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AUDIO TRANSFORMERS

B i. D.C. Ma, Sec,  Pri.Res. Pri. Res. Mw DI.T
Dr?o.T |’:l:l'1 Di?t PriAaI lr:cp rt;o‘? rt')l-T Level No.
DO-T44 80 CT 12 32 split 98 115 500 DI-T44*
100 CT__10 40 spiit
DO-T29 120CT 10 32 10 500
150CT 10 3
DO-T12 150CT 10 12 11 500
200 CT 10 16
DO-T13 300CT 7 12 20 500
400CT 7 16
DO-T19 300CT__7 600 19 20 500 DI-T19
DO-T30 30CT 7~ 32 20 500
s : 46 50 500 DI-T43*
DO-T43 400CT 8 40 split - 3 _
50CT 6 50 spiit - : _ J%
-T42 400CT 8 120 split 46 500 X Vi,
0o 503 CT 6 150 sglit , \
DO-T41 400CT 8 400 split 46 50 500 DI-TA1* T >
Socr & 500 split | ACTUAL = T
DO-T2 500 50 60 65 100 DI-T2 | SIZE
o o 2 500 DT-T20
DO-T20 500CT 55 600 31 3 -
DO-T4 600 3 32 60 100 | |
pO-T14 600CT 5 12 43 500
800CT 5 16
DO-T31 %8 8; g %.2 43 500 .
st e i@ S Transistor TRANSFORMERS
DO-T15 800CT 4 12 5] 500 d IND“CTORS
1070 6T 4 16 an
DO-T21 900CT 4 600 53 53 500 DI-T21
poTs e 3 gy U L0 0 beTs ALL ITEMS SUCCESSFULLY TESTED
DO-T45 99 g} g %gggg sg}i% 120 100 TO COMPLETE MIL-T-27B
5 B Spli
S&Tie 000CT 33 e 7 500 ENVIRONMENTAL REQUIREMENTS
330CT 35 16 -
DO-T33 1060 CT 35 32 71 .
11333 4 345 gz T3 DTS *16 New Items Added to Stock Line
DO-T5 0 : 5
DO-T17 1500CT 3 12 108 500 lMMEDl ATE DEL'VERY FROM
2000CT 3 16 STOCK
DO-T22 1500CT__ 3 600 86 8/ 500 DI-T22
DO-T34 1600CT 3 3.2 109 500 g goo=lzca-Tex-leooTicacnc iy g,/00~ 200~ 400600~ k¢ 206
200067 3 3 dor = g Lor i
*DO-T51 2000CT 3 2000 split 195 180 100 DI-T51+ ] - 5 - g
2500 CT 3 2500 split : - H - o2
DO-T37 2000CT 3 8000 split 195 180 100 DI-T37* N 3 .y :
500CT 3 10,000 split Rk NI - =°§ RN 100F
*DO-T52 4000CT 2 8000CT 320 300 100 DI-T52* D N v - s ey
. 5000 CT 2 10,000 €T Ll e ] ]
DOTIE el I I 55 100 "R i e
DRz S o0 eI 1 3.2 505 100 High Power Rating .......................... up to 10 times greater
10,000CT 1 4 Excellent Response twice as good at low end
*DO-T48 8,000CT I 1200CT 640 100 Low Distortion - : reduced 80%
10,000CT 1 1500 CT Hioh Effict - 3°b ................ D o
*DO-T47 9,000CT 1 3000 CT 850 100 igh Efficiency .. . up to 30% better . . . compare DCR
10,000CT 1 10,000 CT Moisture Proof ... ... hermetically sealed to MIL-T-27B
DO-T6 10,000 1 32 790 100 Rugged ... Grade 4, completely metal cased
DO-T9 10,000 1 500 CT 780 870 100 DI-TS An'chored‘Leads .......... will withstand 10 pound pull test
2,000 1 600 CT Printed Circuit Use ... (solder melting) nylon insulated leads
DO-T10 }g'ggg ] J2 g% 780 870 100 DI-T10 Suited to Clip Mounting ... use Augat #6009-8A clip
T DO-T25 }(2]888 g’{ % }388 8% 780 870 100 DI-T25
DO-T38  10.000CT I  2000spif 560 620 100 DI-T38% _, INDUCTORS
12,000 CT 1 2400 split € por Inductance 00-T 01-T  pI-T
DO-T11 10,000 I 2000CT 780 870 100 DI-T11 No. Hys @ ma DCRQ DCRQ  No.
12,500 1 2300 CT *DO-T50 5075 Hy/10 ma, .06 Hy/30 ma 105
DO-T36 %gggg g 11 llgggg g; 975 970 100 DI-T36 (2 wdgs.) §5.018 Hy /20 ma, .015 Hy /60 ma 26
) ' DO-T28 .3 Hy/4 ma, .15 Hy/20 ma 25
DO-T1 , A DI-
oT 20.008 55 1?88 830 815 % T .1 Hy/4 ma, .08 Hy /10 ma 25 DI-T28
DO-T23 %8888 g} g 1388 g; 830 815 50 DI-T23 DO-T27  1.25 Hys/2 ma, .5 Hy /Il ma 100
s : .9 Hy/2 ma, .5 Hy/6 ma 105 DI-T27
po-T3s §8888 g fg llggg 331'.-':‘ 500 0 Do-T8 3.5 Hys/2 ma, 1 Hy/5 ma 560
DO-T40  40.000CT .25 400 split 1700 50 2.5 Hys/2 ma, .9 My /4 ma 630 DI-T8
50000CT .25 500 split DO-T26 6 Hys/2 ma, 1.5 Hys/5 ma 2100
. DO-T4a6  100000CT 0 500 CT__ 7900 25 4.5 Hys/2 ma, 1.2 Hys/4 ma 2300 DI-T26
DO-T7 200,000 0 1000 8500 5 ~DO-T49 20 Hys/1 ma, 8 Hys/3 ma 5To0
DO-T24 200,000 CT 0 1000 CT 8500 25 (2 wdgs.) §§5 Hys/2 ma, 2 Hys/6 ma 1275
DO-TSH  Drawn Hipermalloy shield and cover 20/30 db DI-TSH

tion—500MW—1KC)
2,949,591 ; others pending.
§Series connected; §§Para

Write for catalog of over
1,300 UTC TOP QUALITY

STOCK ITEMS

IMMEDIATELY AVAILABLE
from your local distributor.

\lel connected

$DCMA shown is for single ended useage (under 5% distortion—100MW—1KC)
push pull, DCMA can be any balanced value taken by .5W transistors (under 59 distor- *DO-T400
i DO-T & DI-T units designed for transistor use only. U.S. Pat. No. e

- *Units newly added to series

~for POWER TRANSFORMERS

Rl ) Pri 28V 380-1000 cycles, Sec 6.3V @ 60 ma
*D0O-T410  Pri 28V 380-1000 cycles, 2-Sec 6.3 @ 30 ma each
*DO-T420  Pri 28V 380-1000 cycles, Sec 28V '@ 20 ma (Isol. Electrostatic Shid.)

