
can be used to illuminate targets. Although the system 
is under tight security wraps, it is believed to incorpor-
ate automatic video tracking that aims the helicopter's 
machine guns. In effect, the system provides the pilot 
with cat's eyes to wage combat at night. 

Equally active, if not more so, as the Army in the 
pursuit of such tv systems is the Navy, which is in the 
process of purchasing 80 systems for antisubmarine 
warfare. Earmarked for the P-3C aircraft is the AN/AXR-
13, a tv system that uses an image orthicon tube with 
an image-intensifier stage in front. The system, devel-
oped by GE, is mounted in a wing pod and will be used 
to detect and identify vessels running on the sea's sur-
face at night. 
GE is also employing a focus projection-scanning vidi-

con and starlight scope-type image intensifiers in a sys-
tem being readied for the Navy's Tartar Mark 74 missile 
director. The tv system, which was originally intended 

Commercial family. Four types 
of sec tubes are in standard 
production at Westinghouse's 
Electronic Tube division. Tube at 
left has 25 mm photocathode; 
the others have 40 mm 
photocathodes. 

for reconnaissance and surveillance missions is bore-
sighted with the missile radar and will classify and 
identify targets picked up by the radar. 

Yet another type of low-light-level tv system has been 
ordered by the Navy for its A-6 Intruder, probably the 
country's most heavily instrumented tactical aircraft. 
The system is designed for all-weather weapons-delivery 
missions. RCA is supplying 17 cameras and six ground-
test consoles at a cost of $4 million. This system, like 
the other military programs, is under security wraps. 
But from all indications, the system will operate in con-
junction with an infrared-detection system and uses a 
sec tube. 
Combining low-light-level tv and infrared systems is 

also close to the Air Force's heart. Several such programs 
are on board and still others are in the works. 
Thus, on the surface at least, there appear to be a 

great number of developments in low-light-level tv. But 
the truth of the matter is that the developments have 
been slow in becoming operational. At the very heart 
of these systems is the tv tube used. Some 95% of all 
military contracts call for sec tubes, says Robert Collins, 
electro-optics project manager at Textron Inc.'s Dalmo 
Victor division. Dalmo Victor is working several systems 
for the military. But despite its widespread use, the sec 
has been greeted with mixed emotions. Whatever un-
happiness there is about the sec—and there is a great 

Multifunction pod. Weapons de-
livery system has low-light-level 
tv camera (with optics folded 
open), combined with a laser 
ranging unit, mounted in an 
under-slung wing pod. The 
system, built by Westinghouse 
Aerospace as an outgrowth of 
the Air Force's Tropic Moon #2 
program, also contains an 
automatic video tracker, 
electronic zoom intensifier, and 
weapons computer. 
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deal—it's the best tube available for low-light-level tv. 
"And because it's the best," says George Smith, a vice 
president at Hughes Aircraft and director of its research 
laboratories in Malibu, Calif., "they (the military and 
system makers) have to use them." Robert Lee, electro-
optics manager at Westinghouse Aerospace, agrees. Says 
Lee about the sec: "It's best for imaging in motion at 
low-contrast targets." And as another industry source 
puts it, "It's a low-contrast world out there (referring to 
the environment of most military targets). 
One of the sec tube's most troublesome areas is the 

lag time that occurs in erasing an image to accommodate 
a new picture: as light levels fall, this lag effect worsens. 
This leads, in airborne systems, to streaking or blurring 
in the picture. The solution to this problem lies in 
removing the image from a sec tube quickly enough to 
accommodate the 30 image-per-second speed generated 
by the system. Another problem is the "blooming effect" 
—sometimes called the "blossoming"—which occurs 
when light levels change rapidly from one extreme to 
another. A tracer bullet or a shell burst has the same 
effect on the system as a flash bulb has on the human 
eye. There's a momentary blindness. 
Then, of course, there's overloading of a target, 

causing a light runaway effect. This has been solved by 
simply turning off the camera, erasing the image and 
starting over again. The Army, for one, wants its sys-

Motion problem Aimed at a 
static scene, the image orthicon, 
top, has a higher resolution than 
that of a sec tube, bottom. 
However, in a dynamic situation, 
the resolution of both tubes 
decreases. 
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tems to have dynamic ranges greater than what is pres-
ently available. 
Along with the development of sec's have come other 

tube types, as well. An ardent advocate of isocon tubes 
is RCA. More than three years ago, the company aban-
doned its sec development and started to redesign its 
isocon tube for low-light-level applications. And only 
last year, they struck paydirt with an isocon tube claimed 
to be comparable to, if not better than, sec's. 
According to Paul Huston, RCA's manager for tube 

development, the typical resolution of an isocon tube 
at low light levels for low-contrast scenes is better than 
what sec tubes can provide. Typically, resolution re-
quirements of military systems run from 200 to 400 lines 
per picture height. Lag time, says Huston, is about the 
same for both the sec and the isocon. The biggest edge 
of the isocon, he points out, is that it doesn't require 
protection circuitry because of bright light flashes sud-
denly occurring in the field of view. The isocon, he says, 
is virtually damage-proof. 

Despite RCA's claims, there is little doubt that the 
sec tube is on the verge of becoming low-light-level tv's 
workhorse [See "IDA's Biberman sees sec tube as work-
horse," p. 66]. But that is for here and now. A replace-
ment tube is already on the horizon. One version, essen-
tially a silicon vidicon, employs an array of silicon 
diodes to sense photons directly. Another version, re-
sembling a sec vidicon, senses photoelectrons produced 
by a photocathode. 

Bell Telephone Laboratories developed the first silicon 
vidicon for its Picturephone. And Texas Instruments, 
using guns supplied by the General Electrodynamics 
Corp., has already supplied a rugged mil-spec tube to 
the Air Force. TI calls its tube a Tivicon, plans to use 
it in tv studios. High-contrast pictures could be ob-
tained in the studio with 1/16th the light now used, 
says TI. Other companies developing similar tubes 
include RCA, Hughes Aircraft and the Amperex Elec-
tronic Corp. 

Perhaps the silicon vidicon's greatest advantages are 
that it can follow fast-moving objects with little lag 
at low light levels and high light intensity doesn't harm 
the silicon. Moreover, the silicon vidicon is less complex 
than both the isocon and the sec vidicon, says E.I. 
Gordon, director of electro-optic research at Bell Labs. 
However, silicon is most responsive to visible light 

Solid sensing. Vidicon from 
Philips Laboratories senses light 
with an array of silicon 
photodiodes on its face. 
Developmental models like this 
6-1 inch-long, 25-mm-diameter 
tube will be put into 
production. 

in the near-infrared region—out to 1 micron—rather than 
in the visible, which means conventional fiber optics 
cannot be used to couple them to image intensifiers, 
points out Ralph Levitt, product manager, Amperex 
Electronic Corp. Fiber optics can only transmit light 
in the visible region. 

Rather than coat the faceplate of a silicon vidicon 
with an antimony trisulfide photoconductor, a silicon di-
ode mosaic a few thousandths of an inch thick is put 
on the side of the tube facing the vidicon-like electron 
gun. The mosaic is formed by photoetching holes 
through a silicon dioxide layer on n-type bulk silicon. 
P-type silicon is then diffused through to form the di-
odes. When an image is focused on the bulk silicon side, 
a charge pattern, related to light intensity in the image, 
is stored in the mosaic. This image is periodically 
scanned and erased by the electron beam, with each 
erasure generating a video signal. 

In another version of the silicon vidicon, electrons 
from a photocathode on the faceplate bombard the di-
ode array. This version is sometimes called an EBIC, 
for electron bombardment induced conductivity. 

Unlike the silicon vidicon in which there is no gain, 
the EBIC has gain. An electron from the photocathode 
generates an electron-hole pair for every 3.5 volts be-
tween the cathode and target, says Edward Stupp, 
technical program director at Philips Laboratories, an 

Space twins. Westinghouse's 
Apollo color camera, left, and 
the camera that took the pic-
tures on the surface of the moon 
during the Apollo 11 mission use 
sec tubes developed for low-
light-level tv applications. 



EBIC developer, Briarcliff, N.Y. For a 10,000-volt accel-
erating potential, some 3,000 electron-hole pairs are 
generated, for a gain of 3,000. Unfortunately, the photo-
cathode isn't nearly as efficient, so over-all tube gain 
would only be about 300. 

Sensitivity of the tube is comparable to that of a 
sec with an image intensifier, primarily because the tar-
get gain is about tenfold greater. Resolution is limited 
only by the number of diodes that can be etched into 
an array, but RCA says it can make arrays with 2,000 
diodes per linear inch. If the photocathode is illuminated 
by 5 x 10-7 foot-candles of light the limiting resolution 
could be 200 lines, according to RCA; illumination by 2 x 
10-5 foot-candles of light would boost resolution to 600 
lines. (These figures are for 100% contrast, or black-and-
white scenes.) 
By early next year, RCA hopes to have sample quan-

tities of a 23.5-inch-long tube with a 40-millimeter 
photocathode, and a 16-mm target. 
But progress in silicon vidicon and EBIC notwithstand-

ing, practical application of these tubes in low-light-
level tv systems is still far down the road. Both the 
military and industry are concerned with the here 
and now. And since the military can no longer afford 
a "cost-be-dammed" attitude, it must now reckon with 
costs just as private industry does. Heard often these 
days is criticism of sec prices. Tube yields are low, 

largely because the tube's potassium chloride target is 
difficult to manufacture. At the moment, military-quality 
sec's cost $10,000 and up. "But," says IDA's Biberman, 
"the price could be a lot lower if designers would 
standardize on tubes and bottle sizes. The military 
specifies performance, but the contractor picks the tube." 
The tube's manufacturer is quick to point' out that 

the high prices stem, in large part, from low-quantity 
production. "If we had the chance to manufacture the 
military-type tubes in quantity, prices would come down 
to the level that commercial tubes have reached," says 
Gerhardt W. Goetz, an operations manager for Westing-
house's Electronic tube division. An image orthicon for 
broadcast studios, for example, costs about $1,000, 
Goetze points out. But special image orthicons for mili-
tary tv systems, which usually include fiber-optic face-
plates and special photocathodes, will cost from five 
to 10 times more. 
And as recently as early last year, sec prices ranged 

from about $12,000 to $18,000. But thanks to the growth 
of commercial applications, prices started a downhill 
turn. Commercial applications, of course, tend to lend 
themselves to large—if not mass—production techniques 
simply because they usually involve standardized speci-
fications and large orders. Westinghouse, for example, 
has standardized four basic tube types. 
"With the efficiencies possible in production-line man-

ufacturing, a WL30691 sec tube now sells for $2,500, 
even lower if the tube is ordered in large quantities," 
says Goetze. And, according to Westinghouse, there ere 
now more than 100 commercial customers for sec tubes. 
Applications include use in electron microscopes, in 
closed-circuit field-sequential color cameras, and in 
black-and-white closed circuit camera systems. 
But if the price of sec's is coming down, then the 

same could be said for isocons. An isocon—with an 
intensifier, yoke, and focus coils—now sells for about 
$9,000 in small quantities. But RCA sees the price coming 
down to $6,000. A military isocon tube itself could, in 
product lots, sell for roughly $3,000 to $3,500, according 
to RCA. That is, of course, if RCA landed such an order. 

If nothing else, the furor over the Cheyenne helicopter 
cancellation as well as that of cost overruns in general, 
have alerted the military that it will have to get what 
it wants—but at a reasonable cost. And both the military 
and industry have only to gain from this. • 
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the lead capacitance to a minimal known value so 
that dynamic testing can be done accurately. The 
adapter reed relays switch out unused portions of 
the switching matrix that connects the IC terminals 
to the appropriate parts of the system. In effect, 
the adapter maintains minimum lead length. 
Reed relays are used both in the adapter and 

the switching matrix—about 300 in all. Reed relays 
were selected instead of transistors because an 
"ideal" switch—one with essentially zero resis-
tance—was needed for measurement accuracy. 
And, for dynamic test accuracy, the relays must 
have very low capacitance-2 picofarads or less, 
contact to coil. In this application, the advantages 
of reed relays outweigh their disadvantage of low 
switching speed which in effect limits overall speed 
of the system. 
For dynamic testing, the adapter connects to the 

system via a test probe. This is a commercially 
available item—it's the same type used on some 
oscilloscopes—that employs a field-effect transistor 
to give high impedance and low capacitance to the 
system. Unlike the more conventional -cathode-

Central Processing. 

Test system is 

built around a 

computer and other 

standard equipment. 

follower probe, the FET probe does not suffer from 
drift and inaccurate gain. The adapter can accom-
modate IC's with as many as 24 pins. 

Burst testing 

For flip-flop IC's Digital Equipment feels that a 
burst test is needed. This is over and above tests 
for the parameters that a manufacturer would 
specify for his product. It subjects the IC to a 
sudden burst of high-frequency pulses to detect 
its sensitivity to pulse-repetition frequency. 
The test system's pulse-burst generator sets the 

input frequency for the burst pulses. 
The programed prf supplied by the burst gen-

erator depends on the IC type. For example, the 
lc might be required to operate with 30-nsec pulses 
at a 10 megahertz rate. The tester would apply 
a burst of 630 pulses to the IC. The abrupt high-
frequency nature of the burst changes the charges 
on the internal capacitances of the IC, which were 
previously at quiescent values. 
With J-K flip-flops particularly, prf sensitivity is 
a problem. Suppose, for example, that 630 pulses in 
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EBIC developer, Briarcliff, N.Y. For a 10,000-volt accel-
erating potential, some 3,000 electron-hole pairs are 
generated, for a gain of 3,000. Unfortunately, the photo-
cathode isn't nearly as efficient, so over-all tube gain 
would only be about 300. 

Sensitivity of the tube is comparable to that of a 
sec with an image intensifier, primarily because the tar-
get gain is about tenfold greater. Resolution is limited 
only by the number of diodes that can be etched into 
an array, but RCA says it can make arrays with 2,000 
diodes per linear inch. If the photocathode is illuminated 
by 5 x 10-7 foot-candles of light the limiting resolution 
could be 200 lines, according to RCA; illumination by 2 x 
10-5 foot-candles of light would boost resolution to 600 
lines. (These figures are for 100% contrast, or black-and-
white scenes.) 
By early next year, RCA hopes to have sample quan-

tities of a 23.5-inch-long tube with a 40-millimeter 
photocathode, and a 16-mm target. 
But progress in silicon vidicon and EBIC notwithstand-

ing, practical application of these tubes in low-light-
level tv systems is still far down the road. Both the 
military and industry are concerned with the here 
and now. And since the military can no longer afford 
a "cost-be-dammed" attitude, it must now reckon with 
costs just as private industry does. Heard often these 
days is criticism of sec prices. Tube yields are low, 

largely because the tube's potassium chloride target is 
difficult to manufacture. At the moment, military-quality 
sec's cost $10,000 and up. "But," says IDA's Biberrnan, 
"the price could be a lot lower if designers would 
standardize on tubes and bottle sizes. The military 
specifies performance, but the contractor picks the tube." 
The tube's manufacturer is quick to point' out that 

the high prices stem, in large part, from low-quantity 
production. "If we had the chance to manufacture the 
military-type tubes in quantity, prices would come down 
to the level that commercial tubes have reached," says 
Gerhardt W. Goetz, an operations manager for Westing-
house's Electronic tube division. An image orthicon for 
broadcast studios, for example, costs about $1,000,' 
Goetze points out. But special image orthicons for mili-
tary tv systems, which usually include fiber-optic face-
plates and special photocathodes, will cost from five 
to 10 times more. 
And as recently as early last year, sec prices ranged 

from about $12,000 to $18,000. But thanks to the growth 
of commercial applications, prices started a downhill 
turn. Commercial applications, of course, tend to lend 
themselves to large—if not mass—production techniques 
simply because they usually involve standardized speci-
fications and large orders. Westinghouse, for example, 
has standardized four basic tube types. 
"With the efficiencies possible in production-line man-

ufacturing, a WL30691 sec tube now sells for $2,500, 
even lower if the tube is ordered in large quantities," 
says Goetze. And, according to Westinghouse, there are 
now more than 100 commercial customers for sec tubes. 
Applications include use in electron microscopes, in 
closed-circuit field-sequential color cameras, and in 
black-and-white closed circuit camera systems. 
But if the price of sec's is coming down, then the 

same could be said for isocons. An isocon—with an 
intensifier, yoke, and focus coils—now sells for about 
$9,000 in small quantities. But RCA sees the price coming 
down to $6,000. A military isocon tube itself could, in 
product lots, sell for roughly $3,000 to $3,500, according 
to RCA. That is, of course, if RCA landed such an order. 

If nothing else, the furor over the Cheyenne helicopter 
cancellation as well as that of cost overruns in general, 
have alerted the military that it will have to get what 
it wants—but at a reasonable cost. And both the military 
and industry have only to gain from this. • 
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Integrated electronics 

Sorting IC's economically 

Incoming inspection system executes static, dynamic, and burst tests 

on 2,500 IC's/hour with self-adjusting programable signal source 

By Robert A. Hughes and W. Blaine Belecki 
Digital Equipment Corp., Maynard, Mass. 

Automatic. One test station on the system has a mechanical handler that loads untested IC's and sorts tested ones 

at the rate of 2,500 per hour. At the other station, a girl loads and unloads at the rate of 1,000 IC's per hour. 
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The day is fast approaching when there will be 100 
integrated circuits or more on a single digital cir-
cuit-board module. At the typical reject rate of 1% 
on incoming IC's, as received from the manufac-
turer, this means that every IC must be tested by 
the user, because sampling just won't do—with one 
out of a hundred IC's defective, chances are that 
every module would be defective too. 
So the real question for a big user of IC's is not 

whether to test 100%, but how to test cheaply. At 
the Digital Equipment Corp. the answer was found 
to be a completely computerized system that can 
test IC's at a cost of only 2.7 cents apiece. 

Essentially, the system is a standard PDP-7 com-
puter with standard peripheral equipment, con-
nected to a custom-designed subsystem that ac-
cepts test-program commands from the computer 
and provides digitized test data. Key elements of 
this special subsystem are programable power sup-
plies, a pulse-burst generator, an analog-to-digital 
converter, a reed-relay switching matrix, and an 
IC adapter. 
The system is automatically programable; the 

operator types the IC number on the teletype and 
inserts the IC's in the test fixture; the machine does 
the rest. The system is thorough, too. For example, 
it performs 116 tests, both static and dynamic, on 
the series 74 TTL two-bit adder. And it's versatile; 
it tests resistor-transistor logic circuits as well as 
transistor-transistor logic circuits, with their widely 
different input and output levels. 
The key technical innovation that made all this 

possible was self-adjusting programable signal 
sources. These control upper and lower voltage 
swings for dynamic tests and control worst-case 
d-c signals for static tests. They generate signals 
that are accurate (±1 millivolt) and fast (rise and 
fall times of 5 nanoseconds, fast enough to test 
high-speed TTL circuits). 
The tester measures every parameter that the IC 

manufacturer specifies, and, in addition, does burst 
testing on flip-flops, which determines the sensi-
tivity of the IC to pulse-repetition frequency. 

Besides accepting or rejecting IC's, the tester can 
print out measurements. This is useful in debugging 
a new test program and in analyzing rejects when a 
large number of failures crop up in a lot. 
The design challenge posed by the programable 

signal sources was to assure that precisely the 
desired voltages and currents are applied to the IC 
during the test. These levels may be changed a 
hundred times or more during the 1-second test 
sequence, and are critically influenced by the satu-
ration voltage of the signal-source output tran-
sistors—which varies with time, temperature, and 
different transistors. 

It's not enough to program by switching in ap-
propriate resistor networks; some form of feedback 
and adjustment is needed. The solution was an 
analog-to-digital converter to monitor the signal-
source output so that it can be compared to the 
required value that's stored in the core memory 
of the system. 

Essentially, the signal source for dynamic tests 
consists of a pnp-npn transistor combination with 
upper-level and lower-level supplies, page 77 top 
right; these supplies set the range of the volt-
age swing in a dynamic test. The collector of the 
npn is connected to the upper-level power supply 
and the emitter of the pnp is connected to the 
lower-level supply. The npn emitter and pnp col-
lector combine to form the signal-source output. 
The base drive for both transistors is a current-
mode switch. The a-d converter is connected to the 
output terminal. 

In operation, the npn transistor is turned on and 
the upper-level supply adjusted until the program-
able output is at the required level, as determined 
by a comparator using the inputs from the a-d con-
verter and from the core memory. Then the pro-
cedure is repeated for the pnp transistor to adjust 
the low-level supply. 
The adjustment is accomplished by means of re-

lays which, under the control of a computer subrou-
tine, shunt out resistors in the feedback loop of the 
power supply (page 77 top left). The correct 
voltage can usually be set within three passes of 
the subroutine. If the power supply can't be set in 
35 passes, the line printer types out "Cannot set 
signal source." This is a rare occurrence, but the 
printout is helpful in troubleshooting. 
The dynamic test signals—essentially a train of 

very fast square waves—can now be applied to the 
IC under test. 
For static tests, the programable power supply 

operation is similar, except that only one voltage 
level is set for each test. Under the control of a flip-
flop register, relays switch the resistors in or out so 
that the output gives a first approximation to the re-
quired level. The a-d converter provides a final pre-
cise adjustment. 

Standard but modified power 

There are 12 programable power supplies in all. 
Eight are used to control the upper and lower volt-
age swings of the four signal sources used for 
dynamic tests, and the other four are for d-c con-
ditioning tests. The supplies themselves are stan-
dard commercially available types, but the com-
pany has modified them with zener diodes and 
matched resistors to give the stability and the 
highly linear characteristic that's needed (1,000 
ohms of programing resistance per volt of output). 
They can be programed in increments of 5 milli-
volts. 
The complete IC test system includes the PDP-7 

computer with high speed paper tape reader, a high 
speed tape punch, a teletype, and three magnetic 
tape units. In addition to the 12 programable power 
supplies, the A/D converter, the reed-relay matrix, 
and the programable pulse-burst generator, the 
tester portion of the system contains a program-
able sampling scope, a digital readout device, a pro-
gramable event counter, and a line printer control. 
An IC to be tested is inserted in an adapter on 

the tester. The purpose of the adapter is to reduce 
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the lead capacitance to a minimal known value so 
that dynamic testing can be done accurately. The 
adapter reed relays switch out unused portions of 
the switching matrix that connects the IC terminals 
to the appropriate parts of the system. In effect, 
the adapter maintains minimum lead length. 
Reed relays are used both in the adapter and 

the switching matrix—about 300 in all. Reed relays 
were selected instead of transistors because an 
"ideal" switch—one with essentially zero resis-
tance—was needed for measurement accuracy. 
And, for dynamic test accuracy, the relays must 
have very low capacitance-2 picofarads or less, 
contact to coil. In this application, the advantages 
of reed relays outweigh their disadvantage of low 
switching speed which in effect limits overall speed 
of the system. 
For dynamic testing, the adapter connects to the 

system via a test probe. This is a commercially 
available item—it's the same type used on some 
oscilloscopes—that employs a field-effect transistor 
to give high impedance and low capacitance to the 
system. Unlike the more conventional -cathode-

Central Processing. 

Test system is 

built around a 

computer and other 

standard equipment. 

follower probe, the FET probe does not suffer from 
drift and inaccurate gain. The adapter can accom-
modate IC's with as many as 24 pins. 

Burst testing 

For flip-flop IC's Digital Equipment feels that a 
burst test is needed. This is over and above tests 
for the parameters that a manufacturer would 
specify for his product. It subjects the IC to a 
sudden burst of high-frequency pulses to detect 
its sensitivity to pulse-repetition frequency. 
The test system's pulse-burst generator sets the 

input frequency for the burst pulses. 
The programed prf supplied by the burst gen-

erator depends on the IC type. For example, the 
IC might be required to operate with 30-nsec pulses 
at a 10 megahertz rate. The tester would apply 
a burst of 630 pulses to the IC. The abrupt high-
frequency nature of the burst changes the charges 
on the internal capacitances of the IC, which were 
previously at quiescent values. 
With J-K flip-flops particularly, prf sensitivity is 
a problem. Suppose, for example, that 630 pulses in 
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Switching. Both static and dynamic power supplies employ 

relays to make an initial adjustment of the output 

all were applied to an IC. The tester would count 
the number of output transitions from the flip-flop 
under test. If the IC is to function properly in a 
system, there should be 315 transitions for the 630 
burst pulses. But sometimes there are only two 
transitions, sometimes 630. This prf sensitivity is a 
condition that would be hard to track once the IC 
was installed on a circuit board, and entire lots of 
IC's have been known to be afflicted. 
The burst generator can be programed to gen-

erate positive or negative pulses with respect to 
ground. The two different polarities are used in 
noise testing of flip-flops. To determine the noise 
immunity of a flip-flop in the 1 state, for example, 
negative pulses—negative with respect to the bias 
Vcc—can be applied to the input terminal. Suppose 
that the IC is guaranteed not to switch when a 
voltage of +2.4 volts or higher is on the input 
terminal. Then a burst of negative pulses—going 
from the bias of +5 volts to 2.4 volts—is applied 
to the input terminal. If the flip-flop switches, it is 
not noise immune as guaranteed. 
In addition to checking for prf sensitivity and 

noise immunity, burst testing is helpful in obtain-
ing a more realistic measurement of propagation 
delay. For example, in an ordinary dynamic test 
propagation delay may appear to be 10 nanosec-
onds, whereas under burst conditions it may really 
be 15 nsec for the first pulse and 10 nsec for the 
remaining pulses. This effect, too, is related to the 
difference in charge under quiescent and high-
frequency conditions. 

Writing the program 

Once a program has been established for one 
member of a logic family, it's an easy matter to 
program the system for testing other members of 
the same family. Digital Equipment has found, for 
instance, that only minor changes in the test pro-
gram for the 7400 TTL circuit were needed to test 
the 7410. The tests are the same; the difference is 

DRIVE FROM 
CURRENT-MODE SWITCH 

ILOWER - LEVEL 
POWER SUPPLY 

11 LOW-ADJUST 

OUTPUT TO 
TEST IC 

UPPER-LEVEL 
POWER SUPPLY 

1 ¡HIGH-ADJUST 

COMPARATOR 

 mi AID CONVERTER   

INPUT FROM REFERENCE 
CORE MEMORY VOLTAGE 

Dynamic. For a-c tests, lower and upper levels of 

pulses are adjusted independently. 

in the connections to the pins of the IC. 
Actually, the software program used in the IC 

tester is an outgrowth of a master program devel-
oped some five years ago for the company's first 
automatic tester—a machine for general-purpose 
digital modules. Because of this previous work, a 
technician can program an IC test merely by call-
ing out pin connections and various existing sub-
routines—stored in the core memory—on a punched 
paper tape. After debugging, the new test program 
is transferred to magnetic tape. It can then be put 
into operation simply by typing in the device 
number on the teletype. 
Equipment and costs for the test system 

amounted to $100,000. Care and feeding of the 
machine requires an engineer and two technicians. 
Amortizing the system cost over two years, and 
including the salary and overhead for the mainte-
nance people and two operators, Digital Equipment 
figures that the cost of testing each IC is 2.7 cents. 

Actual test time is about 1 second, but time has 
to be allowed for loading and unloading the test 
socket. One of the system's two test stations is still 
operated manually; the girl can move 1,000 IC's 
per hour. The other station is equipped with an 
automatic handler that can move 1,500 per hour. 
Both are multiplexed to the computer. 

All IC's come in Barnes carriers. At the automatic 
station, they are dumped in batches into a vibrating 
bowl, which feeds a positioning machine that 
places the IC's under a test head one by one. After 
testing, each is automatically delivered to an ap-
propriate bin. Although only three bins are used 
now—accept, d-c reject, a-c reject—eight are avail-
able if further sorting is required. • 
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Come to where the... 

Here's Where & When 
Sept. 22 — Boston 

Boston Marriott Motor 
Hotel, Newton 

Sept. 23 — New York 
Garden City Hotel, 
Garden City, L.I. 

Sept. 24 — New York 
Friar Tuck Inn, 
Cedar Grove, New Jersey 

Sept. 25 — Washington/Baltimore 
Sheraton-Silver Spring, 
Silver Springs, Maryland 

Sept. 26 — Ft. Lauderdale 
Pier 66 

Sept. 29 — Chicago 
Marriott Motor Hotel, 
Chicago 

Sept. 30 — Dallas 
Royal Coach Inn 

Oct. 1 — Los Angeles 
Airport Marina, 
Los Angeles 

Oct. 2 — Los Angeles 
Grand Hotel, 
Anaheim 

Oct. 3 — San Francisco 
Cabana Hyatt House 
Palo Alto 

- tültae pAiedele ¿t92&1ta ea4e. 

To find out what's really happening with state-of-the-
art linear integrated circuits, plan now to attend one of 
Motorola's in-depth seminars. You'll find that there's 

more to linear circuits than Op Amps! We'll have 
sessions on Linear Multipliers, Balanced Modulator/ 

Demodulators, Voltage Regulators, and Sense Ampli-
fiers ... in addition to new Operational Amplifiers that 
are setting the performance standard for the industry. 

It's a full day . . . 

But, don't bring your lunch. That's part of the 

program, too; and, is included in the nominal $25 

registration fee. 

Talk To The Experts 
There'll be plenty of time for Q & A with our "first 

team," including the designer of our premier line of 
IC Voltage Regulators plus our most knowledgeable 
Applications Engineers, to provide valuable "how to 

use" information about our complete line. 

Seating will be limited to the first 250 reservations in 
each area; so, make arrangements now. Contact your 

nearby Motorola Semiconductor sales Office or distrib-
utor. Or, send your check or money order for $25.00 

to P. 0. Box 20912, Phoenix, Arizona 85036. 

MOTOROLA 
Linear Integrated Circuits 
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Circuit design 

Designer's casebook 

Touch-activated switch built 
with copper-plated board. 

By Fritz Minder 

Diemerswil, Switzerland 

The soft touch, or touch button control, is being 
applied more and more today as a trigger for cir-
cuits. One such simple control may be useful in 
elevators, computers, and typewriters. It uses an 
RC reactive bleeder circuit, which consists of two 
electrodes separated by etching on a 14-mil square 
copper plated board. The board, which is really a 

Designer's casebook is a regular feature in 
Electronics. Readers are invited to submit 
novel circuit ideas and unusual solutions to 
design problems. Descriptions should be 
short. We'll pay $50 for each item published. 

capacitor, acts as the touch sensitive trigger. 
As long as C1 is not touched, the a-c potential 

from the 2-kilohertz source is high enough after 
rectification through the diode to keep the field 
effect transistor cutoff. Thus Q2 remains cutoff, and 
the output is at ground or logic zero. 
When C1 is touched, its capacity increases thus 

increasing the current through R2. The diode poten-
tial decreases below the cutoff voltage of the field 
effect transistor until it is gated on. When Qi turns 
on, it triggers 1:?, delivering a positive voltage out 
or a logic 1. 
The RC filter R4C3, smooths the output ripple 

from the 2-khz source. The potentiometer controls 
the trigger sensitivity of the circuit and regulates 
the cutoff voltage to the field effect transistor when 
the touch button is not activated. 
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THIST6M3Y-Th a riirdM.Vée-der circuit:13y toil- ching- — 
board the capacitance increases about five times causing an increase in current. The gate voltage of the 

using it to conduct, which turns on T2. 
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Asynchronous pulse gives 

tape's data signal 

By J.E. Wohler 
Goodyear Aerospace Corp., Akron, Ohio 

To control data input to tape transports, the digital 
computer's asynchronous record signal must be 
converted to a synchronous pulse train. To produce 
pulses of the same width and insure that no partial 

pulses appear, two dual-input quad gates are used. 
Gates A and B are cross-coupled to form a reset-

set flip-flop. If the output of the flip-flop is in the 1 
state, gate C will conduct and a signal will appear 
at the output. If the flip-flop is in the 0 state, gate 
C will not conduct, and no output is observed. Set-
ting the flip-flop requires the absence of a clock 
pulse and the presence of a record signal. Under 
these conditions input 1 will be in the 0 state and 
input 2 will be in the 1 state. No pulse will appear 
at the output until the next clock pulse occurs, 
since the flip-flop can be set only between clock 
pulses. Once the flip-flop is set or reset, the state 
of the flip-flop may only be changed by removing 
the record signal. 

 1 CLOCK 
PULSE 

RECORD 
SIGNAL 

3 

CLOCK 
PULSE 

DATA-REQUEST SIGNAL 

RECORD   
SIGNAL 

DATA-
REQUEST 
SIGNAL 

. An asynchronous signal can control a synchronous-pulse generator composed of two IC 

dual-input quad gates. Gates A and B form a reset-set flip-flop. When the flip-flop is in the 1 state, gate C 

is enabled. No output is observed until the next clock pulse occurs. 

Pulse modulator regulates 

pneumatic valve closure 

By Walter A. Cooke 
Lockheed Missiles & Space Co., Sunnyvale, Calif. 

Thrust and flow control are functions in missile and 
space vehicles that require a control system that 
offers reliability and low power dissipation. A 

pulse-width/pulse-frequency valve modulator that 
opens and closes solenoid pneumatic valves has ad-
vantages that the ordinary bang-bang systems do 
not have. In conventional systems, the limit-cycle 
rate is proportional to the thrust, and the engineer 
is forced to design the control jets to the largest 
thrust requirements of the mission. This often re-
sults in excessive limit-cycle gas consumption. But 
with a pulse-width/pulse-frequency modulator, 
both coarse and fine control can be performed on 
the same valves, and large savings in gas and en-
ergy consumption can be realized. 
For large signals, the control system operates in 
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a bang-bang mode, while for small signals the 
valves are modulated with the minimum pulse 
width set to just barely open the valve. There are 
three parts to the circuit: an integrator (A1) a pos-
itive level detector with hysteresis (A2), and a nega-
tive level detector with hysteresis (A3). 
When the input voltage is zero the integrator's 

output is zero. A:,'s output voltage is negative, back 
biasing the feedback diode Di; and A3's output is 
positive, back biasing the feedback diode D2. A3 
saturates transistor Qi. Both E1 and E2 are at the 
zero output condition. 
When a negative voltage is delivered to the in-

put, the integrator output increases in the positive 
direction until the level detector A2 triggers, pro-
ducing a positive output voltage. This voltage is 
fed back to the input. If the feedback current is 
greater than the input current, the integrator is 

driven back toward zero. When the hysteresis point 
is reached, A2's output reverses, and the integrator 
output again begins to increase. 
The integrator cycles between the hysteresis-

trigger voltage and the output voltage of the first 
valve, E1, thus causing a series of positive output 
pulses. If the input current is greater than the feed-
back current, then the output voltage El stays on. 
For positive inputs, the integrator generates a 

negative output, triggering the negative level de-
tector. The negative output of the level detector 
turns Qi off, delivering a positive output. If the 
input current is less than the feedback current, the 
output at E2 will be a series of positive pulses re-
sulting from charging and discharging the inte-
grator output across the negative level detector's 
switching points. For positive input currents 
greater than the feedback current, E2 stays on. 

