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Introducing -

THE AMBIDEXTROUS
RECORDER

0 @
w g
() 9 & = &

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 selectone 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 fu nctions.

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 % %
of full scale: accuracy is %4 % 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 16 dc voltage ranges and 18 dc
current ranges from 2 mV or 0.2 uA per inch to 100 Vor

100 mA per inch.

The 1522 adds **hands'" to your system. We don't claim itto
be smarter than any other machine. It's justa darn good
worker and you can put the 15622 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 l
@
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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 casier 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 ficld engincer. Or write to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT ﬂ PACKARD

DATA ACQUISITION SYSTEMS
Circle 1 on reader service card 06908



Sculpt a test
Waveform

Circle 2 on reader service card
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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—elther
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-
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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 @ PACKARD

PULSE GENERATOR SYSTEMS

18904
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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 Lnter-
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 whatsocver.

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

No agreement

To the Lditor:

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 acronautical satellites
and have participated in the Na-
tional Aecronautics 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-

Electronics | September 1, 1969



Magnefic laboratory

equipment
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Walker Integrating Fluxmeter and Hall Gaussmeter
Aline 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.
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Walker Hysteresisgraphs
Aline of magnetic material test equipmentinciuding 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 Hysteresisgraph for soft mag-
netic material testing and the Modei MC-1 Coercivity Meter.

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

O.8. WALKER COMPANY,INC.

ROCKOALE STREET, WORCESTER, MASS. 01808 617-853-3232

Electronics | September 1, 1969

WALKER
MAGNETIC

GROUP

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 variabie 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 0.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
Special Magnet
Systems

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

WALKER

ey SCIENTIFICDIVISION
GROUP TWX 710-340.7629
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FIRNT again...
with the largest lineup
of new linear IGs
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LAUDER SWITCHES
VOLTAGE REGULATORS
LAMP RELAY DRIVERS
CeUn JRIVERS

H1 SLEWING Ur «MFS>
LEVE! TRANSLATORS
BUFFER AMPLIFIERS
BIPOLAR SWilCHES

7 PET ANALOG GATES
DUAL COMPLEMENTARY VOLTALE HEGULATOR
POWER AMPLIFIERS
APPLICATIONS NOTES

order your free copy foday!

Call 516-733-3243 or write General Instrument Corporation, Dept. H, 600 West Jchn St., Hicksville, L.1, N. Y. 11802.

L SAUNENT
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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, II1.

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-
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SUBSCRIPTION SERVICE

| Please include an Electronics Magazine address
label to insure prompt service whenever you
write us about your subscription.

t

| ATTACH

five weeks before changing your address.
LABEL

cently installed a noise monitoring
system. It built the monitoring
equipment, which is interfaced into
a Digital Equipment Corp. PDP-SL
computer. The programing was
done by Agrippa-Ord Systcms
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 rcjection ratio, is
most distracting. To be consistent,
collector voltage would be C,. Mr.
Soanes must have had a fit! RR.p,
in my opinion, would have been far
more plausible.

Nicholas Bodley
New York

————

CHANGE OF ADDRESS

If you are moving, please let us know

private,
movable
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.

' Mail to: Fulfillment Manager Place magazine address label here, print I
Electronics HERE your new address below.
| P.0. Box 430 |
| Hightstown, N.J. 08520 7 e |
' To subscribe mail this form with your payment
l and check [J new subscription [] renew my name I
| present subscription I -
' Subscription rates: qualified subscribers in the | 3ddress arlnﬂn
| us.:1 year Isfa; dtwoI years, s§2152, ghr;e ye?_rs, I
$16. Non-qualified: 1 year $25. Subscription
| rates for foreign countries available on request. I Farinon Electric, 935 Washington St., San Carlos, Cal. 94070
city state zip code
R — — — — — — — —— — e v e — — — R — —— — — —
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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 86. Gary Chernow. a stafl enginecr at Computer Test
Corp., has been in the field for over seven years. Prior to joining C1C.
U.S. patents and has seven pending. Formerly with RCA, Alan M.
Stoughton has for the past couple of vears headed a CTC group
designing and programing computer-controlled test equipment. A co-
author, who didn’t ¢uite make the picture, is Charles A. Elles. who.
hefore signing on with CTC a year ago. racked up 11 years of expuri-
ence in the test equipment and instrumentation ficlds. Elwood A.
Dance recently left CTC for & new position at Scientific Mcasurement
Systems Inc.

Senior associate editor Hairy Karp, who liandled the piece on Bell
Labs’ magnetic hubhles (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 clectronics. A 14-year veleran of technical journalism, Harry
holds both BSEE and MSEE degrees from Newark College of Engineer
ing; hefore 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 hegins on page 74; it was co-authored by Robert fughes and
Blaine Belecki of the Digital Equipment Corp. Bob. manager ot 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. Ilis associate won a BSEE lrom
the University of Manitoba in 1965. ITe first joined DEC in 1967 alter
working two years at Northern Electric's Montreal facility. Blaine
started off as a design engineer. At the moment, he's cmployed as a
software specialist in Digital Equipment’s Toronto Office.

8

Gilder

With the school year about to start
again, Electronics is saying pood-
bye to swmer intern Jules Gilder,
who's returning to the City College
of New York to complete work for
his BSEL. Jules, cditor in chief of
Vector. CONY’s engineering maga-
zine, worked in @ number ol de-
partiments, including U.S. reports,
Designer’s Casebook. and Techmi-
cal Abstracts. during his stay. And
during July. he covered the Con-
ference on Engincering in Medi-
cine and Biology. lHe returns to
school with our best wishes.

Biberman

An applied optics cxpert, Lucicen
M. Bibenman makes a strong casc
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 rescarch stafl member at
the Institute for Defense Analyses,
he specializes in the ficlds of in-
frared and night vision. Biberman
camed a BS at Rensselaer in 1910,
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NEW FLAT PAK DESIGN ONLY 01" THICK

e
e J [ ]]
AN ” ////
N\ /
=

s

— Magnetic Flat Pak =
~ Modulators, = =N
Analog Multipliers, g
Demodulators =
mount directly on IC Cards

ACTUAL SIZES

* Hybrid assemblies mount directly on IC cards.