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. - 150 VARICK STREET, NEW YORK. N. Y. 10013
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HP 8551B/851B
costs $10000

It’s worth it.

Other spectrum analyzers cost about half as much. And they’re worth it.

The fact is, the Hewlett-Packard spectrum
analyzer is in a class by itself. Consider
these typical features not offered on the
lesser instruments: RF attenuator for de-
tecting overdriven input and setting level;
60 dB calibrated display range for com-
parison of signals of widely different amp-
litudes; swept front end, high-frequency
IF to see through the clutter of intermodu-
lations, images, spurious and multiple re-
sponses; 2 GHz sweeps with *1dB flat-

ness (fundamental mixing, <% 3 dB for
harmonic mixing); just one input connec-
tion for 0.01-12 GHz coverage. These are
just a few examples. For more . . . and to
learn how the 8551B/851B can solve your
most complicated spectrum measurement
prablems—why it's in aclass by itself—call
yourlocal Hewlett-Packard field engineer;
or'write for information: Hewlett-Packard,
Palo Alto, California 94304; Europe:
54 Route des. Acacias, Geneva.

HEWLETT ﬂ PACKARD

2598



HEWLETT-PACKARD
MAGNETIC RECORDING
SYSTEMS THRIVE ON
ANYTHING YOU

FEED THEM

Hewlett-Packard 3900 Magnetic
Recording Systems are ideal for
everything from storage of simple
physical phenomena to applica-
tions in complex telemetry ground
stations. You cannot buy better
record, storage and playback per-
formance for your money.

Hewlett-Packard’s advanced
tape transport design delivers re-
liable, maintenance-{ree operation.
Three-mode recording — FM, Di-
rect and Pulse — covers all your
simple and complex data storage
and playback needs. The HP 3900
Systems include 7- or 14-channel
recorders in low or intermediate
bandwidths. Low bandwidth direct
mode is 50 Hz to 100 kHz and FM
mode is DC to 10 kHz. Interme-
diate bandwidth direct mode fre-
quency range is 50 Hz to 250 kHz
and FM mode is DC to 20 kHz.
Signal/noise ratio is 40 db or
better and harmonic distortion is
1% typical 1 kHz per second at 60
ips with 0.2% peak-to-peak flutter.
Six pushbutton-selected tape
speeds range from 17/s ips to 60
ips. HP tape systems are com-
pletely IRIG compatible.

Optional equipment includes:
closed loop recording adapter, fre-
quency-compensating plug-ins for
FM and Direct mode record/repro-
duce circuits, remote control, voice
commentary channel amplifier, in-
put signal coupler, portable cases
and rack adapter.

For complete informa-
tion on the 3900 Sys-
tems, their variations
and optional equipment,
contact your local HP
Field Office or write
Hewlett-Packard Co.,
175 Wyman Street.
Waltham, Mass. 02154.

HEWLETT hp. PACKARD

reasurang ansly it pts
Jor science and indantry
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Technical Articles
l. Design

Taking the measure of FET transconductance
Calibration scheme automatically compensates
for errors and aids in determining voltage gain
Carl D. Todd

Nomograms pick FET biasing values

Charts help the engineer pick field effect
transistor parameters easily and quickly

J. Watson and W.E. Eder, University College
of Swansea

Designer’s casebook

= Oscillator synchronizes with all pulses

= Exact temperature control with operational
amplifier

= Multivibrator gives short pulses, wide spacing
= A simple way to count with integrated circuits

Infrared exposes hidden circuit flaws
Thermal problems that escape conventional
electronic tests cause a lot of IC rejects
Riccardo Vanzetti, Raytheon Corp.

Troubleshooting: the heat’s on

An automated system finds circuit failures
with infrared

J. Fred Stoddard, Raytheon Corp.

Il. Application

A picture that’s worth a thousand words (cover)
A new phototypesetting system can set up
10,000 characters a second, making it the
fastest in the world

J. Kenneth Moore and John F. Cavanaugh,

CBS Laboratories

Generating characters with Linotron
Tube converts printing characters into a
sequence of video signals that trigger
high-resolution cathode-ray-tube display
Robert A. Botticelli, Patrick F. Gross, and
Arthur Sansom, CBS Laboratories

Terrain-following radar that doesn’t scan
continuously

After 90,000 miles of test flight, engineers
say a beam at a fixed angle below the plane's
flight path is safe for terrain-following
Ellsworth O. Snyder, General Dynamics Corp.

I11. Manufacturing

Batch packaging speeds system assemblies

A new approach speeds the assembly of bits and
pieces of integrated circuits into systems. Its
efficiency matches that of processing techniques
Robert B. Lomerson, Flying L Co.
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Readers Comment

Frequency shift

To the Editor:

In the Newsletter item “VIf
broadcasts from Red China threat
to Navy” [March 6, p. 352] you
mention 16 megahertz. Now 16
megahertz is not usually classified
as very low frequency, and the rest
of the context indicates that vou
are talking about frequencies in the
neighborhood of 16 kilohertz, which
is where vou can usually pick up
coded continuous-wave signals, and
sometimes something that sounds
like Russian Morse.

Ronald L. Ives
Palo Alto, Calif.

* Reader Ives is right. Gremlins
upped the frequency from its cor-
rect wavelength of 16 kilohertz.

Longer life

To the Editor:

It was interesting to read about
image orthicon camera tube im-
provements made by the Japanese
television industry [“Smaller cam-
cra tubes feature better targets and
cathodes,” Feb. 6, p. 106]. We fecl
that it might be possible to in-
crease the lifetime of present glass-
targeted image orthicons, thus in-
creasing their uscfulness until the
time that the improved composite-
target tubes are generally avail-
able,

The problem with glass targets
appears to be due to a change in
the charge-carrying sodium ion
gradient across the target; ions mi-
grate by thermal diffusion (requir-
ing a heated target) to the beam
side of the target, where they re-
main upon ncutralization of charge.
After several hundred hours of
tube use, ions are more reluctant
to travel against this gradient, pro-
ducing negative after-images in
heavily depleted regions of the
target.

It is well known that storing
the tube for long periods of time
will prolong the life by a small
amount; this is probably due to the
reduction in charge carrier gradi-
ent by long-period thermal diffu-
sion.

One possible solution to this

Electronics | April 3, 1967



Did you know Sprague makes
a wide variety of components
for industrial control equipment?

FAST RISE TIME
SCR GATE DRIVES

Rise time less than I uS. Full 180°
phase shift for inductive foad. Fail-safe—
if contact signal is lost, SCR gate pulse
is instantly suppressed.

ASK FOR BULLETIN 85,525

Circle 496 on reader service card

MOLDED-CASE
TRIGGER TRANSFORMERS

Molded construction for superior humid-
ity resistance. Rated for operation where
line voltages range up to 550 volts a-c.
Decreased coupling capacitance reduces
likelihood of false triggering by line
transients.