EIN R1 

I NPUT 16.9k 

R2 

35.7k 1N914 

Cl 32.4k 
1.0/Lf 

16.9k 

INPUT VOLTAGE 
FOR 100% DUTY 
CYCLE =10 Ri/R2 

MINIMUM PULSE WIDTH = 
3 R2C1/10 

MAXIMUM FREQUENCY = 
10 /R2C1 

E 

A1 

R3 

 V\A  
35.7k 

32.4k 

24.9 k 

D2 

1,1  
1N914 

-i-E— 

EIN 
—E 

+6v-

+3v -

INTEGRATCR E 0 
OUTPUT I-3v 

—6v 

+10v— 
E1 

+12v-

E2 0 

+12 
66.5k 

A2 
IN 645 
>f  OUTPUT 1 

+12 

10k 

Open and shut. The pulse width/pulse frequency modulator controls pneumatic valves. A pos 
level charges the integrator until the negative detector triggers, generating the output pulse's leading edge. 
Negative feedback discharges the integrator, shuts the detector off, and terminates the pulse. 

E2 

OUTPUT 2 
Ql 

2N 2222 

TIME 
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Behind the new versatility and lower costs of digital displays... 

RCA's New 7-Segment Decoder-Drivers 
1P+ 

I 5 I 

7 SEGMENT DISPLAY DEVICE 

RCA-DR-2010 OR EQUIV. 

PUSH TO 
TEST LAMPS 

I 

ro 
Min 

12 II 10 9 

fgabcde 

CD2500E 

B C L/T  DPo DPI D A 

I 2 3 

2 2 

4 5 6 

3 

BCD-INPUTS 

Whether you drive your digital displays with low 
current or high current, your drive circuits can now 
be more versatile—simpler—lower in cost. RCA's 
new CD2500E series of 16-lead DIP 7-segment 
Decoder Driver MSI integrated circuits includes both 
30 mA devices for driving RCA's new NUMITRON 
7-segment Digital Display Units and 80 mA devices 
to drive miniature low-voltage lamps or relays. 

Look at the tabulation of the new CD2500E devices. 
Compare their prices and their advantages with 
present decoder-drivers and decoder and driver 
combinations. Then contact your local RCA 
Representative for details. For technical data, write 
to RCA Electronic Components, Commercial 
Engineering, Section ICN 9-1, Harrison, N. J. 07029. 

ad Integrated 
Circuits 

20 

TO DECIMAL-
POI NT- INPUT 

CONTROL 
SOURCE 

RCA's 7-segment Decoder-Drivers 

Operating 
Current 

per Segment 

Type 
Number 

Price 
(1,000 units) 

30 mA 
80 mA 

CD2500E 
CD2502E 

$6.75 with decimal point 
$8.00 

30 mA 
80 mA 

CD2501E 

CD2503E 

$6.75  
$8.00 with ripple blanking 

ADVANTAGES 

* Power supply and input voltages * Clamp diodes on all inputs 

compatible with DTL and TTL devices • Intensity control capability 

* Lamp test provision * Over-range detection 

• High current sinking capability * 0° to 75 °C temperature range 

for direct display driving * Lamp supply voltage up to 8 V 

See the back cover of this publication for advertisement on RCA's new NUMITRON 

Digital Display Devices. 
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magnetic bubble from a 0 to a 1 state in 1 micro-
second requires 4 X 10—'4 joules. Thus, the power 
to perform 10' 2 binary operations a second in mag-
netic bubble devices is only 0.04 watt, compared 
with semiconductor switches' 10 watts. 

Creating bubbles 

Before bubbles can be created, a crystal that 
serves as source and host for the bubbles must first 
be grown. A rare earth such as thulium or terbium 
is placed in a crucible and a ferrite is added. This 
combination is then heated to well above the mol-
ten state and then cooled slowly to room tempera-
ture. The result: a single crystal magnetic oxide 
called an orthoferrite. The crystal is then sliced and 

HARD 

Hard and easy. Orthoferrites can be magnetized easily 

in the axis normal to the plane, but they're 

hard to magnetize in the plane. 

Less for more. Raising 

applied magnetic bias 

field, normal to 
platelet's surface, 

shrinks bound domains 

(isolated strips) to 
cylindrical magnetic 

domains—magnetic 

bubbles. The platelet, 
cut and polished from 

terbium ferrite, is 

2.5 mils thick. Starting 

at upper left, the bias 
field in oersteds for the 
nine conditions are: 0, 

16.0, 21.8, 24.5, 26.5, 
28.0, 37.0, 27.0, and 0. 

Note that as field 
exceeds a certain value, 

some bubbles are 

destroyed. Dropping the 

field restores a 
serpentine pattern. 

(Photos retouched.) 

polished to make a platelet several mils thick. 
Orthoferrites have an easy magnetization axis 

normal to its surface and hard axes in its plane, 
below, at left. Conventional serpentine-like domains 
form in the platelet, with the domain walls separat-
ing areas of opposite magnetic polarity. Fortunately, 
orthoferrites are transparent enough in the red por-
tion of the visible spectrum to permit visual obser-
vation of the domains, provided polarized light and 
an analyzer are used. 
The sequence of photographs, top of the page, in-

dicates what happens when the serpentine patterns 
are subjected to a magnetic bias field perpendicular 
to the platelet's surface. The photo at top left shows 
a platelet without an external field. In the five 

GOLD CONDUCTORS 3.5 MILS 

_ - 

3 MILS 

0.5 MILS 

1-1.0 

Conductor drive. Current through lower square loop 

reduces bias relative to loop above, so magnetic bubble 

(red disk) moves readily into new location. 
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photos that follow, bias field is introduced and 
raised to higher values until the serpentine patterns 
gradually disappear. 
However, any strip domain, one bounded by a 

wall that closes on itself, decreases in length as the 
field increases. And when a field is at a high enough 
value, the strip shrinks to a cylindrical domain, or 
magnetic bubble. In the fifth photo of the sequence, 
for example, three bubbles have appeared. In the 
following photo, five bubbles can be noted. 
But when the field is increased even more, as in 

the seventh photo, three of the bubbles explode and 
disappear. Now, when the field decreases—the 
eighth photo—the two remaining bubbles revert to 
strips and, as the last photo clearly indicates, a ser-
pentine pattern reappears when the field value is 0. 
According to Andrew H. Bobeck, supervisor of 

solid state memory devices at Bell Labs' Murray 
Hill, N. J., facility, these experiments verify that 
under appropriate magnetic and dimensional condi-
tions, cylindrical domains—magnetic bubbles—can 
be formed and that they remain stable (cylindrical) 
over a range of bias-field values. 
Ample theory exists that relate stable cylindrical 

domains and their collapse with orthoferrite mate-
rial parameters, domain wall energy, and saturation 
magnetization. Bobeck credits Alfred A. Thiele, also 
of Bell Labs, for extending the general magnetic-
domain theory to orthoferrites. 
Magnetic domains respond to two opposing 

forces. One force, the magnetostatic energy, tries to 
increase the domain's surface area, while the other 
force, the sum of the bias field energy and the do-
main wall energy, tries to reduce the domain's vol-
ume and wall area. 
The domain wall takes a shape that minimizes 

the net energy, which at substantially 0 is cylindri-
cal. Moreover, the bubble essentially retains this 
shape over a range of bias values equal to about 
10% of the orthoferrite's magnetic saturation value. 
The uniform applied bias field is about 30% of satu-
ration value. In effect, the bubble is stable. 
When the bias increases beyond that which 

would define a minimum diameter, the bubble is 
destroyed. As the bias is lowered, the cylinder's di-
ameter increases. At about three times its minimum 
diameter, the cylinder takes on an elliptical shape. 

Determining the binary state 

Making the bubbles smaller and larger through 
modulation of the bias field is a key mechanism 
in propagating a magnetic bubble across the plane 
of the platelet. And it's the presence or absence of 
a bubble in a particular location in the plane that's 
the equivalent of either a 1 or 0 state. Actually, this 
movement takes very little energy because the do-
main wall coercivity of orthoferrites is small. For 
example, while the applied bias through an ortho-
ferrite might be about 40 oersteds, a change of 
about 0.1 oersted is all that's needed to overcome 
domain wall coercivity and let the bubble move to 
a new location. 
However, usable locations must be separated by 

RESETTING 

CURRENTS 

SOURCE 
BUBBLE 

CENTERING 

CURRENT 

^ 

REPLICATING 

CURRENT 

PROPAGATING 

CURRENT 

PROPAGATING 

CURRENT 

Bubble generator. Magnetic domain at top moves to right 

when centering current of about 15-20 ma, in outer 

hairpin loop, decreases local field. About 500 ma in inner 
hairpin splits disk. Next, resetting and propagating 

currents restore bubble to its source and moves its 
offspring into propagating channel. 

Electronics I September 1, 1969 
85 



_I —HIGH-PERMEABILITY -  
THIN-FILM WEDGE 

0111i> PUle 
LOWER 
BIAS 

EASY 

4te 
JUMP 

RAISE 
BIAS 

at least three domain diameters to avoid any am-
biguity because of the possible 3-to-1 increase in 
diameter as the local field decreases during the 
propagation interval. 

Before the technology can be applied, one should 
consider some other significant facts about mag-
netic bubbles. Among them: 
• The diameter of the smallest possible bubble is 

about equal to the platelet's thickness. 
• Domain diameters can range from 2 mils for 

a terbium ferrite to 0.04 mil for a magnetoplumbite. 
• Domains move across a platelet in the direction 

of reduced bias. 
• A cylindrical domain can move the distance of 

one domain diameter in less than 100 nanoseconds, 
so that the equivalent 10-megabit-per-second clock 
rate permits r-3-megabit-per-second data rate in 
practical devices (taking into account the 3-to-1 
division because of the need to move a 'domain 
three diameters away from its pervious location. 
• Domains have no mass. 
• Domains can be split and both parts assume 

the size of the original domain. This operation, 
called replication, can be repeated over and over 

HARD 

>>> 

JUMP 

Follow the arrows. 

Magnetic bubble slides 

off point of permalloy 

wedge easily, but 

sliding off blunt end is 

hard. In modulated 

field bubbles jump in 

direction of angel fish 

wedge points. 

again, a practical application being a bubble (bit) 
source for shift registers. 

Bell Labs' scientists have developed three ways 
to drive bubbles in appropriate time and spatial 
intervals—conductor, angel fish, and T-bar methods. 
In a three-phase conductor method, a gold pattern 
of semiclosed loops and connecting conductors is 
deposited by thin-film techniques on the ortho-
ferrite. Suppose a magnetic bubble exists under a 
loop, as shown in this figure on page 84. Next, a 
propagating current, perhaps 200 milliamps, is sent 
through the lower loop, creating a field gradient 
large enough to overcome domain wall coercivity. 
The bubble moves down into the energized loop. 

Because usable locations must be separated by 
three domain diameters, three adjacent loops are 
energized in quick sequence. Reversing this three-
phase sequence moves the bubble in the opposite 
direction. Thus, the conductor method lends itself 
readily to the construction of bidirectional shift 
registers and counters. 
The complete pattern for 16 shift registers, each 

with 20 positions (hence the need for 60 loops per 
register), is at the top of page 83. The pattern's 

Angel fish and T-bar. 

Magnetic modulation 

inchworms bubbles 

along the permalloy 

wedges, left. This is 

called angel fish. The 

T-bar method, right, 

magnetically polarizes 

permalloy bars using a 

rotating field in plane. 

Masks shown are for 

12-position shift 

registers. 
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Jumpers. Magnetic bubbles favor positive-polarity magnets. Rotacion of the in-plane field changes the polarity 
of each vertical and horizontal bar every 90" of field rotation, and bubles moves to right. 

actual dimension is about 200 mils on a side. To the 
right of the pattern is a small section of an operat-
ing shift register photographed through a micro-
scope. Note the magnetic bubbles (shown in red) 
in several of the loops. The loop at the lower right 
is a bubble generator. Its operation is explained in 
the sequence on page 85. 
When a similar pattern of loops is placed over 

the orthoferrite platelet at right angles to the first, 
a bubble can be driven in x and y directions. 

Massive memories 

The shift register is, of course, a memory that 
can store digital data. Make the magnetic bubble 
shift register large enough and it becomes a solid 
state version of a disk file. Data words can be 
inserted by generating and shifting a bubble for a 
binary 1, and not generating but shifting for a 
bubble train, then raising the local field by run-
bubble string, then raising the local field by run-
ning a high current through the proper loop to 
collapse a bubble and obtain a 0. Because a bubble 
can be replicated yet retained in its original loca-
tion, this permits design of a read-only memory. 

Storage density of more than 100,000 bits per 
square inch has been obtained with orthoferrites. 
Other materials offer the prospect of over a 
100 million bits per square inch. Consider also that 
several quite thin platelets can be stacked to raise 
the storage capacity significantly without appre-
ciably taking up volume. 

Finally, the applied perpendicular bias field of 
around 30 to 40 oersteds is obtained from per-
manent magnets, meaning that the memory is non-
destructive and retention of stored data doesn't 
depend on the vagaries of an 'external power source. 
The angel fish method employs a thin-film high 

permability (permalloy) wedge. The bubble takes a 
position on the wedge that minimizes magneto-
static energy. As shown on page 86, it's easy for the 
domain to move off the point of the wedge, but 
difficult to move off the blunt edge. As the bias 
decreases, the domain's diameter increases until the 
domain jumps and covers three wedges. \Vhen the 
bias increases, the diameter decreases and the 
domain slides to the right along the wedge until it 
jumps again. Thus, in one bias-modulation period, 
the domain moves from the first wedge across to 
the third wedge. 
A permalloy pattern, at the left, is for a uni-

directional 12-position angel-fish shift register in 
which the domains travel in a counterclockwise 
direction. Note that 12 positions require 36 wedges. 
The concentric permalloy tracks confine lateral 
movement of domains. Permalloy thickness is about 
4,000 angstroms. 

Structured permalloy circuits, called T-bar as 
shown on page 86, is another way to propagate 
bubbles. In this method, an inplane rotating field 
creates positive and negative magnetic poles at the 
ends of bars in the T. As the field rotates, the ends 
change polarity and the poles selectively attract 
and repel bubbles. Thus, bubbles move toward the 
positive pole, as required to execute the prescribed 
memory or logic function. 
The sequence of photos, top of the page, depict 

the operation of a T-bar shift register. Every 90° of 
field rotation polarizes either vertical bars on hori-
zontal bars. At first, the rotating field points down-
ward so that the bottoms of all vertical bars assume 
a positive polarity. The bubble rests on this pole. 
When the field points left, the left end of the hori-
zontal bars take on a positive polarity and the 
bubble jumps to the right. When the field points 
upward, the top of the vertical bars become positive 
and the domain again moves to the right, and so 
on around the full 360° rotation. 
The T-bar method is extremely versatile. 

Domains can be generated by a local disk that spins 
bubbles into a propagate channel. Through appro-
priate geometric placement of bars and T's, logic 
functions can be implemented. For example, a flip-
flop would contain sequencing pole positions (an 
idler) that could trap and circulate a cylindrical 
domain. Thus, each new bubble entering the flip-
flop's input channel would change the state of the 
device by becoming trapped in the idler if it is 
empty or by forcing the trapped domain from the 
idler if it is full. 
Induced voltage, optical, and Hall-effect tech-

niques can detect the absence or presence of a 
magnetic bubble—a bit—in the platelet. The 
induced-voltage method employs the sense line and 
sense amplifier common in other types of memories. 
In this application, the signal magnitude depends 
on the rate of change of current with respect to time 
created by purposeful collapse of the bubble. Under 
controlled conditions for read out (expanding the 
bubble to 40 times its area) an output of 1 millivolt 
per microsecond has been obtained. • 
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Memories XXV 

Memory testing is a task 
that comes in layers 

By Leonard Kedson and Alan M. Stoughton 

Computer Test Corp., Cherry Hill, N.J. 

Like memories themselves, memory testing tech-
nology forms a hierarchy. Yet, despite an ascend-
ing scale of complexity, each level in the hierarchy 
shares some attributes common to the levels above 
and below. These common •factors superimposed 
on the hierarchy lend a degree of complexity to 
memory testing that isn't always readily apparent 
to engineers not directly involved in the tech-
nology. 
At the first level is the testing of individual 

storage elements—be they ferrite cores, lengths of 
plated wire, or some other type. Elements that pass 
the individual tests are assembled into arrays, 
which then undergo a higher level of testing. 
Finally the arrays are combined with drive and 
sense electronics and other circuitry and are tested 
again, this time at a system level. 

Obviously, the nature of the tests performed 
on the elements depends on the type of element. 
And, to a certain extent, this specificity carries 
through to array testing. But at the system level 
the memory is a black box in which data can be 
stored and from which it should he retrieved with-
out change; system testing is therefore largely 
independent of the kind of element itself. 

Test methods for the different types of memo-
ries are similar in concept if not in detail. But 
because ferrite-core memories are the most widely 
used and most understood, they are used here 
merely to explain the underlying principles of the 
testing techniques. 

From the bottom up 

If element, array, and systems tests are con-
sidered as successively higher horizontal layers of 
tests, then tests that are common to all layers cor-
respond to vertical cuts through them. These ver-
tical cuts represent characterization tests, produc-
tion tests, and quality-control tests. 

Characterization tests are usually made on new 
core types or new array designs to establish prod-
uct specifications. Their results may be plotted as 
curves similar to those on p. 89, which show how 

a core's performance differs as a function of drive 
current variations. Similar curves may be plotted 
to show the effect of temperature and other oper-
ating parameters. 

Production tests are usually run on a 100% basis 
to detect and isolate deficiencies in components or 
in workmanship. They are generally the same in all 
manufacturing plants, but often differ in detail. 
Their result is very simple: acceptance or rejection 
of the unit being tested. 

Quality-control tests are performed on random 
samples selected after the production tests to as-
sure full compliance with product specifications. 
Rather than simply accept or reject, these tests 
measure and record actual core parameters; the 
results are often processed statistically. 

At the array level, not only must each individual 
element be tested again for proper operation, but 
the way it is affected by its neighbors in the 
array must also be evaluated. Interactions may 
occur among neighboring storage elements because 
of half-select noise or because of parasitic effects 
among address and sense wires that thread the 
elements. Array tests usually require several passes 
through the array, using different storage patterns 
and drive currents to measure these effects fully. 

Characterization tests for memory arrays define 
operating margins within which error-free opera-
tion can be expected. These margins, presented 
graphically, are called shmoo plots. Theoretically, 
they should be polygons in two dimensions or 
prisms in three dimensions, depending on the num-
ber of independent variables. But because inherent 
electrical noise tends to round off the corners, the 
plots become irregular closed curves, whose shapes 
explain their name—the shmoo was originally a 
curvy little comic-strip character. Shmoo plots are 

This is the eleventh installment in Electronics' con-
tinuing series on memory technology, which began in 
the Oct. 28, 1968, issue. 
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400 

WRITE 
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Theoretical. Satisfactory operation of a memory element 

depends on all currents going through it having 

optimum values. Above is the relationship between the 

theoretical maximum variations for these currents. 

one method of defining the acceptance limits for 
subsequently manufactured arrays. They are also 
used for defining the operating range over which 
system electronics must operate. 

Production tests of arrays assure compliance with 
design specifications and also detect such manu-
facturing defects as broken or chipped cores, miss-
ing cores, or wiring errors. These tests, like pro-
duction tests of cores, usually call for acceptance 
or rejection of the array without recording specific 

800 900 

Characterization. 

These curves 

characterize the 

response of a typical 

memory element to 

different drive currents. 

From such curves, 

specifications for new 

elements are drawn up. 

WRITE 
CURRENT 

Actual. Noise and other parasitics round off the sharp 

corners so that the region of satisfactory operation is 
pear-shaped rather than prismatic.The curve is called 
a shmoo plot. 

core response values. Although a single fault in an 
array is sufficient cause for rejection, the entire 
array must be tested and all defective locations 
identified. In most cases rejected arrays can be 
repaired and do not need to be thrown away. 

Quality-control tests run by manufacturers on 
arrays are primarily to assure good workmanship 
and uniform performance. They are often dupli-
cated by users as part of an incoming inspection. 
Both element and array test systems use sub-
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systems for sequencing and control, for current 
pulse driving, and for analysis and discrimination. 
The sequencing and control subsystem includes 

pulse generators that may operate at frequencies 
up to 25 megahertz, and logic that controls the 
pulse train distribution and timing. These pulse 
trains are usually low-power voltage signals that 
trigger precision current or voltage amplifiers and 
measurement discriminators; the amplifiers drive 
the array elements, and the discriminators measure 
the voltage response. The applied current pulses 
must have a fast rise time, a sharp corner at the top 
without overshoot or ringing, and a flat top; and 
they must retain these characteristics linearly over 
a wide range of amplitudes, widths, and delays. 
Amplitudes, for example, can vary from 10 milli-
amperes to more than 1 ampere. These require-
ments impose severe constraints on the design of 
the current-drive subsystem. 

In a typical analysis and discrimination sub-
system, a 100-megahertz differential amplifier and 
several types of discriminator circuits may be used 
to measure the single transient output signal. Dif-
ferent types of discriminator circuits determine 
whether the signal amplitude exceeds a threshold 
at its peak or at some prescribed time; compare 
the peak amplitudes of two simultaneous signals 
with one another; determine the elapsed time from 
the beginning of the drive signal's rise to the out-
put signal's peak; and temporarily store the results 
of these measurements. These discriminators must 
be capable of resolving voltage and time measure-
ments with millivolt and nanoscond accuracy. 

In addition to these basic subsystems, element 
testers require mechanical handlers to position 

Dual role. Functions in 

color are used in both 

element and array 
testing equipment. 

Other functions are 
particular to one or the 

other level of testing. 

each element. These may be manual, semiauto-
matic, or fully automatic. And array testers require 
an addressing subsystem to select individual ele-
ments or subarrays in the array. The functions of 
the addressing subsystem are to generate patterns 
of data for evaluating worst-case noise conditions 
and signal-to-noise ratios, to cycle through the 
entire array, to stop temporarily or recycle at an 
address when an error is detected, and to provide 
controls for testing selected areas of the array. • 

Memories XXVI 

Computers for core tests 

By William R. Blatchley 

Computer Test Corp., Cherry Hill, N.J. 

Computer-controlled testers for ferrite cores and 
core arrays are poised to replace traditional semi-
automatic test systems. In many applications, com-
puter control not only does the job faster and 
cheaper, but is more accurate as well. 
Time and dollar savings on the production line 

arise directly from the computer-controlled tester's 
ability to establish or change test parameters 
rapidly and concisely. In addition, the flexibility of 
computer programing provides the user a hedge 
against obsolescence of his test equipment. 
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Computer control. Computer Test Corp.'s Delta 400 is an example of a computer-controlled array tester. It 

saves hours of the operator's time because the stored program sets up the test parameters. The computer, a 
Scientific Data Systems Sigma 2, is to the right of the teletypewriter. 

Although manual testing is still in wide use and 
probably will remain so for quite some time, it is 
subject to some rather pronounced disadvantages 
that render it quite unsatisfactory. 
For example, the operator must set a large 

number of controls both to define various opera-
tional characteristics of the memory being tested 
and to establish precise values of the test equip-
ment's outputs to the memory. Some of the charac-
teristics are the ranges of the parameters used in 
the test, the drive pulse sequences, and the data 
patterns that generate the worst noise levels. Then, 
when the test is under way, the operator must 
adjust these controls to obtain the proper wave-
forms, as he observes them on an oscilloscope, over 
wide ranges to close tolerances. 

Time and money 

Not only is this procedure tedious and repetitious 
but it also causes equipment to remain unused 
because it's easier to duplicate pieces of test equip-
ment for different memory products than it is to 
readjust the setting on a single test rig when the 
product run changes. 

Furthermore, no two operators will get the same 
results on identical products, because of subjective 
differences. And finally, because setting the con-
trols consumes too much time, marginal testing 
such as plotting shmoo curves is held to a mini-
mum, or omitted entirely—particularly since such 
tests are to be run on the completed system. 

Special-purpose automatic test equipment that 
isn't computer-controlled doesn't necessarily solve 
the problem. Such equipment is very expensive 
and can be used for only the lifetime of a particu-
lar array design. Few manufacturers of core arrays 
can afford to underwrite the cost of a different cus-
tom-designed tester for each of his products; no 
manufacturer of test equipment can afford to un-
derwrite these costs for the industry. 

Control, not monitor 

Computer-controlled testers offer a way out. 
They are much easier to set up than the manual 
systems and are far more versatile—yet they are as 
simple to operate as a special-purpose tester. 
Every computer-controlled test system—as distin-

guished from a manual tester with a computer 
monitoring its outputs—has three important charac-
teristics: 
• Its current drivers, discriminators, and other 

key circuits are programable to work with different 
amplitudes, rise times, and other parameters. 
• It has a display and recording arrangement to 

show exactly what inputs it provides to the memory 
being tested. 
• It can automatically enter new information at 

predetermined points in the test sequence, such as 
new current rise times, new pulse widths, or new 
thresholds. 

In a typical test system that has these character-
istics, shown above, the controls can be set in less 
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than five minutes, because all the pertinent infor-
mation is available on paper tape. Out of these five 
minutes, 33 seconds is spent on the current drivers, 
which require from 15 minutes to two hours on 
manual systems. A few more seconds go for printing 
instructions that tell the operator how to set the 
console switches for specific results. Following the 
basic test, the system can always read new instruc-
tions from paper tape that direct it to execute varia-
tions on the test without operator intervention. 
These testers have many applications today and 

hold out the promise of almost unlimited applica-
tions in the future. For example, they are already 
effective for multiplexed testing, mixed-lot testing, 
marginal testing, shmoo plots, and, in general, all 
testing that goes beyond accept/reject. 

In multiplexed testing, the system and the opera-
tor can work independently on one or more arrays 
s'imultaneously. This requires the system to have 
two or more sets of current drivers and switches, 
but the production volume can be doubled, or per-
haps more than doubled. 
For example, during the five minutes an array 

is being tested, the operator can be connecting 
another array to the second set of drivers. Then, 
while the second test is going on, he removes the 
first array and connects a third. 

In mixed-lot testing, the quick setting of the con-
trols in a computer-controlled test system permits 
much more thorough testing of the arrays in a given 
time than would be feasible, or even possible, with 
manual testing. 

Seven times as fast 

For example, suppose seven arrays of seven 
different designs are to be tested in a given eight-
hour shift. If the controls on a manual tester can be 
set for any of the types in an hour, most of the day's 
work would consist of resetting them, and a total 
of only one hour's testing would be accumulated— 
an average of only about 81/2 minutes per array. 
That's barely enough time to verify that the assem-
bly works the way it should—which leaves more 
than enough time for a thorough workout. 
But setting the controls on the computer-

controlled tester—five minutes for each array—adds 
up to only 35 minutes for all the arrays, leaving 
445 minutes for testing, or more than an hour for 
each array, let alone enough time for a thorough 
test of the array. 
Marginal testing on a single product provides 

assurance that the array works equally well at both 
ends of the published current specifications. This 
requires different control settings for the two ends 
of the range for each array tested. In a manual test, 
a typical approach would be to set the controls only 
once for each end of the range and connect each 
plane twice, because connecting planes is quicker 
than setting controls. 
But with the computer control, setting involves 

only running a paper tape through a reader; this 
can be done twice for each array, so that the array 

need be connected only once. Depending on the 
exact time required for setting up and connecting, 
this can more than double the production in a given 
period of time. 

Shmoo made easy 

Shmoo plots usually aren't made on planes when 
manual methods are used; they are put off until the 
memory system is assembled because on planes 
they take too much time. In their simplest form, 
they require every word in the memory to be cycled 
and checked for an error for every combination of 
two drive currents. These currents are varied in 
small increments over a range wider than the range 
the memory will encounter in normal use. 

Obviously, making all those small changes in the 
x and y drives can take a lot of time. For this reason, 
even simple shmoo plots made manually can take 
days to complete—whereas a computer-controlled 
tester can do the job in an hour. Furthermore, once 
the job is started, it runs by itself—an attendant is 
no longer needed. 
Although simple computer-controlled testers use 

discriminators capable of making an accept/reject 
decision, it's easy to add complex circuitry that can 
measure the American Society for Testing Mater-
ials' standard test parameters—the time taken for an 
output signal to reach a peak, the amplitude of that 
peak, and the time for the core or other memory 
element to switch completely. These complex cir-
cuits also permit histograms, or distribution curves, 
to be made; and they need not be removed for a 
return to the simple accept/reject level, as in pro-
duction testing. 

What's to come 

Computer-controlled testers are capable of almost 
unlimited applications. As memory technology 
advances, new test methods will be necessary. 
These methods, which will be easy to implement 
with computer-controlled testers, will make special-
purpose testers obsolete. 
For example, 21/2 -D memories only recently be-

came very popular, but many suppliers and users 
of test equipment found themselves with rooms 
full of special-purpose equipment that became 
obsolete almost overnight. 

Read-only memories of various kinds are becom-
ing more common every day, and large-scale inte-
grated-circuit memories appear to be just around 
the corner. Only the developers of these memories 
know now what kind of test equipment is likely to 
be needed, and they're not talking about their thus-
far proprietary designs. 
When these designs hit the market, users with 

computer-controlled testers will be able to adapt 
rather quickly, laying out cash only for new pro-
grams and maybe a little for new connectors, jigs, 
and other accessories. 

But the howl that went up when 21/2 -D came out 
will be heard again from those who are sticking to 
manual and special-purpose equipment. • 
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Memories XXVII 

Exercising memory systems 
with worst-case bit patterns 

By Charles R. Elles 
Computer Test Corp., Cherry Hill, N.J. 

and Elwood A. Dance* 
Scientific Measurement Systems, Inc., 
Moorestown, N.J. 

It's not enough to test only memory elements and 
assembled arrays. After these tests, connecting the 
array to its drive, sense and control circuitry com-
pletes the memory system; and only after this com-
plete system passes its own level of testing can 
there be any reasonable assurance of high relia-
bility, for the unit as a whole. 

In a system test, the drive and sense electronics 
and memory address, data, and timing logic have 
been installed; the memory is operated during the 
test under normal conditions, at normal environ-
ment, as specified for its ultimate environment. 

Generally the best test of a memory system— 
as opposed to memory elements or arrays—is a 
functional test: Can information be stored and re-
trieved without error at full memory speed? In 
other words, can complex patterns of digital data 
stored at each address location be completely re-
trieved without error? 

Worst-case patterns, which depend on the wiring 
configuration of the memory, determine to what 
degree inherent noise affects the memory's stored 
data. This noise is either generated in the half-
selected cores or capacitively coupled from drive 
to sense lines. When the noise is too great, the 
discriminator may detect it and erroneously indi-
cate the presence of a 1 in place of a 0, or a 0 in 
place of a 1. 

Besides the obvious all l's and all O's, a variety 
of other data patterns are useful. Among the sim-
pler patterns arc checkerboards, double checker-
boards, checkerboards shifted by one bit, inter-
laced rows of l's and O's, and their complements. 
Large memories may require more complex pat-
terns to generate the worst-case noise conditions 
that they may encounter in use. 

Memory exercisers 

A memory exerciser contains address, data and 
timing logic that generates these patterns, stores 
them in the memory being tested, and recovers 
them at memory speeds. It is made up of an ad-
dress counter—which coordinates all memory op-

* Formerly with Computer Test Corp. 
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TO 
MEMORY 

D.C. THRESHOLD STROBE 
PULSE 
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ERROR 
BYPASS 
SWITCH 

Detector. Any pulse from the memory, identified as a 1 or 

a 0 by the level detector, is compared in the exclusive-OR 
gate with the binary value that it should have. When 

the values are different at the time of the strobe pulse, 

the flip-flop records an error, and the indicator warns the 

test operator. One circuit exists for each word bit. 

ERROR 
SIGNAL 

MEMORY 
TESTER 

MEMORY  
SYSTEM 

ADDRESS 
REGISTER 

BIT 
ADDRESS 
COUNTER 

EXCLUSIVE-OR 
NETWORK 

DATA 
REGISTER 

STACK 

Pattern generator. Exclusive-OR network combines bits 

in exerciser's two address counters and transmits them 

to memory's data register, to load pattern into array. 

erations—a pattern generator, mode controls, and 
timing circuitry. 
The address counter is usually organized in 

straight binary form. If the memory being tested 
contains 2° words of k bits each, the address 
counter is n bits long. This counter specifies 
the memory location being tested at any instant; 
at this location all k bits are checked in parallel. 
To generate any of the checkerboard or other spe-
cialized patterns, a second address counter of k 
bits specifies the individual bits, as shown directly 
above. For example, a memory containing 212 =_- 
4,096 words of 24 :-_-_-. 16 bits each would require 
an address counter of 12 bits to specify every word, 
and 4 more bits to specify individual bits in each 
word for the data patterns. 

In this example, individual bits in the data pat-
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Checkerboards. The second least significant bit of the n-bit address counter is combined with the second least 
significant bit of the k-bit address counter to generate a worst-case checkerboard pattern, left. A slight variation in 

the circuit produces the same pattern shifted one bit to the right. Both circuits use exclusive-OR gates. 

tern are defined as a function of the address. Other 
data patterns can be entered from punched paper 
tape, programed with patchboards, controlled 
manually from the front panel, or permanently 
wired into the exerciser. 
During normal operation, the counter starts 

at zero and counts one for each memory cycle that 
is performed until the maximum address is 
reached. All memory locations are thus sequen-
tially tested. This process can be repeated—that is, 
the test may be recycled as many times as desired 
in a search for transient errors. 
Using manual control switches on the panel, the 

operator selects upper and lower address limits or 
selects only one location. Lamps indicate the mem-
ory location under test. 
A bank of exclusive-OR circuits compares each 

output data word, bit for bit, with the pattern 
originally stored. When there's an error, a compara-
tor output lights an indicator on the front panel 
that pinpoints the data bit in error. This may also 
cause the machine to enter a preprogramed error 
mode that helps to isolate the error. 

Different courses of action 

Once an error is detected, different options are 
open to the operator. Much depends on the test 
being performed. In acceptance testing, the best 
course is to count the error and continue the test; 
the number of accumulated errors is then displayed 

after the test has been run to completion. 
In troubleshooting, however, the defective ad-

dress and the error bit must be ascertained. Stop-
on-error and error-recycle modes are important aids 
in this task. To locate the source of error, the exer-
ciser can stop and display the contents of the 
address counter and data error flip-flops. If the 
error is transient, the machine can continuously 
recycle the memory at a single address, while the 
operator investigates the cause of the error. 

One-shot timing 

Mode control and exerciser timing are derived 
from internal read and write timing pulses, or from 
an external source. In one system, one-shot multi-
vibrators provide this external timing—two are 
used for each read-write pulse. One multivibrator 
defines the pulse position, and the other, triggered 
from the trailing edge of the first, controls pulse 
width. These multivibrators must be stable to 
within 0.5% and must have a duty-cycle capability 
that approaches 100%. 
Logic levels in general-purpose exerciser systems 

rarely match those of the memories under test. 
Interface circuits therefore are placed between the 
exerciser logic and the memory. With these cir-
cuits, which are designed to drive terminated 
transmission lines, the operator can select and set 
the logic levels required to match the memory 
system being tested. • 
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Memories XXVIII 

Boosting plated-wire yield: 
which knob to adjust? 

By Gary Chernow 
Computer Test Corp., Cherry Hill, N.J. 