* Space saver design . . . lypical dimensions 0.1” thick x 0.5” TYPICAL FUNCTION PERFORMED

x075%. o , BY THESE COMPACT MODULES
» Rugged design, extreme reliability. MTBF design goal 0.25
per million hours.

» Extremely low drift over —55° to +125°C range. 5 el i'GNAL

» Not affected by high intensity nuclear radiation.

+ Capable of operating on carrier frequencies as high as five INPUT ( MAGNETIC ~Kd (= a+b=c)
Mhz. . o SIGNALS | “®~ | DCxDC

* One or more isolated or floating input signals may be used ISOLATED | *=b— ANALOG — ANALOG
for modulating, multiplying, dividing. squaring or extracting AND b & cs MULTIPLYING PRODUCT
a root. FLOATING | MODULATOR OUTPUT

» No external nulling or offset adjustments. (0 to 5V across

« No additional components or compensation required.
* No external operational amplifiers required.

* Standard - 15V DC power supplier unless otherwise speci-
fied.

Productaccuracy: 2K or higher)

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

Magnetic DC x OC Multiplier Squaring Square Root

IMM 1’2‘10-1 INM 12121 IMM 1214.1

1MM 1199-1

L L
TYPE NUMBER

Reference Carrier Voltage 10 V RMS 10 V RMS 5V RMS S VRMS
_and [mumy LT_JBOO_HL _(2499 U4 - ’25 KMz _@ 100 KHz |
input Control Signal Range Oto=*15 0 ¢ +37 Oto=5VDC Qto*iovpe
- S—. 0 T Y
DE Resistance af Input 8 K ohms 30 K okms 10 K ohms min <5K
L — 7DC$KnilWindin§ _ R S )
| AM Phase Reversing 0105 VRYS 0105V RMS 0105V RMS Q1to5 Vv RAMS
[ AcOutputRange @1800H: @400z _® 25 vH: _@105kkz |
Oirferential Gain 4 mv RS 7 165m:/RMS « 1VRMS 1VDC 05VRYS |
| RMS mv. AC Qutpul” 2 DC 20C 1vee
'__ _vabCsig Mnput _ e e o _4
AC Output Null (Ncise Level) RMS 1429 f.5. 159 £.s 0556fs glg Sovyz'-’
G0 KHz
r T Oufpul Impedance - 50 chms = 50 onms <53oms < 55077s -I
External load 10K to 100K 10K tc 100 K 10 K to 100 K 10 K12 100 ¥
| _ . . _ ohms _ohms — Ches 00000
Excitation (Carrier 4 K otms 25 ¥ ghms 10 K chms 1¥ chms
IF ____ Winding) Impedance = o e —— R
Zero Point Drift over Temp Range Q25% ¢ 05% f.s 0.5% f 19 ~ax
| Referred 19 OC Inpul Termmals s - - -
Hysteresis in Fercentof Q2% f 05% f.s 0.5%% 05% f.s
| Max Irput DC Signal T A= B — _{
% Harmonic Distortion §° 1% < 5% < 5%
L m Butput Wave — S e
Temperature Range 55°C to -55°C lo —55 Cto -55° to -" i . g 2N
=t i +125C 41250 ey 100°C There is No Substitute for Reliability
_Frequency Respanse DG to 209 Mz DC to 100 Hz  Clt02.5KH2 CG 10 10 KHz
Overall Dimensicns (in inches) 0.1 x10x1.0 0.1[1.911.0_ 0.1x.75x.625 0.1x.75x 625 q:c GENERAL MAGNET'CS, 'NC-
Type of Mounting Flat Pak 'at Pak Printed Circult Printed Cirzt d 2 A
Terminats Terminals Flat Pak Flat Pak l 135 Bloomf'eld Avenue'

- O - 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
vour circuils coming down the chute. Costs ahout 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 repeatalile 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: 910-339-9210 Cables:
NATSEMICON

Product Organi-
number® Bits zation Package 100up$

MMS520 256 256x1 8 pin TO-5 38.00
MM521 1024 256x4 16 pin DIP  45.00

MMS522 1024 128x8 24 pin DIP  60.00
or256 x 4

MMS23 2048 256x8 24 pin DIP  96.00
or512 x4

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

National/ MOS
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Our computer plays

back PM motor
designs in seconds.

Electronics | September 1, 1969



INDIANA GENERAI. We make it easy for the design engineer.

30 design possibilities in about 5 minutes, to be precise. All we necd
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 diamecter and stack
length. Winding data, including vol-
ume of copper. Magnetic matcrial.
And magnet dimensions, includ-
ing volume, thickness and
area. Or we'll be happy to con-
firm your own design. How-
€ver 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
Indox® materials cov-
ers all your PM motor
needs. Want additional
design scrvice, or help
with prototype motors?
Fall back on IGC's design cx-
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

O Please send me magnet and design liter-
ature, and an application form for a PM
motor design evaluation.

U Picase calculate PM motor design possi
bilitics. based on the attached data: Speed
Vs. torque vs. current, maximum diameter
and/or lengih. and minimum temperature
tox stall o1 start.

NAMT o A

.
'y !
“-"|(‘."s T ‘ TITLE_ . o
- :
EaeeaNvee £ 000000

ADDRIGS.

ZI™

s CITY. e STATE e
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DATA TRANSMISSION

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

RESEARCH CORPORATION
an equal opportunity employer

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

engincering 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.

Goceken 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, Gocken 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.” MCI 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 ds 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-
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Small Precision

CERAMICS

“As Fired”

PROGRESS
REPORT

Holes .056 -+ .003 Radii .171 + .002
Holes .016 + .002

370 + .003
Hole .025 + .002

Thickness .0165 + .0015

Slot_Width .064 -+ .002
Floor Thickness .050 + .001

0.D. .304 -+ .003
Holes + .002

0.D. .369 — .372 + .0015

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 AISiMag® 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
vears 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

Hlustrated Approximately Actual Size.