ASK FOR BULLETIN 40,004

Circle 499 on reader service card

For additional data, write Technical Literature Service, Sprague Electric Co.,

PROPORTIONAL
TEMPERATURE CONTROLS

Feature temperature control to +1%°,
Conductive only when anode voltage
goes through Zero. EMI-free. Also avail-
able for on-off applications.

ASK FOR BULLETIN 89,000

Circle 497 on reader service card

COMMUTATING
CAPACITORS for SCRs

High capacitance, capable of delivering
large peak currents with fast rise time
at high repetition rates. Low inductance,
low dissipation factor. Available with
paper, metallized paper, film, or metal-
lized film dielectrics.

ASK FOR BULLETIN 2875

Circle 500 on reader service cara

TRIGATE *
PULSE TRANSFORMERS

B —

" ——

for fow-cost SCR triggering

Balanced pulse characteristics. In-
creased energy transfer efficiency. Mini-
mum saturation effect permits increased
pulse widths. Fast pulse rise time. In-
creased current capability prevents SCR
di/dt failure.

ASK FOR BULLETIN 40,003

*Trademark

Circle 495 on reader service card

ZERO VOLTAGE
SWITCHES

Low-cost EMI-free device for use as
on-off switch, proportional temperature
control, motor speed control, circuit
breaker, etc. Controls resistive or induc-
tive loads. No mechanical contacts to
wear, no points to burn,

ASK FOR BULLETIN 87,500

Circle 498 on reader service card

CLORINOL® CAPACITORS
for A-C Applications

Askarel impregnant has
low power factor, high
dielectric constant, high
dielectric strength.
Drawn metal cases—
no soldered seams to
leak. Available in
ratings to 660 V,
60 cy a-c.

ASK FOR BULLETIN 4500C
ircle 501 on reader service card

35 Marshall St.,

North Adams, Mass. 01247, indicating the Engineering Bulletins in which you are interested.

SPRAGUE COMPONENTS

®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

THE MARK OF RELIABILITY

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS

aseen150

TORO!DAL INDUCTORS
ELECTRIC WAVE FILTERS

SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

Sprague’ and "(2)" are registered trademarks of the Sprague Electric Co.
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10 Hz=50 KHz.

B3i3-A

SERIAL 125

10 Hz to 50 kHz
with one dial turn

Circle 6 on reader service card

With our new Type 1313-A Oscillator,  the others, the 1313-A has a SYNC
you can manually sweep through its jack for external synchronization, is
entire frequency range with one turn  completely self-contained, and is

of the main dial. There are no range-  small and lightweight (8 by 6 by 8 in,
switching transients or ambiguous 7 Ib). Even the price is a feature —
dial multipliers to contend with; it's only $325*!

frequency changes can be made For complete information, write
quickly and conveniently. The all- General Radio Company, W. Concord,
solid-state 1313-A provides both sine-  Massachusetts 01781; telephone (617)

and square-wave outputs, has a 369-4400; TWX 710 347-1051.
calibrated 60-dB step attenuator with

a zero-volts-behind-600 Q output
position, and a 20-dB continuously

adjustable attenuator. Distortion is GENERAL RAD'O

only 0.5% from 100 Hz to 10 kHz.

The 1313-A is the fourth in our new
line of ''sync-able' oscillators. Like

*Price applies in USA only.




problem might be to run the image
orthicon “in reverse” during cam-
cra warmup periods and at other
times. Instcad of operating the
image section at high potential and
slowing the scanning beam down
at the target, the scanning beam
would be operated at high poten-
tial, creating positive ions on the
beam side of the target. A light
source on the photocathode and a
very low potential on the mesh
would then provide slow-speed
clectrons for neutralizing the ions
on the mesh side of the target. This
should, in time, change the gradi-
ent in the target to permit normal
operation of the tube. Any problem
in clectron transmission ol the
mesh with such low energy elee-
trons might be cured by applying
an ultrahigh-frequency voltage to
the mesh which would accelerate
clectronics emitted by the photo-
cathode but provide a zero poten-
tial by the time some of them ar-
rived at the mesh.

Robert G. Culter
Department of Phyvsics
University of Oregon
Eugene, Ore,

Navy film

To the Editor:

The U.S. Navy has prepared a
film entitled “Why Calibrate?”.
The film is concerned with the sub-
ject of calibration and is used to
motivate Navy personnel to main-
tain the reliability of test and
measuring  equipment,  After it
was viewed by personnel asso-
ciated with the measurcients
field, the film was well received
and numerous requests were made
for it cither by purchase or by
loan,

SUBSCRIPTION SERVICE

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

|
| Mail to: Fulfillment Manager

Electronics
' P.0. Box 430
| Hightstown, N.J. 08520
I To subscribe mail this form with your payment
and check [J new subscription [J renew my

The Navy has recently obtained

appropriate  Department  of

De-

fense release authority for the film
and we felt vour readers might be
interested in knowing how it could

be obtained.

J.L.. Haves

Naval plant representative,

General Dynamics Pomona Divi-

sion
Pomona, Calif.

= To borrow the film. contact the
Public Aflairs Office in the nearest

district.
are located in

Naval
districts

Headquarters  of
Boston.

Philadelphia, Norfolk, Charleston,
S.C.. New Orleans, Great Lakes.
111, San Dicgo, and Seattle. Wash.
Copies may be purchased from
DuArt Film Laboratories Inc.. 245

\V, 55th Street, New York, N.Y.

Gunn data
To the Editor:

In the article “Worldwide look
at the Gunn effeet” [March 6, p.
134], the ficure 140 mw continu-
ous-wave at 6 Ghz which T quoted
as the state of the art was obtained
by Uenohara’s group at Bell Tele-
phone Labs. At Texas Instruments,
we have obtained 50 mw e-w in the

4 to 12 Ghz range.

The lifetime data quoted in the

article was for a Texas
ments Incorporated unit,
has now passed 4.500 hours.

Instru-
which

Shing Mao

Semiconductor Rescarch and
Development Laboratory

Texas Instruments Incorporated
Dallas

Letters from readers should be
addressed:

To the Editor, Electronics, 330 W. 42nd
Street, New York, N.Y. 10036

CHANGE OF ADDRESS

ATTACH If you are moving, please let us know

five weeks before changing your address.

I-ABEI- Place magazine address label here, print
HERE your new address below,

2 name
| present subscription
' Subscription rates: in the U.S.: 1 year $8; two  address
years, 5_12; three years, $16. Subscription rates
| for foreign countries available on request
city state zip code
o B S | R
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at 500 watts
or 3S0KW...

PEK

means reliability
in high pressure
Xenon Arc Lamps

PEK high wat-
tage xenon arc
lamps are man-
ufactured with
just one crite-
rion in mind—
reliable performance. And,
when we say performance
we mean performance up
to and beyond today’s
exacting requirements in
solar simulation, color pro-
jection, instrumentation,
or wherever high order
radiant energy sources are
employed. O Whether your
need is 500 watts or as
high as 30KW, you can
count on dependable glass-
to-metal seals, maximum
arc stability and long life
when you specify PEK. O
Send for our new Product
Reference Guide or tell us
what your special need is.
There's a PEK lamp to fit
your application.