Fast switching, low power dissipation, and nonde-
structive readout make plated wire an attractive 
memory element. But these features may be accom-
panied by a serious production disadvantage—the 
medium's unpredictable yield, sometimes as low 
as 30%, which severely restricts the length of 
usable pieces of wire. Several solutions to this 
problem are being investigated. 
A closed-loop process could be solution to the 

yield problem. In this process, test results obtained 
on-line would be fed back automatically to the 
manufacturing process, varying critical parameters 
and allowing plating, testing, and cutting of the 
wire at speeds of up to 100 inches per minute. 
Wire is now plated and tested continuously at 

speeds ranging from 10 to 30 inches per minute. 
But there is no feedback from the testing to the 
plating operation, except when an operator decides 
that the rejection rate is too high and makes a 
manual adjustment. For example, he may adjust 
the temperature of the electrolyte, vary the con-
centration of the plating solution, or change the 
plating current density; but between the times 
when he makes these decisions and adjustments, 
many flaws may be detected in the wire produced. 
For these tests, a closed-loop system is perhaps 

easier to envision than to implement, because of 
the adjustments that test results dictate. They in-
clude such factors as film thickness, alloy composi-
tion, surface roughness of the substrate, the aniso-
tropy field, the film's magnetic history, and so on. 
All these parameters affect the stability of the film's 
domain and wall structure, which in turn affect 
the output signal's behavior. But there's no clear 
correlation between the results of a test and the 
parameter to be adjusted; such correlation is a pre-
requisite of automatic closed-loop control. 
Data is recorded in plated wire by magnetizing 

the thin film of plating material in either direction 
around the wire; the magnetizing force is the re-
sultant of currents in a perpendicular word strap 
and in the wire itself. To read out the stored data, a 
word current acting alone tilts the magnetization 
vector of the wire away from its circumferential 
direction; the resulting flux change induces an emf 
between the ends of the wire. When the word cur-
rent is removed, the vector is returned to its rest 

position by its anisotropic energy, thus permitting 
nondestructive readout. 
The testing operations measure four quantities: 

the intrinsic amplitude of a readout pulse from 
the wire, the effect of disturb currents in both 
the word and bit directions, and the effect on a 
particular bit cell of repeated reading and writing 
operations in adjacent cells. These measurements 
are usually made immediately after the last step in 
the plating process. In one instrument for making 
the measurements, the wire passes through a fric-
tionless electrical contact such as a cup of mercury, 
then through three word straps—each of which gen-
erally makes one turn around the wire—and finally 
through another mercury cup. The word straps 
carry the word current, just as in the complete 
nlated-wire array. During the test, the bit cell 
being tested is under the middle word strap, while 
the other two straps are used for reading and writ-
ing in adjacent cells. The mercury cups establish 
contacts for bit current through the wire itself. 
Because there is current in the wire during the plat-
ing process as well as during testing, the upstream 
mercury cup is grounded and a current source is 
connected to the downstream cup. This prevents 
the bit current and the plating current from inter-
fering with one another. 

Step-by-step procedure 

One common test uses a sequence of four steps: 
First, O's are written 1,000 times into each of the 
three cells under the three word straps, one cell at 
a time, after which a 1 is written once into the 
middle cell. This 1 is then read out and the ampli-
tude of its readout pulse recorded. This first step 
thus requires about 3,000 separate operations. 

In the second step, the same 1,000 O's in three 
cells and the single 1 in the middle cell are written 
as before, but then a word current passes through 
the middle cell's word strap 1,000 times in the 
absence of a bit current in the wire. This is tanta-
mount to 1,000 read operations, but the peak is 
stored only at the 1,000th time. Because of the dis-
turbing effect of repeated reading in one position, 
the peak will be slightly lower than previously. 
The following step is essentially the same as the 

second, except that 1,000 bit-disturb current pulses 
pass through the plated wire, while no current 
passes through any word strap. This further re-
duces the peak of the middle cell's output, which 
is stored again. 

Finally, the 1,000 O's and the single 1 are writ-
ten again, followed by an additional 1,000 O's in 
each of the two adjacent cells. Again the middle 
cell's 1 is read out and stored. 

After all four steps have been completed, the 
ratio is taken of the peak output pulse in the sec-
ond, third and fourth phases to that in the first. 
These ratios should be uniform along the full length 
of a segment of plated wire, and are more important 
than the absolute amplitude of the pulses; for if 
disturbances from adjacent cells cause too great a 
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PLATING PROCESS 
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MERCURY CUP 

Nimble. Plated wire coming out of the manufacturing process is tested as it passes through the middle one of the 

three word straps. The other two help to simulate an actual memory environment. Mercury cups are electrical 

contacts for bit current in the wire during testing. 32,000 cycles are executed while the wire moves only a few mils. 

shrinkage of the output pulse, the data cannot be 
interpreted. On the other hand, because a single 
sense amplifier serves the whole wire, it can be ad-
justed to work with the absolute amplitude of that 
wire's output over a wider range than the allowable 
shrinkage caused by the disturbances that arise 
from adjacent cells. 

These four sequences add up to about 16,000 
operations. The entire procedure is then repeated 
with complementary data-1's replacing the O's, 
and the O's substituting for the l's, for a total of 
32,000 operations. Repeating the process with com-
plementary data establishes the skew factor of the 
plated wire, or the degree to which the film's easy 
axis differs from a perfectly circumferential direc-
tion. Although O's and l's produce output pulses 
that are nominally equal in amplitude and opposite 
in polarity, skew tends to make one pulse lower 
than the other. 

Handle with care 

In making these tests, the 32,000 read and write 
cycles are performed while the wire moves no more 
than 4 mils, or 1/10 of a bit cell length; if the wire 
moves at 30 inches per minute, these 32,000 opera-
tions must be completed in 8 milliseconds, allow-
ing about 250 nanoseconds per cycle. Repeating 
the test every 4 mils insures that the wire's charac-
teristics are uniform along its length. 
Not all tests are now performed on-line. One im-

portant off-line test is for zero magnetostriction. 
Plated wire's magnetic characteristics must not be 
changed when the wire is physically stressed. To 
this end, the characteristics of the plating material 
are carefully controlled and great pains are taken 
to mount each segment of wire in an array so as to 
protect it from stress. Nevertheless, selected wire 
segments that pass the on-line test are subjected to 
pulling or twisting while their B-H characteristics 
are being measured. If the magnetostriction isn't 
zero, the physical stress will change the shape of 
the B-H loop; if the change is excessive, the plating 
process must be adjusted. This test is difficult, but 

Tester. This device contains the apparatus diagramed. 

not impossible, to implement on-line. 
Another off-line test is a plot of sense output 

versus write current and bit current, called a 
window test. This test is the plated-wire analog 
of the shmoo tests carried out on ferrite core arrays, 
except that there is only one independent variable 
for each plot instead of two. These tests require 
a considerabble length of time to make, even with 
automatic equipment, so it's impractical to carry 
them out on a moving wire. This being the case, 
the window test probably won't be on-line at any 
time in the foreseeable future. Instead, the plots 
are made at intervals of 10 or 15 minutes on sam-
ples taken from the on-line test; a comparison of 
successive tests is one indication of the plated 
film's uniformity. • 

Bibliography 
Tentative Methods of Test for Nonmetallic Magnetic Cores . 
American Society for Testing Materials, Standard C-526-63T. 
Sampling Procedures and Tables for Inspection by Attributes, 
MIL-STD-/105D, April 1963. 
C.P. Womack, "Schmoo Plot Analysis of Coincident Current Memory 
Systems," IEEE Transactions on Electronic Computers, February 
1965. 
Frank S. Greene Jr., "An Automatic Ferrite-Core Tester," Com-
puter Design, April 1966. 
J. Hubbs, "What's Wrong With Pulse Instrumentation," IEEE, Nov. 
11, 1967. 
C.J. Walter, A.B. Walter, M.J. Bohl, "Setting Characteristics for 
Fourth Generation Computer Systems," Computer Design, August 
1968. 
Alan M. Stoughton, "Computer-Controlled Memory Testing," Mod-
ern Data Systems, August 1968. 
George A. Fedde, "Plated wire: a long shot that's paying off," 
Electronics, Nov. 11, 1968, p. 124. 

96 Electronics September 1, 1969 



Four ways 
to improve your 

manor 
1Improve  sour computer's memory w ith linear Circuit 525. It's the 
. one, the only high-speed core memory. sense amplifier of its type 

that lets you set the threshold internallv. (Or externally ; take your pick.) 
store unforgettable features: I ) uncertainty range, ±-4mV: 2) propaga-
tion delay. 30 ns: 3) low power consumption; 110mW; 4) high common 
mode range: +4.5V — 3.5V. 

/ Improve  sour computer's memory w ith Linear Circuit 526 — the 

• high-speed comparator that's beyond compare! (Do you know of 
another comparator with a propagation delay of 30 ns?) Other features 
to remember: 1) operates from ±5V supplies; 2) overdrive recovery. 
20 rt..: 3) fanout of 10; 4) high gain operation; 5) output compatible with 
DUI.. DTI. and TTI.. 

We almost forgot: all four of these monolithic linear circuits P S• are available right now —in production quantities. So are all 
the specs, facts, figures. Send for them today — before y ou forget! 

2 Improve  your computer's memory  w ith Linear Circuit 511. This 
• one's a versatile transistor array. It's also a pre-amp — with IW 

characteristics that are 50 to 100e;- better than competing devices! Other 
memorable points: I I low offset voltage :1-2mV; 2) low offset current; 3) 
single power supply; 4) ACC capability. 

4 Impro% e  your computer's memory  w ith Linear C ircut 5733. It's 

• the sideo amplifier that operates oser —are you ready? — 120 MHz 
band width! Differential in/differential out with minimal phase distor-
tion, too. And as a pre-amp in computer applications, don't forget: 1) 
10 ny rise tinte; 2) fixed gains of 10. 100,400 available (variable between 
10 and 400 with a single, external resistor); 3) internally compensated 
(no external frequency compensation components required.) 

Signetics El 
Signeties Corporation /RI I E. Argues Ave .. Sunnyvale. California 94086/A subsidiary. of Corning Glass Works 
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Announcing the Freon" 
Solvent Drying System. 
Dries water-wet parts spot-free 
at 118T..in 3 easy steps. 

e 

PUMP 

1. Lower the parts into the drying sump 
containing FREON» T-DA35 solvent 
boiling at 118° F. Low-temperature boil-
ing eliminates water spotting caused 
by the evaporation of water. (This system, 
using the high density of FREON, 
works by the displacement of water, 
rather than its evaporation.) No spotting 
of parts means fewer rejects. And the 
low-temperature operation also helps to 
protect delicate parts. The system is 
compatible with most plastics, 
elastomers and metals. )1, 

WATER 

DRAIN 

WATER SEPARATION 
AND SOLVENT RECIRCULATION DRYING SUMP 

3. Remove the parts from the first 
rinse sump. Allow to drain and then 
place in the second rinse sump. 
Remove the parts and hold them 
in the vapor zone above the 
sump. When the dripping stops, 
remove the parts from the drying 
system. Parts will be completely dry, 
spot-free and immediately ready 
for further processing. 

FREON SOLVENT 
Drying System 

2. Remove the parts and allow 
the excess solvent to drain 
back into the drying sump. 
(The solvent is re-usable—no 
need to discard the solvent 
because it is saturated with 
water.) After draining, lower 
the parts into the first rinse 
sump containing FREON TF. 

"FREON" TF • • 

1ST RINSE SUMP 2ND RINSE SUMP 

The whole, remarkably simple 
operation takes only a few short 
minutes. Furthermore, it is com-
pletely safe. FREON solvents are 
nonflammable, nonexplosiye, 
nonirritating and low in toxicity. 
For further information on the 
efficient, economical FREON 
Solvent Drying System, write: 
DuPont Company, Room 7304-H 
Wilmington, Delaware 19898 

]t1 Poe Freon' 

<" Du Pont registered trademark for its fluorocarbon cleaning agent. 
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MSI/LSI Circuit Seminar 

Program 
1. Evolution of Large Scale Integration (LSI) 
1.1 Unique Properties of MOS 

• self-isolation 
• no voltage offset 
• bilateral switching 
• clocked load resistors 
• temporary memory via gate storage 
• design through mask topology 
• second layer interconnect through diffused 
crossunders 
1.2 Limitations of MOS 

• lower speed than bipolar 
• surface sensitivity—charge control, traps, 
radiation susceptibility 
• gate oxide vulnerability 
• low output current drive 
• interface problems 
• parasitic capacitive coupling 

2. MOS Device Structure and Characterization 
2.1 Basic Geometry of MOS Device 
2.2 Device Design Parameters 
• VGST, K, body effect, BVoss, BV05, IDss, C0s, CioN, etc. 
• parameter temperature sensitivity 
2.3 Basic Device Model 
• drain current in SAT and NONSAT regions 
• RON and g, 
• body effect 
• voltage dependent capacitive loading 

3. Basic MOS Circuit Techniques 
3.1 Circuit Solution Using the Basic Device Model 

• DC solution with active load resistors 
• clock power relationships 
• transient solution —speed, power, speed-power 
product 

4. Topological Design and Layout 
4.1 Examples of Logic Gate Mask Layout 

• 20 ratio shift register layout 
• logic gate layout 
• design rule considerations and limitations 

5. Advanced Circuit Techniques 
5.1 Circuit Evolution 

• early 40, modern 40, ratioless 20, Precharged 
20, capacitive pullup 

• interrelationships between circuit forms 
• circuit models and their solutions for each circuit 
form —charge, discharge, power dissipation, speed-
power product, charge sharing and parasitics 
• clock requirements—timing relationships, 
amplitudes, drive requirements 
5.2 Suitability of Circuit Forms to Given 
Applications 
• shift registers 
• general logic 
• memories 
5.3 Use of Circuit Forms in Combination 

6. LSI Artwork Generation 
6.1 Design Approaches 

• handcrafted layout 
• standard array 
• discretionary wiring 
• building block (library of functions) 
6.2 Comparison of Design Approaches 

• development cost 
• turnaround time 
• error susceptibility 
• chip size and yield 
• performance tradeoffs 
7. Logic Implementation with LSI 
7.1 Advantages of Multiphase Logic 

• master-slave avoidance 
• ease of delay implementation 
• area, power and speed advantages 
7.2 Conversion of System Logic into Form Suitable 
for LSI Implementation 
• availability of multiple AND-OR capability at a 
single logic node 
• minimization of logic levels 
• power and propagation delay minimization 
7.3 Comparison of 20 and 40 Logic Systems (Ratio 
vs. Ratioless) 
• timing problems and their solutions 
• logic level limitations 
• speed, power, area and speed-power product 
comparison 
8. Design Examples 
8.1 System Partitioning Techniques 
• multiphase logic implementation 

Purpose 
This seminar is designed to give the systems designer the knowledge he needs to deal effectively with MSI and LSI circuits as basic 

subsystems. 
Through lecture, panel discussion, and hands-on sessions, the systems designer will be exposed to all phases of the newest and most pop-

ular circuit techniques, their design, manufacture, and application. 
He will achieve a broad, realistic, and authoritative approach to: realizing the systems parameters made possible by MSI/LSI; achieving 

maximum cost-performance ratio; maintaining a competitive edge; getting the most out of off-the-shelf units; improving communications with 
vendors; using multiple sources; developing in-house capabilities; establishing realistic schedules, and meeting production deadlines. 

Faculty 
Presentations, discussions, and work sessions are under the direction of the staff of Integrated Systems Technology, Inc. of Santa Clara, 

California. Each member of the staff has wide experience in the areas of circuit design, systems application and semiconductor research and 

development. 
Donald E. Farina —President, Integrated Systems Technology, Inc. One of the contributors to the design of the first micrologic integrated circuit 
families. Served as head of the R&D department in digital circuits for Fairchild Semiconductor, responsible for both digital circuit and bipolar 

device structure development. 
For the microelectronics division of Phi lco-Ford Corporation Mr. Farina served as Director of R&D and was responsible for device and research 
devoted to MOS large scale integration. He received his BSEE at New York University in 1953. 
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8.2 Artwork Generation 

• composite plan — logic cell placement, 
minimization of interconnect length and crossunder 
• chip area estimating 
• computation of cell loading in order to determine 
device geometry 
• array performance calculations 
9. MOS/Bipolar Interface Techniques 
9.1 Requirements for Interface Circuits 
• voltage level translator bipolar<—.MOS 
• low impedance output driver MOS—MOS 
• power supply compatibility 
• low power dissipation on chip 
• small area on chip 
• minimum number of discrete components off 
chip 
9.2 MOS Output Buffers on Chip 

• scaled ratio type inverter 
• push-pull driver 
• push-pull with bootstrap driver 
• dual load buffer 
• series-sampled buffer 
• diffused NPN emitter follower 
• lateral PNP 
• discrete load resistor 
9.3 MOS Output Buffers off Chip 
• NPN inverter—clamped and nonclamped 
• NPN emitter follower 
• PNP inverter 
• complementary inverter 
9.4 Input Buffer Techniques 
• lateral PNP 
• biased substrate 
• lateral coupling device 
• PNP inverter 

10. Low Threshold Technology 
10.1 Low Voltage Circuit Design 

• speed, power, area and speed-power product of 
ratio circuits 
• speed, power, area and speed-power product of 
ratioless circuits 
• direct output compatibility with bipolar IC's 
• direct input compatibility with bipolar IC's 
• system and array power tradeoffs 
11. Cost Considerations for LSI 

11.1 Chip Size and Complexity vs. Cost per 
Function 

11.2 Distribution of Fabrication Costs 
• materials cost 
• labor cost—process labor, sorting, dicing, 
packaging, testing, etc. 

11.3 Array Development Costs 
• handcrafted array 
• standard matrix 
• building block 
• discretionary wiring 
11.4 System Cost Factors 

• system overhead —clock generation, interface 
circuitry, assembly cost, power supplies, etc. 
• systems cost examples—discrete IC vs. LSI 
12. Computer Aided Design 
12.1 Logic Verification 

12.2 Array Topological Design 

• minimization of area, interconnect, crossunders 
and loading 

12.3 Array Performance Prediction 

• calculation of propagation delay, power 
dissipation, operating speed, etc. 
12.4 Computer Artwork Generation 
• library of standard functions 
• computer controlled coordinatograph, photo 
exposure head, CRT 

12.5 Test Sequence Generation 
• test requirements 
• algorithms 
• test hardware 

13. MOS Structures and Fabrication Techniques 
13.1 Substrates and Preparation 

13.2 Mask Sequences and Variations 

• oxidation and diffusion 
• field oxide and crossunders 
13.3 Gate Structures 

• surface preparation 
• dielectric: homogeneous and composite 
• metallization and delineation 
• annealing and alloy 

14. Process Constants and Minimum Design Rules 

Ronald Pasqualini — Vice President, Engineering. Widely experienced in R&D on MOS memory systems for Philco-Ford Corporation. Performed 
initial logic design, circuit analysis, and composite layout of a monolithic read-only memory. Was responsible for the interface between R&D 
processing and R&D design. 

Systems design experience in integrated circuits includes shared responsibility on an Air Force large scale array navigation computer, and 
Ranger spacecraft. Also designed a monolithic 2-MHz binary/BCD converter employing 4-phase circuit techniques. 
Mr. Pasqualini holds a BS in Aeronautics from M.I.T., 1962, and an MSEE from U.S.C., 1966. 

Richard Craig —Vice President, Technologies. Mr. Craig has devoted the major portion of his career to the semiconductor. With three major 
semiconductor manufacturers his experience includes such early developments as planar and epitaxial processes and structures. More re-
cent experience includes responsibility for the development of advanced MOS LSI techniques, including multilayer and minimum size struc-
tures, oxide and interface charge control, and MOS circuit innovation and evaluation. 
Mr. Craig received his BA in Physics from Fresno State College in 1958. 

Richard Aladine Carberry — Senior Design Engineer. Presently involved in the logic and circuit design of complex MOS devices, and the design 
of digital equipment utilizing bipolar and MOS IC's. As a project engineer for Philco-Ford Corporation he was involved in the design of MOS 
memory and arithmetic chips for a guidance computer, as well as a sequencer and other control circuitry utilizing bipolar IC's. 
For Lockheed Missiles and Space Company he designed analog circuits for a guidance system, switches, modulators and demodulators, active 
and passive filters, and various operational amplifier circuits. 

Mr. Carberry holds BSEE and MSEE degrees from the University of California at Berkeley. 1 



14.1 MOS Gate Capacitance 
• dielectric constant and thickness 
• gate dimensions and overlap capacitance 
14.2 MOS Field Capacitance and Crossover 
Capacitance 
14.3 Junction Depth, Capacitance and Resistivity 

14.4 K values — t W/L 
14.5 Metallization Width, Spacing and Thickness 
14.6 Area/Performance Optimization 
• minimum length/width structures 
14.7 Discussion of a Complete Set of Topological 
Design Rules 
15. Yield Factors and Process Control 
15.1 Processing Variables and Design Tolerances 
• alignment uncertainties 
• photoresist limitations 
• working plate constraints 
15.2 Threshold Control 
• oxide thickness 
• fixed charge (Deal's triangle)—crystal orientation 
and cooling ambient 
• mobile charge —gettering, contamination sources 

15.3 Test Devices and Patterns 
• MOS capacitor (C-V evaluation) 
• gate threshold device VTH = f(Io) 
• field threshold device 
• alignment marks, sizing marks and critical 
dimensions 
• process development test vehicles 

15.4 Gate Oxide Vulnerability —Protection 
Techniques 
• MOSSAB and zener diodes 
15.5 Wafer and Device Attrition 
• in-process testing and rejection criteria 
• probing, assembly, packaging and final testing 

16. Facilities and Equipment Requirements for LSI 
16.1 Requirements for a Prototype Facility 

• personnel 
• mask making equipment 
• process equipment 
• assembly, packaging and test equipment 
16.2 Available Products and Services 
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17. Applications and Product Types Most Suited to 

LSI 
17.1 The following examples will be discussed: 
• desk calculator 
• input/output peripheral equipment 
• scratchpad memory 
• read-only memory 
• airborne computer—GP and DDA 
• associate memory 
• correlator applications 
• multiplexers 
• A/D and D/A converters 
• industrial controls 
• medical electronics 
18. Currently Available MSI/LSI Products 

18.1 Bipolar MSI 

18.2 MOS MSI/LSI 

19. Advanced Technology Trends 
19.1 Contributors to Improved LSI Technology 

• smaller geometries 
• multilayer interconnect 
• MOS-bipolar in same array —internal clock 
generation, high speed decoders 
• array passivation 
. multichip assembly 

19.2 Contribution of Advanced Technology to Cost, 
Performance and Density 
• memories 
• delay lines 
• general logic 
• reliability 

20. Technological Controversies 
20.1 Semiconductor Developments 
• complementary N and P MOS 
. other MOS structures— SOS, TFT, self-aligning 
gate, MNS and MNOS and epitaxial 
• isolation techniques—dielectric isolation, etch 
and back-fill 
20.2 Custom vs. Standard Products 
• memories 
• logic 
• production volume considerations 

Fee 
The registration fee for all sessions, a complete set of notes, and luncheons —$385. 

Registration 
Register now for either the New York or Los Angeles program. Use the registration form below. Make checks payable to Electronics/Man-

agement Center. You must register in advance. We will be happy to bill you or your company, but only fully paid-up registrants will be permitted 

to attend the seminar. Hotel reservations should be made directly with the hotel. A number of rooms is being held for seminar attendees. When you make your 

reservations, identify yourself as an attendee of the MSI/LSI seminar. 

Samuel Weber, Mgr. 
Electronics/Management Center 
330 West 42nd Street, N.Y., N.Y. 10036 
MSI/LSI Circuit Seminar for Equipment and Systems Designers 

 Please register me in your three day seminar at $385 Name Title  

_New York session  Los Angeles session. Address  

 Check enclosed 
Company  

 Bill me 

 Bill company PO#   City State Zip  
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Computer makers look East 
The market for electronic data processing equipment in Comecon nations 

is growing at a fast pace as a result of requirem ents for next five-year plans 

Aggressive sales tactics, along with 
government support at the busi-
ness level, have enabled British 
computer makers—notably Inter-
national Computers Ltd.—to build 
a big lead over their American ri-
vals in Eastern Europe—one of the 
world's fastest growing outlets for 
electronic data processing wares. 
Strategic trade restrictions imposed 
by the U.S. government partially 
explain the comparatively laggard 
pace set by such domestic giants 
as IBM, Univac, Honeywell, Na-
tional Cash Register, and the Con-
trol Data Corp. Nonetheless, all of 
these concerns have closed impor-
tant deals within the past 12 
months and are eagerly scrambling 
for further orders. 

Their particular interest in the 
satellite elements of the Comecon 
(Council for Mutual Economic As-
sistance) market, which embraces 
Russia, Poland, Czechoslovakia, 
Rumania, Bulgaria, Hungary, and 
East Germany, is not difficult to 
understand. Eastern Bloc countries 
have assigned top priority to large 
hard-currency investments in West-
ern-made computers and periph-
eral gear for the next five-year plan, 
running from 1970 through 1974. 
Those perennial late starters in 

international markets for advanced 
technology—the West Germans 
and Japanese—have not overlooked 
potentially lucrative Eastern Euro-
pean outlets. Both are now actively 
competing for computer orders that 
a few years ago were pretty much 
in British or American bags. Sie-
mens has completed a recent series 
of sales successes with its big Sys-
tem 4004 commercial machine, and 
it is giving England's Ferranti a 
brisk battle for the flood of orders 
now being let by gigantic Come-
con industrial combines for pro-
cess-control equipment. The Jap-
anese, meanwhile, are quietly sew-

ing up the burgeoning market for 
desk-top computers and selling li-
censes for other electronic systems. 
Cockpit trouble. The Russians, 

oddly enough, though long accus-
tomed to considering Eastern Eu-
rope their own backyard, seem to 
have given up trying to meet the 
area's growing demand for ad-
vanced EDP equipment. The Soviet 
Union's well-publicized failure to 
supply its own planning and sta-
tistical offices and factories with 
enough machines effectively pre-
vents it from exporting more than 
a trickle of largely outmoded sec-
ond-generation Minsk and Ural 
machines. 
Then there is a very big question 

as to whether the neighbors are 
really anxious to have the high-
priced, low-quality Soviet machines 
—the memories have extremely 
small capacities and peripherals 
are notoriously slow. The Poles and 
Czechoslovaks are openly shopping 
for Western peripherals and soft-
ware to modernize the Soviet ma-
chines they're saddled with. They 
are even considering the purchase 
of Western memories if they can 
be adapted to their Soviet models. 
Western peripheral manufactur-

ers like Sweden's Addo Business 
Machines have been quick to ex-
ploit the new markets for faster 
and more reliable peripheral equip-
ment as the slower Bloc-made sys-
tems get bogged down under a 
steadily growing flood of paper-
work. The firm's export sales have 
jumped from $800,000 in 1.966 to 
a current annual rate of $4 million 
in Eastern Europe outlets. 
NCR is now selling its Mohave 

encoder throughout Comecon; ne-
gotiations are reported in progress 
with the Soviet Union, Poland, 
Czechoslovakia, and Rumania. 
Honeywell was asked by the Poles 
at last June's Poznan Trade Fair 

whether its peripherals could be 
adapted to the Russian Minsk 22. 
Poland is also in the market for 
memories to increase the Minsk's 
capacity. Last summer, Britain's 
ICL sold Metronex—Poland's large 
electronics enterprise—a license to 
produce and sell fast computer-
driven printers throughout Come-
con. In addition to supplying spe-
cial components the Poles are still 
unable to make, the company will 
train Polish engineers in England. 
ICL probably counts on the license 
producing more computer business 
since peripherals are still a com-
paratively small piece of the ac-
tion. Eastern European computer 
volume is now reportedly running 
at an annual rate of $50 million for 
third-generation gear alone. 

A run for the money 

The long-suffering aquiescence 
of the Russians to the Western 
invasion of neighborhood EDP 

Czech mate. Million-dollar ICL computer 

installation at Ostrava steelworks is 

being used initially for stock 

control and accounting. 
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markets will not last for more 
than two years, at most, say 
Vienna-based observers of Come-
con computer developments. The 
Soviets continue to buy large West-
ern-made machines—but only those 
that are compatible with IBM's 360 
programing language over the long 
term, however, the country doesn't 
have enough hard currency avail-
able; moreover, it doesn't want to 
become dependent upon Western 
EDP suppliers to meet its rapidly 
growing needs. 
Thus, it came as no surprise last 

spring when the Soviet Union an-
nounced plans for the development 
and manufacturer of a complete 
family of third-generation comput-
ers in cooperation with Comecon 
partners. The new system is sup-
posed to be compatible with the 
IBM's 360 series. The project has 
been designated RJAD (The Rus-
sian abbreviation for Unified Data 
Processing Program), and the first 
equipment deliveries are sched-
uled for late in 1971. The largest 
machine will reportedly be about 
the same capacity as the 360/65; 
the smallest model will be on a par 
with the 360/20. 

According to current plans, the 
Soviet Union will supply all cen-
tral processing units, Czechoslo-
vakia and East Germany the pe-
ripheral units, and Hungary the 
software. Poland will furnish mem-
ories, while Bulgaria and Rumania 
will provide components—largely 
from lines built with Soviet as-
sistance. 

Hedging. Despite the Soviet-led 
project, satellites are still including 
substantial imports of Western-
made EDP systems in their five-
year plans. Even the Russians have 
reportedly earmarked nearly $300 
million for computer imports over 
the next few years. 
While Russia's EDP purchasing 

plans are difficult to assess because 
of the veil of secrecy that sur-
rounds all decisions there, Western 
firms have an easier time when it 
comes to keeping tabs on the im-
port plans of other Comecon coun-
tries. When it comes to an overall 
assessment of these markets, West 
Germany's Siemens has probably 
the best picture, thanks to a survey 
it commissioned last year. One of 
the company's Russian-speaking 
engineers who is responsible for 
Comecon outlets says that the big-

104 

gest current market is to be found bureaucracies with close ties to 
among the state-operated tourist planning offices. 
agencies, railways, and airlines. Secondary outlets. In countries 
Not only do they have to improve where Western computer pur-
their efficiency if they are to con- chases are limited by hard-cur-
tinue attracting Western clientele, rency shortages, there's still a 
but they are also in a privileged market for Western peripheral 
position to spend hard currency equipment, often a low-cost solu-
since they bring in so much. tion to the problem of speeding up 

Soviet-, Polish-, or East German-
Where it's at made machines. Last year, the 

Siemens is now negotiating with Czechoslovak State Bank in 
the Rumanian State Railway for Prague, for example, brought what 
the sale of a System 4004/35, is probably Europe's most modern 
which will be used mainly for seat data acquisition system. It was 
bookings and related commercial wholly installed by Sweden's 
operations. Several other deals are Addo, even though the bank relies 
now pending with other Comecon heavily on Soviet-made computers. 
transport and tourist enterprises, Last Spring the Bank began to ex-
the company reports. Honeywell pand the system as the first step 
recently sold a complete computer- of its five-year plan to supply data 
based booking system to Yugo- transmission services from its 
slavia's State-owned airline. This branches to computers in Prague 
type of equipment will have to and Bratislava. It awarded a $70,-
come from the West for a long- 000 contract to Britain's Plessey 
time to come, Comecon planners Co. for its 200-baud and the higher 
admit, because of the concentration speed 600/1200-baud data trans. 
on industrial applications. mission systems. Transmitters and 
Apart from specialty outlets, receivers will be interconnected 

which are admittedly limited and through the public telephone net-
highly competitive for Western work. 
companies, today's big Eastern Eu- In recent months the Poles 
ropean commercial EDP market en- blandly announced that although 
compasses state banks, planning they only have 165 computers in 
offices, and statistical agencies, and operation, they will need three 
industrial plants. But as an NCR times as many for the 1970-74 plan; 
executive at the Poznan Fair last and most of the larger units will 
June commented: "It is a very ir- have to come from the West. The 
regular market, depending heavily Czechoslovaks estimate that they'll 
on the currency position of the po- need around 500 computers during 
tential buyer." the next five years, as against the 

In other words, as long as Come- 135 installed so far. They empha-
con economies continue to be short size that while the Soviets sup-
of hard currency, they'll have to plied 40 of this total (three or four 
restrain their managers, who are years ago), Univac and ICL to-
to a man enthusiastic about West- gether account for more than 50 
ern-made computers. According to (installed mainly within the past 
the NCR official: "There is no real three years). Hungary, even though 
competition from Eastern Europe.- a small country, is rapidly indus-
State planners, however, control trializing and has a strong Western 
hard-currency outlays, and ulti- orientation when doing business. 
mately they decide who is going The 75 computers it now has in 
to supply the equipment. operation are about evenly divided 

Since the potential earnings between Western sources (mainly 
power of Western-made capital Univac) and Comecon suppliers. 
goods is the big consideration in But the current trend is clearly 
purchase decisions, computers for toward more Western-made sys-
universities and research institutes tems. 
usually come from the Soviet Self help 
Union. Machines are imported un-
der barter-type bilateral trade A quick check of Comecon's EDP 
agreements. Expensive Western capacities reveals why Eastern Eu-
models are reserved for factories rope will have to rely on Western-
which can improve their efficiency made computers for a long time to 
and hence export potential, or state come. The Soviet Union generally 
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offers second-generation medium-
size Minsk 22 and Ural 14 com-
puters to its neighbors. These ma-
chines are notable for relatively 
small memories—in the 8,000-word 
range. More powerful models in-
troduced during the past year or 
two include the Minsk 23, the 
BESM 6, and the Razdan 3. But few 
of these are shipped into Eastern 
Europe since Russia's internal de-
mands for large-capacity machines 
are far from being satisfied. 

After the Soviets, the leading 
Comecon EDP exporter is Poland's 
Elwro plant in Wroclaw, which 
will have turned out nearly 200 of 
its second-generation Odra 1204 
(comparable to Elliott Automa-
tion's 803 or IBM's 1130) by the 
end of the year. A company official 
reports that 75% of the plant's out-
put is shipped to other Comecon 
nations—largely East Germany, 
Russia, and Czechoslovakia. He 
says: "We can sell as many to the 
Soviet Union as we have avail-
able." Elwro buys its peripherals 
from East Germany's Optima of-
fice machinery plant, which sup-
plies typewriters, tape punches, 
and tape readers. Although the 
Hungarians have exhibited some 
of their peripherals in Poland, the 
Poles consider them too slow. They 
would buy Western peripherals for 
the Odra, if they were compatible 
and "if the price were right." El-
wro is now getting ready to launch 
its second-generation 1300, but it 
still has no plans to get into third-
generation technology partly be-
cause Poland does not yet produce 
integrated circuits on a commercial 
scale. 
Czechoslovakia may soon be one 

of Comecon's leading computer ex-
porters thanks to a license its Tesla 
electronics group bought last year 
from France's Bull-GE on the 
Gamma 140. This is a medium-size, 
second-generation machine never 
produced in commercial quantities, 
even though it was widely exhi-
bited at Eastern European trade 
fairs beginning in 1965. 
Second choice. Originally the 

Czechs wanted a license for the 
ICL 1901, a more powerful me-
dium-size machine. But a diplo-
matic assist from French Foreign 
Minister Couve de Murville during 
a visit to Prague helped to push 
through the Bull-GE sale. Since the 
Czechs bought the license, French 
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Exception, NATO trade restrictions have held down computer shipments 

to Soviet Russia; ICL, however, has delivered this 4-50 gear to Gosnab. 

suppliers of peripheral equipment 
and accessories used with the 
Gamma line have also sold licenses 
to Tesla and other Czech enter-
prises. 
The Hungarians, Bulgarians, and 

Rumanians—with some Russian 
help—also manufacture computers. 
But such operations are mostly 
prestige projects conceived as a 
sop to nationalistic planners and 
engineers who continually agitate 
for the establishment of independ-
ent EDP capacity. Although these 
smaller second-generation ma-
chines usually get out of the proto-
type stage, they cannot measure 
up to Western-made or even So-
viet and Polish machines. 
The East Germans have concen-

trated on desk-top and small busi-
ness computers. These are exported 
throughout Comecon but enough 
cannot be produced to meet grow-
ing demands. Consequently, the 
Japanese are now finding a ready 
market for their low-priced units. 