JEX

0.p. 467 *+ -000 532 + .005

Siot Width .070 + .002
Holes .034 + .001

0.D. .379 + .0025

Holes + .003

0.D. 484 + |
Hole .016 + .002

Holes +- .002

0.D. 218 + .0015 o4
=+ .001 Thickness + .002

Hole .094

ceramics. AISiMag® 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 Llava, have favoruble
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 rescit in the
fowest 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 nake suggestions.

68th

YEAR
0F
(ERAMIC
LEADERSHIP



precision fix on

16

performance.

KEY
SPECIFICATIONS

ZM SERIES
MINIMUM
LOSS
PADS

50/75Q 50/93 Q
75/93Q 50/600 Q
¢ Frequency Range:
Up to 1000 MHz
e Connectors:
Any combination of BNC, TNC,
Type N, or Type F
Price: $10.00

Circle 16 on reader service card
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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 specttumn plus  selective
directionality, time, and polarity,
and includes not only the spec-
trum but also cable communica-
tions. Tribus says no onc knows
at any onc time low much of the
electrospace is being used, or by
whom, and “no onc [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 1icrowave transmission
when it rains?

Commerce “has the best non-
defense capability in Government”
for in-louse systems analysis, Tri-
bus says. While conceding that
other agencics, 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 Fra, Tribus says, “The
agency would have to serve as a
coordinating agency”, a sort of
super-agency, of which the Fed-
cral Communications Commission,
the National Bureau of Standards,
possibly Comsat, and others would
be a part. FrA 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
electrospacc.

Go to cable. One technique he
thinks would alleviate the growing
congestion is to put more commu-
nications scrvices on cables.
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Sprague Series 54/74 ICs. Illustration: 54/7491 8-Bit Shift Register

-
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More Stuff Inside. 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.

— —_—

| Decade Counter 54 /7490
| Divide-By-Twelve Counter 54,7492
| 4-Bit Binary Counter 54 /7493

Gated Full Adder 54/7480

| 2-Bit Binary Full Adder 54/7482

Call Spraguc Info-Central (617D 853-5000 extension 5474.

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.

4-Bit Binary Full Adder 54/7483

8-Bit Shift Register
BCD Decoder/Driver
Quad Bistable Latch

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.

455.9132R1

Circle 17 on reader service card

54/7491
54/7441
54/7475

SPRAGUE

THE MARK OF RELIABILITY
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PNP/NPN
COMP. MENTARY
VITCHES

‘his 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
oads, this technology gives you faster
Switching times. Better overall switching
characteristics. Very low Vg (saty and
Vee. 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 2N5729t 2N5769t
TO-59 2N5730t 2N5770t

20A T0O-3 2N5732% 2N57721

TO-61 2N5731+ 2NG67711
2N5313 2N5312
2N5315 2N5314
2N5317 2N5316

tNew to the industry 2NS5319 2N5318

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 TO-39 2N5148 2N5147
S 2N5150 2N5149

TOH9  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
'FAIRCHILD
POWER
GRAB

—
!

|

s



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 NPN DATA PNP DATA

PACKAGE DEVICE PLEASE PACKAGE DEVICE PLEASE PACKAGE DEVICE PLEASE
TO-3 2N3055 - 2N5002 - TO-3 2N3789

2N3232 - 2N5004 - 2N3790

2N3233 - 2N5346 -_ 2N3791

2N3234 - 2N5317 - 2N3792

2N3142 - 2N5318 - 2N1398

2N3713 - 2N5319 - 2N'1399

2N3714 - 2N547T - **¥2N5772

2N3715 - 2N5478 - o

2N3716 - 2N5479 - TO-5 2N1234

2N3771 - 2N5180 - 2N1235

2N3772 _ 2N5730 I 2N 1236

2IN3773 - N . **2N5769

2N 1913 . 10-61 2N2811 - . ony

2N 1914 - 2N2812 . TO-39 ;I\:51»17

2N915 2N2813 N

2N5038 o 2N2814 — N

2N5039 . 2N 4301 - 2N5153

2NS067 - 2N5006 - 5 IN

PN — 2N3008 B -

2N5069 2N5313 2N5003 -

2Ns301 2NS315 2N5005

2N5302 —_— 2N5317 _— **¥3N5770

2N5303 - 2N5319 - = —_—

2N5732 - 2N5731 _ TO-61 2N5007

g IN I8

2N5734 TO-63  2N3s97 P
TO-5 2N3439 2N3598 FXIN5311

2N3d40 2N3599 ¥¥IN5316

2N4300 —_— = 2N4002 — *¥2N5318

2N4877 —_— 2N4003 ——— #¥IN5771

2N5336 . 2N5733 - ‘

2N5337 - - . TO-66 2N3740

2N5338 10-66 5’;2‘1‘511‘ _ 2N3711

2N5339 - N I 2N-1898

2N5729 I eNs738 2N41899

2N3739 - Bhelh

TO-39 2N5148 - 2N-1910 _ o

2N5150 . 2N4911 - **NEW THIS MONTH

2N5152 - 2N1912

2N5154 - 2N5127

2N5128

TO-59 2N4998 - 2N5129

2N5000 - 2N5130
NAME — ADDRESS_ .
COMPANY. — CITY. —
DEPARTMENT __ STATE ZIP.

e
FAIRCHILD
SEMICONOUCTOR

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




For 14 months we would have said “no”
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o even the President of the United States.

Electronics | September 1, 1969

“Sorry, Mr. President”’

That’s what we would have said.

When we got into the MOS husiness 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 hack.
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 ahout
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-onl:

: ' memories and logic arrays.
Lo o e

electronic
arrays, Inc.

Proven MOS products delivered in volume
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Thermostatic

DELAY RELAYS

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-
zlnations of Underwriters' Laboratories,
ne.

PROBLEM? Send for Bulletin No. TR-81.

ANPERITE

BALLAST
REGULATORS ||

Hermetically sealed,
they are not affected
by changes in altitude,
ambient temperature
(- 50* to +70° C),
or humidity...Rugged,
light, compact, most
inexpensive.