PEK

PEK/ 825 E. Evelyn Avenue
Sunnyvale, California
(408) 245-4111/ TWX 737-9973

Circle 7 on reader service card 74
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New space-saving
molded tantalum

capacitor

—

Actual size

TAC miniature solid tantalums are precisely molded
for automatic insertion; tubular axial-lead epoxy case
is only .105" dia. by .290" long.

Test proved for excellent stability of capacitance,
DC leakage and dissipation factor on extended life
and humidity exposure.

Rated —55°C to +85°C at full voltage, +125°C at 24
nominal voltage. Values from 18 mfd, 3 volts to
47 mfd, 50 volts.

Get all the news on new TAC's from Mallory. Write for
Bulletin 4-82. Mallory Capacitor Company, a division of
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.

MALLORY

Circle 8 on reader service card

People

“We're going from a systems and
components house to engineering
and manufacturing,” says John C.
Keyes about the

Santa Clara, 7 - \
Calif., plant of

the Philco-Ford Lok -
Corp.’s  Micro- : A

clectronies divi- “_—f
sion. Keyes, as

newly ap- .
pointed West-

ern  operations J. C. Keyes
director for the division, will also
have jurisdiction over Microelec-
tronic’s Taiwan plant, but his prin-
cipal responsibility will be opera-
tions at Santa Clara.

Before the current reorganization
of the division, thc Santa Clara
facility—the home of General
Micro-electronics Inc. before that
firm was acquired by Philco-Ford
early last year—concentrated its re-
search and development efforts on
metal oxide semiconductor tech-
nology while devoting 90% of its
production to bipolar devices.
Keyes recalls that as Microelec-
tronics’ system director beforc the
reorganization, “I had responsi-
bility for manufacturing the Victor
calculator but not for manufactur-
ing the components.”

Now the reorganization program
has shifted all bipolar integrated
circuit work to the Microelec-
tronics  division’s  Pennsylvania
plant, and the Santa Clara facility
is clearing its decks for a full-scale
push in Mos technology. Keves
himself has no background in »os,
but he believes that “if you can
run one field, you can run another.”
Besides overseeing increased ef-
forts in the area of »os epoxy
transistors and high-speed devices,
Keyes will be responsible for logic,
circuit, and process development.

The 47-year-old executive joined
Philco-Ford only six months ago,
but he once worked for the com-
pany on the Advent program—the
first military satellite project—at
the Western Development Labora-
tory. He later formed his own con-
cern, the Astro Technology Corp.,
and stayed on as Astro’s president
after the firm was purchased by
Page Communications Engineers
Inc., a subsidiary of the Northrop
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TYPE DESCRIPTION

S$8416 Dual 4-Input Nand Gate 58816
58417 Dual 3-tnput Nand Gate 58825
58424 Dual AC Binary Eiement 58826
$8440 Dual Exclusive-Or Gate $8840
58455 Dual 4-Input Buffer/Drive 58855
58480 Quadruple 4-Input Expander 58870
58806 Dual 4-Input Expander 58880
58808 8-Input Nand Gate
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o/ Y o “onOl ! Y/ -
o A /‘/ Y X family of
* M,{//‘ Ny Y W high speed
0” 4 ‘ 7‘4/ Y ‘ and
yy / W 7V /
/d« s ,/W low power
i TTL

circuits.

You can go wild with Signetics new Designer’s Choice 8000 Series: it gives you the widest selection of design
trade-offs in speed, power, noise immunity and price ever offered in a TTL family. The family consists of a very
high speed set (the 8800’s) and a fully compatible but slower low power set which offers very high AC noise
immunity. Now TTL system designs can be optimized without laborious calculations, unusually expensive and
time-consuming special ground-plane designs, or extensive use of outboard discrete components in areas
where the highest possible speed is not required. All you do is follow the published S8000-series usage rules.
All circuits are compatible over the full MIL temperature range of —-55°C to +125°C and are available off-the-
shelf in Signetics 14-lead glass-Kovar flat pack. Hunt up your local Signetics distributor. For further information
on the Designer's Choice 8000 Series, write Signetics, at 811 E. Arques Avenue, Sunnyvale, California 94086.
B At the IEEE Show, be sure to check into Rooms 3000A & B at the New York Coliseum, for latest Signetics news.

Dual 4-Input Nand Gate

DC Clocked J-K Binary Etement
Dual J-K Binary Element

Dual 4-Input Exclusive-Or Gate
Dual 4-input Power Gate

Triple 3-Input Nand Gate
Quadruple 2-Input Nand Gate

SIGNETICS
INTEGRATED
CIRCUITS

A SUBSIDIARY OF CORNING GLASS WORKS

Circle 9 on reader service card




Did You Know
Sprague Makes 32 Types of
Foil Tantalum Capacitors?

125 C TUBULAR
TANTALEX® CAPACITORS

B T

Type 120D polarized plain-foil
Type 121D non-polarized plain-foil

Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

Circle 332 on readers
service card

RECTANGULAR
TANTALEX® CAPACITORS

S

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
etcired-foil

Type 303D non-polar-
ized etched-foil

"

ASK FOR BULLETIN 3650

Circle 334 on readers
service card

RECTANGULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL51 polarized plain-foil

CL52 non-polarized plain-foil
CL53 polarized etched-foil
CL54 non-polarized etched-foil

Circle 336 on readers
service card

10

85 C TUBULAR
TANTALEX® CAPACITORS

Type 110D polarized plain-foil

Type 111D non-polarized plain-foil
Type 112D polarized etched-foil
Type 113D non-polarized etched-foil

ASK FOR BULLETIN 3601C

Circle 333 on readers
service card

TUBULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL20, CL21 125 C polarized etched-foil
CL22, CL23 125 C non-polarized etched-foil
CL24, CL25 85 C polarized etched-foil
CL26, CL27 85 C non-polarized etched-foil
CL30, CL31 125 C polarized plain-foit
CL32, CL33 125 C non-polarized plain-foil
CL34, CL35 85 C polarized plain-foil

CL36, CL37 85 C non-polarized plain-foil

Circle 335 on readers
service card

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:
Technical Literature Service
Sprague Electric Company
35 Marshall Street
North Adams, Mass. 01248

45C+5161 R1

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and '@ are registeced trademaerks of the Sprague Eloctric Co,

People

Corp. Keyes holds a bachelor’s de-
gree in chemical engineering and
a master’s in electrical engincering,
which, he says, “happens to fit the
semiconductor field very well.”

“The swing to electronic desk cal-
culators is happening quicker than
anyone expected,” says Alan K.
Jensen, newly
appointed  vice
president in
charge of re-
search and prod-
uct development
at the Monroe
International di-
vision of Litton
Industries  Inc.
“My job is to make sure the swing
is quick at Monroe, too.” Jensen
is clear on Monroe’s tactics: “\We
will make as heavy a commitment
to electronic calculators as we did
to mechanical ones.”