Ratings game 

Poland and Czechoslovakia offer 
Western commercial EDP suppliers 
the best potential, with Hungary 
and Rumania a strong third and a 
weak fourth, respectively. Soviet 
intentions at this moment are too 
hazy to justify an accurate forecast 
of future trends. East Germany is 
still strongly tied to Soviet and 
Polish sources as is Bulgaria. But 
the former recently bought a $3 
million ICL 1900 system for its op-
tical industry. 

Although the potential Soviet 

market is by far the largest in 
Comecon, deals take a long time 
to negotiate, are usually one-shot 
affairs, and are often encumbered 
by political overtones. Relatively 
few Western computers have been 
sold there. Moreover, Soviet poli-
cies are difficult to assess because 
of their inconsistency, a situation, 
which doubtless reflects internal 
power struggles in the current rush 
to computerize the economy. 

ICL, with 95% of Poland's West-
ern EDP installations, is now open-
ing up a sales and service office 
in Warsaw to better cover the mar-
ket. Until recently, the country was 
covered directly from England. 
Honeywell is now making a bid 
for a share of the Polish market. 
It just made its first sale: a 200 
Series commercial computer and 
various process control machines 
for a nitrogen plant being put up 
by a French company. 
Univac is the leading Western 

computer brand in Czechoslovakia, 
with ICL a close second and IBM 
a poor third. More than 35 Univac 
machines are either installed or on 
order, half of which are the small 
and medium models, like the third-
generation 9300 model. Univac's 
volume during the past three years 
in Czechoslovakia has averaged 
$2.5 million; this level should be 
exceeded during 1969 despite the 
country's economic troubles follow-
ing the Soviet invasion. 

Barter. Honeywell is reported 
negotiating a 10-machine deal in 
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return for machinery of various tential. ICL's handful of installa- of 1,300 strategic goods that cannot 
types to be shipped to a Scandi- lions lead all Western companies. be exported to Communist nations. 
navian plant, which in turn will Japan's Fujitsu has also sold some Although this list has grown 
pay Honeywell in hard currency. Facom computers; at last report it shorter over the years, it still in-
If this triangle trade goes through, was negotiating the sale of a li- eludes large third - generation 
it will be the largest deal of its kind cense for the saine model. machines with a capacity above 
yet undertaken by any ;Western Process progress. The Eastern that of the IBM 300/40, many types 
computer company in Eastern Eu- European market for process con- of semiconductors, certain IC tech-
rope. Like IBM and other Western trol computers has been slower in nology, and other advanced elec-
EDP equipment suppliers to Come- developing. So far most Comecon tronics. 
con, Honeywell has always insisted business in this type of equipment Most NATO countries maintain 
on straight cash deals. With the has been shared by Siemens, strict observance of the list, with 
heavy competition in the Czech Elliott Automation (now a part of the exception of France. Thus the 
market today, however, the com- ICL), and Ferranti, though Honey- British Government in recent years 
pany has to make a concession. Be- well has just macle its first sale to has refused permission to ICL to 
sides, the Czechs are very short Poland. Siemens foresees more sell the larger 1900 Series to East 
of hard currency since the Soviet sales in the process control area Germany and the Soviet Union. 
invasion. over the long run than in the corn-
Univac leads in the number of mercial EDP area, mainly because 

Hungarian installations but ICL Eastern Europe is so far behind 
has the larger dollar volume. Hon-
eywell is making a strong bid for 
a share of the market after having 
recently sold Series 200 machines 
worth $2.5 million to the Ministry 
for Home Trade, the Post Office, 
the National Bank, and the State 
Railway. IBM, NCR, Siemens, and 
Bull-GE have also sold one or incite 
machines, which are usually in the 
medium-size category. Hungary 
would buy more Western EDP 
equipment if suppliers were willing 
to take Hungarian products in part 
payment, say trade officials in Bu-
dapest. 
Room to grow. Rumania is wide-

open kestern standards 

the West in such computer appli-
cations. Furthermore, as quality 
requirements become more strin-
gent in most industries and plant 
managers can be called to account 
for excessive raw materials inputs 
under current economic reforms, 
the acceptance of process control 
spreads. 

Partially resp- onsible for the 
hesitancy to computerize processes 
is the realization that qualified 
technicians to operate and main-
tain such systems are not around. 
Nonetheless a few industries in 
Eastern Europe are swinging over. 
At the head of the list are the newly 
built and expanded steel and chem- 

English Electric has had difficulty 
in securing export permits for 
certain System 4 machines to the 
Soviet Union. 

U.S. EDP manufacturers support 
their Government's position on the 
embargo issue to varying degrees. 
At IBM's annual meeting last year, 
company chairman Thomas J. Wat-
son Jr. stated that IBM only sells 
models to Communist countries 
that are equivalent to what West-
ern European competitors are per-
mitted to sell by their govern-
ments. Control Data Corp. is typi-
cal of those U.S. companies which 
claim that U.S. embargo policy has 
closed off Comecon markets to 
American EDP makers, while per-
mitting their European competi-
tions to gain a foothold. 

maret by W 
with plenty of competition devel- ical complexes in Rumania, Czech- Bitter experience. CDC was 
oping. Although ICL with six has oslovakia, and the Soviet Union. asked by Czechoslovaks to supply 
the most installations, Univac is For example, the Galatz Steel its 3400 machine for Bratislava's 
pushing the hardest since its ex- Works in Rumania now uses Siem- Computing Research Center; it 
hibit in Bucharest last autumn. ens Systems 300 to control blast agreed to do so until Washington 
IBM has scored a notable sales furnace operations, while Czecho- refused to grant the export license. 
coup; Siemens and Bull-GE are slovalcia's new Kosice Steel Works The company had to persuade the 
actively seeking orders. Even Ja- uses the same system for converter Czechoslovaks to take the 300 
pan's Nippon Electric Co. has operations. Power stations in both model instead; they could have 
sold equipment. Last year ICL countries use Siemens systems, for bought nearly the same thing from 
thought it had an order for its 1904 the control of 1,000-megawatt ICL at a lower cost. CDC officials 
model from the U.N.-financed man- blocks of generation equipment. have testified before Congressional 
agement development center all The Poles are now negotiating committees investigating east-west 
but sewed up when the fickle Ru- with Siemens for similar gear. trade policies that U.S. Dept. of 

Commerce officials have openly 
declared that U.S. policy is to with-
hold advanced technology—includ-
ing certain types of third-genera-
tion computers—from Communist 
markets in order to protect the 
American technological lead in such 
equipment. Apparently military 
strategic constderations are only of 
secondary concern when it comes 
to the embargo provisions affecting 
computers. 

Last May's decision by the 

manians suddenly opted for an 
IBM 360/40 machine. A three-man 
consultant committee set up by the 
U.N.'s Development Program had 
already recommended the ICL ma-
chine. But hard selling by IBM in• 
Bucharest changed the Rumanians' 
mind. 
Although Eastern Europe's 

smallest EDP market, Bulgaria has 
been getting its full share of atten-
tion from Western EDP firms, prob-
ably mindful of its long-term po-

Hang-ups 

U.S. EDP sales to Eastern Europe 
would certainly be larger than the 
$15 million level they have reached 
if producers did not have to con-
tend with strategic trade controls, 
clearly more stringent than those 
applied by any other NATO country. 
For the past 20 years, the Paris-
based Coordinating Committee 
(Cocom) of 15 NATO countries, 
plus japan, has maintained a list 



National Security Council to keep 
the Export Control Act of 1949 in 
force beyond its June 30, 1969 
expiration date means that the U.S. 
embargo list of recent years should 
remain unchanged for the foresee-
able future. The application of this 
embargo policy results in some 2% 
of all demands for export licenses 
for sale to Communist nations 
being turned down. The vast 
majority of U.S.-made EDP equip-
ment, hawever, including nearly all 
peripheral gear, is unaffected by 
the embargo. Some U.S. companies 
that do find their equipment on the 
embargo list have found it expedi-
ent to sell equivalent models made 
by their Western European sub-
sidiaries to Eastern European buy-
ers. 

Strategy and tactics 

The easiest way to sell anything 
in Eastern Europe is to offer to 
take goods in return either to the 
full value of the sale (rare in the 
EDP area) or to a minimum fixed 
percentage—usually 20%. NCR says 
that a few years ago, when it was 
getting a foothold in Eastern Eur-
ope, it had to take 100% of the 
value of its equipment in machin-
ery, which it then had to sell else-
where to get hard currency. To 
close many current deals it says 
that it still must take 20% to 30% 
of its equipment's value in Eastern 
European goods. Although Sie-
mens flatly refuses any such barter 
for its EDP equipment, it does ac-
cept goods in exchange for con-
ventional medical electronics, in-
strumentation and measurement 
equipment, where the competition 
from the West is keener. 
Whether or not a Western com-

pany interested in selling to East-
ern Europe is prepared to take 
Comecon-made goods, it can only 
close the deal once the particular 
piece of equipment has been writ-
ten into the industry's annual plan. 
As a Siemens executive comments, 
"Once the computer has been spec-
ified in the plan, there is no prob-
lem in financing the deal." But 
getting the computer written into 
the plan is no easy matter. It means 
frequent visits to the end user, the 
foreign trade enterprise that will 
handle the deal if the end user does 
not have the right to engage in 
foreign trade (most do not), plan-
ning commission officials, the State 
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bank, and a long list of other bu-
reaucracies, all of which must be 
somehow convinced that the sell-
er's particular model is the best 
suited for the country's needs and 
payment capabilities. 
The criteria for measuring these 

needs varies from one organization 
to another. On the top rung of the 
decision-making hierarchy, officials 
are most concerned with the in-
crease in hard-currency earning po-
tential afforded by the equipment. 
In other words, will the plant using 
the computer be in a position to 
increase the volume and/or quality 
of its sales to Western buyers? If 
so, by how much? Before the ma-
chine purchase is approved for in-
clusion in the plan, which auto-
matically means that hard currency 
will be set aside for its purchase, 
the end user will have to prove to 
the responsible ministry that the 
increased exports afforded by the 
machine will be worth so many 
times the hard-currency cost of the 
machine over a specified number 
of years. 

Bedfellows. For these and re-
lated reasons, the Western seller 
has to become intimately con-
cerned with the operational prob-
lems of the end user, going so far 
as to assist him work up the brief 
that must be presented to the min-
istry before the purchase will be 
considered. At the same time, the 
seller will have to demonstrate that 
the computer is successfully solv-
ing the same kind of production 
problems in another country, pref-
erably Eastern European. To in-
still confidence in the officials of 
the end-using plant and the com-
petent ministry, the seller is ad-
vised to invite a delegation to his 
home office, show them his produc-
tion facilities, and take them to in-
spect several installations similar 
to the one the end user wishes to 
buy. 

Sending a delegation of Govern-
ment trade officials to the Eastern 
European capital on a good-will 
mission at a strategic point during 
the negotiation of a large contract 
can produce remarkable results, as 
the British and French have dis-
covered to their profit on many 
occasions. Top officials from Brit-
ain's Board of Trade routinely 
represent ICL interests on their 
frequent trips to Comecon-area 
capitals. The diplomatic pressure 
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brought to bear on Czechoslovak, 
Rumanian and Soviet trade officials 
by top-level French Government 
delegations—often headed by the 
Foreign Minister himself—has 
helped Bull-GE to clinch more than 
one sale, not to mention their im-
pact on the spread of Secam color 
tv technology and equipment. 

Sellers might also be obliged to 
exhibit their computer wares or 
peripheral equipment at the 
country's annual trade fair. Usually 
when the seller has been invited, he 
is fairly certain of a sale. Although 
his participation will cost him 
$10,000 to $15,000 for the average 
10-day fair, he is fairly sure of get-
ting the attention of visitors from 
neighboring Comecon countries, 
who carefully observe what their 
neighbors are interested in buying. 
The West must assume that 
some Comecon countries compare 
notes on the offers they receive and 
mutually inform one another of the 
state of negotiations with the same 
Western seller, in hopes of driving 
down prices. 

Time lag 

Most Western data processing 
companies report that they seldom 
make a major sale within a year 
after initiating negotiations. The 
average time can drag out to 18 
months or two years, depending 
upon the country, the type of 
equipment, and the amount of bar-
ter involved, 
The Japanese have probably set 

the example that Western compa-
nies should follow when trying to 
sell in Eastern Europe. Platoons of 
salesmen are camped at all times 
in the luxury hotels of most Come-
con capitals; they tenaciously make 
their way from one office to another 
with their wares. The same men 
will stay in the same capital for 
years on end, interspersed by short 
visits home for briefing, while del-
egations of top-level executives 
from Japan periodically visit the 
Eastern European trade fairs and 
specialized exclusively Japanese 
exhibits staged for several weeks 
at a time in various Comecon cap-
itals. 

ICL's considerable early success 
throughout Eastern European can 
be largely attributed to this mode 
of operation, which the Japanese 
are now emulating, as are the West 
Germans. 
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Nomenclature 

Acronyms—antic abbreviations 
Specialists and laymen alike are finding it's an increasingly tricky proposition 

to keep track of short forms generated by the boom in science and technology 

By W. Eric Aiken 

Assistant managing editür 

and Paul A. Dickson 

Associate Editor 

This summer, a Republican con-
gressman took to the floor of the 
House, and, in all seriousness, 
recommended renaming the pos-
sibly apocryphal military-industrial 
complex. His proposal: military, 
university-union, science, industrial 
complex, which telescopes con-
veniently—and disarmingly—into 
the acronym, MUSIC. Though per-
haps offbeat in the national context 
of student disorders, a tense racial 
situation, the war, and related mat-
ters, the representative's sugges-
tion does illustrate the extent to 
which acronyms have entered the 
language. 

Given the rapid expansion of sci-
ence and technology, these concise 
and often colorful bits of verbal 
shorthand have proved generally 
useful as ready references for com-
plex projects, products, and proc-
esses. They've probably saved 
miles of newsprint and months of 
news broadcasting time. But things 
have gotten out of hand. Odd-
ball word assemblages, obviously 
selected with an eye to coming up 
with memorable acronyms, are be-
ing generated faster than special-
ists—much less laymen—can keep 
tabs on them. As a result, an in-
creasing number of terms, sup-
posedly devised as communications 
shortcuts, are becoming compre-
hension detours. Aerospace and 
electronics outfits, the military, and 
agencies at all levels of government 
are among the worst offenders. 
Acronyms (from the Greek akros, 

meaning tip, plus onym, name) are 
formed by combining the initial let-
ters or syllables of a string of 
words. Radar (Radio Detection and 

Medium rare. It takes a special sort of pundit to guess that 
SWAMI is an acronym for Standing Wave Area Motion Indicator. 

Ranging) and Sonar (Sound Navi-
gation and Ranging) are familiar 
examples from the electronics field. 
A sort of instant acronym, SALT 
(Strategic Arms Limitation Talks), 
is currently making the headlines. 
Acronyms have two significant 

offshoots—intitialisms and "port-
manteau words." The former are 
straightforward combinations of 
the first letters from a series of 
words; NASA (National Aeronautics 
and Space Administration) and 
NTDS (Naval Tactical Data Sys-
tem) provide cases in point. Lewis 
Carroll is responsible for portman-
teau words. Humpty Dumpty came 
up with the term to explain "slithy" 
(lithe and slimy) in the poem about 
the Jabberwocky. Portmanteaus are 
blends of two or more words in 
which the roots are generally rec-

ognizable. The Navy is particularly 
fond of them as grotesqueries like 
BuWeps (Bureau of Naval Weap-
ons) and NAVFORKOR (Naval 
Forces, Korea) attest. Transceiver 
(Transmitter/ Receiver) and Fortran 
(Formula Translation) are exam-
ples from the workaday world of 
electronics. 

Points of origin. "Probably the 
most interesting development in 
our changing language has been 
the vast current popularity of 
acronyms," says the distinguished 
lexicographer William Morris, edi-
tor in chief of the American Heri-
tage Dictionary of the American 
Language, which will be published 
this month. He reports scholars 
claim to have located examples of 
acronyms in ancient Hebrew scrip-
tures. But their appearance in pro-
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Bum steer. The second-generation acronym, BEEF (Business and Engineering 
Enriched Fortran), is a laughing stock outside the data processing field. 

fusion dates from World War I, 
when such terms as ANZAC (Aus-
tralian-New Zealand Army Corps) 
and WAAC (Women's Army Auxil-
iary Corps) were coined. 
During the 1920's, the Russians 

produced short forms like GOSPLAN 
(Gosudarstvenny Plan), a state 
commission responsible for drafting 
economic programs, and AMTORG 
(Amerikanskaya Torgovlya), a So-
viet trading concern founded to 
traffic in commodities between the 
U.S. and USSR. 
"Acronyms didn't really catch on 

in America until Roosevelt's New 
Deal and World War II," says 
Morris. "I'd guess the custom of 
referring to the alphabet agencies 
such as WPA (Works Progress Ad-
ministration) and NLRB (National 
Labor Relations Board) accelerated 
the trend toward naming organiza-
tions and offices with pronounce-
able combinations of letters." 
Language barrier. For all their 

popularity, acronyms are little more 
than gibberish to many people. A 
recent study indicates that the aver-
age reader fails to understand one-
third of the acronyms used in 
newspaper headlines. Another sur-
vey, made by the University of 
Florida's Journalism Department, 
concludes most people forget 
acronyms almost as soon as they 
encounter them. 
The acronym explosion has, how-

ever, proved a business boon to 
some. Among the beneficiaries is 
the Gale Research Co. of Detroit, 
which compiles and publishes the 

Acronyms and Initialisms Diction-
ary (AID). The first edition came 
out in 1961 with 12,000 entries. The 
second in 1965 had 45,000. Ellen 
Crowley, assistant editor, reports 
that a 13,500-word supplement was 
issued last September. She and her 
staff are now working on a second 
supplement with 13,500 new acro-
nyms and initialisms. 
On a smaller scale, public rela-

tions department at aerospace and 
electronics concerns have put out 
handy glossaries of space-age ab-
breviations. The Raytheon Co., for 
instance, published a booklet called 
ABRACADABRA (Abbreviations and 
Related Acronyms Associated with 
Defense, Astronautics, Business, 
and Radio-electronics) with 400 
entries during the early 1960's. In 
1963, a second edition with 900 
of what the firm describes as 
ABRACADDENDA appeared. Gen-
eral Dynamics in 1966 distributed 
an 80-page Dictionary of Acronyms 
and Project Names. 
Of late, however, there's been a 

notable lack of corporate activity 
in this area, probably because sim-
ply keeping track is a full-time 
job for professionals. Acronyms, it 
seems, are into a second and even 
third generation. A working defini-
tion of the former might be an 
acronym within an acronym. BEEF 
(Business and Engineering En-
riched Fortran) is an example, as 
is SATIN, for SAGE (Semiautomatic 
Ground Environment) Air Traffic 
Integration. 

Third-generation acronyms have 

two or more internal acronyms. 
Among the qualifiers: ALTAIR, for 
ARPA (Advanced Research Projects 
Agency) Long-Range Tracking and 
Instrumentation Radar. Another 
somewhat grisly case in point is a 
perfectly peaceful Army project 
with the unfortunate designation of 
NAPALM, for National ADP (Auto-
matic Data Processing) Program 
for AMC (Army Materiel Command) 
Logistics Management. 

Good for laughs 

The time and effort expended in 
dreaming up snappy acronyms is 
incalculable; the wonder is that the 
results are so often ludicrous. An 
IBM source confides his company 
will invest literally hours in naming 
a single project. Having stung itself 
more than once, the colossus of the 
computer world is apparently in-
clined to be supercautious these 
days. The first cut on what is now 
the DACOR (Data Correction) Sys-
tem was FECES (Forward Error-
Control Electronics System). 

This sort of SNAFU (Situation 
Normal, All Fouled Up) is also 
common at the Federal level. A pre-
liminary name proposal for the Na-
tional Data Center was Federal 
Information Bank (FIB). The words 
"Housing and" were hastily added 
to the Department of Urban 
Development to save it from the 
ignominious title of DUD. And a 
West Coast outfit, which shall be 

Culpable. The Navy's SINS are only 

Ships Inertial Navigation Systems. 
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nameless, belatedly rechristened its 
Light Sensing Devices division to 
avoid running an LSD operation. 
A number of technologists and 

bureaucrats are content to let the 
verbal chips fall where they may. 
The project manager for a new 
Navy computer system is under 
some pressure from his superiors to 
come up with something catchier 
than AADC (for Advanced Avionics 
Digital Computer). He's standing 
pat, however, on the grounds that 
close congressional scrutiny has 
made flashy acronyms a liability. 

In a fog. He's perhaps mindful as 
well of the plight of an industry 
colleague, which a source in the 
Navy Electronics Command re-
calls. It seems the man was shep-
herding a radar project into the 
funding stage. He was persuaded 
that he needed an acronym to put a 
final touch on his work. The poor 
soul wound up gratefully accepting 
a string of words that worked out 
to MIASMA—a designation suffi-
ciently offensive to higher-ups for 
his proposal to be returned. 
NASA also has an apparent genius 

for this sort of thing. But for good 
or ill, the agency generally brazens 
things out. The Goddard Space 
Flight Center, for example, has a 
Manpower Utilization Department 
that straight-faced staffers refer to 
as MUD. Goddard did back away 
from GIRLS (Global Interrogation, 
Recording, and Location System), 
dropping the first word. "Since the 
system works with oceanographic 
buoys, we were afraid editors 
would take all sorts of liberties 
with the combination," explains a 
spokesman. The switch to IRLS, 

however, didn't come in time to 
avoid having to scratch the name 
plates that had been ordered. 

Hindmost. Francis J. Sullivan, 
director of electronics and control 
at NASA, is increasingly bemused 
by the proliferation of acronyms 
and initialisms in his own field. 
During a recent interview on the 
aeronautical services satellite—a 
project still in search of an acronym 
—he confessed he couldn't recall 
the designation of a group that had 
made a key decision concerning 
this program at a recent meeting. 
He made several calls during the 
course of which such terms as ICAO 
(International Civil Air Organiza-
tion) and IATA (International Air 
Transport Association) were ban-
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died about as possibilities. 
At length, an aide arrived to tell 

him the group in question was 
ASTRA (Application of Space Tech-
niques Relating to Aviation), an 
ICAO arm. "There are so many 
acronyms around, I hit at least one 
a day that I don't know or can't 
remember," said Sullivan. 

Circumlocutions 

Sullivan may be comparatively 
well off in this respect. At the an-
nual briefing for industry, held by 
the Federal Aviation Administra-
tion (FAA) this June, one speaker, 
discussing a computer scheme, kept 
referring to DICE. This produced a 
lot of back-and-forth whispering 
among the thoroughly confused 
audience. The speaker finally 
sensed the problem, and explained 
the term stood for Direct Course 
Error, conceding it was a neolog-
ism of his own devising. 
Another would-be explicator, 

Gen. James Ferguson, who heads 
the Air Force Systems Command, 
took communications techniques as 
his subject for a speech to the 
Armed Forces Management Asso-
ciation (AFMA) this spring. ". . . I 
personally have had to sit through 
too many briefings that went over-
time and befogged me with acro-
nyms and technical jargon to an 
extent that nearly obliterated both 
the problem and the solution," he 
said. The general's points were well 
taken. Later on, he served up the 
following mouthful: "Incidentally, 

ARDC became AFSC, adding AMC's 
procurement responsibilities to the 
R&D phase of development." (Prob-
able translation: The Air Research 
and Development Command be-
came the Air Force Systems Com-
mand, adding Air Materiel Com-
mand procurement responsibilities 
to the research and development 
phase of development.) 

Insider's newsletter. Expository 
writing likewise offers good oppor-
tunities for trotting out acronyms— 
obscure and otherwise. The follow-
ing is from an issue of Skywriter, 
North American Rockwell Corp.'s 
house organ: "Examples of the 
functional planning and control 
systems in COMPASS are the BEA-
CON system used by Research and 
Engineering, the SCAN system used 
by Manufacturing, Quality, and 
Reliability, the POISE system used 
by Material, and several product-
control systems used by Logistics 
and Support." Nowhere in the story 
is there any explanation of these 
four acronyms. 

Other confusion factors abound. 
The Massachusetts Institute of 
Technology's Project MAC, for ex-
ample. MAC is a double-barrelled 
acronym, standing for Machine-
Aided Cognition and Multiple-Ac-
cess Computer. The six-year-old 
program—an experimental investi-
gation of new ways to apply on-
line machines—has generated a fair 
number of acronyms during its 
existence, including: ADEPT; SIR; 

SET; SARGE; SIMPLE; LOTUS; DISH-

Bearded sage. William Morris, editor 
of the American Heritage Dictionary, 

notes acronyms didn't become really 
popular until the Second World War. 
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PAN; CARPS; MAD; and SCAD. 
But MAC is a comparative piker 

when it comes to multimeanings. 
Knowledge of one particular trans-
lation of an acronym is no guaran-
tee against befuddlement. Most in-
formed readers would, for example, 
judge AID to be the State Depart-
ment's Agency for International 
Development. It ain't necessarily 
so. In a medical context, this ver-
satile term can be Artificial Insem-
ination by Donor; in all, it has at 
least 10 meanings. Likewise the fa-
miliar EIA doesn't have to stand for 
Electronics Industries Association; 
it can also mean Envelope Institute 
of America and Equipment Inter-
change Commission. AMC has 25 
or more equivalents, and AMA over 
20. Gale Research's first supple-
ment, which repeats nothing from 
the second edition of AID, has six 
entries for ACE, nine for FAST, 
seven for CAP, nine for soS, three 
for CORAL, and so on. 
Exemplars in the look-alike cate-

gory are NOA and NOAA, the Na-
tional Oceanic Association and Na-
tional Oceanic and Atmospheric 
Agency, respectively. In the news-
letter, Oceanology, these two terms 
can lead to headlines like this: 
"NOA Adopts Resolution Endorsing 
NOAA Plan." 
Golden Greeks. Acronym fanci-

ers can, if they so choose, cate-
gorize their favorites. There are 
enough of what might be called 
classic cases to populate a fair-
sized history. The cast of charac-
ters could include such luminaries 
as: SOCRATES (System for Organiz-
ing Content to Review and Teach 
Educational Subjects); ARISTOTLE 
(Annual Review and Information 
Symposium on the Technology of 
Training); PLATO (Programed 
Logic for Automated Learning Op-
eration); AESOP (Artificial Earth 
Satellite Observation Program); 
CASSANDRA (Chromatogram Auto-
matic Soaking, Scanning, and Digi-
tal Recording Apparatus); ADONIS 
(Automatic Digital On-Line Instru-
ment System); and MIDAS (Missile 
Defense Alarm System). 
Animal lovers have plenty of 

PETS (Pacific Electronics Trade 
Show) in the acronym kingdom. 
The space agency's menagerie 
alone includes: MOOSE (Man out of 
Space Easiest); MOUSE (Minimum 
Orbital Unmanned Satellite of 
Earth); POSSUM (Polar Orbiting 

Add hard copy printout 
to your Wang 
electronic 
calculator 

Now you can have both instantaneous display 
and a permanent record. 

The new Model 301 Column Printer plugs into any Wang 
200/300 series electronic calculator to give you a convenient 
and low cost means of validating input and permanently re-
cording output. 

The 301 utilizes a highly reliable computer line-printer con-
cept to produce clear and accurate numerical records at 3 
lines/second on conventional roll paper. 

The unit retains the floating decimal feature of the Wang Cal-
culator, but positions it in the center of the printout with a 
possible total of 9 digits to the left and 10 digits to the right. 
An automatic or manual mode switch gives you a choice of 
printout for all or only specific calculations and input values. 

The Model 301 printer is a fitting companion for your Wang 
calculator. If you're interested in bringing them together, 
call your nearest Wang office. 

WANG 
LABORATOFIES, INC 

Dept. 9H, 836 North St , Tewksbury, Massachusetts 01876 • Tel. 617 851-7311 

Call today! (504) 729-6858 (614) 488-9753 (716) 381-5440 
(216) 333-6611 (314) 727-0256 (505) 255-5775 (615) 523-8648 (717) 236-4782 

(201) 272-7160 (301) 588-3711 (315) 463-9770 (512) 454-4324 (615) 889-1408 (801) 487-2551 
(203) 288-8481 (301) 821-8212 (317) 631-0909 (513) 531-2729 (615) 266-5055 (805) 962-6112 
(205) 881-5360 (303) 364-7361 (404) 633-6327 (515) 288-5991 (616) 454-4212 (808) 536-5359 
(206) 525-2000 (304) 344-9431 (405) 524-4489 (516) 437-2500 (617) 542-7160 (813) 872-7347 
(212) 682-5921 (305) 563-8458 (412) 366-1906 (517) 835-7300 (702) 322-4692 (816) 444-8388 
(213) 776-2985 (305) 841-3691 (414) 442-0160 (518) 463-8877 (703) 595-6777 (915) 565-9927 
(214) 361-7156 (309) 674-8931 (415) 692-0584 (601) 875-5588 (703) 359-6320 (915) 683-3304 
(214) 759-5950 (312) 297-4323 (608) 255-4411 (713) 666-2451 (918) 747-0018 
(215) 642-4321 (313) 352-2144 (502) 426-1116 (612) 881-5324 (714) 276-8464 (919) 272-5683 
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R1: 11 
THEIR WIRE 

$1.00 

.50 

Cuts cost of solder-iron 
resistant wire by 50%. 
IRRAVIN insulated hook-up wire 

resists hot solder iron damage and 
high ambient heat. Yet, it sells for 
less than half of the other leading 
high temperature wires. You cut 
costs without cutting corners. 

And that's only part of the sav-
ings possible. You also get longer 
lengths for faster production with 
less scrap (up to 50,000 ft. of con-
tinuous lengths available), lower 
inventory costs (IRRAVIN hook-up 
wire is a universal wire—easily re-
places a host of other "specials"). 

So, you see using IRRAVIN wire 
is like getting half your order free! 

Have a good application? 
Enter our Pot-O-Gold Contest. 

Write for your 
entry form today. 

IRRAVIN wire is not a cheap 
wire—just costs you less. What's 
more, IRRAVIN wire is great on 
crush, cut through and abrasion 
resistance, no need of outer jacket-
ing. It is U.L. Listed and conforms 
to MIL-W-16878. 

Want a sample for comparison? 
Write: ITT Wire and Cable Division, 
Surprenant Products, International 
Telephone and Telegraph Corpora-
tion, Pawtucket, Rhode Island 
02862. In Europe: ITT Europe-
Components Group, Lister Road, 
Basingstoke Hants, England, 
United Kingdom. 

IRR811111—the wire 
that stops the grumbles. 

WIRE AND CABLE ITT 
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Satellite System); and the beloved 
cartoon character POCO (Polar Or-
bit Geophysical Observatory). Else-
where, there arc: ZEBRA (Zero En-
ergy Breeder Reactor Assembly); 
BAMBI (Ballistic Antiballistic Mis-
sile Boost Intercept); FLEA (Flux 
Logic Element Array); RATS (Radio 
Altimeter Target Simulator); and 
CATS (Centralized Automatic Test 
System). 

Girl-watching is also a possible 
pastime for acromaniacs; they can 
ogle such DOLLS (Delayed Opening 
Leaflet System) and MAIDS (Multi-
purpose Automatic Inspection and 
Diagnostic System) as: ROSE (Ris-
ing Observational Sounding Equip-
ment); ROSIE (Reconnaissance by 
Orbiting Ship Identification Equip-
ment); SADIE (Scanning Analog-to-
Digital Input Equipment or Secure 
Automatic Data Information Ex-
change); and DIANE (Digital Inte-
grated Attack and Navigation 
Equipment). 
The lay civilian sector has caught 

on, but probably not up, in the 
name game. A number of CIVACS 
(Civilian Acronyms) have even su-
perseded their origins, entering the 
language as full-fledged words or 
trade names. It's doubtful, for ex-
ample, that many people remember 
CARE stands for Cooperative for 
American Remittances to Every-
where. Motel (Motor Hotel), Na-
bisco (National Biscuit Co.), Alcoa 
(Aluminum Co. of America), Scuba 
(Self-Contained Underwater 
Breathing Apparatus), Smog 
(Smoke and Fog), Core (Congress 
of Racial Equality, and Socony 
(Standard Oil Co. of New York) are 
among the other success stories. 
Along similar lines, civic action 

groups and other organizations 
have demonstrated a knack for con-
scious or unconscious puns. How 
else is one to view MUDPIE (Mu-
seum and University Data Process-
ing Information Exchange)? And 
an aroused group in Santa Barbara, 
Calif., has christened itself Coo, 
for Get Oil Out. Another move-
ment, gathering steam these days, 
is PAUSE (People Against Unconsti-
tutional Sex Education); perhaps 
they'll work something out with the 
MOMS (Mothers for Moral Stabil-
ity). Then again, tomorrow may just 
belong to a recently formed group 
calling itself A Contrived Reduc-
tion of Nomenclature Yielding 
Mnemonics—ACRONYM. 

rne s 

NEW BARNES IC TEST HANDLER 
USES FLUIDIC LOGIC CONTROL... 
ELIMINATES ELECTRICAL NOISE! 

If you're looking for fast, interchangeable testing 

and sorting of flat-packs, duai-in-lines 
and TO's, at up to 4800 cycles an hour, better 
start with Barnes new Fluidic Automatic Test 

Handler. You'll get error-free test results, since 
the Handler's fully pneumatic operation 

prevents electrical noise and spurious signals. 
And fluidic logic virtually eliminates wear and 

maintenance problems. Used with any IC tester, 
the new Handler is ideal for production 

testing or QC inspection. Two and 
four-sort categories are 
available, with manual, 

magazine or vibratory bowl 
loading. Write for data. 

barnes 
CORPORATION 

Lansdowne, Pa. 19050 • 215/MA2-1525 

THE WORLD'S MOST COMPLETE LINE OF SOCKETS, CARRIERS AND CONTACTORS FOR I C 'S 

Circle 167 on reader service card 

6 will get you 36 

Now, new 6-spindle New Hermes en-
graves up to 36 machine keys with 
one set-up. 

Any unskilled worker simply 
guides the pantographic tracer on 
this pneumatically-operated engraving 

machine. Each spindle has an auto-
matic depth-regulator, guaranteeing 
uniform depth and width of engraving 
over the complete contour of the key. 

Write for detailed brochure No. 197. 

new hermes engraving machine corp. Engrave,,,,( 
20 Cooper Square, New York. N. Y. 10003 

Chicago, Atlanta, Los Angeles. Dallas. Montreal, Toronto, Mexico City 
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Ivy. 
AC Calibrator 

Literature Available Upon Request 

HEWLETT 

WORKI NG 

PACKARD 

STANDARDS 

Don't let the low cost of $975 fool you. The As 
Calibrator HP Model 6921A provides you with . 
constant voltage or a constant current output 
Select from .1 to 280 V rms in 4 ranges or .1 m • 
to 5A in 5 ranges, all with an accuracy of .25°/. 
under load conditions. Power is another plus fea 
ture; you get up to 28 watts output. Standard out 
put frequencies of 60Hz, 400Hz or 1kHz ar 
provided, with 50Hz available as an option. Prove 
applications for the Model 6921A AC Calibrato 
include calibration of ac meters and ac device-
The relatively high output power of 28 watts an 
the ability of the calibrator to operate into reactiv 
loads, makes it particularly suitable for calibratin 
large, moving-vane meters and for multi-unit cal 
bration of meters on the production line. 