List Price, $3.00

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

MPERITE

600 PALISADE AVE., UNION CITY, N.J. 07087
Telephone: 201 UNion 4-9503

AMPERITE
REGUL ATOR,

Pr] e - O O = B

-3

In Canada:-Atlas Radio Corp., Lid.,
50 Wingold Ave., Toronto 10

22 Circle 22 on reader service card

Offer true hermetic sealing.

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

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.

Calendar

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

Electrical Insulation Conference, EEE;
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 Heaith,
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)
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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, chased 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-

Circle 23 on reader service card

sions to take care of, as you can see.)

Piease 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.

Monsanto




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-coupled, 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 defiection 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 hignh voltage outputs for CRT Anode

electrodes — anode, focus grid, G2, and filament. Model No. Output Range
HV8 1-8kv
HV20 5-20 kv
HV30 15-30 kv
SERIES PAK provides regulated low voltage outputs for Beta +35volt
modules — 435 volts, +=20 volts, G1, and filament. Model No. (deflection) Output
PAK7 7 amperes
PAKI6 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); EDASO0 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

Fiexible 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 for
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 Efliot St., Newton Upper Falls, Massachusetts 02164 / Tel. 617 969-6510 / TWX 710-335-6973
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Meetings

(Cantinued fram p. 22)

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, |EEE;
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,
|EEE; Montreal, Quebec, Canada; Oct.
9-10.

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

Annual Symposium on Switching and
Automata Theory, |EEE; 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.

Thermionic 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, |EEE; 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-

(Cantinued an page 26)
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- Allen-Bradley
| 1 hot-molded
éual 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. W 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.

/Ty ALLEN-BRADLEY

/ LII'Yl TRONIC COMPONENTS
©A'4n-Bradley Company 1969




Meet the “Mite”.
Only .218" diameter. The toughest
ceramic disc trimmer capacitor its size.

N

E. FF.JOHNSON COMPANY
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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., Miiford, N. H. 03055.

International Solid-State Circuits Con-
ference, |EEE; 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 ”ght out If it's color you're after' you can code
there on the front panel. At an attractive OEM our Series JA breaker with any of
price, too nine different hues, from flash yellow
' ' to electric blue.

Heinemann hydraulic-magnetic protection, of Write us for Bulletin 3350
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- Y-\
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 3l

Electronics | September 1, 1969 Circle 27 on reader service card

27






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 3-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 %" x %" 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 TTL Design Aid
- These new data se-
o 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- o
rated, P. O. Box 5012, Z]
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 1%" or
2 wafers, decimal or metric indexing, extended

range, 50 or 60 cycle operation, without affecting

30 Circle 30 on reader service card

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.

TE SS

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 cxhibited
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
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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. m

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. m
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s—all for $2495.

- It weighs only 25 Ibs. —or 30 Ibs. with an optional
before recharging.

or a demonstration, Contact Microwave Division,
St., Van Nuys, Calif, 91409. Phone: 213-786-1760.

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 Digitai voltmeters
Pulse generators Spectrum analyzers
Microwave frequency Digital pane| meters
indicators Microwave signal
Digital clocks generators
Memory testers Laboratory magnets
Analog Computers Data acquisition
Time code generators systems
Data generators Microwave test sets
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Silicon Schottky
diodes avalanched

Collins to sell
customized MOS

Speech synthesizer
promised for fall
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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/
cm?® at X band and 1,200 amps/cm? at K. 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 2 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-flm hybrids to Litton’s
Data Systems division for use in the N avy E-2C aircraft’s airborne com-
mand and control system.

The problems of making specch 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.
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Fairchild discovers
3751 parameter gap

Increased prices
for discretes seen

Viatron completes
first prototypes

Addendum

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.

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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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® 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, lllinois 60650.

*Fixed Contact—Fixed solder contacts with 2-piece glass-filled nylon
insulator. High Density—Removable crimp Poke-HomeR contacts with
glass-filled nylon insulator. Encapsulated Contact—Removable crimp or
solder Poke-HomeR 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-HomeR) contacts with
nylon insulator. Hard Dielectric—Removable crimp or solder Poke-
HomeR contacts with diallyl phthalate insulator.

A N = A

AMPHENOL

THE BUNKER-RAMO CORPORATION

FREE MIN-RAC® SIX-PAC WALL CHART

[[] Please send free wall chart [7] Have salesman call

[] Havedistributor cali

Mail to: Amphenoi Industrial Division
1830 So. 54th Ave., Chicago, lllinois 60650

NAME

JUNLE

COMPANY

ADDRESS

CITY

STATE ZIP




to its pin & socket
connector line

r MITREHAS
IMMEDIATE OPENINGS
INWASHINGTON, 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 transportation,
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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 operafions 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 dpenings 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 fo the address below.

We're not looking for scientists who do as they're fold.
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, sexorcolor.

MI'TRE

CORPORATION
An equal opportunity employer

Nedr Boston: Richard J, Seamans, MITRE,
3909 Middlesex T'pike; Bedford, Mass. 01730

Near Washington: Robert P. Knotts, MITRE,
17959 Dolley Madison Blvd, Mclean, Va, 22101

‘Wed like to hire some
disagreeable young men.

\
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Granting of software patents still ‘iffy’

Despite court upholding patentability of com puter 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? And, if so, are the
independent software firms in for
an cconomic boom?

Don’t count on either-not yet,
at least—despite all the ballyhoo
in the news media. Although there
arc 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
& Patent Appeals upholding the
patentability of a program devel-
oped by two Mobil Oil Co. com-
puter cexperts, Charles 1. Prater
and James Wei, the legal fraternity
isn’t quite that sure. Patent attor-
neys, in fact, sav there are still too
many “ifs.”