Monroe is currently producing
two clectronic  calculators  with
programabie routines, and one of
Jensen’s first duties will be to ex-
pand this line. Behind the rapid
shift to electronics, according to
Jensen, is the market threat posed
by Japanese firms. He concedes
that the U.S. is lagging behind Ja-
pan in the production and pricing
of electronic calculators, but asserts
that American manufacturers at
this point hold an edge in market-
ing ability.

Another factor Jensen cites in
the swing to electronic calenlators
is the faster-than-expected develop-
ment of integrated circuitry and
recent reductions in 1c prices. The
two electronic calculators currently
marketed by Monroe don’t employ
integrated cirenits and fall in the
$2.000 price range. Jensen indicates
that U.S. concerns will introdnce
clectronic calculators this  vear
priced around $1,000, and it’s into
this market area that he intends to
push Monroe.

Jensen is a former chief engincer
at Litton’s Electronic Systems di-
vision. Before joining Litton in
1956, he helped design Tradic, the
first transistorized computer, for
the Bell Telephone Laboratories.
He holds more than a score of pat-
ents for computer innovations.

Alan K. Jensen
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Pasoramie SPECTRUM ANALYZER
MODEL $B-12

THE SINGER CO.
METRICS DIVISION

With a -40 db 3rd order distortion at 300 W PEP,
the PL-8583/267 beam pentode outperforms
any comparable tube, by -10 db or better.

~40 db 3rd order IM distortion without feedback in linear amplifier
service (300 W PEP) is offered by the PL-8583/267 beam pentode...

11 fifth and higher order distortion products more than 50 db below
one tone. In multiplex service, reduction of co-channel interference—
a result of the low PL-8583/267 distortion figure—allows new
2 equipment designers to meet the stringent low distortion requirements
- demanded of present-day transmitters.

A Max. ratings, CCS: DC Plate Volts 2000V: DC Plate Current,
350 ma; Anode Diss., 300 watts.
PL-8583/267 For details, write: The Machlett Laboratories, Inc.—
Height: 2.16” Penta Plant, 312 N. Nopal St., Santa Barbara, California 93102,
Diameter: 1.75”
The Machlett Laboratories, Inc., welcomes resumes
from engineers and scientists.

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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GOMPUTER MILITARY INDUSTRIAL

Signal Fairchild Signal Fairchild Signal Fairchild
for small signal devices for small signal devices for small signal devices

PRODUCT SELECTOR PRODUCT SELECTOR PRODUCT SELECTOR
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’ Signal Fairchild
for small signal devices

PRODUCT SELECTOR
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[ e — ]
FAIRCHILD
e e——

1
|
|

Please send me SEMICONOUCTOR |

[0 Military smali-signal device selection guide I
(Military computers, radar, etc.) |

[0 Industrial small-signal device selection guide I
(Instruments, test equipment, etc.) |

[0 Consumer small-signal device selection guide I
(AM, FM, TV, etc.) |

[0 Commercial computer small-signal device selection guide !
(Core drivers, logic switches, lamp drivers, etc.) :

|
|
|
|
|
|
|

| Name - P _ —
| Company_ ——_ = — = —
I Title. . - _ R
|Address_ - — L g
| City . = - State

[ e S e U S i)
Four new, Fairchild selection guides for small-
signal transistors and diodes. The easiest way

to choose the optimum
F device for your new design.

Fairchild Semiconductor = A Division of Fairchild Camera and
Instrument Corporation m 313 Fairchild Drive, Mountain View,
California 94040 (415) 962-5011 = TWX: 910-379-6435

Circle 13 on reader service card
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PRINTED CIRCUIT
APPLICATIONS

vL.B. SERIES

MINIATURE TRANSISTOR
TRANSFORMERS

LB'ST ARE MANUFACTURED 1O MIL.T-27A, GRADE S, CLASS
R SPECIFICATIONS. WITH 20AWG TINNED NARD DRAWN
COPPER LEADS  ALSO AVAILABLE. ON SPECIAL REOUEST,
WITH DUMET WIRE  MAGNETIC SMIELDS MAY BE SUPPLIED
FOR ALL TYPES

24 HOUR
DELIVERY

4__

LS. SERIES

SUBMINIATURIZED TRANSFORMERS

THE 15 S ARE MANUFACTURED TO MIL.T-27A. CLASS R,

GRADE 5. WEIGHT LESS THAN D1 OZ. GRIO SPACING
IDEAL FOR TRANSISTOR APPLICATION UTILIZING PRINTED
CIRCUIT  BOARD DESIGN, EXTERNAL MAGNETIC SHIELD
AVAILABLE FOR ALt TYPES

4

MAY WE QUOTE ON YOUR:

PULSE TRANSFORMERS, FILTERS,
DELAY LINES, AND INDUCTORS

WRITE FOR OUR COMPLETE CATALOGUE

N
‘ToroTEL

INC.

13402 SOUTH 71 HIWAY
GRANDVIEW, MO0. 64030
PHONE: SO 1-6314

14

Circle 14 on reader service card

Meetings

Business Aircraft Conference and
Engineering Display, Society of
Automotive Engineers; Broadview Hotel,
Wichita, Kan., April 5-7.

Intermag Conference, Magnetics Group
of the IEEE; Shoreham Hotel,
Washington, April 5-7.

Symposium on the Ocean from Space,
American Society for Oceanography;
Rice Hotel, Texas, April 5-7.

American Nuclear Society Meeting on
Fast Reactors, American Nuclear
Society; San Francisco Hilton, San
Francisco, April 10-12.

International Electronic Components
Show, FNIE; Porte de Versailles, Paris,
April 5-10.

Technical Meeting and Equipment
Exposition, Institute of Environmental
Sciences; Washington, April 10-12.

International Conference on Electronics
and Space, Electronic Industries
Association of France; Paris,

April 10-15.

Electronics Conference, |1EEE;
Cleveland, April 11-13.

International Measurement, Testing,
Control and Automation Exhibition and
Congress, Mesucora; Paris, April 14-21.

Technical Conference of the Society of
Motion Picture and Television
Engineers, Society of Motion Picture &
Television Engineers, New York Hilton
Hote!, New York, April 16-21.

Meeting of the Anti-Missile Research
Advisory Council, Advanced Research
Projects Agency; Institute for Defense
Analyses, Arlington, Va., April 17-19.

Region Il Meeting, IEEE, Heidelberg
Hotel, Jackson, Miss., April 17-19.

Thermophysics Specialist Conference,
American Institute of Aeronautics and
Astronautics, New Orleans, April 17-19.

Physics Exhibition, Institute of Physics;
Alexandria Palace, London, April 17-20.

American Society for Testing and
Materials National Technical Meeting
on Applications-Related Phenomena in
Titanium Alloys, American Society for
Testing and Materials; International
Hotel, Los Angeles, April 18-19.

Spring Joint Computer Conference,
IEEE; Atlantic City, N.J., April 18-20.

Southeastern Instrument Conference,
Instrument Society of America; Cocoa
Beach, Fla., April 18-20.