For complete specifications on the 6921A an 
other HP meter calibrators, write for our new fil 
folder, or contact your local HF Sales Offic. 
Hewlett Packard, New Jersey Division, Gree 
Pond Road, Rockaway, New Jersey 07866. I 

Europe: 1217 Meyrin-Geneva. 

AC CALIBRATOR 
MODEL 745A 
Programmable 

Signal Generator 

• 

AC/DC METER 
CALIBRATOR 
Model 6920B 

Four Calibrators 
In One Case 

e 
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New Products September 1, 1969 

Supernova is order of magnitude faster 
than its parent; fits in same size box 
Invention is the mother of necessity; the Nova, first third-generation 

small computer, begets the Supernova, by extending basic design concepts 

Two-score and seven weeks ago 
the Data General Corp. brought 
forth upon this continent a new 
notion, conceived in architecture 
and dedicated to the proposition 
that small computers can be third-
generation—especially when me-
dium-scale integrated circuits are 
available in large quantities. 
Now the same design approach, 

using improved MsI circuits that 
have become available, has pro-
duced a new small computer capa-
ble of five to 15 times the speed of 
its parent, selling for only about 
50% more, and fitting in the same 
size box—either desk-top or rack-
mounted versions. 
The new machine, called the Su-

pernova, is aimed at that segment 
of the market where the Nova or 
any minicomputer is used now at 
or near 100% of its capacity. For 
example, if a Nova is capable of 
regulating the roll spacing in a 
steel rolling mill, the Supernova 
can do it more accurately and 
carry on some additional compu-
tations besides. Or in a data-
communication application, pre-
processing messages arriving on 
a telephone line, where the Nova 
can handle perhaps 10 lines one 
at a time and must occasionally 
pass on some of its work to a larger 
central computer, the Supernova 
can easily keep up with as many 
as 30 incoming lines simultane-
ously. Data General figures that 
perhaps a third of the minicom-
puter market could use a machine 
with this capability. 

Like the earlier machine, which 
remains on the market, the Super-
nova is designed around an archi-
tectural plan which uses multiple 
accumulators and a read-only mem-

Expanding star. Although the Supernova uses the same outside design and 
layout as the year-old Nova, it can operate at 5 to 15 times the speed. 

ory that's homogeneous with the 
main memory. The homogeneity 
means that a program used over 
and over without reloading—in the 
classic minicomputer application— 
can be thoroughly debugged in 
main read-write memory, then com-
mitted to a read-only memory mod-
ule that replaces a module of main 
memory; once wired into read-only 
form, it's immune to any new bugs 
that don't involve physical damage. 
A customer sends a roll of paper 
tape containing debugged pro-
grams to Data General, which 
builds a custom ROM containing 
that program. 
New target The Nova [Elec-

tronics, Sept. 30, 1968, p. 147; Dec. 

9, 1968, p. 761 was designed to be 
as small as possible and to sell for 
the lowest possible price, and 
speed was sacrificed to attain these 
objectives. In the Supernova, speed 
was a prime objective, together 
with upward compatibility with 
the Nova. 
To attain the speed, the Super-

nova operates in fully parallel fash-
ion on its 16-bit words—all 16 bits 
at once in a single 300-nanosecond 
machine cycle. In the Nova the 
word is divided into four 4-bit 
"nibbles" that require four 400-
nsec cycles to process. 
Furthermore, the Supernova can 

fetch a new instruction from the 
memory and decode it while the 
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IN COMM 
AC Regulator 
outortorms 
them am 
Compare! ERA 

SOLID STATE 
MODELS 

CONVENTIONAL 
MAGNETIC 
TYPES 

Small Size Yes No 

Light Weight Yes No 

Wide Freq. Range Yes No 

Tight Regulation Yes No 

Fast Transient Response Yes No 

Silent Operation Yes No 

Fully Repairable Yes No 

Stable with Temperature Yes No 

High Efficiency Yes No 

Wide Temp. Range Yes No 

High Surge Rating Yes No 

Minimum RFI Yes No 

Series Operation Yes No 

Remote Sensing Yes No 

Sinusoidal Output Yes Special Order 

SPECIFICATIONS 
Input: 105-130 VAC, 47-440cps 
Output: 115 VAC nom (See table for power rating) 
Line Regulation: Within ±-0.1% for full input 
change. 

Load Regulation: Within 0.2% for full load change 
Frequency Regulation: Less than 0.002% per cycle 
Wave Form Distortion: Less than 5% 
Load Power Factor Range: +0.7 PF through 
—0.7 PF 

Response Time: Less than 16 *millisec 
Operating Temperature: —20°C to +71° free air 

TANDARD MODELS 
Power 
Rating Size (Inches) Weight Model Price' 

250 VA 
500 VA 
1000 VA 

6M.z71/4z47/8 
67/ezi37/ez7V2 
71M6x914i.x75/8 

13 lbs. 
16 lbs. 
22 lbs. 

RT250 
RT500 
RT1000 

$130 
$175 
$235 

'Liberal Discounts for Larger Quantities 

Send for full technical date. 

ELECTRONIC RESEARCH 
ASSOCIATES,INC. 

67 Sand Park Road, Cedar Grove, N. J. 07009 

previous instruction is still being 
executed. This takes advantage of 
the read-only memory's intrinsi-
cally nondestructive readout; the 
computer can begin fetching a new 
instruction immediately after de-
livering the previous one to the 
execution hardware, without wait-
ing to regenerate the previous one. 
The degree of speed improve-

ment is illustrated by comparing 
the execution times of typical in-
structions in the two machines. 
One of the most common instruc-
tions is ADD, which takes 5.9 mi-
croseconds in the Nova and only 
0.8 µsec in the Supernova-0.3 in 
the Supernova when the instruc-
tion comes from the read-only 
memory. A less common instruc-
tion that doesn't benefit as much 
from the Supernova's speed be-
cause of its built-in complexity is 
the JUMP TO SUBROUTINE instruc-
tion. In the Nova this took 3.5 
p.sec; in the Supernova it's down 
to 1.4 µsec, and with a read-only 
memory it is 1.2 µsec. 
By the rule. To achieve these 

speed improvements, the Super-
nova operates under a basic rule: 
to execute every basic arithmetic 
instruction in exactly one machine 
cycle. This rule doesn't apply to 
more complex operations, such as 
multiplication, which by their na-
ture require repeated operations on 
a given number. But it's a rule that 
up to now has usually been imple-
mented only in much larger com-
puters. 
To make it possible, the Super-

nova doesn't scrimp on hardware. 
For example, where the Nova pro-
cessed four bits at a time, the Su-
pernova processes 16; where the 
Nova had to fetch and decode an 
instruction and then execute it, the 
Supernova can do both at once. 

In both the Nova and the Super-
nova the number of control steps 
and the amount of control logic is 
minimized by making each instruc-
tion quite powerful. For example, 
a single instruction can contain 
add, shift and skip conditions, so 
that the machine can add two num-
bers, shift the result left or right 
one bit position, and skip to a new 
instruction other than the normal 
one next to it in the program—all 
in a single cycle. But the Super-
nova contains a substantially larger 
instruction set than the Nova, and 
therefore requires more control 

logic. To keep this logic from slow-
ing down the Supernova, most con-
trol steps are executed through no 
more than two logic stages, an ap-
proach which requires a substan-
tial amount of redundant logic be 
built into the computer. 
A design feature that is very im-

portant in attaining the high speed 
is the clock-pulse distribution 
scheme, which uses a single source 
for pulses that control the entire 
machine. There are no gates in any 
of the clock lines to slow down 
the clock pulses, and the lines 
themselves are built like micro-
wave transmission lines: ground 
and signal lines alternate on both 
sides of a printed-circuit board in 
such a way that a signal line on 
one side is opposite a ground line 
on the other side. Thus each signal 
line is surrounded by three ground 
lines, effectively shielding the sig-
nal line from outside interference 
and providing a waveguide-like 
path from the source to the load. 

All the extra hardware is pack-
aged onto three 15-inch square 
printed-circuit boards, as compared 
with two in the Nova; much of the 
circuitry is in large 24-pin dual-in-
line packages. The memory's cycle 
time is 800 nsec, compared with 
the Nova's 2.6 ¿asee; but as in the 
Nova, the 4,096-word memory is 
completely packaged on another 
15-inch board and the ROM on still 
another. Other boards contain con-
trol logic for peripheral devices; 
these are wired in such a way that 
any of them and either of the mem-
ory boards can be plugged into 
any of the remaining slots in the 
back panel. There arc a total of 
seven slots; three of these are for 
the processor and two for the 
memories, leaving two for periph-
eral equipment. 

In this respect the Supernova 
must defer to the Nova, because 
the Nova has three slots available 
for peripherals. But that's not 
really a disadvantage for the Su-
pernova; Data General figures most 
installations of the new machine 
will have more peripheral equip-
ment that requires socket space 
outside the basic machine than the 
typical Nova installation has. 
The Supernova's price, not yet 

firmly established, will be less than 
$12,000. 

Data General Corp., Southboro, Mass. 
01772 [338] 
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New instruments 

Signal generator for all 
Instrument with range of 7.75 to 512 Mhz has 

a-m, f-m and pulse-modulation capabilities 

Inside or outside. The generator's built-in counter shows either the 

output's frequency or the frequency of some external signal. 

Antique shops haven't started dis-
playing signal generators out in the 
front windows alongside the Tif-
fany lamps and the buggy whips, 
but they might as well, say some 
engineers at the Singer Company's 
Instrumentation division. Accord-
ing to these men, most signal gen-
erators around today belong in an-
other era. "Until the SG-1000 came 
along, there hadn't been a signifi-
cant advance in this field in years," 
says Julian Hirsch, the division's 
senior applications engineer. 
The SG-1000 is, of course, Sing-

er's new signal generator. Its main 
virtues, says Hirsch, are excellent 
specifications, extensive modula-
tion capabilities, and a $3,800 price. 
Hirsch and Robert Bickley, the 

engineer who designed the 1000, 
like to point out a number of things 
they feel are wrong with competi-
tive signal generators. First, they 
say, most generators use switched 
LC circuits for frequency control, 
and are therefore limited in their 
frequency range. The 1000 devel-

ops its basic frequency band, 
which is 248 to 512 megahertz, with 
a cavity-tuned solid state oscillator; 
a five-stage binary divider develops 
the submultiples from the basic 
band. Therefore, the 1000 has a 
range of 7.75 to 512 Mhz, split into 
six octave bands. An optional plug-
in takes the range down to 61 kilo-
hertz and another option, a doubler 
which plugs into the 1000's output 
boosts the range to 1.024 Ghz. 
Another problem with most sig-

nal generators, says Bicicley, is that 
their output frequency rarely can 
be set with any accuracy better 
than 1% because that's about as 
close as their tuning dials can be 
set. If the user wants to set the fre-
quency more precisely, he has to 
hook up a counter. However, the 
1000 has its own counter to dis-
play the instrument's output fre-
quency, and therefore the fre-
quency can be set to within 0.001% 
to 0.008% of a desired value. 
The counter can also measure the 

frequency of an external signal over 

Reliability 
EXCEEDS 100 MILLION CYCLES 

Simplicity 
EASY TO USE 

Performance 
VALUE ENGINEERED 

CIVICMODEL18 

Tape Reader 
This simple unit reads tape 

uni -directionally... at 30 charac-

ters per second. Starwheels sense 

holes; output is in the form of 

contact closures. 

Model 18 Tape Reader pro-

vides control equivalent to that 

of far more costly units without 

complex circuitry or timing. As 

easy to use as a relay. 

Other models also available 

for special applications (call or 

write for more information). 

CMC 
COMPUTER 

MECHANISMS 

CORPORATION 

493 WASHINGTON AVENUE 

CARLSTADT, N.J. 07072 U.S.A. 
1201) 438-1770 
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Digital Indicators by Clifton 
In the Clifton family of ARINC 
type, solid state, Time-To-
Go, INS and DME indicators, 
we are proud to have an-
ticipated and produced ad-
vanced cockpit hardware for 
the new generation of com-
mercial transports. 

Important design ad-
vances in the areas of fault 
monitoring and detect cir-
cuitry plus central dimming 
capabilities are incorporated 
into the basic design. 

In operation, each indica-
tor recognizes the address 
of a specific function pa-

rameter, decodes the serial 
BCD data, and provides a 
digital display of the infor-
mation. Each basic indicator 
in the family has the capabil-
ity of being converted to any 
other indicator format, by 
simply changing a lightplate 
and programmable connec-
tor. Seven segment lamp or 
magnetic wheel readouts are 
available for most designs. 
Two basic display fam-

ilies, a 4 Digit and Dual 4 
Digit configuration, are in-
cluded in the INS and DME 
indicator product line. Sim-

ilar indicators are available 
for AIR DATA applications. 
A variety of indicator read-
out configurations meet all 
INS, DME or AIR DATA indi-
cator requirements. 
You can obtain full infor-

mation on this advanced line 
of indicators which is avail-
able and now flying by call-
ing your Local Clifton Sales 
Office or area 215 622-1000; 
TWX 510 669-8217. 

CLIFTON 
DIVISION OF LITTON INDUSTRIES 

I. 

Chronometer and Band from J. E. Caldwell Co., Philadelphia—$1200. 

122 Circle 122 on reader service card 
Electronics I September 1, 1969 



a range of 100 hertz to 2 Mhz and 
count pulses who widths are as 
small as 100 nanoseconds. 
On display. The counter's dis-

play has four digits, one of which 
is for overranging. Pushing a but-
ton on the generator's front panel 
adds two more digits of resolution. 
So the 1000's counter is actually a 
51/2 -digit meter. 

Setting the output frequency is 
a three-step procedure. First the 
RANGE switch selects the right 
octave; then the FREQUENCY 
switch mechanically tunes the cav-
ity over the selected octave to the 
desired frequency; and finally the 
VERNIER electrically tunes the os-
cillator. The VERNIER has a range 
of 1%. 
Narrow ranges and poor tuning 

accuracies aren't the only things 
wrong with many of today's signal 
generators, says Bickley. In many 
units, he says, the unmodulated 
output contains residual f-m, 
caused by power-line hum or by 
microphonics, or the a-m output 
contains some incidental f-m. In 
the 1000, the residual f-m is 0.25 
parts-per-million, and the inciden-
tal f-m in the presence of 30% a-m 
is 0.5 ppm. 

Singer engineers also feel that 
competitive generators don't offer 
a broad enough range of outputs. 
They point out that typical high-
frequency generators have a range 
of —127 decibels above 1 milliwatt 
(0.1 microvolt into a 50-ohm load) 
to 20 dbm. In vhf and uhf genera-
tors, the maximum output is typi-
cally 7 dbm. "And every time you 
change the frequency range, you 
have to play around with the at-
tenuator to get the same output 
back," says Hirsch. 
The 1000's output range is —146 

dbm to +20 dbm, and the output 
is fiat to within 0.25 decibel out to 
25 Mhz, and to within 0.5 db out to 
512 Mhz. 
The output's magnitude is the 

sum of the setting of the attenua-
tion dial and the reading of the r-f 
level meter. Both the dial and the 
meter are scaled to read both in 
dbm and in volts into 50 ohms. 
Mod. The most important virtue 

of the 1000 is its modulation capa-
bilities. The instrument's output 
can be amplitude, pulse or fre-
quency modulated. And the output 
can also be subjected to simultane-
ous modulation, such as a-m and 

f-m, or a-m and pulse modulation. 
On one side of the meter are a 

row of connectors; over each con-
nector is a pushbutton, and over 
each pushbutton are two smaller 
pushbuttons. 
The first large button is labled 

1 KHZ. When it's pushed, a 1-khz 
signal, generated by an internal os-
cillator, is available at the connec-
to below the button. This signal's 
distortion is less than 1%. 
The next large button says AM 

and the buttons above it are la-
beled AC and DC. When the 
AM button and one of the smaller 
buttons are pushed, an input to the 
connector under the AM button 
amplitude modulates the genera-
tor's output. 
The next large button says 

PULSE and the buttons over it 
are labeled PULSE and VID. When 
both the large and the small PULSE 
buttons are pushed, any input 
whose magnitude is higher than 
+1 volt and whose frequency is 
between 20 hertz and 0.5 Mhz 
will pulse modulate the 1000's out-
put. The pulse amplitude depends 
on the attenuation setting, and the 
pulse width depends on how long 
the magnitude of the modulating 
signal is above the 1-volt threshold. 

If the VID button is pushed, 
the 1000 is capable of wideband 
linear amplitude modulation. If the 
input to the PULSE connector is 
0 volt, the 1000's output is 0 volt. 
As the input's magnitude increases, 
up to -2:3 volts, the output's am-
plitude increases linearly. Increas-
ing the input past -±3 volts has no 
effect on the output. 
With the VID button pushed, 

the 1000 can, for example, modu-
late a 400-Mhz carrier with a signal 
whose bandwidth is 50 Mhz. 
The next large button says FM. 

When it's pushed, the input to the 
FM connector frequency modu-
lates the output. At the maximum 
setting of the sensitivity control, a 
2.7-volt input shifts the frequency 
0.5% about the unmodulated fre-
quency. The modulation linearity 
is within 1% for deviations up to 
0.1%. 

Besides being versatile, the 1000 
is on the small side. It's 5 by 17 by 
22 inches, and weighs 45 pounds. 

Deliveries start in November. 

Singer Company, Instrumentation Di-
vision, 915 Pembroke St., Bridgeport, 
Conn. 06608 [339] 

TAKE 
12 SMALL LAMPS 

MOUNT 
ON A CIRCUIT BOARD 

MOLD 
A NUMBERED BEZEL 

RESULT 
A LIGHT MODULE TO 
MONITOR TWELVE 
COMPUTER CIRCUITS* 

•Can be made for a lesser number down to one 

We can help you refine your small 
lamp application. Write, describ-
ing the requirement. Tung-Sol 
Division, Wagner Electric Corpo-
ration, 630 W. Mt. Pleasant Ave-
nue, Livingston, N.J. 07039. TWX: 
710-994-4865. Phone: (201) 992-
1100; (212) 732-5426. 

TUNG-S01: 
WHERE BIG THINGS ARE 
DONE WITH SMALL LAMPS 
® Reg. T.M. Wagner Electric Corporation 
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the trouble with 
stepping switches 

isn't anymore 
You no longer have to fight a fist-full of spaghetti 
when you service a stepping switch. Exclusive Clare 
Quick-Mount lets you pull out the old switch and plug 
in the replacement—in less downtime than it takes 
to install the simplest device. 

Clare Quick-Mount is available on all spring-driven 
stepping switches, using 15,22 or 28-pair connectors. 
You can get up to 416 switching points in less space 
than most other hard-contact devices. 

-- Type 20 

(- r • 41 

Bracket 

Mount 

and 26 

Card 

Cage Mount 

Type 210 and 211 

Clare offers a complete line of standard and spe-
cial-purpose stepping switches to meet every appli-
cation requirement—spring-driven and direct drive— 
operating voltages from 6 to 110vdc, speeds to 60 

steps/second. 
For complete information, circle Reader Service 

Number, or write for Manuals 601, 602, and Data 
Sheet Series 651. C. P. Clare & Co., Chicago, Illinois 
60645... and worldwide. 

LOOK 
TO I CLARE FOR 

STEPPING SWITCHES 

a GENERAL INSTRUMENT company 
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New components 

Line of uncased resistors and inductors offered 
Unpackaged components, aimed at microwave field, have inductances 

from 28 to 230 nanohenries and resistances from 5 to 10,000 ohms 

Until monolithic technology be-
comes commonplace in the micro-
wave world, engineers faced with 
increased demand for high-fre-
quency circuits will continue to put 
them together by using discrete 
components. And they will find 
themselves resorting more and 
more to unpackaged active and 
passive discrete chips—from induc-
tors to transistors and uncased in-

IC sockets have solder tails that 
fit into holes in a p-c board for 
hand or wave soldering. Avail-
able in sizes for standard 14 or 
16 lead IC package, adjacent 
sockets can be mounted on cen-
ters as close as 0.400 offering 
greater packaging density or rows 
of IC's. Price in 1,000 lots ranges 
from 41 to 96 cents. Advanced 
Packaging Inc., 1357 E. Edinger 
Ave., Santa Ana, Calif. [341] 

— 

Magnetic reed switch MRR-5 is a 
single pole, normally open, Form 
A, and measures 0.130 in. max. 
glass diameter, 0.800 in. max. 
glass length, and 2.230 in. nomi-
nal over-all length, including 
leads. Initial contact resistance 
is 100 milliohms at 20 ampere-
turns overdive. Maximum switch-
ing voltage is 500 y d-c; break-
down voltage, 1,000 y d-c. Hamlin 
Inc., Lake Mills, Wis. [345] 

tegrated circuit dice. Recognizing a 
growing market, planners of Mo-
torola's Semiconductor Products 
division are introducing a line of 
thin-film unencapsulated passive 
components, including inductors 
and beam-lead resistors. The divi-
sion already has a modest line of 
uncased discrete transistor chips 
available, and will be expanding 
it soon. 

Subminiature switch modules pro-
vide multicircuit switching con-
trol, high electrical capacity and 
space economy. The series fea-
tures 2, 3, 4 or 5-gang modules 
that are thinner than standard 
subminiatures. They are double-
throw circuitry with ratings of 
10.1 amps, 1/4 h-p, 125 y a-c. 
Cherry Electrical Products Corp, 
Old Deerfield Rd., Highland Park 
ill. [342] 

Card edge plate connectors are 
for solderless wrapped electrical 
connections. Series E1200/E1201 
receptacles feature 20/40- and 
30/60-pin connectors for 0.062-
in. p-c boards. Contacts are bi-
furcated and preloaded for uni-
form deflection and excellent 
mating characteristics. Wrap posts 
are 0.025-in. square. Teradyne 
Components, 900 Lawrence St., 
Lowell, Mass. 01952 [346] 

" soot 

CHOPPER 64 

v•da 

114 state 
ronics CO. 

The inductors and resistors aren't 
limited to microwave operation, 
however. They're useful in the 
ultra-high-frequency region also, 
for tuning and biasing applications. 
There are six spiral thin-film induc-
tors in the line, with self-resonating 
frequencies ranging from 740 mega-
hertz at a test frequency of 100 
Mhz to 1,800 .Mhz at a test fre-
quency of 200 Mhz. Craig Mar-

Plug-in line driven chopper model 
64 incorporates a 'transformer-
coupled isolating drive network 
and clippng diodes so that it can, 
for example, be driven from a 
400 hz sine wave power line or 
from a drive source that is com-
mon to the d-c voltage being 
chopped. Unit utilizes a standard 
7-pin header. Solid State Elec-
tronics Corp., 15321 Rayen St., 
Sepulveda, Calif. 91343 [343] 

ci 

Series IS sockets are for test 
and burn-in applications of 8 and 
10 lead TO-5 can IC's. Funnel 
entries guide leads into double-
leaf, gold over nickel plated beryl-
lium-copper contacts. One-piece 
bodies are molded from glass-
filled diallyl phthalate good to 

200° C. Contacts withstand many 
thousands of lead insertions and 
withdrawals. Robinson-Nugent Inc., 
New Albany, Ind. [347] 

Servo mount precision poten-
tiometer model 3451 is a 10-turn 

2-in, diameter device featuring an 
Infinitron conductive plastic ele-
ment. It has rugged element ter-
minations, essentially infinite 
resolution, and a 50 million shaft 
revolution rotational life. Resis-
tance range is 1,000 ohms to 500 
kilohms. Power rating is 5 w at 
70° C. Bourns Inc., 1200 Colum-
bia Ave., Riverside, Calif. [344] 

Plug-in dpdt control relay series 
ERB is comprised of an integral 
power supply, amplifier, trans-
former, output relay and circuit 
board, all in a case 21/2 x 13/e x 
13/v in. It plugs into a standard 
11-pin socket. The control in-
stantly detects resistance changes 
in its input circuit from short 
circuit to 50 million ohms. Frost 
Electronics Corp., 1 Goddard Dr., 
Rockaway, N.J. [348] 

Electronics September 1, 1969 
125 



more Colors from 

  BENTRON 
less problems with 

COOLING 
MOUNTING 
SERVICING 

in your transistorized circuitry 

with a single SPRING 
and five different 
COLORS M 

Me, 
black 

blue 

BENTRON 
COOLERS 
for TO-5 and TO-18 Cans 

Cooler Halves 
with Spring 

Prices 1-49 50up 500up 1000up 

TO-5N $ .25 .19 .14 .11 

TO-5H $ .27 .20 .15 .12 

TO-18N $ .25 .19 .14 .11 
TO-18H $ .27 .20 .15 .12 

High 10mm • Normal 5,5mm 

Large quantities available 

from stock 

ANCRONA CORP. 
65 E. 55th St., NEW YORK, N.Y. 10022 

Tel. (212) 688-6285 

TWX (710581/4513) 

In the chips. Spiral inductors and beam-lead resistors are being marketed 

by Motorola in unpackaged form for use in high-frequency circuits. 

shall, product planner for consumer 
and microwave IC's, says that the 
small size and low cost of the in-
ductors will be one of their biggest 
advantages. Clay Tatom, manager 
of linear IC product planning, who 
is handling the line, adds that be-
cause the chips are fully tested and 
specified, users need not be as con-
cerned about their interconnect 
metalization pattern as they must 
be when using stripline techniques. 

Competition. The largest of the 
chips is only one-quarter-inch 
square and 10 mils thick. Tatom 
expects the inductors to compete 
with the smallest prewound toroi-
dal "chokes" often used in hybrid 
circuitry. Marshall points out that 
users of these chokes can eliminate 
tooling costs by buying chips in-
stead. He adds that the highest 
self-resonating frequency (1,800 
Mhz) for any of the inductors is 
also considerably higher than that 
of wire-wound chokes. "One of our 
big advantages," he notes, "is that 
we don't need girls to sit and wind 
toroids; you just have to pop these 
inductors into a circuit and bond 
to the two bonding pads." Conven-
tional ultrasonic or thermo-com-
pression bonding can be used. 
Tatom says a typical application 

might be in a tuning circuit such as 
a tank coil; another might be in 
biasing, for which the inductors 
could be combined with tuning di-
odes and varactors in a series-reso-
nant circuit. 
On the beam. Motorola isn't 

alone in providing beam-lead re-
sistors, but the initial seven de-

vices in this line, which eventually 
will include resistors with 28 dif-
ferent values, are logical compan-
ion parts for customers buying the 
inductors. The values to be offered 
first are 5 ohms (MCH5862), 
50 ohms (MCH5867), 250 ohms 
(MCH5871), 500 ohms (MCH5872), 
1,500 ohms (MCH5875), 5,000 
ohms (MCH5880), and 10,000 
ohms (MCH5883). Each has a tem-
perature coefficient of 50 parts per 
million per °C, and each is made of 
Nichrome deposited on a 400-ang-
strom-thick glass substrate that is 
typically 50 by 50 by 1.75 mils. 

Marshall says the small size and 
low inductance of the resistors are 
their chief advantages. The beam 
leads, which are essentially gold-
plated Kovar, contribute greatly to 
the low inductance, which is so low 
that Marshall says it can't be meas-
ured. Tatom adds that the resistor 
pattern itself contributes to re-
ducing inductance, also. The 
beams measure 5 by 20 by 0.3 mils. 
Beam leads also help in handling 
the small chips with a vacuum 
needle. Marshall also observes 
that the resistors' power dissipa-
tion of about 125 milliwatts is good 
for a chip so small. 

Inductor prices range from $3.95 
to $4.30 for 10-99 units. Resistor 
prices are $1.60 to $1.90 for 100 
units or more. The division is pro-
viding the resistors in holders con-
taining either 10 or 400 chips; 10 
pieces of any one value is the mini-
mum order. 

Motorola Semiconductor Products, Inc., 
Box 20912, Phoenix, Ariz. 85036 
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Who's First... 
with 5,000,000 SILICON POWER  
transistors per month 
• Over 300 standard types/over 500 custom types 
• P-N-P and N-P-N 
• From 50 mA to 100 A, 1 W to 300 W, 50 V to 500 V 
• Using all the SILICON POWER technologies 

• Hometaxial Base 
• "Overlay" 
• Epitaxial 
• Plastic Power 
• Multiple Epitaxial 
• Triple Diffused 
• Diffused Planar 

• Multiple packaging, including hermetic and 
plastic "VERSAWATT" 

• Commercial, industrial, military high reliability specs 
• Providing specific, versatile, economic answers 
to all your circuit needs 

Who? The Leader in SILICON POWER  

For more information, see your local RCA Representative 
or your RCA Distributor. For technical data, write: 
RCA Electronic Components, 
Commercial Engineering, Section IN9-1, Harrison, N. J. 07029 
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After 5,000,000 bits of bipolar memory... 

64 BITS and 
16 low-power BITS 

64-Bit Bipolar Memory 
has full TTL compatibility 
Introducing the 64-bit bipolar memory cell . . . 
another industry "first" from Transitron, which 
has already produced and shipped over 5 million 
bits of bipolar memory. Transitron's TMC6464 is 
compatible with all major TTL series, and pro-
vides substantial savings in space and power 
requirements. 
The new cell is arranged in a 16 x 4 matrix, with 
internal address coding and address-enable, four 
data inputs, four sense amplifiers, and write-
enable. It operates from a nominal supply voltage 
of 5V, with addressing, writing and sensing volt-
age levels compatible with TTL logic circuitry. 

The TMC6464 is available in a 16-pin dual in-line 
ceramic package. For many applications it pro-
vides significant advantages over the 16-bit cell: 

1. Since the 64-bit cell provides its own address 
decoding, one package replaces six (four 16-bit 
cells plus two input gates) 
2. System speed can be increased by as much 
as 50% 
3. Power-per-bit is reduced over 50% 

Send for complete technical data on these 
exciting new Transitron developments. 

New 16-Bit Bipolar Memory Cell 
features low power drain 
A low-power version of the 16-bit bipolar mem-
ory first introduced to the industry several years 
ago by Transitron is now available for immediate 
shipment. 
The new cell reduces drive current requirements 
by half .... has a power dissipation of only 175mW 
vs. 250mW for the standard device. This makes 
the unit ideal for aerospace systems and other 
applications using battery power. 

Aside from its low power requirements, the cell is 
identical to the standard unit in all other charac-
teristics, including full compatibility with all TTL 
devices. 
Two types are presently available. The TMC3262 
operates over the full military temperature range, 
—55° to +125°C; the TMC3264 is rated for 0° to 
+70°C. Both units provide 20mA fanout current, 
and are available in flat pack or dual-in-line pack-
age. Price is only about 10% above the standard 
cell. 

Transitron 
electronic corporation 

168 Albion Street, Wakefield, Mass. 01880 
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New instruments 

FET's help to spot the spikes 
Meter measures amplitude of transient signals wider than 1 µsec; 

200-volt and 2,000-volt models are available; price is $48 

Two different reactions can follow 
when a relay burns out or switches 
when it's not supposed to. The 
man who made the relay blames 
unstable line voltage, and the man 
who bought it blames the relay. 
John Howard Industrial Elec-

tronics Ltd., a British maker of 
solid state switching networks, 
was having such debates with 
some of its customers. Howard, a 

Precision signal generators for 
general lab use produce sine, 
square, triangle, and ramp wave-
forms over the range of 0.2 hz 
to 2 Mhz with an adjustable out-
put of 10 v peak-to-peak into a 
50-ohm load. Model 130 is a 
function generator; model 131, 
a voltage-controlled generator; 
model 134, a sweep/trigger volt-
age-controlled generator. Wavetek, 
Box 651, San Diego, Calif. [361] 

Disk test system designated 
Diskos I is for testing plated 
magnetic memory disks and 
drums. It displays all test para-
meters eliminating the need for 
oscilloscope viewing and operator 
calculations. Automatic head 
positioning and 3 test modes are 
offered: dropout, bulk properties 
and saturation. Diskos Electronics 
Corp., 201 Lonetree Ct., Milpitas, 
Calif. 95035 [365] 

small company, didn't want to buy 
a lot of expensive gear to prove 
its point, so company engineers 
developed a small, easy-to-use me-
ter to measure spike amplitude. To 
Howard's surprise, other com-
panies wanted to buy the spike 
detector. 
The initial interest came from 

fellow relay makers wanting to 
check the cause of burned contact 

Time code reader-generator DST-
840 features 100% silicon inte-
grated circuits, 13/4 in. panel x 
10 in. depth, internal noise im-
munity of 1 v, and automatic 
forward/reverse sensing. Uses 
include data recording and re-
trieval, communications data in-
dexing, and data acquisition and 
reduction. Gulton Industries Inc., 
15000 Central Ave. East Albu-
querque, N.M. 87112 [362] 

Random noise generator model 
421 is designed to meet the need 
for an accurately calibrated noise 
source flat from 10 khz to 12.5 
Mhz. To provide truly Gaussian 
amplitude distribution to better 
than 4 sigma and constant spec-
tral density with frequency, the 
thermal noise of a resistor is 
used as the noise source. Quan-
Tech Laboratories Inc., S. Jeffer-
son Rd., Whippany, N.J. [366] 

points, but the company has since 
had inquiries from designers of 
semiconductor circuitry. A big 
buyer could be telephone com-
panies, thinks John Howard, the 
company's president, because the 
telephone system uses so many re-
lays. The British Post Office, which 
runs that country's telephones, is 
testing some preproduction units. 
One thing that's attracting in-

Precision radiometer 464 employs 
focusable reflective optics and 
reflex viewing for maximum con-
venience in field. It can be oper-
ated from a separate rechargeable 
battery pack (supplied) or power 
line or battery sources. Focus 
range is 10 ft to infinity; field of 
view, 1.5 milliradians; accuracy, 
-1":2%. Electra Optical Industries 
Inc., Box 3770, Santa Barbara, 
Calif. [363] 

Automatic coil turns analyzer 
model 2000 check both turns 
and resistance. Accuracy for 
counting from 1 through 99,999 
turns in an air core is guaranteed 
at better than 1 turn in 1,000 or 
-±0.1%, whichever is greater. Re-
sistance checks form 0.5 to 
9,999.9 ohms are accurate to 
0.5 ohm or 0.5%, whichever is 
greater. New Product Engineering 
Inc., Wabash, Ind. [367] 

Wheatstone bridge WB-200B can 
also be used as a resistance com-
parator. It provides accuracy to 
--L-0.005% of reading and meas-
urements of 0 to 110 megohms in 
7 ranges. It combines in a com-
pact and portable unit an all 
transistorized chopper, stabilized 
readout amplifier and an adjust-
able bridge voltage power supply. 
Precision Standards Corp., 1701 
Reynolds, Santa Ana, Calif. [364] 

A-m/f-m vhf/uhf signal generator 
model 6301 originally designed 
for ground check-out of military 
aircraft communication and data 
links is available as a general 
purpose unit. It fetures a-m 
modulation to 80%, and f-m to 
-t100 khz, or phase modulation, 
together with 2 I/ (+19 dbm) of 
r-f output. Price is $4,450. 
Wiltron Co., 930 East Meadow 
Dr., Palo Alto, Calif. 94303 [368] 
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Circle 168 on reader service card 

SHIELDED BOXES with CARD GUIDES 
Rugged die-cast aluminum boxes, slotted to accept 4' 6" circuit 
boards and shielding dividers. Excellent for packaging electronic 
circuitry. Boxes have removable top and bottom covers. Useable 
inside space: 4"x2"x1 1/2". Several models with various connectors. 