Typical of this cautious response
are the views of Irving Kayton, an
engincer-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
sec the decision as only one of
several which will affect protection
of computer programns. Some of
their “ifs” are:

* Pending appcals 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 sti]l to come in the
Government and civil antitrust
suits filed against 1BM 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
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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 sce 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 8250 million to $500 million
share of the annual $6 billion soft-
ware warket 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 s
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 argned 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 ferm, 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 com-
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 toreign 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, incrcasingly 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 VWaltham 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 paticent; 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 ensurc that the amplifier is
totally isolated from ground, the

AMP CHOPPER
MODULATOR DEMODULATOR
RECTIFIER ] GROUNDED
I NETWORKS
CARRIER
0SCILLATOR

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

Bell cxpects to complete the
prototype late this year or ecarly
1970, when it will be tested in a
Bell UHIF. 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 devcloped.
To emphasize the magnitude of
the jump it has made in speed over
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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
as a percentage of the base perlod.
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
cmitter-coupled logic circuitry as
drivers in a 32768-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 necd it. Many in-
dustry observers, both competitors
and impartial experts, arc per-
plexed about IBM’s latest ploy.
Theyv 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 Il-mcgabyte memory
for about $107,800 per month or
two 65’s with megabyte memories
for about $32,590 each. As a scien-
tific computer, the 195 is only half
as fast as the 7600, a great draw-
back in an arca where speed is a
critical factor.

Part of the 195s trouble is IBM’s
nced to maintain upward software
compalibility in the 360 linc. In so
doing, the 195 comes out as part
commercial, part scientific. In
doing neither job perfectly, it
would seem to bhe 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 featurc of the 360
linc 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
comineree.” So says an unworried
competitor.
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The 195 also is hitched to the
system 360 operating system, and
in multiprograming 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, hut often leaves
about half of the core memory un-
allocated. And this is waste indecd.

Thus IBM’s compatible software,
and its incfliciencies, 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 sec
a revised and improved operating
system and MVT by the end of
1969. With the unbundling, 1BM's
software operations are now said
to be running under a separate
profit and loss account, an incen-
tive for IBM to clean out ils 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. Lonis, MCI
is proceeding apacc with plans to
make the route operative by July
1970 and aleady 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. Gocken is
rapidly making up for lost time. In
addition to going ahcad 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-ycar-old exccutive, who form-
erly was a communications equip-
ment representative for the General
Electric Co. [sece p. 14].

First, Goeken says, MCI will
allocate $364,000 for hardware for
the 275-mile Chicago-St. Louis
line, and procecd simultaneously
with plans to upgrade the system
to make it compatible with
Micom’s projection of a national
network; this should raisc expendi-
tures to about $1 million. Collins
Radio, one of the few communica-
tions ecquipment makers  that
Gocken says supported his position
early in the fight, will supply the
radio-frequency multiplex gear.

“Mainline Electronics of Joliet,
I, and A & E Electronics of St.
ILouis will handle the installation,”
including tower construction, he
says, while MCI will negotiate for
the antennas. The company plans
to set up nine drop-offs along the
route for customer interconnection
with local phone lincs—a service
the FCC told the losers they must
provide to complete the loop.

New routes. Gocken and William
McGowan, Micom’s chairman, say
they will file for new routcs 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 tcle-
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
voleage, high current or high speed NPN drivers,
including the ever popular 2N3725. Soon we'll log a
I 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
Wate, 1 GHz 2N5108 transistor in a TO-39 package,
and sell it tor $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 | GHz 20 Wart 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.
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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 opcrating in both digital
and lincar modes, appears likely
to provide the transponding func-
tion—reading encoded meter dials
and converting readings to bits for
trausmission over the line. Ex-
pected price: $20 for an integrated-
circuit transponder that will serv-
ice three separate meters (clectric,
water, gas).

Though some of its automatic
meter-polling system via telephone
is still under development, Nep-
tune has practically completed de-
sign of ils receiver and computer
interface equipment. Results so far
look good, and Neptunc ecxpects
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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 tclephone com-
pany’s switching system (including
a specially-designed meter reading
facility) and arc sent on their way
to a meter-polling computer. After
the tests, Neptune will get together
with a utility to install transpond-
ers in 23 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

CENTRAL OFFICE

METER POLLING

SYSTEM
—p1 DATA SET
TERMINAL
AUTOMATIC
CALLING POLLING
UNIT COMPUTER

Meter poller. Encoded utility-meter readings are digitally conditioned in MOS
transponders. Computer initiates meter callup, stores returned readings.
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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
clectrical 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 cach encoder in parallel, for-
mats each character into an unam-
bhiguous 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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R.M.S. 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-
ageresponding 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

HEWLETT ﬁ 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 a1 mAto 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. 117], 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
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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 somewhat less 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 1IN, or EIA diode registration,
numbers; all are passivated.

A sampling of prices of the bare
chips shows that Motorola’s MMCS-
2929A, 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 IN753A
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-
tce advising the Sccretary of
Health, Education, and Welfare
Robert R. Finch.

The clectronics 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 clectronics 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 electronies product
by the end of this vear. Tt 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 Burcau of Radiological
Health. The first television draft,
which called for extremely strin-
gent standards—including a recue-
tion in the level of permissible ra-
diation to 0.1 mr per hour, was
unanimously rejected by the com-
mittce 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 necds 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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a complete digital system
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DIOITAL
ELECTRONICS
FOR
SCIENTIBTS

» circuit breadboarding
« customized digital instruments
» learning digital techniques

HEATH 801 Dlgltal 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 Analog Digital
Designer (ADD) and the EU-51A Lread-
board and parts group. This versatile sys-
tem can perform cqually well in constructing
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 pioncering 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 arc basic to the new in-
strumentation — computation revolution.
The book is written for engincering and
science students and for practicing engi-
neers, scientists, and technicians so that all
may effectively utilize the startling recent
advances in digital clectronics.

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-

FREE Heath Scientific
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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 IHeath
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-tlops, 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, DV Ms,rate
meters, and many dozens of other in-
struments.

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

EU-801A, Analog-Digital Designer.. . ..$435.00¢
EU-51A, Experimental Parts Group...... $135.00+
EUP-19, text “Digital Electronics For Scientists’”
by H. V. Malmstadt and C. G. Enke (pubhshed by
W. A. Benjamin, Inc.}.. . $9.50*

—
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HEATH COMPANY, Dept. 586-04 a Schlumberger company
Benton Harbor, Michigan 49022 |
0O Please send FREE Heath Scientific Instrumentation Catalog :
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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 cffect 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-
jer 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-
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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 L3598, 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 s
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 Dbit
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 dic
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.
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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 CEl Division or
contact a W-J representative.