Southwestern IEEE Conference and
Exhibition, |EEE; Dallas, Texas,
April 19-21.

Semiconductor Device Research, IEEE;
Bad Nauheim, West Germany,
April 19-22,

Symposium on Vacuum Science &

Technology, New Mexico Section of the
American Vacuum Society, Holiday Inn,
Albugquerque, New Mexico, April 19-21.

Textile Industry Technical Conference,
IEEE; Charlotte, N.C., April 20-21.

Symposium on Advanced Technology
Available for Commercialization, North
Carolina Science & Technology
Research Center; Research Triangle
Park, N.C., April 26-27.*

National meeting, the Electrochemical
Society Inc.; Dallas, Texas, May 7-12.%

Call for papers

Technical Conference, Electronic Ma-
terials Committee of the Metallurgi-
cal Society of American Institute of
Mining, Metallurgical, and Petroleum
Engineers;  Statler-Hilton  Hotel,
N.Y.C., Aug. 28-30. May 1 is dead-
line for submission of abstracts to
C.D. Thurmond, Bell Telephone Lab-

oratories Inc.. Muwrray Hill, N.J.
07971.
Technical Symposium, Society of

Photo-optical Instrumentation Engi-
neers; International Hotel, Los An-
geles, Aug. 7-11. April 15 is dead-
line for submission of abstracts to
John H. Atkinson, technical program
chairman, S.P.LE. Syvmposium, P.O.

Box 288. Recdondo Beach, Calif.
90277.
National Electronics Conference,

1EEE; Chicago, Oct. 23-25. May 1lis
deadline for submission of abstracts
to Paul Maves, Electrical Engineering
Dept., University of Illinois, Urbana,
11i. 61801.

* Meeting preview on page 16.
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A periodical periodical designed, quite
frankly, to further the sales of
Microdot Inc. connectors and cables.
Published entirely in the interest
of profit.

LA

In order to inform you about
(very quicetly, please) our Mini-
Noise coaxial cable, Microdot
Inc. 1s extending a bribe to catch
your interest. We are offering as
a beautitul prize in this contest a
little teeny weeny Sony television
sct so that you can ‘m

watch Peyvton Place e '.““,/

in the otlice. We are

doing this. quite This s the
8 . Sony TV you
frankly, to impress  witl win

you with the fact that Microdot
Inc. makes the best coaxial cable
1n the whole wide world. And you
won't really know that for sure
until you ask, will you? You sec
how cvil we are

Entering this %jf&.\?’:\\
contest is terribly Q/

9 3 < .\
simple. Sce this <Ky
Mustration? Many
of you are proba-

bly too young to
remember it, but
this fine broth of a
man used to deco-

NS

This 1s the 1llus-
tration you have
to write the cap-
tion for

rate the cover of almost every
telephone book in the country.
As the symbol of Electricity, he
also perches atop the American
Telephone and Telegraph Build-
ing in New York City. All you
have to do is hold back tears of
memory while you write your
own original caption for thisillus-
tration. Then send it to Microdot
Inc.. Great American Cable Con-
test, 220 Pasadena Avenue, South
Pasadena, Calif. 91030. The best
caption (judged by a panel of men
over forty) will receive the tele-
vision set. Everybody entering
will receive (a) an 11 x 14 repro-
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duction of the gentleman sur-
rounded by his miles and miles
of cable (b) a free 16-page. two-
color catalog of Microdot Inc.
miniature coaxial cable and cable
assemblics, and (c) a lot of laughs.

To enter this
contest,youshould
have a smattering
of knowledge
about Microdot
Inc’s Mini-Noise

9 and treated
cable. As a design Mini-Noise cable
engincer, you arc probably often
faced with the problem of per-
formance degradation under in-
creasingly severe cnvironmental
conditions. Also, you’ve proba-
bly found that the transmission
of extremely small signals through
coaxial cable is often made unin-
telligible by audio frequency
noise gencrated in the cable
through shock and vibration. No
longer. Through a unique propri-
ctary treatment, the noise voltage
magnitude in Mini-Noise cable
has been reduced by a factor of
more than 100 to 1 in compari-
son to untreated cable

Some quick facts about two
other Microdot Inc. cable prod-
ucts:

Miniaturized instrumentation
means miniature coax cable (in
most instances). By using a fine
silver-plated copper covered steel
wire, Microdot Inc. has been able
to manufacture a miniature coax
cable with an impedance of 50
ohms that—even with the addi-
tion of diclectric, outer shield and
and protective jacket—does not
exceed nominal OD of .080”.

waterares
ot s

T
can

Companson of
untreated cable

Compare, please.

When you find it nccessary to
send two signals from a single
source which must both terminate
at a central point, use Microdot
Inc. Twinaxial. No need to use
two coax cables; therefore,
greater flexibility at reduced cost.

One more point about Micro-
dot Inc. cable products: if you've
ordered them in the past, it will
help you to know that we can
now make more of them and
make them faster. The rcason is
our recently completed new facil-
ity for cable products, which
includes new braiders, new cx-
truders—in short, new equipment
and increased capacity for cven
faster deliveries.

There you have it. Be certain
to enter the contest today (April
30, 1967 is your last day). Re-
member, just caption the illustra-
tion and send it to Microdot Inc.,
220 Pasadena Avenue, South
Pasadena, California 91030. We
would hate for you to have to
miss even one segment of Peyton
Place.

Just because

MICRODOT
INC. Mini-Noise is a registered

trademark of Microdot Inc.

Circle 15 on reader service card
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=l ..a

—rom RF to IF in one
integrated package
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A periodical periodical designed. quite
frankly. to further the sales of
Microdot Inc. connectors and cables.
Published entirely in the interest
of profit.
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In order to inform you about
(very quietly, please) our Mini-
Noise coaxial cable, Microdot
Inc. is extending a bribe to catch
your interest. We are offering as
a beautiful prize in this contest a
little teeny weeny Sony television

sct so that you can =
watch Pevton Place | _|. |/#
in the office. We are ¢
c_iom.g thlS.. quite ;2;'.35;25
frankly, to impress i win
you with the fact that Microdot
Inc. makes the best coaxial cable
1n the whole wide world, And you
won't really know that for sure
until you ask, will you? You see
how evil we are
Entering this && \}:\\
contest is terribly 7 d g
. . =2 d \
simple. Sce this gk
tlustration? Many ﬁ
of you are proba-
bly too young to {g
remember it, but 7h5 05 the yiius-
this fine broth of a  traton you have
10 write the cap-
man used to deco-  von for
rate the cover of almost every
telephone book in the country.
As the symbol of Electricity. he
also perches atop the American
Telephone and Telegraph Build-
ing in New York City. All you
have to do is hold back tears of
memory while you write your
own original caption for this iilus-
tration. Then send it to Microdot
Inc., Great American Cable Con-
test, 220 Pasadena Avenue, South
Pasadena, Calif. 91030. The best
caption (judged by a panel of men
over forty) will receive the tele-
vision set. Everybody entering
will receive (a) an 11 x 14 repro-
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duction of the gentleman sur-
rounded by his miles and miles
of cable (b) a free 16-page. two-
color catalog of Microdot Inc.
miniature coaxial cable and cable
assemblies, and (¢) a lot of laughs.