Write for 1969 Catalog 

POMONA ELECTRONICS CO., INC. 
1500 E. Ninth Street, Pomona, California 91766 

Electrical convenience for electronic equipment 
Whether you make, use or test 
electronic equipment, the power 
you need can be delivered neatly 
in a Wiremold® surface wiring 
system. All necessary electrical 

Wwi 
e 

ore 

services and devices are housed 
in a single raceway, properly 
sized for present and future 
needs. Send for literature on the 
entire line of Wiremold systems. 

THE WIREMOLD COMPANY / HARTFORD. CONNECTICUT 06110 

terest is the meter's price. In Brit-
ain, the instrument sells for $48. 
The U.S. price will be set by yet-
to-be chosen reps, but Howard 
expects it to be about $50. 
The reason Howard gives for 

the low price is that the meter's 
key components are inexpensive 
field effect transistors. At the me-
ter's input is a circuit which con-
verts a spike of any shape into a 
square wave. This wave turns on 
a FET, which charges a capacitor. 
A FET network connected across 
the capacitor calculates the spike's 
amplitude. 
Another attraction is the meter's 

portability. It's 5 by 5 by 5 inches, 
weighs 22 ounces and is powered 
by standard 1.5-volt batteries. 
Two leads connect the meter to 

the line being tested. If a spike 
lasting 1 microsecond or longer 
appears, the spike's amplitude is 
immediately displayed in d-c volts 
on the meter. The needle stays at 
the peak for 3 or 4 seconds, and 
falls slowly back to zero through 
a period lasting thirty seconds to 
two minutes. This slow return al-
lows the user to do something else 
while he's checking for spikes. He 
has to glance only occasionally at 
the meter to see if it's registering. 
If he notices the needle on its way 
back to zero, he knows that he 
must then pay careful attention to 
the meter just before the same 
point in the next cycle. If the user 
doesn't want the slow return, he 
can cancel it by pushing a fast-
reset button. 
The reading is in d-c volts be-

cause that's the way the maximum 
capacities of many components are 
rated. A minimum surge time of 1 
microsecond was chosen as the 
best compromise between cost and 
useful sensitivity. "To detect 
surges of less than 1 µsec would 
have meant tighter time constants 
throughout the circuitry, and there-
fore greater expense," says How-
ard, "and we found most potential 
users were more than satisfied 
with 1 p,sec." In fact, surges as fast 
as 200 nanoseconds will deflect the 
needle, but the needle won't reach 
peak amplitude. 
Two instruments are available 

now—a 200-volt and a 2,000-volt 
model. 

John Howard Industrial Electronics Ltd., 
32 Oaks Road, Great Glen, Leicester, 
England [369] 
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For infrared input 
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This is KODAK IRTRAN 4 Infrared Optical Material at room temperature. We 
ship it from stock in finished forms bigger than shown here. We can fabricate it to 
almost any configuration for you. It's not glass. It is polycrystalline ZnSe. It doesn't 
crack like glass. That 70% transmittance jumps into the nineties with an anti-re-
flection coating. 
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- Not much differ-
ence at 150°C in 
that interesting 8- 

Furthermore, the ex-
pansion coefficient is 
low (7.7 x 10 6/°C), - 

_ 14 um band. and the thermal con-

ductivity is compara-
tively high (3.1 x 10-2 

- cal sec-1 cm' °C -1 ). 
No danger from rapid 
heating and cooling. 
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What's more, there is 
no sagging or soften-
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this much loss, 
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ing at even much 
higher temperature. 
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be measured at about 
10 atmospheres be-

an - cause Irtran 4 materi-
al will sublime before 
it softens or sags! 
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Call (716)-325-2000, ext. 12170 or write Eastman Kodak Company, Kodak Apparatus 
Division, Rochester, N.Y. 14650. 

For darkroom output 

Though photography serves 
as a principal production step for to-
day's electronics, not everything 
leaving the darkroom is product. 

Whether business is good or bad, the 
physical environment we all share is 
remarkably finite. To expect a little 
stream behind the plant or even an 
ocean tide lapping the factory wall to 
dilute untreated industrial wastes is be-
coming too much of a burden to bear 
with self-respect. 

Agreeing, you may nonetheless won-
der just what the treatment is, your own 
technical education having concen-
trated elsewhere. Insofar as Kodalith, 
Kodagraph, and Kodak HRP process-
ing chemicals are concerned, the treat-
ment after they have done their jobs 
consists of working off the Biochemi-
cal Oxygen Demand of your effluent. 
This so-called "secondary waste treat-
ment" is really performed by micro-
organisms. We watch them at work by 
TV-microscopy. Here are some we 
found working in an experimental 
treatment plant of our own: 

The practical aspects of this important 
story, with tables of BOD contributions 
by our products, can be read in Kodak 
Publication 1-28, "Disposal of Photo-
graphic-Processing Wastes," available for 
$1 from Dept. 454, Eastman Kodak Com-
pany, Rochester, N.Y. 14650. 

Price subject to change without notice. 
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Now Varian delivers the highest power 
single-diode oscillators on the market. 
These lmpatt-mode devices put out 
1 watt OW in C or X band, operate at 6% 
typical efficiencies and require only 160 mA at 
95 Vdc for X band or 110 mA at 150 Vdc nominal for C band. 

Operating frequency range is from 6 to 10 GHz. Two versions 
are offered: a -21250 MHz tunable model and a fixed-frequency 
model. Delivery is 60 days or less. 

These Varian oscillators are available with optional current regulators 
and power supplies, operating from 115 Vac, 60-400 Hz, or 28 Vdc. 
Or you can order the high power lmpatt diode alone. 

Only from Varian. What you need in Microwave Solid 
State. Contact our more than 30 Electron Tube and 
Device Group Sales Offices around the world, or 
call our Solid State Microwave Operation, 



New Subassemblies 

Broadband power amps can be combined 
Internal feedback loops minimize interaction and increase 

compatibility so amps can work together for higher outputs 

Combining power amplifiers, even 
those with the same model number, 
to increase power output is not a 
simple process of connecting a few 
leads together. For one thing, inter-
action between the devices' tran-
sistors is difficult to control. For 
another it's difficult to get the am-
plifiers' gain flatness and phase 
linearity to match. But a newly-
formed Rochester, N.Y. firm has 

D-a conversion package series 
DAP600 provides a convenient and 
inexpensive solution to implement-
ing analog output requirements 
in digital systems. Any number of 
channels up to 16 can be specified 
initially. There can be 8, 10 or 
12-bit resolution per channel. 
Price for a 4-channel, 10-bit 
unit is $1,015. Computer Products 
Inc., 2709 N. Dixie Highway, Ft. 
Lauderdale, Fla. [381] 

Constant current power supply 
model PP-21-6 was designed for 
YIG tuning applicatons. It pro-
vides up to 1 amp output current 
with compliance voltage up to 12 
volts. Current adjustment is by 
two 10-turn digital dial controls 
providing 10 Aa resolution. Unit 
features ripple and noise below 
0.05 ma rms. Price is $225. 
Pacific Radionics Inc. 581 Division 
St., Campbell, Calif. [385] 

developed a broadband power am-
plifier that is designed to be com-
bined with others of the same line. 
The firm, Electronic Navigation 

Industries Inc., says its Model 
300L has internal feedback loops 
that minimize troublesome am-
plifier interaction. Furthermore, 
phase and gain are well matched 
from one device to the next. The 
3-watt amplifier covers a frequency 

Power supply 3D5-2.5 for use 
with DTL, TTL and RTL logic 
uses 70% MIL parts. The calcu-
lated reliability per MIL-HDBK-
217A is in excess of 150,000 
hours. Input is 115 y a-c 
60 to 400 hz. Output is 5 y at 
2.5 amps; line and load regula-
tion, --t0.3%. Price (1-99) is $49 
each. Powertec Div. of Airtronics 
Inc., 9168 DeSoto Ave., Chats-
worth, Calif. [382] 

D-c reference source model 980 
features output voltages adjust-
able for decimal or binary sys-
tems; remote sensing of the load 
voltage; shunt rather than series 
regulation circuitry for fast, 
transient-free operation and min-
imum interaction with the mod-
ule's own d-c supply. Dual polar-
ity is 10 y output at ±-10 ma. 
Analog Devices Inc., 221 Fifth 
St., Cambridge, Mass. [386] 

range of from 0.25 megahertz to 
110 Mhz; and its dimensions are 
5 by 8 by 6 inches. 
Another feature of the 300L is 

that it's untuned, making it rela-
tively easy to use. Also, the unit is 
unconditionally stable and can thus 
work into any load mismatch in-
cluding open or short circuit 
conditions without damage. "Effec-
tively, this amplifier looks like 

Logarithmic video amplifiers series 
LVA have a dynamic range in 
excess of 60 db for pulsewldths 
greater than 0.3 iisec and are 
available as unipolar or bipolar 
amplifiers. The design is based 
using feedback pair transistor 
amplifier stages whose feedback 
elements have exponential voltage-
current characteristics. Locus Inc., 
908 W. College Ave., State 
College, Pa. 16801. [383] 

Programable waveform generator 
model F280A is for use in auto-
matic test system. Covering a 
frequency range of 0.01 hz to 
1.1 Mhz, each unit can deliver up 
to 11 y peak-to-peak into 50 
ohms in the manual mode or be 
programed to generate up to 16 

p-p into a similar load (32 
p-p into open circuit). Data Royal 
Corp., 8014 Armour St., San 
Diego, Calif. 92111 [387] 

D-c power supply 1301 is a low 
profile package with a 0 to 6 

d-c output at 0 to 2 amps. It 
features an unregulated isolation 
transformer-rectifier followed by 
a highly stable high-gain regula-
tor. Load regulation is 2 my 
maximum no-load to full-load. 
Line regulation is 2 my maximum. 
Dressen-Barnes Electronics Corp., 
250 N. Vinedo Ave., Pasadena, 
Calif. [384] 

Power supplies series CR27.5 are 
suitable for demanding communi-
cations and process control. They 
come in ranges form 25 to 150 
amps output at 28 I/ d-c. Voltage 
regulation is --L-1% with maximum 
allowable input voltage, frequency, 
load, and ambient conditions; 
±0.36% with constant input 
voltage and ambient conditions. 
Tung-Sol Div., Wagner Electric 
Corp., Livingston, N. J. [388] 
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Parelco R10 Relay-1 
• 

• 

2 times more 
pull force 

Here's Why: The optimum distribution 
between magnetic core and pole piece 
cross sections and coil volume, and a low 
reluctance armature bearing, produces a 
force-displacement product of 140 gm/mm 
at .050" actuator displacement. The end 
result is higher contact pressure and greater 
overtravel. Sensitivities to 20 mw/pole. 
Contacts—From 2 to 8 Form C. 6 types: 
From heavy duty 10A silver cadmium 
oxide to bifurcated cross bar gold — 
platinum —silver for dry circuits. 

Coils— From 3 to 115 vdc. • 
• UL listed. 

• New Parelco 
R40 Slimline, 

.43" max. thickness 
Lowest profile industrial relay available. 
Higher switching density: .18 cubic inches/ 
Form C. Easy pc board layout. Lower 
cost, wider switching range (dry circuit 
to 10A) than dry reed packages. 5 mount-
ing options. 
Contacts-2 and 4 Form C.5 types: From 
heavy duty 10A silver cadmium oxide to 

bifurcated cross bar gold — platinum — 
• silver alloy for dry circuits 

Coils—From 3 to 115 vdc. • 

Other Standard Models • 

R11, a guarded, low capacitance type for 
instrumentation use; R30, magnetic latch-
ing relays: RIO-T octal base relays. 
Specials— Custom coils and contacts. Var-
ious mounting configurations. Special 
engineering. 
Fast delivery — 110 standard models 
stocked. Prototypes in 3 days; production 
quantities in 3 weeks! FREE: Parelco's 
know-how and sample relay to your specs. 
Phone, TWX or write now. Complete data 
in EEM, Section 4500. 

IPARELCO OPERATIONS 
POTTER & BRUMFIELD 

26181 Avenida Aeropuorto 
San Juan Capistrano. California 92675 

Phone (714) 493-4507 
TVVX (910) 596-1412 

• 

a 50-ohm signal generator, but pro-
duces much higher output voltage," 
says the company's engineering 
vice president, M. H. Sonkin. 
The amplifier has a gain of 40 

decibels, and both its input and its 
output impedance are 50 ohms. The 
device's standing wave ratio is 1.5 

Booster. Over its range of 0.25 to 110 

Mhz the 300 L has a gain of 40 db and 

a peak output of 3 watts. 

and, according to Sonkin, even at 
maximum output the harmonic dis-
tortion is "fairly low". 

ENI's Sonkin points out that the 
300L is just the first in a series of 
solid state power amplifiers that 
the company intends to build and 
sell. ENI, which was formed late 
last spring by a group of former 
General Dynamics personnel, also 
expects to use its line of amplifiers 
as a stepping stone to get into the 
more general area of aviation and 
marine electronic products. 
The Model 300L is priced at 

$485 and includes a calibrated r-f 
voltage and power-output meter 
which is accurate to within 5%. It 
also comes with an a-c power sup-
ply. The 300L can be used as a 
laboratory or field tool for extend-
ing the capability of such instru-
ments as signal and sweep gener-
ators. 
However, for use as a plug-in 

module in larger systems, the am-
plifier comes in a different config-
uration which does not include the 
power supply and output meter. 
In this configuration, designated 
Model 300P, the amplifier's price 
is $390. 

Electronic Navigation Industries Inc., 

1337 Main St. East, Rochester, N.Y. 

14609. [389] 

Security system 
gets your number 

Holobeam's device uses 

shift register instead 

of magnetic memory 

Plagued by unauthorized "visits," 
more and more companies, banks, 
credit card concerns, and hospitals 
are turning to personnel access 
control systems that electronically 
verify a person's identification. 
The latest, from Holobeam Inc., 

offers an identification system con-
sisting of a card reader and a re-
mote console, at just under $3,000, 
which the company claims under-
sells all similar products. 
The user inserts a plastic card 

containing a binary coded number 
into the card reader and then keys 
in his number on the keyboard. 
The card reader then issues a go/ 
no-go command to the remote con-
sole depending upon whether the 
numbers match. If the numbers fail 
to match, the remote console de-
nies entrance. The cardbearer is 
given another opportunity to gain 
access by pushing a reset button 
and keying in his number again. 
If the numbers match, entry is per-
mitted. If the numbers don't match 
an audio alarm is automatically ac-
tivated. The remote console can be 
used to control door locks to indi-
vidually secured areas or to many 
areas at once. 
The card reader uses an optical 

system that detects the black and 
white coded areas on the card and 
converts them to a digital output 
that could as an option be stored 
in a computer memory. The digital 
information is delivered to a shift 
register in the reader and then 
compared to the number keyed in. 
In this way, the need for a mag-
netic memory is avoided. 
Each digit of the coded alpha-

numeric information is a four-bit 
binary code whose weights can be 
altered by changing one printed-
circuit card in the reader. If a six-
digit number is used, there's only 
one chance in 1012 of guessing the 
right combination of bits. 

Holobeam Inc., 560 Winters Avenue, 
Paramus, N.J. [390] 
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Save Time, Save Money 
with BUSS 

QUICK-CONNECT 
Fuseholders 

and Fuseblocks 
An important thing to remember when ordering fuse-
holders and fuseblocks is that BUSS has the most 
complete line available with quick-connect terminals. 

BUSS fuseholders and fuseblocks with quick-
connect terminals can save you money by greatly 

reducing assembly time for wire attachment. Har-
nesses can be pre-assembled, then simply "plugged 
in" to the BUSS fuseholders or blocks. You can for-
get about soldering guns and screwdrivers. 

To learn more about the many applications in 
which you might cut costs with BUSS Quick-Con-
nect Fuseholders and Fuseblocks, get in touch with 
your local BUSS Representative or write for BUSS 
Bulletin SFB. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. 
University at Jefferson, St. Louis, Mo. 63107 

SUPPLIED THE ECONOMICAL WAY 

lessU QtrALITY  
F 

THRU DISTRIBUTORS 

Only a few of the many 
available types are shown here. 
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New production equipment 

Sorter checks 5,600 epoxy transistors an hour 
Vibrating bowl in Daymarc model 1635 uses flanges to correctly orient 

TO-105 and TO-106 round devices and feed them to multi-station checker 

Alike as peas in a pod, epoxy tran-
sistor packages are without a doubt 
economical. But because of their 
shape the TO-105 and TO-106 
packages so far have resisted auto-
matic sorting. It's hard for a simple 
machine to tell the outward dif-
ference between a collector, emit-
ter, and base, so getting the right 
leads in the test sockets is chancy. 
"The packages look like aspirin 

Single-stage rinser uses moving 
water and nitrogen burst to 
achieve rapid cleaning of wafers, 
substrates, and optical lenses. 
The rinser is a tank-within-a-tank, 
with water and nitrogen intro-
duced through angle-drilled holes 
in the bottom of the inner vessel. 
Outer tank is 93/4 in. o-d by 81/4 
in. high. Inner tank is 7 in. i-d by 
5 in. deep. Fluoroware Inc., 
Chaska, Minn. [421] 

Sorter type 852 with high volume 
turrets, and operating with suit-
able test equipment, automatically 
tests and sorts over 7,000 dual 
in-line IC's per hour, stick to 
stick, with 250 msec test time. 
Following tests, the sorter class-
ifies tested IC's into three cate-
gories. Input/output turrets each 
hold up to 10 sticks. Daymarc 
Corp., 40 Bear Hill Rd., Waltham, 
Mass. 02154 [425] 

tablets with three leads," says A.H. 
MacQuarrie, applications engineer 
at the Daymarc Corp., Waltham, 
Mass. "Other packages have a tab 
on one side that permits lead iden-
tification, making automatic testing 
and sorting possible. The round 
TO-105 and 106 packages may be 
the least expensive ones available, 
but they are about the most diffi-
cult to orient." 

Constant level flux dispenser model 
FD-1 is for dipping leads and 
components prior to soldering or 
tinning. It utilizes a hydrostatic 
principle to minimize surface 
skinning. Its constant level is ex-
posed to a well base that Is 
resistant to hot soldering irons. 
Price (1-24) is $5.50 each; (100 
up), $4.50 each. E.P.E. Corp., 6 
Kane Industrial Dr., Hudson, 
Mass. 01749 [422] 

Automated rotary dipping ap-
paratus (ARDA) is designed for 
solder coating axial and non-axial 
component leads. It features a 
conveyor system to carry com-
ponents around its circumference 
and to permit automatic lower-
ing and raising of components In 
a vertical plane, while rotating 
them simultaneously in 90° Incre-
ments. Electrovert Inc., Hartford 
Ave., Mt. Vernon, N.Y. [426] 

Therefore, these round packages 
are usually tested and sorted by 
hand. Automatic handling has 
been attempted, but only low sort-
ing rates—about 500 transistors per 
hour—have been attained. 
Now this has changed. The Day-

mare Corp. has developed its 
model 1635, which can handle the 
TO-105, TO-106, and most other 
short lead transistor packages. 

Ultrasonic cleaner model EA 12 
has a tank size of 5 x 5 x 3 in., 
suiting it for cleaning inking 
components of recorders. Unit 
uses high intensity sound waves to 
accomplish cleaning. Cleaning 
power is 50 watts, and line volt-
age is 115 v, 50 to 60 hz. It can 
be operated with common house-
hold detergents or solvent clean-
ers. Price is $60. Esterline Angus, 
Box 24000, Indianapolis [423] 

In less space than a desk phone 
occupies, a sold state extrasensory 
perception system can be installed 
to completely automate control of 
product flow in any production 
operation. The RM variable rate 
control module and a sensor work 
together to detect product flow 
and send signals to the scr motor 
controlling production line speed. 
PECO Corp., Ortega Ave., Mtn. 
View, Calif. [427] 

Sea-Saw model 700 is for wafer-
ing and dicing silicon and similar 
hard, firable materials. It en-
ables dicing of crystals up to 3 In. 
In diameter. Cutting is done by 
thin, oscillating tungsten wires 
which pass through an abrasive 
slurry. Wafers as thin as 0.0055 
in. can be sliced with an 0.004 in. 
diameter wire. Geoscience Instru-
ments Corp., E. Third St., Mt. 
Vernon, N.Y. [424] 

Standard adapters and micro-
chambers simplify component 
evaluation at temperatures within 
the —60° to +180 ° C range. 
Used with the self-contained 
ThermoSpot environmental probe 
system, the adapters provide 
chamber free stable temperatures 
for TO-5, TO-18, flatpack and 
DIP IC's, diode and scr con-
figurations. EG&G Inc., 160 
Brookline Ave., Boston. [428] 
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MALLORY CAPACITOR FACTFILE 

What is the life 
of a good aluminum capacitor? 

Sample #7, shown below, sur-
vived 100,000 hours. It is one of a 
group of computer grade alumi-
num electrolytic capacitors that 
we put under test back in 1957. 

All capacitors were operated at 
rated DC working voltage, surge 
voltage, ripple current and tem-
perature range found in typical 
computer type power supply 
circuits. 

Sample #7 works almost as well 
today as it did eleven years ago. 

Mallory capacitors enjoy long, 
reliable life because they are 
built to exacting standards and 
tested for surge voltage, vibra-
tion resistance, container seal 
tightness, shelf life, and capaci-
tance, ESR, DC leakage current 

1040 

if 

1000 

2.0 

100 

10 

TYPICAL LIFE TEST DATA 
1250 MFG 100 VOLT OC CO CAPACITORS AFTER 

100.000 SOURS CONTINUOUS OPERATION AT FULL RATED VOLTAGE AT 03•C 

INITIAL SPEC LIMITS = TIES MF13 TO 13711 LIFE 

INITIAL SPEC. LIMITE 
200101S (STANDARD AT TINE OF ISANUFACTUREI 

*10001 SPEC. LIMITS = 0303 UA WANE/AGO AT TIME OF MANUFACTURE) 

20 30 40 00 00 

TIME IN TMOUSANDS OF HOURS 

and electrolyte leakage. 

All Mallory CG capacitors should 
have a useful life of about ten 
years, when operated at specified 
conditions. They will last even 
longer if derated in one or more 
operating conditions. 

Temperature Range 

CG capacitors are designed to 
operate within a range of —40°C 
to + 85°C. They have been tested 
at 105°C at less than rated volt-
age without immediate cata-
strophic failure. Extended opera-
tion under these conditions, 
however, will shorten their life. 

Capacitance 

Capacity is measured at 120 cps 
and at 25°C. Tolerance of capaci-
tors rated at 3 to 150 volts is —10, 
+75%. For capacitors rated at 
151 to 450 volts, the tolerance is 
—10, +50%. 
Low Temperature Capacitance 

Capacitance of Mallory CG ca-
pacitors at reduced temperatures 
and 120 CDS does not fall below 

lo ES 100 

the following percentage of 
nominal rated room temperature 
( + 25°C) capacity. 

Rated 

Percent of 

Nominal Rated Capacitance 

DC Voltage —20°C —30°C —40°C 

0-15 
16-100 

101 and up 

65 

80 

85 

50 

65 

75 

30 

40 

50 

Equivalent Series Resistance 

ESR measurements are made at 
120 cps and 25°C. ESR for 
Mallory computer grade capaci-
tors is very low. 

Mallory wants the highest pos-
sible rating for its CG capacitors 
—but not at the expense of long 
life and reliable operation. The 
object of all our research and 
care in manufacturing and test-
ing is to provide our customers 
with the "best" capacitor. For 
data, write or call Mallory Ca-
pacitor Company, a division of 
P. R. Mallory & Co. Inc., Indian-
apolis. Indiana 46206. 
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NUTTU« 
BOURNS INTRODUCES 
NEW CONCEPT 
CERMET RESISTIVE 
AND CONDUCTIVE INKS 
New Concept permits Cali-

bration/Targeting of Inks to 
your equipment and facilities, 

assuring desired resistance 
values, temperature coefficient 

of resistance and repeatability. 
Evaluation kits are available 
containing four resistive inks, 

one conductive ink and an in-
struction manual at $200 per kit. 

WRITE FOR COMPLETE TECHNICAL DATA TODAY! 

BOURNS TECHNICAL MATERIALS 
3231 KANSAS AVENUE • RIVERSIDE, CALIFORNIA 92507 

Circle 169 on reader service card 

HIGH GAIN, HIGH FREQUENCY 

2500 Watt Peak Power 
INDUSTRIAL DC SERVO AMP 

For Low-Inertia Fast-Response 
TORQUE MOTORS 

Model A5231 is a complete high performance 
servo control designed for use in all kinds of 
closed loop position, velocity and torque-sys-
tems. This high power servo amplifier operates 
from a conventional three phase, 50/60Hz 
power supply, or with slightly reduced rating 
from single phase. High gain multiple inputs, 
plus peak power, plus dual mode current limit, 
and 1 KC response, make unit adaptable to all 
kinds of fast response or continuous torque DC 
motors. 

HIGH POWER SERVO AMPLIFIERS 

1542 FIFTEENTH STREET 

WESIA M P. SANTA MONICA. CALIF. 90404 
PHONE, (213) 393-0401 

SAN-E 
MSP-4 full four track stereo 
RIP head for auto-reverse 
cassette system 

MSP-4 14 track full 4 heads RIP 

head for philips cassette tape 

Other product 

erasing head for MSP-4 

8 truck (MS-8) stereo head 
for home & car stereo 

* write immediately 

for further details 

SAN-E DENKI COMPANY, LIMITED. 
110-1 Minami-Kawahori-cho, Tennoji-ku, 

Osaka, Japan 
phones: 779-1591 
cable: SANMAGNETICS 

Shook up. Vibratory bowl at left 
aligns around transistor for sorting. 

Used with a Teradyne tester such 
as the model T217, the machine 
sorts 5,600 devices an hour, assum-
ing a test time of 230 milliseconds. 
The problem of handling the 

TO-105 and TO-106 was solved by 
modifying the vibratory bowl used 
by Daymarc in other systems. The 
bowl's vibrations move transistors 
outward and along a ramp which 
spirals around the bowl's side to 
the probe station. By adding 
flanges along the ramp, Daymarc 
was able to ensure that only tran-
sistors with properly oriented leads 
would reach the station. Improp-
erly aligned devices are knocked 
back into the bowl. 
On the table. Once safely past 

the flange, the transistor is placed 
in one of several holders on a cir-
cular table and swung to a station 
where two nonshorting terminals 
probe each lead. Probes have Kel-
vin connections, collector-base ca-
pacitance is 0.1 power factor maxi-
mum, contact resistance is below 
0.05 ohms, and leakage resistance 
is more than 1014 ohms. The tester 
categorizes each transistor and sets 
a magnetic trip beneath its holder. 
When the table rotates, the arm 
trips a mechanism, dropping the 
transistor into the proper bin. 
The sorter comes equipped with 

two probes and eight bins. As 
many as four probes or 11 bins 
may be used, but the total can't ex-
ceed 13. Many types of transistors 
may be sorted by simply plugging 
different testers into the probe 
socket, and both d-c and dynamic 
tests can be run. The rate of the 
1635 sorter can be changed if dif-
ferent test times are required. 
A prototype has been in opera-

tion since the beginning of July, and 
already several are on order. The 
price of the unit is not yet set; but 
delivery is 12 to 14 weeks. 

Daymarc Corp., 40 Bear Hill Rd., Wal-
tham, Mass. 02154 
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In 10 days 
we can teach you 
how to design 
your own 
MOS/LSI arrays. 

Engineering Design Workshop uses standardized equa-
tions and procedures to assist systems engineers in the 
evaluation and design of their own MOS/LSI circuitry. 

The systems designer who understands the advan-
tages, limitations, costs, and performance of LSI will be 
able to translate existing designs or meet new systems 
objectives with greater speed, efficiency, and profit to his 
company and to himself. 

This is the purpose of the course of study and work 
sessions developed by Integrated Systems Technology 
Inc., a company which has made a specialty of assisting 
others to acquire design and/or fabrication capabilities. 

The MOS/LSI Engineering Design Workshop is pre-
sented by the Integrated Systems Technology staff and 
has achieved international recog-
nition as a highly effective, practi-
cal way for equipment designers 
to become familiar with the LSI 
technology in a relatively short pe-
riod of time. 

Combining lectured material 
with IST's "topological" rules and 
private engineering consultation, 

each attendee will design an LSI array or library of stan-
dard functions. The 1ST design approach permits multiple 
sourcing. Design experience will include system partition-
ing, calculation of array performance, and generation of 
an array plan diagram. A number of computer programs 
has been prepared to facilitate calculation of array per-
formance, and a computer terminal will be provided as 
a design aid. 

Each attendee will also receive a complete, 220-
page set of notes detailing ISTs design equations, circuit 
forms and analyses, and topological design rules. 

The MOS/LSI Engineering Design Workshop will be 
in session from September 15-26, 1969 under the spon-
sorship of Electronics/Management Center. It will be held 

at 1ST facilities in Santa Clara, Cali-
fornia. Fee for individual registrant 
is $3000. Special rates for multiple 
company registrations. To reg-
ister, or for additional information, 
call Mr. Samuel Weber, at 212-971-
3485 or write to Electronics/Man-
agement Center, 330 West 42nd 
Street New York, N.Y. 10036. 

The MOS/LSI Engineering Design Workshop 
September 15-26,1969 
Presented by Electronics/Management Center 
in cooperation with Integrated Systems Technology, Inc. 

Electronics 1September 1, 1969 
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Tell me all 
about yourself. 
What's your line? 
Do you deliver? 
How about service? 
Is there parking? 
What are your hours? 
I'm interested in everything 
about you when I   
look you up in the Yellow 

Yellow Pages. Pages 



New semiconductors 

Hybrid-IC transistors served in ceramic cup 
150-mil-diameter package has lands instead of leads; 

smailer than a TO-5 can, it costs up to 40% less 

Increasingly, hybrid-circuit makers 
are mounting semiconductor chips 
directly on a substrate, but many 
of them would prefer to give the 
chip more protection—if the right 
package could be found. 

Conventional metal packages like 
the To-5 can aren't the answer be-
cause their size tends to cancel the 
advantage of the hybrid technique. 
However, a ceramic cup manufac-

Differential d-c comparator model 
351 is a monolithic IC device in 
a T-100 case, and designed for 
accurate sensing and measuring 
applications. It is capable of 
resolution in the fractional milli-
volt and sub-microamp regions 
and will handle 105 ohm signal 
sources. Unit lists singly for 
$11.70; $7.80 in lots of 100. An-
alog Devices Inc., 221 Fifth St., 
Cambridge, Mass. [436] 

FET choppers 2N4391, -2 and -3 
feature a switching time of 15 
nsec (typical) and low leakage of 
100 pa maximum. Units offer 
optimum performance in micro-
volt amplifiers and meters, multi-
plexers, commutators, tv equip-
ment, oscilloscopes, a-rn and c-b 
receivers. Price is from $2.50 to 
$3.50 for 100 up. National Semi-
conductor Corp., San Ysidro Way, 
Santa Clara, Calif. [440] 

tured by Circa Tran Inc. may pro-
vide a solution. The package is not 
much larger than the chip itself, 
and with lands for leads, it can be 
easily and firmly attached to the 
hybrid substrate as a "leadless in-
verted device." It's equally at home 
with thick films or thin films, and 
the manufacturer says it won't 
change electrical properties during 
circuit assembly. 

Integrated decade up-counter 
MC880P features plastic encap-
sulation. It implements the 
counting function through the 
interconnection of four flip-flops, 
with individual direct set inputs 
provided for setting the counters 
to any number. The device counts 
at a typical 4 Mhz rate. It costs 
$3.40 in lots of 1,000 up. 
Motorola Semiconductor Products 
Inc., Box 20924, Phoenix [437] 

Planar p-i-n switching diode VSD-
211 offers a typical switching 
speed of 10 nsec, and will op-
erate over a wide dynamic range 
of r-f seres resistance from 1.4 
to 15,000 ohms. It will perform 
efficiently over a frequency range 
from 1 to 18 Ghz, depending 
upon r-f power and package para-
sitics. Operating temperature 
range is —65° to ±175°C. Var-
ian, Beverly, Mass. [441] 

So far, Circa Tran has introduced 
only one version, the CT-1, a three-
land package for transistors. It's 
150 mils in diameter and 75 mils 
thick, and can accommodate a 
semiconductor up to 40 mils 
square. By comparison, the TO-5 
can is roughly 21/2 times wider and 
thicker. 
The company is now developing 

cups for other devices, including 

Microwave tuning varactors GC-
1700 offer octave tuning through 
S-band. Featuring low series 
resistance, they are oxide passi-
vated providing maximum diode 
stability at high temperatures. 
Standard capacitance tolerance 
is .±.10e, and operating temper-
ature range is —60 ° to +125°C. 
Capacitances range from 1.2 to 
22 pf. GHZ Devices Inc., Kennedy 
Dr., N. Chelmsford, Mass. [438] 

- 
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A-c amplifier array CA3052, un 
a single monolithic substrate, can 
be connected as a pre-amp to 
provide a high performance stereo 
tape head or full-function stereo 
amplifier. Each of four inde-
pendent amps' typical operating 
features include an equivalent 
input noise voltage of 4gy and 
a high voltage gain of 58 db. 
RCA 'Electronic Components, Har-
rison, N.J. 07029 [442] 

Wide area Varactron silicon volt-
age-variable capacitance diodes 
series VA521-824 feature all-
epitaxial construction, Q as high 
as 200, and d-c ratings as high 
as 100 v. The devices are suited 
for such applications as vhf-uhf 
frequency multiplication, harmonic 
generation, oscillator tuning, and 
parametric amplification. Crystal-
onics Inc., 147 Sherman St., 
Cambridge, Mass. [439] 

ifs 

Glass, 5-watt, axial lead JAN 
and JAN TX zener diodes 1N4954 

through 1N4969 meet MILS-
19500E/356A and MIL-STD-701 
specifications. Voltage ranges of 
from 6.8 y through 30 y are 
available. Size is 0.140 in, max-
imum diameter by 0.230 in, max-

imum length with 0.040 in. diam-
eter silver leads. MicroSemicon-
ductor Corp., 11250 Playa Court, 
Culver City, Calif. 90230 [443] 
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Ordinary engineers have their place. 
Elsewhere. 

ORDINARY ENGINEERS OUR ENGINEERS 

Ordinary engineers are the guys who 
sit in somebody's bullpen and slave away 
on a tiny part of some immense project. 
Doing the same kind of thing. Over and 
over, without ever really knowing what 
their contribution amounts to. 
We go about things a little differently. 

And we think that's the reason we've 
become a leader in computer memories. 
Our technique is to let engineers get 

involved in as many different activities as 
they can handle. Technical proposals, 
design, development, costing, production, 
marketing, planning—you name it, our 
engineers get involved in it. And the 
involvement leads to commitment. It's 
worked out beautifully. 
As a result we have a busy and ex-

tremely interested engineering staff. And 

the finest line of memory systems and 
stacks and interconnect circuitry on the 
market. 