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

CEI DIVISION

WATKINS-JOHNSON

wyJ

6006 Executive Boulevard, Rockville, Maryland 20852 {301) 881-3300
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8 HELIAX

high power without

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-

>

a hanger “HANG-UP”
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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, OTH radar; VHF and
UHF-TV. Wouldn’t you like to know more?

Communicate with Andrew. 11.68

ANDREW

CONTACT THE NEAREST ANDREW OFFICE OR ANDREW CORPORATION, 10500 W. 153rd STREET. ORLAND PARK. ILLINOIS 60462
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Army’s tactical
operations system
to be expanded...

. .. as Litton tries for
a slice of the pie...

... while Control Data
fields new computer

Washington Newsletter

September 1, 1969

Look for the Army’s tactical operations system (TOS)—presently ear-
marked for the field-army level—to be extended to division and battalion
levels. In the works at the Army’s Computer Systems Command is an ex-
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.

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 flm memory with
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House may soften
Senate controls
on DOD spending

FCC to put Bell
on the carpet

Addenda

50

Washington Newsletter

comparable stores in an 18-1b 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.

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 [sce 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°
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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 100kHz makes the QRD
Series unequaled in digital, microcircuit
testing and servo system applications.
Other features include: * =0.005% vol-
tage regulation = 200.V r.m.s (3mV p-p)
ripple * automatic crossover between

4P POWER SUPPLY MODEL QRD40-.75

RAYTHEON COMPANY. N onN

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,
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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: I, from 4 amperes to
10 A: gy 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. TAT606

Peak Power

Qutput (Watts)
Min. 1 5 10*
Typ. 2 6 13

targest
Emitting
Area
Dimension

TA7608 TA7610

3 mils 6 mils 9 mils’

Amps
Peak
Current
I 4 7 10

T 10 25 40

*Gelections offering power output up to 5 W at
70°C are available.

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

ol

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 lypes 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
protolypes at ambicnt 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 lc—10 mA.

AUDIO AMPLIFIER—P; ratings as
high as 2 W at Te 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.

““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 49¢ per unit.

Circle Reader Response No. 503
for full details. ® @

INSTRUMENTATION—high beta o T
values; leakages as low as 10 nA max. ‘
at V=25 V, saturation voltages as T e
low as 0.1 V typ., 0.2 V max. at lc= =
100 mA; breakdown voltages to 40 V I A
Circle Reader Response No 502 i
for detailed specs. | wmereee o cise
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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.

Veeo {(sus) lc fr l
Type V) ) Vee (sat) {MHz) ton
TAT7337A 120 40 1.2V (max.) @ 40 A 50 1 us (max.) @ 40 A
TA7337 90 50 1.5V (max.) @ 50 A 50 \ 1 us (max.) @ 40 A




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
” , S I
(o '
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
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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:
. }:AowerGain (MAG) =20dB @ 200
Hz

* Noise Figure (NF)=3.5dB @ 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 AGC 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:an-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,

TN )
"Lo‘-"'l ia

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

. Noisevimmunity—4 V (typ.) @ Vpp
=1
* 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.

RGA



It took us years to develop
the best stereo microscope.

Now give us a few minutes to prove 1t.

Let us compare our StereoStar/ZOOM to any 135 years of optical excellence went into the
stereoscopic microscope in your lab. AO StereoStar/zooM. Let us compare it to any
Our microscope offers high resolution, larger stereo microscope in '){our lab. After all, if it's
fields of view, greater working distance. We worth your money, it's worth your time.

have as wide a magnification range as you're Call your AO Representative. Or write for our
likely to need: a full 6 to 1 zoom range with convincing 24-page brochure.

magnifications from 3.5 X through 210 X.
The zoom control knob is coupled—so that it’s AMER;L%?& Ag(l;;l‘ AL

conveniently located on both sides, for either SCIENTIFIC INSTRUMENT DIVISION « BUFFALO, N.Y. 14215
left or right-hand operation. And the entire
head is easily rotatable through 360°.

4
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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

Electronics | September 1, 1969

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-

56 Circle 56 on reader service card

lowing and missile seeker radar applications. The
complete tuner assembly is compact and adds only
14 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.

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 Mechanica! 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 & D—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. O. Box 500A,
Beaverton, Oregon 97005, or send in the coupon.

L A R

L T T T T
Professional Placement Mgr., Tektronix, Inc.
P. O. Box 500A, Beaverton, Oregon 97005

Please send me your [ |Booklet, “Tektronix” _ Application Form

NAME:
ADDRESS:

CITY: STATE:
I am interested in:

Tektronix, Inc. m

An Equal Opportunity Employer.
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TTI’s new MSI SN5486/S\N7486
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-
74186, will help ease your critical power
dissipation situations. Power dissipa-
tion: 8.75 mW per exclusive-OR function.
Propagation delay: 58 ns. Cost: $3.41
for the plastic dual-in-line.

You can get both versions promptly

TTL
integrated circuits
from Texas 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 1Cs. 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.

(o]

TEXAs INSTRUMENTS
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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 POINT:

CompuSignal
System 3
(CSS3)

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
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 e Senior Systems
Engineers e Communications & Telemetry —
Telecommunications Specialists ¢ Spacecraft
Circuit Design Engineers ¢ Project
Engineers ¢ Power Conditioning Equipment
Design Engineers e

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

A
|
|
i
|

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal appartunity emplayer—M & F
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Get up to1000 units of

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

Now from Westinghouse.

';c' -

'-i,__‘l‘l-ll =t

We're available

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 (TO3)
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 (TO66) 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@

Circle 61 on reader service card
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cermet technology is now available
at only a dime/unit more ... 100
ohms thru 2 megohms. In addition,
you get essentially infinite reso-
Iution, 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.