To enter this
contest,youshould " e
have a smattering
of knowledge “
about Microdot cgnoarison of
Incls Mini-Noise untreated cable

. and treated
cable. As a design  Mini-Naise cable
engineer, you are probably often
faced with the problem of per-
formance degradation under in-
creasingly severe environmental
conditions. Also, you've proba-
bly found that the transmission
of extremely small signals through
coaxial cable is often made unin-
telligible by audio frequency
noise generated in the cable
through shock and vibration. No
longer. Through a unique propri-
ctary trcatment, the noise voltage
magnitude in Mini-Noise cable
has been reduced by a factor of
more than 100 to 1 in compari-
son to untreated cable

Some quick facts about two
other Microdot Inc. cable prod-
ucts:

Miniaturized instrumentation
means miniature coax cable (in
most instances). By using a fine
silver-plated copper covered steel
wire, Microdot Inc. has been able
to manufacture a miniature coax
cable with an impedance of 50
ohms that—even with the addi-
tion of dielectric, outer shield and
and protective jacket—does not
exceed nominal OD of .080",

Compare, please.

When you find it necessary to
send two signals from a single
source which must both terminate
at a central point, use Microdot
Inc. Twinaxial. No need to use
two coax cables; therefore,
greater flexibility at reduced cost.

One more point about Micro-
dot Inc. cable products: if you've
ordered them in the past, it will
help you to know that we can
now make more of them and
make them faster. The reason is
our recently completed new facil-
ity for cable products, which
includes new braiders, new cx-
truders—in short. new cquipment
and increased capacity for even
faster deliveries.

There you have it. Be certain
to cnter the contest today (April
30, 1967 is your last day). Re-
member, just caption the illustra-
tion and send it to Microdot Inc.,
220 Pasadena Avenuce, South
Pasadena, California 91030. We
would hate for you to have to
miss even one segment of Peyton
Place.

Just because

MICRODOT

I N‘ C Mini-Noise is a registered
® (rademark of Microdot Inc.

Circle 15 on reader service card
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The new, improved model
of our Type A time-delay relay
has gold-diffused contact surfaces, heavier contact blades, and a
more efficient magnetic circuit. Performance is better, but the price
is still remarkably low. Our enclosed and plug-in time-delay relay
models have been similarly upgraded. All can be had in a diversity
of standard timings from 11 to 120 seconds, with SPDT or DPDT
switching. All have continuous-duty coils and can thus be used with-
out an auxiliary load relay for the majority of applications. Our Bulletin
5006 will give you full technical information on the entire line. Write
us for a copy. Heinemann Electric Company, 2600 Brunswick Pike,
Trenton, N.J. 08602,

a1 HEiNEMANN

16 Circle 16 on reader service card

Meeting preview

A look at the future

New semiconductor and thin-filn
materials and processes will share
top clectronics billing at the Dallas
mecting of the Electrochemical So-
ciety. May 7 through 12. This con
ference is considered the showecase
of the future in clectronic mate-
rials.

Semiconductor  sessions  will
cover passivation. p-n junctions.
and epitaxy, while thin-filin ses-
sions will investigate mechanisms
of growth, failures, and conduction
in diclectric ilms. Among other
subjects to he discussed are the
theory of charge distribution in
metal oxide semiconductor oxides,
dieleetric isolation, and analvsis of
interface states.

Westinghouse Electric Corp. re-
scarchers will discuss films made
of mixtures of silicon nitride and
silicon dioxide, and Raytheon Co.
researchers will report on dielec-
trically isolated matched transistor
pairs. Semiconductor doping by
high-energy ion implantation will
be deseribed by members of the
stall of the Air Force’s Cambridge
Rescarch Laboratory.

Seeking applications. In an cffort
to bring together inventors and in-
dustry’s innovators, the North
Carolina Science and Technology
Rescarch Center is sponsoring a
svmposium at Rescarch Triangle
Park. N.C. April 26-27, on ad-
vanced technology available for
commercial applications.

Developments to be presented
come from North Carolina State
University, the research labs of the
Avco Corp.’s Space Systems divi-
sion, and the nonprofit Research
Triangle Institute.

Among the eclectronic develop-
ments to be described are: low-
pressure gas discharges, produced
by radio frequency fields, that af-
fect chemical reactions; ferrofluids
—magnetic liquids composed of
submicron sized ferrite particles
suspended in an organic carrvier
such as kerosene; plastics that can
be mmade clectronically conductive
without altering their physical and
mechanical properties, and temper-
ature-sensing alloys.
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SEE MORE! DO MORE! WITH THE NEW
GO-ANYWHERE hp 180A OSCILLOSCOPE!

Weighs only 50 pounds! Specified Performance at —28°C to +65°C/
50 MHz at 5 mv/cm! 8x710 cm CRT! All-solid-state/

You can see more, do more with this high-frequency (50 MHz)
30-pound oscilloscope that goes anywhere—field, laboratory,
or production line! Designed with aircraft-type frame construc-
tion for maximum ruggedness and minimum weight, this scope
will give you specified performance at —28°C to +65°C, 95%
relative humidity to 40°C, and up to 15,000 feet! Built to with-
stand rigors of field and mobile use, the hp Model 180A Oscil-
loscope also is designed to give big picture CRT, plug-in ver-
satility and step-ahead all-solid-state performance. These
features add up to more total performance, more usability than
any other scope on the market!

Mainframe and plug-ins of the hp 180A are all-solid-state.
Mainframe is the first with power supplies specifically designed
for solid-state circuitry—gives you full performance benefits
from solid-state devices in all present and future plug-ins. New
horizontal amplifier has wide bandwidth with X10 magnifica-
tion to provide linear 5 nsec/cm sweeps, giving you greater
resolution of high frequency signals and fast pulses.

The dual channel 50 MHz at 5 mv/cm vertical amplifier has
low-drift FET input stages for accurate DC measurement . . .
plus quick, 15-second warm-up. Vertical attenuation, which
sets vertical deflection factor, is ahead of the amplifier. This
prevents trace jump as you change ranges; bandwidth is main-
tained on all ranges even when verniers are used.

Time base plug-ins offer new easy-to-use delayed sweep for
examining complex waveforms in detail. Tunnel diode trig-
gering circuits lock-in waveforms to beyond 90 MHz. Exclusive
hp mixed sweep feature combines display of first portion of
trace at normal sweep speeds, and simultaneously expands

Electronics | April 3, 1967

trailing portion of trace at faster delayed sweep speed to allow
magnified examination.

Accurate measurements are easier to read and view on the
new hp 180A scope, because a new design breakthrough offers
a compact 17-inch long, high-frequency 8 x 10 cm CRT with
extra-large picture area—30% to 100% larger than any other
high-frequency scope! With the black internal graticule, cali-
brated in centimeters, the bright trace, and a 12 kv accelerat-
ing potential, you getsharp, crisp traces for accurate resolution
of waveform details—even at 5 nsec/cm sweeps.