It should surprise no one to learn that 
we're growing 
at a healthy 
clip. Just re-
cently, we in-
troduced our 
new digital 
Multi-Applica-
tion Computer 
—MAC 1 6 
—and that's 

going to accelerate our growth. 
So, we need more engineers. Good 

minds. Good technical backgrounds. And 
the desire to get involved. 
We pay well. And, because of our con -

tinuing growth, we offer rapid advance-
ment. 

If you're interested in us and you've got 
an M.E. or E.E. and E.D.P. hardware or 
software experience, let's get together. 
Write to me—E. N. Gage — at 6201 E. 

Randolph Street, Los Angeles, California 
90022. Better still, call collect. (213) 
722-6810. Naturally, we're an equal oppor-
tunity employer, 

_ . 

MIMI" fCer, 

LOCKHEED ELECTRONICS COMPANY 
03$ Data Products Division • A Division of Lockheed Aircraft Corporation 
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This Space Conlribuled by She Publisher 

Lots of ways 
to keep your 
workers working 
for you. 
One is to keep 
them alive. 

And we want to help. With 
a comprehensive employee 
education program. That 
tells your people life-saving 
facts about cancer. And how 
their doctors can spot it 
early—when most cancer 
is beatable. 
We have free films, 

exhibits, speakers, booklets, 
articles for your house 
organ. Tell your local 
American Cancer Society 
Unit your plans, and they'll 
work with you. 

Because we want you to 
keep your workers. By 
keeping them alive. 

51e american 
cancer 
society 

one with 16 lands for integrated 
circuits. 
The company packages transis-

tors in the cup with highly mecha-
nized techniques, which permit a 
savings of up to 40% compared 
with the cost of putting the 
same device in a TO-5 can. First, 
the chip is eutectically bonded to 
the flat bottom of the cup. Second, 
an ultrasonic nail-head bonder con-
nects wires between the interior 
treads (which connect to the ex-
ternal lands) and the chip. Third, 
an encapsulating material of the 
customer's choice is injected into 
the cup. Finally, the d-c param-
eters of each assembled transistor 
are measured on a high-speed au-

Cupped. Three lands replace the 

traditional leads in new ceramic 

package. Notch in side aids orientation. 

tOmaLic tester. Circa Tran says its 
yield is higher than 95%. 
When the filled cup is inverted 

and mounted on the hybrid sub-
strate, there is enough room to al-
low 15-mil-wide interconnections 
to run underneath. 

After it's mounted on a substrate, 
the cup has an adhesive force of 
7,000 psi, according to the manu-
facturer. It provides good heat dis-
sipation, keeping the junction tem-
perature rise as low as 70°C per 
watt, relative to the ambient tem-
perature. The cup is well suited to 
experimental bread-boarding be-
cause it can be installed and re-
moved several times without affect-
ing the device parameters. 

Price depends on the semicon-
ductor device. With a 2N918, for 
example, the unit price would be 
roughly 50 cents. 

Circa Tran Inc., P.O. Box 832, Wheaton, 
III. 60187 [444] 

think 
digital 

Think ELFIN—the new 
single plane, segmented 
neon readout indicator 
that provides brighter 
displays and wider view-
ing. Only 0.41" dia. 
ELFIN display 0-9, + 
and —, some alpha sym-
bols and decimal. 

The MS-4000 Series 
has new readouts added 
to include numeric and 
symbol indications. Each 
model is a miniature en-
cased readout with the 
flat single-plane viewing, 
and uses 100,000 hr. 
#663 T-1 subminiature 
lamps. Plug-in feature 
expedites replacement. 
Photograph above shows 
five MS-4000 readouts 
used with a module 
mounting and bezel kit. 

ALCO's RK numeric 
and symbol readouts 
have a unique in-line de-
sign to provide clear dis-
plays without focusing 
problems. The precision 
machined 1-piece alumi-
num case also serves as 
a heat sink. 

The MS Mosaic nu-
meric segmented indica-
tors are available in 2 
sizes and use either 6, 
14 or 24V lamps for flex-
ibility in design. 

SEND FOR 
ALCO - NUMERIC 

CATALOG 

* 1000 Lot Prices 

ELFIN 

2.99 3 5 

MS-250 
4.97* 

MS 
4.97 

- 
et 

MSM-5A 
4.97 

RLO 
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7.77 

INFRARED 
DETECTOR 
SPECS ? 

Get the answers from 
the experts at Barnes! 
Head in a spin with noise-value 
figures? Time constants? Detectivity? 
Flake sizes? 

Do you need a simple thermal detec-
tor? Cooled or uncooled 'photon de-
tector? A sophisticated mosaic array? 

Why not ask the experts? 

Our credentials speak for themselves. 
For the past 15 years our infrared 
specialists have been helping cus-
tomers select the best detector for 
their requirements. We've built com-
plex detectors to meet the most de-
manding specs for advanced military, 
space, and research programs. And 
we've made them simple for off-the-
shelf delivery to industry. 

For personal service, competitive 
prices and fast delivery, just call or 
write: 

BARNES 
ENGINEERING 
COMPANY 

30 Commerce Rd/Stamford. Conn. 06902 
Phone (203) 348-5831 / TVVX 710-474-3367 

New Books 

One step beyond 

Basic Circuit Theory 
Charles A. Desoer and Ernest S. Kuh 
McGraw-Hill Book Co., 876 pp., $15.50 

The use of computers has freed 
circuit designers from the compli-
cated, time consuming, and, to a 
certain degree, specialized task of 
solving complex circuit equations. 
But, this liberation adds a further 
burden: today's engineers must de-
velop a more systematic formula-
tion of problems. Thus, circuit de-
signers should be able to write 
reasonably complicated equations 
and at the same time have an un-
derstanding of system theory, sta-
bility, and device modeling as well 
as circuit theory. This book's un-
usually unified approach should 
help; its formulation of lumped 
circuit theory treats linear and 
nonlinear, time invariant and time 
varying, and passive and active 
circuits. 
The aim is to get engineers to 

the point where they can decide 
which aspects of theory they want 
to apply to a particular problem in 
circuit design. Many of the con-
cepts and techniques described 
were developed by people doing 
research in circuit and systems 
theory. 
The organization breaks down 

into three parts covering simple 
circuits, complex networks, and 
the main results of circuit theory. 
At the outset, the authors classify 
two-terminal networks into linear 
or nonlinear and time invariant or 
time variant categories. One inter-
esting chapter discusses the phasor 
method used for sinusoidal steady 
state analysis. 
On more complex networks, the 

book first deals with standard cou-
pled elements—transformers, cou-
pled inductors, and controlled 
sources. It illustrates the useful-
ness of general methods by ex-
plaining graph theory and showing 
how general properties of impe-
dance functions can be derived 
from Telegen's theorem. This is 
followed by a systematic presenta-
tion of general network analysis, 
consisting of discussions of node, 
mesh, and cut-set methods. Part 
two then concludes with a descrip-

tion of the state-variable method, 
shown by the authors to be an im-
portant aid in formulating equa-
tions for nonlinear and time-vary-
ing networks. 

After a brief discussion of La-
place transforms in part three, the 
authors first consider the funda-
mental properties of linear and 
time-invariant networks and then 
launch into discussions of natural 
frequencies, network functions, the 
four standard network theorems, 
and two-ports. Whenever possible 
they relate these discussions to the 
fundamental properties. Also, a 
chapter on resistive networks 
shows that general properties of 
nonlinear resistive networks can be 
formulated when closed-form solu-
tions aren't known. And, the final 
chapter considers the energy bal-
ance in time-varying elements, par-
ametric amplifiers, and the charac-
terization of passive one-ports. 

Figures are ample and informa-
tive. And the summary and prob-
lems at the end of each topic are 
welcome. Also very useful are the 
three appendixes, devoted to math-
ematics, that cover the concept of 
a function, matrices and determi-
nants, and differential equations. 

Recently Published 

Working With Semiconductors, Albert 
Saunders, Tab Books, 221 pp. $7.95 

A lucid discussion of semiconductor 
circuit operation and application with 
the theoretical mathematics. Beginning 
with background data on semiconductor 
technology, Saunders progresses into 
basic circuit configurations, power sup-
plies, SCR's, and field-effect transistors. 
An excellent beginning text for those 
who work with solid state equipment. 

Estimation Theory and Applications, 
N. E. Nahi, John Wiley & Sons, 280 pp. 
$14.95 

This introduction to the theory of esti-
mation should be easily understood by 
first-year graduate students in engi-
neering and physics. Necessary mathe-
matical notations and techniques, as 
well as a conceptual background, are 
presented before the treatment of 
principle estimation methods. Numer-
ous examples aid in the clarification 
of theory and application. 
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Technical Abstracts 

High dielectric for uhf 

Integrated microcircuits for the uhf 
range 
Robert M. Knox 
IIT Research Institute 
Chicago 

A high dielectric constant ceramic 
IC holds out promises of low cost, 
small size, and high reliability for 
applications in the ultra high-fre-
quency range, 0.3-3.0 gigahertz. 
The circuit is almost Moth the 
size of hybrid alumina IC's and 
can incorporate either the pill pack-
age or the conventional beam-lead 
configuration. 
The microcircuit substrate is of 

low-loss, high relative-dielectric 
constant ceramic material on which 
thin-film stripline conductors are 
deposited to form microwave trans-
mission lines and passive compo-
nents. The high dielectric-constant 
substrate reduces the size of the 
microwave components. Thus, sev-
eral microwave circuit functions 
can be combined in one module. 
Although a triplate configuration 

of stripline transmission lines—bal-
anced double-ground plane con-
struction—can be used, a micro-
strip configuration is preferable. 
Not only is the microstrip simpler 
—a single ground plane—but it also 
has a higher characteristic impe-
dance for equal strip width and 
dielectric thickness. Also, the prop-
agation loss per unit length is 
lower in microstrip. 
Among the factors that deter-

mine a microwave circuit's size at 
a given frequency are characteris-
tic impedance, substrate thickness, 
and dielectric constant. The amount 
of transmission loss that can be 
tolerated must be considered, too. 
No theory describes the trans-

mission line properties of micro-
strip accurately. However, experi-
mental measurements have pro-
vided some useful information. 
High dielectric constant transmis-
sion lines with different strip 
widths have been fabricated to de-
termine the characteristic imped-
ance as a function of strip width, 
and substrate thickness. For a 
given strip width, the high dielec-
tric constant substrate more nearly 
lends itself to the idealized trans-

verse electromagnetic wave solu-
tions than the lower-dielectric con-
stant silicon or aluminum oxide 
substrate material. 

Propagation losses result from 
finite conductivity and power dis-
sipation in the medium of the line. 
Smaller transmission lines lead to 
higher conductor losses. When a 
very low loss substrate is used, 
conductor losses predominate. And, 
in high dielectric-constant-20 or 
above—ceramic transmission lines, 
conductor losses also predominate. 
Presented 
19-22. 

at Wescon, San Francisco, Aug. 

Hail to the chip 

Microwave transistor amplifier 
design and specification 
James R. Reid 
Avantek Inc. 
Santa Clara, Calif. 

The frequency domain previously 
held by traveling-wave tube ampli-
fiers is fast falling to transistor 
amplifiers as microwave systems 
designers improve both perfor-
mance and reliability. Moreover, 
the replacement of these thermi-
onie devices with transistors has 
brought about a large reduction in 
maintenance costs. 
Low noise and medium power 

microwave transistors are finding 
increased application in both nar-
rowband amplifiers and broadband 
amplifiers. Broadband amplifiers 
are used for electronic counter-
measures and reconnaissance sys-
tems; narrowband amplifiers are 
used for telemetry, spacecraft to 
ground communications, troposcat-
ter, radio astronomy, radio relay 
and phased array radar systems. 
Commercially available low-noise 

transistor amplifiers are now cap-
able of replacing traveling-wave 
tubes, tunnel-diode amplifiers, and 
parametric amplifiers for many 
applications in the L and S bands 
and will soon compete for applica-
tions through the C band. 
Microwave amplifiers commonly 

fall into two categories: ultra wide-
band types that cover at least an 
octave; and comparatively narrow-
band, with bandwidths of less than 
100 megahertz. Each of these ampli-
fiers offers different performance 

varielle 
with -el 

AM:1511%11TC 
The greater the vari-

ety, the, more flexibility 
you have when design-
ing a miniature ALCO-
SWITCH into your qual-
ity equipment. The broad 
ALCOSWITCH line offers 
over a hundred different 
models. 

Miniature Toggle 
Switches are available 
in five series including 
high performance water-
proof types, locking 
handles, and switches 
with 15/32" bushings. 

Miniature Push Button 
Switches include the 
new illuminated series, 
top-grade SPDT-DPDT-
4PDT types, 15/32" 
bushings, and economy 
priced miniatures. 

1/2" Dia. Miniature Ad-
justable-Stop Rotary 
Switches are built to 
meet the highest relia-
bility standards and are 

available with or without 
their own specially 
mated knobs. 

Whether you need one 
or one thousand 
switches you have a 
greater variety to choose 
from when you specify 
an ALCOSWITCH. 

SEND FOR 
20-PAGE 

ALCOSWITCH 
CATALOG 

r 
•t•...1•=4 

46 
ALCO 

t• 

ELECTRONIC PRODUCTS, INC. 

Lawrence, Massachusetts 01843 

14 
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Technical Abstracts 

What 
happened when 
doctors and 
engineers 

got together. 
Doctors told engineers how 

they were using electronics and 
revealed their most urgent needs. 
Engineers described and demon-
strated their newest equipment for 
diagnosis, treatment, and 
prevention. And hinted at things 
to come. 

Their complete dialogue, with 
illustrations, makes pretty 
informative reading on a vital 
and growing market 

Here are some of the things 
it contains: 

Computers: How they're joining the 
medical team. What computers are 

doing in diagnosis. In communications. The small 
computer as a paramedical aid. 
Instrumentation: What's needed. What's available. Patient 

management. Protection. Standards and safety. 
Electronics in the Hospital: The surgeon, the hospital, the 

instruments. What the administrator wants. Prescription for 
large-scale health care. The surgery department 

Electronics/Management Center 
330 West 42nd Street, New York, N.Y. 10036 

El Enclosed is $12 for a copy of the Proceedings of the First National Confer-
ence on Electronics in Medicine. 

n Send the Proceedings and bill me later. P.O. #  

Name  

Company  

Address  

City State Zip  

capabilities that arise from the 
different parameter tradeoffs re-
quired for each application. And 
they need transistors that are opti-
mized for each case. 
Microwave transistors that offer 

state-of-the-art performance are 
now available. These medium 
power, low noise S-band transistors 
are optimized for input, interstage, 
and output stages, and can be sup-
plied with complete S-parameter 
characterizations in addition to the 
more conventional parameter such 
as hrp, ft, rb, Cc, maximum avail-
able gain, and noise figure. In 
addition, the designer can choose 
to use either discrete components 
or hybrid microwave integrated 
circuit types using chip transistors. 
Also, specifications must be con-
sidered, since different applications 
require different performance. 

Telemetry, ecm, and communica-
tion receivers require very high 
sensitivity or low noise inputs and 
wide bandwidths, whereas in tropo-
scatter, high sensitivity is a must. 
Other systems require extremely 
close matching of gain and phase 
characteristics of many amplifiers. 
To adequately specify the best tran-
sistor amplifiers requires careful 
consideration of many diverse par-
ameters: flatness over the band-
width, noise figure, frequency 
range, r-f power handling capabil-
ity, the amplifier's limiting charac-
teristics, intermodulation products, 
the spurious-free dynamic range, 
reverse isolation of the amplifier. 
input-output vswr, and stability. 

In addition care must be taken 
to meet any special requirements 
such as phase linearity which 
needs special tracking adjustments 
to produce a fairly large bandwidth 
coverage. In addtion, both the 
phase and gain tracking accuracy 
must be taken into account, par-
ticularly before ordering many am-
plifiers for a system that requires 
better than 2:1 matching. And fi-
nally, the operating environment 
will affect the amplifier, since tran-
sistor parameters vary with tem-
peratures. Thus, the amplifier must 
be fully compensated for changes 
in its surrounding. 

Presented at Wescon, San Francisco, Aug. 
19.22. 
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New Literature 

Oscillators. Accutronics Inc., 628 North 
St., Geneva, III. 60134. A 16-page cat-
alog defines a complete line of oscilla-
tors from less than 1 hz to 250 Mhz. 

Circle 446 on reader service card 

Resistor networks. Kelvin, 5919 Noble 
Ave., Van Nuys, Calif. 91401, offers a 
12-page catalog on precision wire-
wound resistor networks. [447] 

Automation systems. Electroglas Inc., 
150 Constitution Dr., Menlo Park, Calif. 
94025, has published a six-page full-
color folder covering its new line of 
digital automation systems. [448] 

Automation dictionary. Honeywell Inc., 
2701 Fourth Ave, S., Minneapolis 
55408. A 47-page automation diction-
ary defines more than 200 terms, 
ranging from "algorithm" to "zener 
diode." [449] 

Tantalum capacitors. NCI Inc., 5900 
Voss Rd., West Palm Beach, Fla. 33407. 
Bulletin 613B contains ready reference 
information on Mil type solid and wet 
tantalum capacitors.. [450] 

Command communications system. 
Theta Instrument Corp., Fairfield, N.J. 
07006. Digital command communica-
tions system model DM-3 is covered in 
engineering bulletin 67-14A. [451] 

Conductive coatings. Electro-Science 
Laboratories Inc., 1133 Arch St., Phila-
delphia, Pa. 19107, has released a 
product bulletin on silver based cermet 
conductive coatings numbers 590 and 
5964. [452] 

Log periodic antenna. RF Systems Inc., 
154 King St., Cohasset, Mass. 02025. 
A single-page data summary describes 
heavy duty model LP-213 log periodic 
antenna. [453] 

Voltage-to-frequency converters. Solid 
State Electronics Corp., 15321 Rayen 
St., Sepulveda, Calif. 91343, has 
available a data sheet on the series 
300VF solid state voltage-to-frequency 
converters. [454] 

Relay tachometers. DyneIco Corp., 
4107 N.E. 6th Ave., Fort Lauderdale, 
Fla. 33308, has issued Dynaform RT 
2000 describing a line of precision elec-
tronic tachometers with adjustable limit 
switches. [455] 

IC operational amplifiers. Union Car-
bide Semiconductor, 8888 Balboa Ave., 
San Diego, Calif. 92123, has available 
a data sheet on the UC4101A and IC op-
erational amplifiers.' [456] 

Indicator lights. Eldema, Division of 
Genisco Technology Corp., 18435 Sus-
ana Rd., Compton, Calif. 90221. A sev-
en-page brochure provides a compre-

Electronics j September 1, 1969 

hensive cross-reference between the 
company's MIL-Lites and revised MIL-L 
specifications. [457] 

Industrial relay. Teledyne Relays, A 
Teledyne Co., 3155 W. El Segundo 
Blvd., Hawthorne, Calif. 90250. A tech-
nical bulletin describes the 712T gen-
eral purpose TO-5 industrial relay. 
[458] 

Rotary switches. RCL Electronics Inc., 
700 S. 21st St., Irvington, N.J. 07845. 
An expanded engineering handbook 
gives complete technical specifications 
on six new series of miniature rotary 
switches. [459] 

Low-cost timer. Sealectro Corp., 225 
Hoyt St., Mamaroneck, N.Y. 10543. A 
two-page data sheet describes a mul-
tiple function, low-cost timer. [460] 

Conductive silicone adhesive. Chomerics 
Inc., 77 Dragon Court, Woburn, Mass. 
01801. A comprehensive data sheet 
lists typical properties and directions 
for preparation and application of a 
new, improved conductive silicone ad-
hesive. [461] 

Arc suppressors. Genisco Technology 
Corp., 18435 Susana Rd., Compton, 
Calif. 90221. Specifications of a new 
series of di miniature arc suppressors 
—each smaller than an ordinary thim-
ble—are provided in a data sheet. 
[462] 

Sealing trimmer capacitors. Voltronics 
Corp., Hanover, N.J. The subject of 
sealing precision piston trimmer ca-
pacitors is discussed in detail in a 
recent issue of Trimmer Topics. [463] 

Relay catalog. James Electronics Inc., 
4050 N. Rockwell St., Chicago 60618, 
offers an eight-page catalog contain-
ing specifications on high speed Micro-
Scan relays with a full range of models 
and illustrative package drawings. 
[464] 

Photocoupled pair. Monsanto Electronic 
Special Products, 10131 Budd Road, 
Cupertino, Calif. 95014, has published 
a data sheet on the MCT1 phototran-
sistor coupled pair. [465] 

Encoders guide. Col lectron Corp., 304 E. 
45th St., New York 10017. A 12-page 
guide details encoder technology and 
provides extensive data on encoder ap-
plications. [466] 

Data modem. Quindar Electronics Inc., 
60 Fadem Rd., Springfield, N.J. 07081. 
Product data sheet PDS-2-14 covers the 
QDM-103 data modem. [467] 

Magnetic switches. Kessler-Ellis Prod-
ucts Co., 120 First Ave., Atlantic High-
lands, N.J. 07716. A six-page bulletin 

SB-033 — INTERLOCK 
SB-034 — MOMENTARY 

28.50 User Net 

The ALCO modular 
idea is a simple concept 
for the design engineer 
to create his own cus-
tom push button layouts 
from "stock" switch 
modules and assemblies. 

The basic modules al-
low use of up to twelve 
(shown at right) switches 
per section. A designer 
may stack any number 
of these switch sections 
in a group by themselves 
or in conjunction with 
the ALCO mating 12-
segment keyboard as-
semblies (shown above). 

Highly efficient, single 
pole "normally open" 
reed switches are used 
throughout, thus assur-
ing reliability and ex-
tremely long life expect-
ancy. 

For design-service as-
sistance and price quo-
tations, call (Area 617) 
686-3887. 

Available as 
Momentary 

and Interlock 

ELECTRONIC PRODUCTS, INC. 

Lawrence, Massachusetts 01843 
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We're not 
interested in 
next year's 
callawumpus. 
Our display terminals are 
priced and programmed for today. 
No blue sky over-engineering. 
No payments for loafing parts. 

We offer a complete line, 
starting under $1500. 
And every unit is ready 
for immediate employment. 

For further details, 
call (617) 272-6660 collect. 
Or see us at the following: 

NEREM '69, November 5-7. 
Booth 1A73. 
War Memorial Auditorium 

FALL JOINT COMPUTER CONFERENCE, 
November 18-20, 

Booth 21010, 
Sahara Hotel. 

o lnfoton 
INFOTON INCORPORATED 

SECOND AVENUE. BURLINGTON. MASSACHUSETTS 01803 

Incorporating Information Research Associates, Inc. 

Circle 148 on reader service card 

Make your own break. 
You can take a lot of the chance 
out of your future by including 
yourself in the Electronics Man-
power Register. 
When you do, your experience 

and talents become part of a 
nationwide computerized place-
ment service. 

Our computer is programmed 
to give every registrant the same 

look for every opening. With your 
prior approval, you'll be consid-
ered for every opportunity that 
matches your resume. 

All you have to do is send one 
to: 
Electronics Manpower Register 

Electronics 
330 West 42nd Street 
New York, N.Y. 10036 

New Literature 

describes a new line of magnetically 
operated reed switches specially housed 
for industrial applications. [468] 

Insert molding techniques. Capsonic 
Group Inc., 1000 Bluff City Blvd., Elgin, 
III. 60120, has issued a six-page bro-
chure on thermoplastic and thermoset 
insert molding for the electronic and 
aerospace industry. [469] 

Reliability program. National Semicon-
ductor Corp., 2950 San Ysidro Way, 
Santa Clara, Calif. 95051. "National/ 
883" is the title of a brochure describ-
ing the company's Mil-Std-883 relia-
bility program. [470] 

Ferrite beads. Ferronics Inc., 68 N. 
Main St., Fairport, N.Y. 14450. Bulletin 
201 covers a line of ferrite beads avail-
able for use as broad band chokes or 
suppressors. [471] 

Etched circuit materials. Kepro Circuit 
Systems Inc., 3630 Scarlet Oak Blvd., 
St. Louis, Mo. 63122, has available its 
1970 catalog listing that describes a 
comprehensive selection of circuit 
board materials, supplies, and equip-
ment. [472] 

Thermocouples. Nanmac Corp., Fram-
ingham Centre, Mass. 01701. Bulletin 
TB-165 covers inert-gas filled thermo-
couples for 4,000°F environments. 
[473] 

Pressure measuring systems. MB Elec-
tronics, a Textron Co., Box 1825, New 
Haven, Conn. 06508, has released bul-
letin 500S describing its complete line 
of systems and components for meas-
uring pressure electronically with high 
accuracy transducers. [474] 

Environmental testing. Ogden Technol-
ogy Labs Inc., 573 Monterey Pass Road, 
Monterey Park, Calif. 91754. An eight-
page brochure describes the environ-
mental testing facilities and capabilities 
of the company's seven test lab loca-
tions. [475] 

Measuring microwave pulses. Varian 
Solid State Microwave Project. Salem 
Road, Beverly, Mass. 01915. A four-
page application engineering bulletin 
entitled "Precise Measurement of Spike 
Leakage in Gas Switching Tubes" may 
be obtained by request on company 
letterhead. 

Miniature relay. Price Electric Corp., 
Frederick, Md. 21701. Bulletin CPHO1 
describes the style PHP miniature gen-
eral purpose relay. [477] 

Stand-off terminals. Sealectro Corp., 
225 Hoyt St., Mamaroneck, N.Y. 10543. 
A six-page folder describes a new series 
of Riv-Loc Teflon-insulated terminals 
that feature a stand-off with a twin-
turreted solder area. [478] 
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1,000,000 SUES 
MILITARY CASES 
COMBINATION • TRANSIT • INSTRUMENT 
MIL-T-945A, T-4734, T-21200, STD-108, C-4150 

Choose from over 1,000,000 variations in dimensions, 
proportions, metals, finishes, and custom accessories. 
Whatever your need, the MM (multi-measure) method 
gives you high production savings even on custom runs 
as low as 25 units. Send your print or requirements. 
Manufacturers representatives in all major cities. 
SEND FOR FREE CATALOG & DIMENSION SPECIFICATION SHEETS. 

:In ELECTRONIC ENCLOSURES, Inc. 
111 Bloomingdale Rd., Hicksville, N.Y. 11801 • 516.935-9400 

Circle 170 on reader service card 

Every year, ELECTRONICS attracts requests 
for over 125,000 editorial reprints. 

They're like interest payments on our 
million-dollars-a-year editorial principles. 

That's how much we spend annually to 
produce timely, authentic, and useful arti-
cles like those listed on the reader service 
card as reprints currently available. 

Investment and interest make both 
ELECTRONICS and its readers more meaning-
ful to its advertisers. 

Typical response curves and component costs for three 
IR Filters—based on quantities of 500 resonators. 

-FR 

New! 
An economical way 

to get high 
Fa, performance 

filters. 

Now you can easily make your own ceramic filters—at low 
cost—with any of these performance factors: 

Center Frequency 455 kHz 
Stop Band Rejection to 105 dB 
Bandwidth (a 6d8 2-23 kHz 
Shape Factor better than 2 :1 

Here's a totally new concept from Clevite: high performance 
ceramic IF bandpass filters you build yourself. You do it by 
taking two or more standard Identical Resonators (I R's) and 
interconnecting them to known capacitors in a prescribed net-
work configuration. Just check Clevite's tables for required 
capacitance values for given filter responses. And the tables 
are free for the asking. 
Compared with conventional LC filters or IF cans, Clevite's IR 

approach offers extreme design simplicity and flexibility, plus 
economy. Here's an ideal way to get a special filter without 
paying a special price. In fact, the I R's cost just 350 in lots of 500. 

Interested ? A letterhead inquiry brings design tables and full 
information. Clevite Corporation, Piezoelectric Division, 232 
Forbes Rd., Bedford, Ohio 44146, U.S.A. Or: Brush Clevite 
Company Ltd., Southampton, England. 

C1 03 04 03 C1 
•HOHITIIli j_ 11 1 11-101—• 

TC2 TC2 
• • 

Example o IR filter with n=4 Identical Resonators. 
By changing capacitors C, to C., a con inuous range of 

different filter responses becomes possible. 

CLEVITE 
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If your technological 
world is bounded 
by your own field, 
it could be limiting 
your career. 

Maybe you should 
put your know-how 
to work in ASW 
at Electronics Division. 

Here, tired careers get the stimulation of thinking 
in many advanced technologies—electroacoustics, 
hydroacoustics, avionics, optical tracking, acoustic 
navigation, high data rate underwater data trans-
mission, high data rate recording, high speed com-
puterized data analysis, all supported by in-house 
capabilities such as microelectronics and math 
modeling. Spectrum coverage spans from sub audio 
to UHF frequencies. All this, mind you, housed un-
der one roof. So, interdisciplinary communication 
is quite convenient. Comfortably so. 
Then, consider that the Anti-Submarine Warfare 

Product Line is supported by the most comprehen-
sive facilities in American industry. And the ASW 
team at Electronics Division can call upon the full 
support of other divisions of General Dynamics 
which engage in aircraft, submarine, surface ship, 
space vehicle and industrial natural resources 
fields. The kind of in-house support no other com-
pany can provide. 

150 

Our careful attention to interdisciplinary develop-
ment has paid off. The growth rate in ASW business 
over the past four years shows a 40 percent increase 
each year. And we keep getting new programs. Like 
development and installation of the Navy's first ¡n 
situ sonar calibration system and sonar range for 
the Atlantic Underwater Test and Evaluation Center 
to be located in the Bahamas. 
We're also wide awake to the fact that current 

and planned business requirements necessitate 
expansion of the engineering staff in all areas; from 
theoretical scientific analysis to hardware develop-
ment and manufacturing support. Why not see how 
your specialty might take on new meaning in this 
environment? Send a resume, in confidence, to 
W. H. Vickery, Dept. 139. 

GENERAL DYNAMICS 

Electronics Division 
1400 N. Goodman St., Rochester, New York 14601 

An Equal Opportunity Employer (M&F) 
CIRCLE 951 ON READER SERVICE CARD 
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Looking for 
a better job? 

Ask Electronics'computer all about it 
Electronics magazine feels an obligation to help its 
readers find positions in the electronics technology 
which will make the greatest contribution to their pro-
fession and to society — jobs in which electronics men 
themselves will be happiest. 

Electronics has joined with a nation-wide talent 
search company—National Manpower Register, Inc.—to 
form the computerized Electronics Manpower Register. 

Your qualifications and job requirements will be pro-

grammed into a GE 265 computer, direct-linked to the 

Manpower Register's offices in New York. The com-
puter, once your resume form (bottom of page and 

following page) is received, will continuously compare 
all your data with the specific manpower needs of elec-
tronics companies. When a match is made, you will be 
contacted directly or through an affiliated agency. The 

company and you will be brought together on a con-
fidential basis. Continued on next page 

Resumes acceptable only 
from applicants residing 
within the United States 

IDENTITY 

Name 

Electronics Manpower Register 
,t is important that your information be complete and that you type or print legibly 

Date 

PRESENT OR MOST RECENT EMPLOYER 

Parent company 

Resumes acceptable only 
from applicants residing 
within the United States 

Home address Your division or subsidiary 

City State Zip Location (City/State) 

Home phone Do you subscribe to Electronics D or see a library or pass-along copy D 
GEOGRAPHICAL PREFERENCE (Check appropriate boxes and complete all blanks) 

I will NOT relocate D I will consider opportunities in: D  North East LI Mid Atlantic South III Midwest ID Southwest D Calif. D Northwest 

Other* Prefer: ] Metro. area [II Medium town D Rural area 

EDUCATION 

Degree Major field Year College or University 

EMPLOYMENT INFORMATION 

Position desired 

FOR OFFICE USE ONLY 

Er-rn  
REGISTRATION NUMBER INITIAL OF LAST NAME 

Present D or most recent D position From To Title 

Duties and accomplishments 

HAVE YOU REGISTERED WITH THIS SYSTEM PREVIOUSLY? Yes D No D 
CONTINUED ON OTHER SIDE 
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The cost of all this to you? Absolutely nothing. No 

fees or charges at any time. 
Other advantages of EMR: 

• Your resume is sent only to those companies that 
have a genuine requirement for your particular skills. 
• There is no general "broadcasting" in the hope 

"someone will be interested." 
• Your identity is protected because your name is re-
leased only according to your prior instructions. Your 
name can be deleted on request. 
• EMR's service is nationwide. You may be considered 

for job opportunities anywhere in the U.S. 
The Electronics Manpower Register is a powerful tool 
and should be considered when you are seriously seek-

à 
aies. 

ing a new position. And, although you may be reason-
ably happy in your present position, chances are that 

you might have that ideal job in mind. 
This is why EMR makes good sense for you. If that 

job does turn up, you'll be there. 
To get your name in the EMR file, just fill out the 

resume form and return to: 

Electronics Manpower Register 

330 West 42nd Street 
New York, N.Y. 10036 

Please enclose a copy of your resume if you have one. 
A detailed brochure further describing EMR will be sent 

to you. 

Electronics Manpower Register 
A computerized employment opportunity service 

CONTINUED FROM OTHER SIDE 

Previous Employer 
Position 

Duties and accomplishments 

_ 
City/State From To 

Previous Employer 
Position 

City/State From To 

Duties and accomplishments 

GENERAL INFORMATION 
(Summarize your over-all qualifications and experience in your field. List any pertinent Information not included above.) 

Current annual Total years 
base salary of experience 

Date available 
(within four months) 

U.S. Citizen D Non U.S. Citizen D 

My identity may Any All but my 
be released to: employer D present employer D 

Mail (with a copy of your resume, if you have one) to: 

Electronics Manpower Register 
ELECTRONICS 
330 West 42nd St. 
New York, N.Y. 10036 

Have you security 
clearance? 

YesO No D 
If yes, 
What level 

NO FEES 

OR 

CHARGES EMR-19 
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d i EMPLOYMENT 

Innn OPPORTUNITIES 

POSITION WANTED 

Young Dynamic Swiss chemical engineer 
(SPIT) likes to expand his knowledges In 
U.S.A. in a progressive American firm for 
printed circuits, chemical milling and multi-
layers. Experience in manufacturing of PC-
boards with plated-thru-holes, electroplating, 
chemical analysis, repro-photography. Fluent 
in English, French and German. Please con-
tact: R. Erismann, Puntstrasse 20, 8132 Egg, 
Switzerland. 

SPECIAL SERVICE 

Capital Contacts—Before you try Public or 
Private Placements to Underwriters, Invest-
ment Banking Houses, write for free helpful 
nformation to Confidential Consultant 817 
o1st St., Brooklyn N. Y. 

Don't forget 

THE BOX NUMBER 

when answering the classified advertisements 

in this magazine. It's our only means of 

identifying the advertisement you are an-

swering. 

I ELECTRON TUBES  

SEARCHLIGHT SECTION 
  I  

KLYSTRONS • ATR & TR • MAGNETRONS 
SUBMINIATURES • C.R.T. • T.W.T. • 5000. 

6000 SERIES 
• SEND FOR NEW CATALOG A2 • 

A & A ELECTRONICS CORP. 
1063 PERRY ANNEX 
WHITTIER, CALIF. 

696.7544 

Make your 
own break. 
You can take a lot of the chance 

out of your future by including 
yourself in the Electronics Man-
power Register. 

When you do, your experience 
and talents become part of a 
nationwide computerized place-
ment service. 