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA + 92634

INTERNATIONAL SUBSIDIARIES: AMSTERQOAM; CAPE TOWN; GENEVA; GLENROTHES,
SCOTLAND; LONDON; MEXICO CITY: MUNICH; PARIS; STOCKHOLM; TOXYO; VIENNA

50 ppm/ G

in all Helipot Germet Trimmers

This significant advance in Helipot’s
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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 | September 1, 1969

September 1, 1969 | Highlights of this issue

Technical Articles

=0 Electro-optic systems in general and low-
Electl'onlcs light-level television in particular have yet

e, # 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 equipnient, 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, yon get something from
each section. This is analogous to what’s involved ia memory
testing, where clements. 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 engincers 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 Gerinany 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.
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Cal's eyes
for the military

Low-light-level tv systems hold out
great promise, but developmenthas
been painstakingly slow—and costly

Electronics | September 1, 1969




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.

Electronics | September 1, 1969

By Alfred Rosenblatt

Associate editor

® Iailed by the military as critical for night combat op-
crations, 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-lightlevel tv
have been deployed in Vietham on a limited scale in
recent years). But the progress has heen painstakingly
slow and the cost for rescarch 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 cntire night vision cffort. 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
nonc too soon. The Army has already moved to
strengthen the management and evaluation of its night
operation programs [see “Army sceks 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, clectro-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 sccondary 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 clectro-optical sensors.
These systems will handle multiple tasks that might
inciude 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 acrospace elec-
tronics department in Utica, N.Y. “We'll probably

IDA’s Biberman sees sec tube as a 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 Lucien
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, &
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
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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 fluctnations 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 uality and contrast.

When a tv tube replaces the evepiece 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 beamn-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 Jess demanding needs.
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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 vields, 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 Brst 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. ®
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see combinations of i-r and tv, for example,” sayvs Ford.
The ir sensor wonld detect targets at long range, he
points out, and the tv, with its better resolution, woul(
identify then.

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, nst 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” clussification 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.
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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 intcnsifiers 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 illmminatc taigets. Although the system
is under tight sccurity 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 rununing on the sea’s sui-
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
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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 grcater 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, therc 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 supplicd by the Gencral 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 conple 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
erasurc 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

e e S

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 ahout 300.

Sensilivity of the tube is comparable to that of a
sec with an image intensifier, primarily hecause the tar-
get gair 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 107 foot-candles of light the limiting resolution
could be 200 lines, according to RCA; illumination by 2 x
105 foot-candles of light would boost resolution to 600
lines. (These figures are for 100% contrast, or black-and-
white scenes.)

By early uext 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 stili 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 industiy does. Heard often these
days is criticism of sec prices. Tube yields are low,
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largely because the tube’s potassium chloride target is
difficult to manufacture. At the moment, military-quality
sec’s cost $10,000 and vp. “But,” st1ys IDA’s Biberman,
“the price could be a lot lower if clesigners would
standardize on tubes and bottle sizes. The railitary
specifies performence, 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
broadeast stndios, for exanmple, costs about $1,000,
Goetze points out. But special image orthicons for mili-
tary tv systems, which nsually include {iber-optic face-
plates and special photocathodes, will cost from five
to 10 times 1more.

And as recently as carly last year, sec prices ranged
from about $12,000 to $18,000. But thanks to the growth
of commercial applications, prices started a downbhill
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 procluction-line man.
uvfacturing, a WL300691 sec tube now sells for $2.500,
even lower if the tube is ordered in large quantitics,”
says Goetze. And, according to VWestinghouse, there ore
now more than 100 commnercial customers for sec tubes,
Applications include use in electron microscopes, in
closed-circuit field-sequential color camelas, and in
black-and-white closed circvit camera systems.

But if the price of sec’s is coming down, then the
same could he said for isocons. An isocon--with an
intensificr, yoke. and focus coils- now sells for abonut
$9,000 in small quantities. But RCA sees the price coming
down to $6,000. A nilitary 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 Cheyernme helicopter
cancellation as well as that of cost overrans in general,
have alerted the military that it will have to get what
it wants—but at a reasonable cost. And botly 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 becausc 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 connccts o 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-
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follower probe, the FET probe docs 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 pulsc-burst generator scts 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-nsce 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 valucs.

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 av image intensifier, primarily because the tar-
get gair is about tenfold greater. Resolution is limited
only by the number of diodes that can be etched into
an array, bnt 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
102 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 stili 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,
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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 conld be a lot lower if designers would
standardize on tubes and bottle sizes. The nilitary
specifies performance, but the contractor picks the tube.”

The tobe’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 operatious manager for Westing-
house’s Electronic tuhe division. An image orthicon tor
broadcast stidios, for example, costs about $1,000,
Goetze points out. But special image orthicons for rjli-
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 carly 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 technigues
simply because they vsually 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 WI.30691 sec tube now sells for $2,500,
even lower if the tuhe is ordered in large quantities,”
says Goetze. And, according to \Vestinghouse, there ave
now more than 100 commaercial customers for sec tubes.
Applications include use in electron microscopes, in
closed-circuit field-sequential color cameras, and in
black-and-white closed circoit camera systems.

But if the price of ser’s is coming down, then the
same could be said for isocons. An isocoun- with an
intensifier, yoke. and focus coils-now sells for abont
$9,000 in small quantities. Bt RCA sees the price coming
down to $6,000. A military isocon tube itsell 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 Cheyeune 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 10 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.

T
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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 1C
during the test. These levels may be changed a
hundred times or more during the l-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.,
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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 pop 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 cssentially 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 systen.

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 ficld-cffect transistor
to give high impedance and low capacitance to the
system. Unlike the more conventional -cathode-
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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 fecls 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
1C 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
Vec—can be applied to the input terminal. Suppose
that the IC is guaranteed not to switch when a
voltage of 424 volts or higher is on the input
terminal. Then a burst of negative pulses—going
from the bias of 45 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
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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 ncw 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.

All1C’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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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

Circle 78 on reader service card

Yaction 1is!

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'safullday . ..

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. O. 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

L

COPPER
PLATED
BOARD

l*—14 mm—>|

Designer’s casebook is a regular feature in
Electronics. Readers are invited fo 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 C; 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 Q. remains cutoff, and
the output is at ground or logic zero.

When GC; is touched, its capacity increases thus
increasing the current through R.. The diode poten-
tial decreases below the cutoff voltage of the field
effect transistor until it is gated on. When Q; turns
on, it triggers Q. delivering a positive voltage out
or a logic 1.

The RC filter R,Cj,, 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 bullon is not activated.

+5vto20v

Q2
BFY 64
OUTPUT
Rs Re RLOAD§
10k 23300
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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

RECORD
SIGNAL

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 O state, gate
C will not conduct, and no output is observed. Set-
ting the flipflop 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.

DC D DATA-REQUEST SIGNAL

CLOCK

PULSE

RECORD

SIGNAL

DATA-
REQUEST
SIGNAL

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 minimumn pulse
width set to just barcly open the valve. There are
three parts to the circuit: an integrator (A;) a pos-
itive level detector with hysteresis (As), and a ncga-
tive level detector with hysteresis (Ag).

When the input voltage is zcro the integrator’s
output is zero. Ao’s output voltage is negative, back
biasing the feedback diode Dy; and Ag’s output is
positive, back biasing the feedback diode Da. A,
saturales transistor Q. Both E; and E. arc 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 A. 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

Rz Dy

————

driven back toward zero. When the hysteresis point
is reached, A»’s output reverses, and the integrator
output again begins to increase.

The integrator cycles between the hysteresis-
trigger voltage and the output volitage of the first
valve, E,, thus causing a series of positive output
pulses. 1f the input current is greater than the feed-
back current, then the output voltage E; stays on.

For positive inputs, the integraior generates a
negative output, triggering the negative level de-
tector. The negative output of the level detector
turns Q; off, delivering a positive output. If the
input curreit is less than the feedback current, the
output at E» will be a series of positive pulses re-
sulting from charging and discharging the inte-
grator ouiput across the negative level deiector’s
switching points. For positive input currents
greater thau the feedback current, E, stays on.

35.7k 1N914
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Behind the new versatility and lower costs of digital displays...

RCA’s New 7-Segment Decoder-Drivers

7 SEGMENT DISPLAY DEVICE
RCA-DR-2010 OR EQUIV.

CD2500E

B CLTDRDP, D A

TO DECIMAL -
POINT-INPUT

CONTROL
SOURCE

TR e BCD-INPUTS
Whether you drive your digital displays with low ,
current or high current, your drive circuits can now RCA’s 7-segment Decoder-Drivers
be more versatile —simpler—Ilower in cost. RCA's Operatin
new CD2500E series of 16-lead DIP 7-segment i Type Price
Decoder Driver MSI integrated circuits includes both per Segment Number (1,000 units)
30 mA devices for driving RCA's new NUMITRON
7-segment Digital Display Units and 80 mA devices 30 mA CD2500E $6.75 ith decimal point
to drive miniature low-voltage lamps or relays. 80 mA CD2502E saoo Withdecimalbom
Look at the tgbulgtion of the new CD2500E devices. 30 mA CD2501E $6.75  ith riple blankin
Compare their prices and their advantages with 80 mA CD2503E $8.00 PP 9
present decoder-drivers and decoder and driver
combinations. Then contact your local RCA ADVANTAGES
Representative for details. For technical data, write i
to RCA Electronic Components, Commercial * Power supply and input voltages * Clamp diodes on all inputs

. . . . compatible with DTL and TTL devices * Intensity control capability
Engineering, SectionICN 9-1, Harrison, N. J. 07029. T « Over-range detection

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

for direct display driving * Lamp supply voltage up to 8 V
‘R@m i
H H See the back cover of this publication for advertisement on RCA's new NUMITRON
CIrCU|ts Digital Disp?ach;vices. * l
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Red dots. Cylindrical magnetic domains, bright red dots at right,
in shift register, whose mask is shown below.

represent binary data

Magnetic bubbles—
a technology in the making

Developed by Bell Labs, new technique

for storing and manipulating digital data appears
set for exploitation by makers of computers and memories

By Harry R. Karp

Senior associate editor

Magnetic-bubble devices, even simple shift regis-
ters and counters, are still a long way off. What
makes this new technology exciting is its potential
to provide low-cost, high capacity memory and
logic functions not feasible today.

For example, it would be possible to have a solid
state disk file measuring 1 cubic inch that could
have a capacity of several megabits. The cost per
bit would be but a few thousandths of a cent. This
could lead to large and inexpensive memories for
information-retrieval systems. The bubbles them-
selves, cylindrical magnetic domains, can be as
small as 0.00004 inch in diameter. Each one repre-
sents a data bit.

An important part of the technology, which was
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developed by Bell Telephone Laboratories, is the
manner in which bubbles are generated, propa-
gated, and detected so that they perform memory
operations, and the manner in which bubbles inter-
act so that they perform logic operations.

Already memory and computer companies have
approached Bell to discuss licensing. Any semicon-
ductor maker, with its mask-making, thin-film, and
chip-handling capabilities, should cxperience little
difficulty in producing simple magnetic-bubble de-
vices in relatively short order—within six months to
a year if they wanted to. Ironically, though, mag-
netic-bubble devices will probably become digital
semiconductor devices’ greatest competition.

Take energy, or power, for example. To move a



magnetic bubble from a 0 to a 1 state in 1 micro-
second requires 4 X 10— joules. Thus, the power
to perform 10'? 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

EASY

Hard and easy. Orthoferrites can be magnetized easily
in the axis normal to the plane, but they're
hard to magnetize in the plane.

PRl Less for more. Ralsing
J 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: O,
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 3.5MILS

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, decreascs 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
cighth 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 hubbles—can
be formed and that they remain stable (eylindrical)
over a range of bhias-field values.

Ample theory exists that relate stable cvlindrical
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. Morcover, 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. Actlually, 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
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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.
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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 thc equivalent 10-megabit-per-second clock
rate permits a-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
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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

L1 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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» T'cl T'-.'T'qn T'-. Tl-
Jumpers. Magnetic bubbles favor positive-polarity magnets. Rotaiion 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. Tts operation is explained in
the sequence on page S3.

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 v 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 throngh the proper loop to
collapse a bubble and obtain a 0. Because a bubble
cau 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 casy 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. When 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-
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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 ficld
creates positive and negative magnetic poles at the
ends of bavs in the T. As the ficld 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 he 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-
Hop's input channel would change the state of the
device Iy hecoming 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
indnced-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 be 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
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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 us<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>