Our computer is programmed 
to give every registrant the same 

look for every opening. With your 
prior approval, you'll be consid-
ered for every opportunity that 
matches your resume. 

All you have to do is send one 
to: 

Electronics Manpower Register 

Electronics 
330 West 42nd Street 
New York, N.Y. 10036 

CIRCLE 954 ON READER SERVICE CARD 

CIRCLE 955 ON READER SERVICE CARD 

WELDING HAND TOOL 
TW 17 A 

$ 48.00 

Replaceable Tips—Adjustable Pressure 

AC and Stored Energy Power Supplies 

EWALD Instruments Corporation 
Kent, Conn. 06757 

CIRCLE 956 ON READER SERVICE CARD 

Remember . . . 

MAIL MOVES 

THE COUNTRY 
but . . 

ZIP CODE MOVES 

THE MAIL 
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AUTOTRACK MOUNT 

360 degree azimuth, 210 
degree elevation sweep 
with better than 1 mil. 
accuracy. Missile velocity 
acceleration and slowing 
rates. Amplidyne and 
servo control. Will handle 
up to 20 ft. dish. Sup-
plied complete with con-
trol chassis. In stock— 
immediate delivery. Used 
world over by NASA. 
USAF, MP-61-B. Type 
SCR-584. Nike Max 
mounts also in stock. 

PULSE MODULATORS 
MIT MODEL 9 PULSER I MW—HARD TUBE 
Output 251ry 40 amp.. 301tx 40 amp. max. Duty cY •002. 
.25 to 2 'Morose°. Also 5 to 5 microace. and .1 to .5 
microsee. Use 6C21., Input 115v 60 cycle AC. Mfg. 
GE. Complete with driver and high voltage power 
supply. Ref: MIT Rad. Lab. Series, Vol. 5, p. 152. 

2 MEGAWATT PULSER 
Output 30 kv at 70 amp. Duty cycle .001. Rep rates. 
1 miorosec 600 pros. 1 or 2 msoo 300 MS. Uses 5948 
hydrogen thyratron. Input 120/208 VAC 60 cycle. 
51fr. GE. Complete with high voltage power supply. 

250 KW HARD TUBE PULSER 
Output 16 kv 18 amp. Duty cycle .002. Pulses can 
be coded. Uses 5D21, 715C or 41'1160A. Input 115 v 
60 cry. AC $1200 ea. 

18 MEGAWATT PULSER 
Output 150KV at 120 amps. Rep rate: 50-500 PPS. 
Pulse length: 5 Mape, 15KV 120 amp. into pulse 
ransformer. Rise time 1.5 roses Filament supply 5V 
80 amp. incl. 17.5KV 1.5 amp DC power supply. 
Input: 220V CO ny AC. 

ÍINDICATOR CONSOLES 
.5.24/S PA-4.A, FUI 10, rano to 300 mt. 

VJ-1 FUI 12, Range to 200 mi. 
VI-1 11.111 12" to 200 mi. 80K ft. 

SCR 584 AUTOTRACK RADARS 
Our 584s in like new condition ready 
to go, and in stock for immediate de-
livery. Ideal for telemetry research 
and dexelopment, miaslle tracking. 
satellite tracking. Fully Dose MIT 
liad. Lab. Series. VOL 1, pos. 207-210, 
228. 284-286. Comp. Inst. Bk avail-
able $25.00 each. 

ANTI-AIRCRAFT GUN MOUNT 
Will handle 6,000 lbs, rapid slew through 360° azi-
muth. 180° elevation. Mobile. 

MICROWAVE SYSTEMS 
200-2400 mc. RF PKG 
Continuous coverage. 30 Watts Cs, nominal output. 
Uses 2C39A. Price $575. 
L BAND RF PKG. 

20 KW peak 990 to 1040 MC. Pulse width .7 to 1.2 
mimo sec. Rep. rate 180 to 420 pps. Input 115 vac 
incl. Receiver $1200. 
200-225 mc RADAR SYSTEM 

1 Megawatt output. 200 nautical mile range for long 
range detection of medium and high altitude jet air-
craft as well as general search. AN/IT'S-28. 

SURVEILLANCE DRONE RADAR SYSTEM 
K-Band tracking system with plotting boards. Type 
AN/511'Q-29. Drone also in stock. 
5 MEGAWATT C-BAND 
IClystron RF package delivering nominal 5 megawatt 
Pulse RF. Complete with pulser and power supply, 

500 KW L BAND RADAR 
500 kw 1220-1359 mac. 160 nautical mile search 
range P.R.I. and A mopes. MVI. thyratron mod 5J28 
magnetron. Complete - 
system. 

AN/GPG-1 SKY-

SWEEP TRACKER 

3 cm. automatic track-
ing radar system. Corn-
Plele package with in-
dicator system. Full 
target acquisition and 
automatic tracking. In-
put 115 volts 60 cycle 
New. In stock for lin-
mediato delivery. Entire 
System 6' long. 3' 
wide, 10' high. Ideal 
for Infrared Tracker. 
Drone Tracker, 
Tracker, R. & D. 

C Band Autotrack 
1 Megawatt 10 ft. Parabola. Sperry. 

40 KW TRANSMITTER 

4 to 21 11211Z. 40 kw Telegraphy, 30 kw 
Voice, can be SSB. New condition. 
Two systems in stock. Excellent ri 
source, broadcast or point-to-point,. 

Radio-Research Instrument Co. 
%am 45 W. 45th St., New York, N.Y. 10036 212-586-4691 
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Only one man 
in a thousand 
needs the tracking speed 
of this synchro-to-digital 
conversion system... 

(the other 999 sleep nights knowing it's there) 

Continuously tracks 10 
channels of resolver and 
synchro data to 20,0000/ 
sec. 

High-speed tracking 
coupled with velocity con-
stant of 20,000 seconds' 
minimizes velocity errors. 

Ratiometric conversion 
and solid-state AC switch-
ing minimize harmonic 
and quadrature errors, 
yield 0.1° accuracy. 

TO CM3ITAL CONVERSION sysTan 

1\TCDFtrri-1 ..A.r111A.1•T rrIC 
industries, inc. 

Control multiplexer se-
lects one of 30 channels 
for real-time viewing. For-
mating and timing logic 
adaptable to digital tape 
recorder or computer. 

Modular building-block 
approach provides 60 Hz 
and 400 Hz conversion at 
11.8V, 26V, and 90V line-
e voltages. 

North Atlantic System 580 
is available in a standard 
panel-mounting rack. Op-
tional models offer higher 
accuracy and increased 
resolution or tracking 
speed. Each drawer ac-
commodates up to 10 
modules. 

This low-cost data-
cquisition system is 

another elegant example 
of North Atlantic's cre-
ativity in automatic test 
equipment, resolver/syn-
chro instrumentation, and 
computer interface 
equipment. 

For additional, reward-
ing details call our field-
engineering representa-
tive (see EEM), use the re-
ply card, or call or write 
North Atlantic Industries, 
Inc., Terminal Drive, Plain-
view, Long Island, N.Y. 
I 7803. (316) 681-8600. 
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Parts pinch shades 

Danish show 

... and electronic 

fair in Stuttgart 

Color for Japanese 

tv data displays 

Danish component suppliers expect the current parts penury in Europe 
will last another 18 to 24 months. So burdened with backlogs are the 
country's few parts producers, that there was a dearth of new product 
debuts last month at Electronica 69—even though it was the industry's 
first shown in eight years. 
Most likely to achieve international interest among Danish-made corn-

ponents introduced at the show were latching reed relays, a Yugoslavian 
development, that Kirk Electric A/S has latched onto and Milspec quartz 
crystals—microminature ones that come in cans 7.8 by 7 by 2 millimeters— 
the work of Dantronik, an affiliate of Sweden's AGA. 
Nearly all Danish instrument makers, by contrast, had something new 

on their stands. And although set makers, whose sound and color tele-
vision spectacles dominated the Copenhagen show, had plenty of new 
model numbers on their stands, there was little significant change in the 
basic electronics. One exception: Bang & Olufsen's new stereo phono 
cartridge, whose fiat response from 15 hertz to 20 kilohertz comes mainly 
from a cross-shaped needle carrier and a shanked diamond that combine 
to give an effective tip mass of 1 milligram. 

And at this week's West German broadcast fair, which houses all segments 
of the entertainment electronics industry, officials say production in that 
sector would have been higher this year if it had not been for the lack 
of parts to build more. Even so, they expect a 20% boost in production 
and sales, for a record $750 million for the year. Color tv production is 
expected to top 500,000 sets. 

The big hit at this month's Japan Computer Show was a group of com-
puter data terminals with color television picture tubes as display screens. 
Both Mitsubishi and Toshiba showed color terminals, which can display 
about 100 different characters in seven distinct colors. Besides the primary 
tv colors (red, green and blue), the units can mix any two for three more 
colors (yellow, purple, and cyan) and can mix all three for white. 
The companies say the color display does not add much to the price 

of the units in black-and-white, because the additional cost for the color 
tube and color controls is only a small percentage of the total system 
price. But the big addition is in readability. The colored characters seem 
to have more clarity and the color can be used to differentiate headings 
or columns to impose a visual order on a crowded display. The Mitsubishi 
device can show a total of 640 characters in 16 rows of 40 characters. The 
Toshiba unit can display 12 rows of 32 characters, for a total of 384. 

West Germany injects The Bonn government, more convinced than ever that the economically 
strong nations of tomorrow will be those who have built a solid techno-

more funds for logical base today, is stepping up its research and development spending. 
technological growth The industry that's likely to benefit most is the electronics industry. 

The Ministry for Scientific Research plans to double its spending for 
various scientific programs. This year is spent about $292 million; by 1973 
the total is expected to be more than $600 million. Space research and 
electronic data processing will get the biggest boost. Space spending, will 

-e-Circle 154 on reader service card 
155 



International Newsletter 

rise from $90 million this year to $140 million in 1973. Expenditures for 
data processing R&D will increase five times—from $20 million to $100 
million annually—during the five-year period. 

What's more the electronics industry will get the hefty share of a new 
Science Ministry program called "new technologies," for which spending 
will rise from a scant $5 million this year to $75 million in 1973. Under 
this program new means of intercity rail transportation, and methods of 
combatting air and water pollution will be investigated. 

British move ahead 

in solid state lamps 

Japanese boost 

SCR power 

ESRO eyes a 

planetary mission 

British government-sponsored research into solid state display lamps is 
bearing fruit. By the end of the year, all three companies with gallium-
based semiconductor lamp development contracts, [Electronics, March 
3, p. 249], will have red lamps ready for market. 

Ferranti is in the lead; customers supplied with samples of its epitaxial 
gallium phosphide lamps are happy, and regular production is planned. 
Its lamps measure 20 mils square, peak at 6,900 angstroms, and will cost 
$5 apiece. Alphanumeric arrays, says the company, are still a long-term 
development, waiting refinements in monolithic gallium phosphide tech-
nology. Plessey, using the same basic approach, plans to have samples 
with customers later this year. 
Although back in the pack now, Standard Telecommunications Labora-

tories may be the front runner soon. That's because its planar diffused 
gallium arsenide phosphide lamps can be easily made either as arrays or 
as individual lamps. So, when SIL starts production it may go right to 
arrays, leaving the competition behind. Meanwhile its single lamps, which 
may be offered as samples first, show an improved level of external 
quantum efficiency—up to 0.13% from 0.07%, although still behind the 
0.5% reported for gallium arsenide. STL's lamps, 15 mils in diameter, 
have a spherical transparent covering to magnify the image. 

Japan has come up with yet another first. This time it's the world's largest 
power semiconductors. Hitachi has announced an SCR with a blocking 
voltage rating of 10,000 volts and a maximum forward current rating of 
400 amps, another SCR with ratings of 2,500 volts and 1,600 amps, and 
a diode with ratings of 10,000 volts and 600 amps. 

Hitachi developed the 1,600 amp semiconductor device for use on a-c 
electric railroad trains, which have 750 volt d-c motors. The 2,500 volt 
rating allows the use of only one SCR in each arm of the rectifier, and 
the high current rating minimizes the number that must be connected in 
parallel arms. 

Western Europe may be the first to reach Mercury. A feasibility study 
just completed for the European Space Research Organization says a 
television-equipped probe could be launched by the Western European 

group in 1975. 
West Germany's Me'sserschmidt-Boelkow-Blohm group carried out the 

study, which calls for the development of a 900-pound satellite with an 
80-pound payload. Its television system would be designed to spot details 
with dimensions greater than 1,000 feet, from a planned orbiting altitude 
of about 3,000 miles. Information transmission, over a distance of about 
90 million miles, would be at the rate of 2,000 bits per second. 
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Centralization cuts costs in tv 
data display character generation 
London Stock Exchange members and Japanese telephone subscribers to get 

wide range of information services, with computer doing all the work. 

For television data displays, one of 
the costly subsystems is the char-
acter generation circuitry. With 
standard telephone lines connect-
ing a central computer with remote 
displays, each display unit needs 
its own character generators to 
translate the digital input of the 
computer into video signals. 

Obviously, when the number of 
remote displays reaches a certain 
point, it starts becoming economi-
cally feasible to let the central com-
puter generate the video signals 
and send them over high-grade 
lines to simple, relatively inexpen-
sive receivers. 

That's just what is being done in 
England for a new stock market in-
formation system and in Japan for 
an experimental telephone com-
pany data service. In both cases, 
the number of remote units tapping 
the central information source will 
be large. And in Japan, the number 

of characters that have to be stored 
will be large. Thus, it will save 
money—and make user rental 
charges more attractive—to put the 
character generators at the com-
puter. 

In Britain. At the end of Septem-
ber the London Stock Exchange 
will start providing brokers with a 
continuously updated tv display of 
700 stock prices. So far, about 1,000 
displays have been ordered for in-
stallation in more than 200 stock-
brokerage offices in London. The 
700 prices, plus information on 
mergers, dividends and other finan-
cial developments will be on 22 
channels, selected by a switch on 
the display. Updating of the cor-
rect price on the correct channel is 
controlled by a computer, into 
which the operators on the floor of 
the exchange will key stock price 
changes as they occur. The com-
puter output is fed through control 

Outposts. Remote tv display units, 

such as in Japanese (left) and British 

systems, rely on central computer. 

and selection logic to a character 
generator and transferred as char-
acters to the correct points on the 
tracks of a drum store. The drum 
holds information for all 22 chan-
nels, which are read continuously 
in parallel. The video information 
from the drum is used to modulate 
ordinary tv radio-frequency car-
riers which are transmitted over 
coaxial cable to subscribers' offices. 
The displays are ordinary domestic 
tv receivers modified to take 22 
channels. As a result the total sys-
tem cost is much less than with 
closed-circuit tv data transmission 
and display facilities, says Ferranti 
Ltd., suppliers of the system's cen-
tral electronic gear. 
The computer used is a Ferranti 

Argus 400, and the hardware 
excluding the r-f stage and the 
modified commercial receivers is 
supplied by Ferranti. The r-f 
modulation and transmission gear 
is supplied by the British Post 
Office, and the receivers will come 
from the British ITT subsidiary, 
Standard Telephones and Cables 
Ltd. Ferranti has named its part of 
the system Digi-tv and plans to sell 
it for other applications—with the 
option of keyhoards so that the dis-
plays become computer terminals. 
The stock exchange installation 

has six keyboard-display terminals 
on the floor for feeding price 
changes into the system. When the 
operator receives notice of a price 
change, he keys a four-character 
code, and the line in question is 
then displayed on his monitor. He 
keys in the new price, and the com-
puter generates the new line on the 
monitor. If it's correct, he presses 
an accept button, and the new line 
passes through the system to the 
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proper channel location on the 
drum store. 
The digital output from the com-

puter goes first through control 
electronics which recognize the in-
structions for the channel and row 
of the upcoming new row, for the 
configuration of the characters in 
that row and for the address on the 
drum. This is followed by data for 
all the characters in the row which 
is presented scan line by scan line, 
and which is stored and scanned 
by the character generator to pro-
duce a two-level video waveform. 
The drum stores the waveform 
digitally by using three tracks in 
parallel to store a 312-line field, 
with 40,000 bits per track. A com-
plete field contains 120,000 bits. 
One rotation of the drum writes 
one field every 20 milliseconds, or 
50 fields per second. 

Synchronization of video and 
character generation is controlled 
by a clock track on the drum so 
that a slight variation in drum 
speed will not distort timing. The 
video output has a 6-megahertz 
bandwidth, but this is filtered 
down to 3 Mhz before transmission 
to match the characteristics of the 
commercial receivers. 

Ferranti says a single character 
generator can be time-shared over 
as many as 40 channels because it 
can, on the average, write a com-
plete character every 6 micro-
seconds and completes a frame in 
20 to 40 milliseconds — far faster 
than any possible typed input. 

In Japan. Tv telephones, which 
will allow a caller to see the person 
he is talking too, may have an even 
bigger potential as data trans-
mission devices. Although initial 
installation of tv telephones on the 
lines of the Nippon Telegraph and 
Telephone Public Corp. is still 
several years away, company re-
searchers have already put to-
gether an experimental data supply 
service. The company points out 
that such a service is a natural ex-
tension of the processing capability 
of its projected electronic tele-
phone exchange. 

In NTT's data display system, it 
is only necessary to generate for 
each customer the equivalent of a 
single tv frame at a time. Then the 
computer can attend to the tasks 

Screen test. Japanese system, still 

experimental, will offer such data 

as stock price movement charts. 

of other subscribers until the cus-
tomer makes another request. To 
keep the required information dis-
played continuously on the sub-
scribers set, the information is 
stored and circulated in a one-
thirtieth second magnestrostrictive 
delay line. This information is pro-
cessed in a video signal generator, 
which adds synchronizing pulses 
and blanking signals. Thus each 
time the information is circulated 
in the memory, the frame is repeat-
ed on the picture tube of the sub-
scribers set. A commercial ex-
change of this type would need 
only one expensive central 
processor, and could keep informa-
tion on subscribers sets by provid-
ing a number of relatively inexpen-
sive delay line memories. 
When push button telephones 

arc used as input units, the data 
service functions in a question and 
answer mode. NTT figures that 
while some tv telephone installa-
tions will have additional keyboard 
input and printer equipment, all 
the installations will have at the 
very least a pushbutton telephone. 
In the experimental system, a sub-
scriber is given a choice of serv-
ices, such as computing service, 
telephone number information, 
stock market price information, 
and weather forecasts. 

If, for example, the subscriber 
asked for the weather forecast, he 

might be asked if he wanted a 
long-range forecast, short-range 
forecast, or weather map. If he said 
he wanted a short-range forecast 
he then would be asked for a 
specific district of the country. 
After he had selected the district 
he would get his forecast. 

At the central processor, patterns 
for 2,000 Chinese kanji characters 
are stored in a drum memory, those 
for the Roman alphabet, Japanese 
katakana syllabary, Arabic num-
bers, and symbols are stored in the 
core memory for more rapid 
access. Information for charts, in-
cluding stock prices and weather 
maps, is stored in drum memory 
of the computor. 

Characters are the equivalent of 
20 tv lines high, although the full 
height is used only for the kanji 
characters. The kanji characters 
are 18 units wide, so that they are 
formed as dots on a 20 by 18 wide 
matrix. Other characters are six or 
12 units wide. This allows group-
ing the information for patterns to 
be put into groups of six bits. 

Great Britain 

Frame up 

For high-speed photography, me-
chanical shuttering can achieve 
speeds of up to about 10 million 
frames per second. Above that, de-
signers have to turn to electronic 
techniques. Even so, the limit has 
been about 20 million frames per 
second for production-line high-
speed cameras. 
Now a British firm, John Had-

land Ltd., has come up with an 
electronic image converter camera 
that just gets warmed up at 20 
million frames per second. One ver-
sion of the camera delivered re-
cently to the Lawrence Radiation 
Laboratories in California, oper-
ates at 60 million frames per sec-
ond. In Hadland's development 
labs another model, still basically 
a production-line unit and not cus-
tom built, has run at 100 million 
frames per second. What's more, 
the camera, called the Imacon, de-
livers bursts of ten frames or more 
without loss of speed, over three 

158 
Electronics 1September 1, 1969 



Electronics International 

times as many as other image con-
verter cameras. 

Sine wave. The Imacon was de-
veloped by Alex Huston, Had-
land's chief engineer, using tech-
niques on which he worked while 
with the United Kingdom Atomic 
Energy Authority which holds the 
main patents. Houston has aban-
doned pulsing, which limited shut-
tering to 20 million frames per sec-
ond, and substituted a continuously 
generating photocathode. 

Shuttering is accomplished by 
deflecting the photocathode's elec-
tron beam up and down, using a 
sinusoidal voltage applied to de-
flector plates, so that the beam 
crosses a tiny hole in an aperture 
plate. The beam crosses the hole 
twice per cycle, taking one-tenth 
of total cycle time or less to do so. 
The time it takes for the beam to 
cross the aperture is 10 nanosec-
onds at 20 million frames a second. 
The crossover period is centered 
on the deflection voltage zero cross-
ing points. 
However, because the beam is 

moving across the hole, the screen 
image is blurred. This blurring is 
rectified by using a second pair of 
deflector plates on the screen side 
of the aperture plate. These plates 
apply the same sinusoidal wave-
form as the first, but in opposite 
phase, so that the motion is can-
celled. Actually, the second wave-
form is not exactly opposite in 
phase to the first, but is brought 
forward five nanoseconds, so that 
its zero crossing occurs when the 
beam first reaches the edge of the 
aperture hole. 

Bonus. Huston says that with a 
little bit of amplitude adjustment 
this offset makes no significant dif-
ference to compensations of the 
blurring, yet adds a very useful 
bonus effect: double the number of 
frames. 

This increase occurs because the 
offset waveform voltage is either 
completely positive or completely 
negative during the time the shut-
ter is open. Therefore, the second 
pair of plates deflects the beam 
alternately to each side of the cen-
ter line of the converter's phosphor 
screen, providing two separate con-
secutive frames, one above the 
other. By adding a stepped voltage 

to a set of horizontal shift plates, 
the pairs of consecutive frames can 
be moved across the screen. Hus-
ton's dimensions and timing allows 
two rows of five frames measuring 
five-eighths of an inch square. By 
increasing the number of stepped 
voltage stages and adding masks 
in the optical system to reduce 
frame width, the two rows can 
have more frames of the same 
height but reduced width. 
The frame rate is increased ba-

sically by increasing the frequency 
of the sinusoidal waveforms. So 
far, it seems the limit is set by the 
ratio of necessary exposure time to 
total wave cycle time. If exposure 
time is more than 10% of wave 
cycle time the wave curves too 
much during exposure, degrading 
resolution. Thus, at very high fre-
quencies not enough electrons can 
pass through the aperture hole in 
the maximum permissible exposure 
period. 

Hair trigger. Huston has in-
cluded in the camera a further fea-
ture which is a Hadland patent. 
Instead of letting the light from the 
subject to be recorded trigger all 
camera functions, which is the 
usual method of synchronizing the 
camera and the event, Huston al-
lows the shutter to run prior to the 
event and the first light triggers 

Greased lightning. Imacon high-speed 
camera uses controlled deflection of 

electron beam to capture 10 or more 

frames at 20 million frames a second. 

the stepped voltage action only. 
Though this may mean that the 
first one or two frames are wasted, 
it eliminates the danger of losing 
the first instants of an event be-
cause the camera has not started 
to work. 
Because the Imacon doesn't use 

pulses it doesn't need a grid, avoid. 
ing space-charge troubles with 
stray electrons. What's more, con-
tinuous operation simplifies power 
supply requirements. The sustained 
high voltages are generated in a 
passive network on circuit boards 
mounted in the camera. 
The Imacon has modular con-

trols that plug into the camera 
body. One series of plug-ins, for 
event-triggered framing, allows fast 
dialing of the number of frames. 
Another series does the same for 
triggering of stepped voltage by 
the event. 
A third series of plug-ins allows 

the recording of events as streaks 
across the screen rather than as 
frames. This streaking is accom-
plished by using an even ramp 
voltage on the third set of plates 
and keeping the first two sets of 
plates at zero voltage. 
The standard Imacon is priced 

in England at about $17,000. It will 
be sold in the U.S. by Red Lake 
Laboratories Inc. of Santa Clara, 
Calif., which will set the price for 
the U.S. 

France 

Scooped on scope 

The prospect was sweet for awhile. 
A small French firm figured it had 
an advanced new product and a 
year of breathing space before any-
body else started competing. But 
along came a big United States in-
struments firm with a similar prod-
uct and—poof—the time advantage 
became a mere two months. 

But what's disappointing to the 
French company is good news to 
research laboratories. The price of 
a new 250-megahertz oscilloscope 
will be as much as one-third lower. 

Hopes. For the past year, Con-
structions Radioelectriques et Elec-
troniques du Centre (CRC) thought 
it was home safe with its 250-Mhz 
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scope, which it planned to launch 
this fall with a bang in both Eu-
rope and the U.S. CRC announced 
the new scope—perhaps to its re-
gret—at last fall's Mesucora show 
in Dusseldorf and showed it at the 
Paris components show in March. 
The French company knew 

Hewlett-Packard was working on a 
more sophisticated, integrated-cir-
cuit 250-Mhz scope, but figured the 
American unit wouldn't be out un-
til sometime next year. The French 
scope thus would have been the 
fastest on the market, and "we 
would have done a nice business 
in the U.S. for at least several 
months," mourns Jacques Croizier, 
CRC's technical director. Hewlett-
Packard's announcement of a 250-
Mhz oscilloscope [Electronics, July 
7, page 90], dashed that hope. 
As it stands, the CRC scope still 

should beat the competition into 
the laboratory since first deliveries 
are scheduled for this month, ver-
sus Hewlett-Packard's November 
delivery target. And the French 
firm still has one commercial ad-
vantage: for the moment it is the 
only maker of a double-gun version 
of a 250-Mhz scope. 

Price cut. A year ago, CRC fig-
ured to sell its new scope for 
around $6,000. Following common 
European practice, it would lower 
the price a few months after 
introduction, when development 
costs would be largely amortized. 
That would have made a nice 
pocketful, as European clients have 
taken options on 100 of the new 
scopes. 
But since Hewlett-Packard has 

announced a U.S. price of about 
$3,000 plus probes, CRC will have 
to come down to at least $4,000 to 
meet what it figures will be the 
American company's European 
price. CRC hasn't set a final price 
yet. 
CRC has some high bills to amor-

tize. It had to pay $140,000 to Phil-
ips Gloeilampenfabrieken's French 
subsidiary, La Radiotechnique, to 
develop a helical transmission line 
cathode ray tube, that's similar to 
the Hewlett-Packard tube, and that 
gives the scope its high speed. 
The main difference between the 

tubes is that the 'French one uses 
standard electro-static lenses after 

the deflectors to increase tube sen-
sitivity—to 2.5 volts per centimeter 
—whereas Hewlett-Packard relies 
entirely on its IC circuitry to up 
sensitivity. Overall sensitivity is 20 
millivolts per centimeter for the 
French scope half the 10 mv per 
cm of the American unit. The main 
circuitry difference is that CRC 
uses discrete transistors in its lin-
ear amplifiers while Hewlett-Pack-
ard's unit has monolithic arrays. 
The French company expects to 

do a reasonable business despite 
Hewlett-Packard's one-upmanship. 
It foresees a first-year European 
market for 300 of its single-gun 
scopes and 150 of its double-gun 
units. 
And it still has some prospects 

to savor. CRC is now working on a 
300-Mhz, IC scope that it hopes to 
introduce late next year. 

West Germany 

Filtering up 

A microwave filter using poly-
crystalline ferrite material, hand-
ling 1.5 watts at X-band and 
S-band, having quality factors as 
high as 12,000 at X-band, and 
promising to be cheaper than cur-
rent single-crystal ferrite filters has 
been developed at the Philips Cen-
tral Laboratories in Hamburg. 
The new filter uses polycrystal-

line spheres suspended in a cavity, 
similar to the single-crystal types. 
However, instead of using ferro-
magnetic resonances to tune the 
filter, the Philips device harness-
es electromagnetic volume reso-
nances. 
Although these volume reso-

nances can be excited only if the 
diameter of the ferrite sphere is at 
least as large as the wavelength 
being handled, malcing for a larger 
filter, these filters are essentially 
free from the power-limiting mag-
netic losses of the firroinagnetic 
resonance type. 

Useful. Tunable filters with such 
high power ratings and Q-f actors— 
much higher than bave been ob-
tained so far with similar devices— 
are especially well suited for rela-
tively high power measuring and 

test setups, such as an electroni-
cally controlled frequency meter 
and a sweep generator-receiver 
combination where the filter, in-
stalled at the receiver input, would 
act as a frequency synchronizing 
device and as a highly selective 
filter. 

Another application would be for 
radar frequency hopping. As the 
radar transmitter's frequency is 
varied, the frequency of the ferrite 
filter in the receiver would follow, 
making the radar receiver insensi-
tive to all but that particular trans-
mitter frequency. Without such a 
filter the receiver would have to 
search around for the transmitter 
frequency and this takes time—too 
long for some military applications. 
Also it is more difficult to jam this 
kind of radar. 

Still another potential use for the 
high power capability of poly-
crystalline filters is in telephone 
microwave links, where it would be 
used also as a selective frequency 
device. But before such a filter 
finds its way into commercial 
products, a lot more development 
work is required, says its designer 
Hans-Dieter Ruepke, who is now 
with Valvo GmbH, another Philips 
subsidiary in West Germany. 

Single vs. poly. Single crystal 
spheres for typical filter are made 
from highly polished yttrium-iron-
garnet material. They have a 
diameter of from one-twentieth to 
one-thirtieth of the wavelength, or 
roughly 0.5 millimeters at X-band 
and use uniform precession modes 
for tuning. The cost of single-
crystal yig spheres is about $25. 
Ruepke's polycrystalline - sphere 

filter is also made of yig material, 
but any other ferrite material will 
do as long as its dielectric loss is 
low. By comparison, its size is 7.5 
millimeters for X-band. 

Polycrystalline ferrite spheres 
are not being mass-produced yet; 
they're being made only for lab 
purposes. But Ruepke thinks once 
they're mass produced they should 
be a little less expensive than 
single-crystal spheres despite their 
larger size. That's because they 
don't need the high purity values 
required for single-crystal types 
and they don't have to have to be 
highly polished. 
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Great little per-
formers: 1.5 mW 
min. @ 100 mA. 
And all the power 
they need is .15 W. 

Fast, too. Switching 
time is light-quick — 
typically 1 nanosecond. 

Long life and reliability 
are assured by our with-

it planar solid-state tech-
nology. 

Put those features together 
with their instant availability 
and you've got a good reason 
to call Schweber, Kierulff, K-
Tronics or Semiconductor Spe-

cialists. 

Get all the details about our four 
varieties of IR LED's by writing to 
us at 10131 Bubb Road, Cupertino, 
California 95014. 

Monsanto 
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Charley Melton said he'd quit if anybody ever 
designed him another one-of-a-kind. 

. o 

Guess what, Charley? 
Charley's an engineer. He comes up 
with new ideas for new products. 
Then somebody else designs the parts 
that make up the new products. 
That's the problem. Because Charley 
inevitably ends up having to track 
down some creation the likes of 
which may never be equalled. Who 
makes 'em? 

Keep your job, Chuck. Help's on the 
way in the form of the NORTHERN 
PLAINS INDUSTRIAL CATALOG. It's a 
complete, indexed, cross-referenced, 
multi-everything compilation of 

1,yaluable information on creations like 
— the one you're faced with. Tells you 

who makes them, where, how much, 
how to order. More, too. The 
Industrial Catalog's probably got a 
line on your — whatever it is, right 
now. So find out. Clip the coupon and 
return. It won't cost a penny. And it's 
after than quitting. 

INDUSTRIAL CATALOG 
Area Development Dept., 
Northern Natural Gas Co. Northern 
2223 Dodge Street Natural Gas 
Omaha, Nebraska 68102 Company 

E 

Home Of fece. Omaha. Nebraska 

Dear Sirs: Please send Sources of Supply information on: 

 E drawing enclosed. 

NAME TITLE  

COMPANY  

ADDRESS   

CITY STATE ZIP  
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"I was in terrible trouble. The additional cir-
cuitry changed my power supply requirements." 

"Imagine my glee ... when a few days later ..." "I had heard about Acopian's incredible 3-day 
shipment guarantee on their 62,000 different 
types of AC to DC plug-in power supplies, and 
decided to give them a try." 

"More trouble . . . my usual source of supply 
said, 'Six weeks to get power supplies with the 
new rati ngs'." 

Next time you're in trouble with power supply delivery, co 
tact Acopian. If you do not have a copy of our latest catalo 
by all means, request one. It lists 62,000 different AC to D 
plug-in power supplies, any of which will be shipped to yo 
in just three days! For particulars, contact your local Acopi 
rep., call us at (215) 258-5441, or write 
to Acopian Corp., Easton, Penna. 18042. 
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AiResearch has a unique capability 
in making airborne electronic systems. 

A big reason is 360° vision. 
At AiResearch we can see all 
facets of the electronics picture 
from a total system point of view. 
The reason is simple. We analyze 
the need. We design the system. 
We build our own circuits. Then 
we produce the total system. 
We don't merely answer speci-

fications. We start with your basic 
problem. Our knowledge of air-
borne systems lets us make the 
right tradeoffs at the right time. 

And we have the total system 
concept throughout the complete 
range of electronics development: 
analysis, computer simulation, 
design, breadboard, manufacture, 
testing, and final hardware. 
We'd like the opportunity to 

show you how we can apply our 
electronics capability to engine 
fuel controls, engine speed con-
trols. cabin pressure controls, air-
borne integrated data systems, 

air data systems, propulsion mon-
itoring systems, displays, multi-
plexing systems, and others. 
AiResearch Electronics Sys-

tems, 2525 West 190th Street, 
Torrance, Calif. 90509. 
AiResearch electronics capability 
starts at home. 

\or 

RIM AiResearch 
Electronic Systems 
one of The Signal Companies 64'. 
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It's time for a change in your digital displays! 
Increase versatility, decrease costs — 
with RCA's new NUMITRON Digital Display Devices 

• 4. 

• Rugged construction 
• Long life— high reliability 
• Designed for low-cost 9-pin miniature 

sockets 
Interested? For more information on the 
new RCA NUMITRON Digital Display 
Devices, contact your local RCA Repre-
sentative or write to RCA Electronic Com-
ponents, Commercial Engineering, Section 

Harrison, N.J. 07029. Also ask for 

Compare these RCA product advantages: 
• harper, cleaner displays 
• controllable high brightness 
•/jUp-front planar numerals for wider 
t viewing angle 
• Unlimited filter-color selection 
• Low voltage operation — designed for 

/ 41/2 V 
/ • Fully compatible with RCA's new Inte-

grated Circuit Decoder/Drivers 119DE-1 

Unretouched photograph of operating 

NUMITRON devices mounted on plastic tubing. 

10 11 

data on the new RCA rttegrated Circuit 
Decoder/Drivers, especially designed for 
use with RCA's Digital Display Devices. 
Type Numbers of NUMITRON Digital Dis-
play Devices: 
RCA-DR-2000—Numerals 0 through 9 
RCA-DR-2010—Numerals 0 through 9, with 

decimal 
RCA-DR-2020—Plus-Minus and Numeral 1 
RCA-DR-2030—Plus-Minus 

RCA 1 Digital Display Devices 