Call your nearest hp field representative for full specifica-
tions and a demonstration of how you can see more, do more
with this new versatile, go-anywhere hp Model 180A Oscillo-
scope. Or, write to Hewlett-Packard, Palo Alto, California,
94304. Tel (415) 326-7000; Europe: 54 Route des Acacias,
Geneva. Price: hp Model 180A Oscilloscope, $825.00; hp
Model 180AR (rack) Oscilloscope, $900.00; hp Model 1801A
Dual Channel Vertical Amplifier, $650.00; hp Model 1820A
Time Base, $475.00; hp Model 1821A Time Base and Delay
Generator, $800.00, 1osc

HEWLETT \hp PACKARD

An extra measure of performance
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rovirm rAnT
-~y L 3 "“m.

-

-
-
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for leakproof connectors!
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Until now, price was a sien of
(=]

MIL-C-26500 hermetic seal per-
formance. Amphenols changed that.

Priced Under $7. Saves up to 23%
on over 700 Amphenol 48 Series her-
melic seal conneciors (ones that
meet MIL-C-26500). Buy size 14-7
bayonet connectors for less than

$7.00 in quantities over 100.

.01 Micron Guaranteed. Using a
full glass insert instead of beads
around the contacts, we guarantee a
leakage rate under .01 micron cubic
foot of helium per hour.

Immediate Delivery. Charnces are
Amphenol has the hermetic seal con-

nector you need. Call your Sales
Engineer or distributor. Or write
Amphenol Connector Division, 1830
S. 54th Ave., Chicago, Illinois 60650,

@AMPHENOL

Specify Amphenol . . . the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics
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From RF to IF in one
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ACTUAL SIZE

and no interface problems

It's the front end of a Di-Pole Altimeter. Light enough to carry in a missile, compact enough to fit in
restricted space and with an antenna shaped to fit the outside skin surface.

The product of Sanders exclusive TRI-PLATE" Strip Transmission Line techniques, this small,

lightweight unit packs six functions into a fully integrated microwave system from RF to IF . .. and
with no interface problems in between.

It transmits 10 kw pk power at 4.2 GHz . . . has an overall system noise figure of 10.5db . . . provides
a T-bar slot antenna with 120° E plane pattern and fits neatly into 43/4” x 3'/4" x 3/4".

If eliminating interface problems, shrinking size and weight, packaging more complex microwave

functions in a restrictive form factor will help you with your system, why not call us. The front end
shown here is but one example of what

Sand do with TRI-PLATE techni T i
ina:sse(;rilgﬁgs go\/rv'r:ponents or syst?;n; e SAI\ DERS ASSOCIATES INC' vx

Our number in Nashua, New Hampshire is MICROWAVE DIVISION
(603) 883-3321. TWX: 228-1887 SA Microwave. Creating New Directions in Electronics

*1.M., Sanders Associates, Inc.

Electronics ' April 3, 1967
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Temperature stability of highly-reliable RCA
nuvistors minimizes frequency drift in
electronic equipments and permits operation

over wider temperature ranges. Change

in transconductance per degree change

in shell temperature is approximately

4 micromho per degree C.

RCA nuvistors are exceptionally reliable in other ways, too:
RCA-7586 nuvistors have demonstrated life-test reliability
0f 99.9019% per 1,000 hours to 30,000 hours of operation.

Whenever you need a device that will provide high-level
performance at practical costs in sophisticated applica-
tions, be sure to evaluate nuvistors. For specifics, call your
nearest RCA District Office or write to RCA Commercial
Engineering, Harrison, N.J. 07029.

Circle 22 on reader service card
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ACTUAL SIZE

RCA DISTRICT OFFICES — OEM SALES: EAST, 2075 Millburn Ave., Maple-
wood, N.J, 07040, (201} 485.3500 « MID-ATLANTIC. 605 Mariton Pike, Had-
donfield, N.J. 08034, (609) 428-4802 « MID-CEMNTRAL: 1600 Keith Bldg., 1621
Euclid Ave., Cleveland, Ohio 44115, (216} 241.3450; 2511 East 46th St., Bldg.
Q2, Atkinsan Sa., Indianapolis, Ind. 46205, (317} 546-4001 « CENTRAL: 446
East Howard Ave., Des Plaines, |llinois 60018, {312) 827.0033 « WEST: 6363
Sunset Blvd., Hollywood, Cal. 90028, {213) 461-9171 « INTERNATIONAL OP-
ERATIONS, RCA International Division: Central and Terminal Aves., Clark,
N.J, 07066, {201) 485-3900 « 118 Rue du Rhone, Geneva, Switzerland, 35 75 00

RCA nuvistors are also available
through yourlocal RCA distributor.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics
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Editorial

Disappointing three months

After activity—sales and technical progress—had
taken off like a rocket in 1966, most executives
in the electronics industry expected the high-
acceleration ride to continue in 1967. Reflecting
their optimism, Electronics’ 1967 market survey
[Jan. 9, p. 129] predicted a 9.4% increase in
total sales. So to some segments of the industry
the first quarter has been a crushing disappoint-
ment. Although the rocket hasn’t come crashing
to earth, it hasn’t gone into orbit either.

Most disappointed have been the consumer
electronics industry and its components sup-
pliers, discrete-semiconductor producers, and the
makers of complex sophisticated instrumentation
for the space agency and its contractors. Sup-
pliers of equipment for Vietnam, on the other
hand, have scen sales maintain a frenetic pace.

Looking back—and hindsight is so much
clearer than foresight—executives now realize
that the rocket started to slow last September.

Inflation caused by an unexpectedly large Fed-
cral deficit—the result of the Pentagon’s spend-
ing $24 billion in Vietnam last year, instead of
its carlier announced $12 billion—and tight
money curbed consumer demand for expensive
electronic products.

In addition, electronics producers caused some
of their own problems. Happily surprised by the
spectacular rate of sales in the first half of 1966,
many manufacturers of consumer entertainment
products built up giant inventories of compo-
nents and parts, anticipating that the rocketing
rate of growth would continue or even speed up.
When consumer buying slowed, inventory ac-
cumulation suddenly became inventory liquida-
tion.

If you examine the sales figures, you can’t
help but feel the situation is not as bad as the
marketing men are saying. In most cases, sales
are every bit as good as last year, or better.
But the crux of the concern is that capacities
and facilities were enlarged greatly to handle
far more sales than last year’s, so companies
have had to lay off workers and engineers, and
executives are looking at expensive plant addi-
tions lying idle.

A superb illustration is color television, whose
sales picture is examined on page 44. Sales are
running at a clip almost 25% above last year;
still, executives are wringing their hands be-
cause capacity was planned for an 80% increase.

On top of this, the impact of the decision by
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Congress to drop the 7% tax allowance for in-
vestment in new capital equipment last year is
now being felt. Suppliers of industrial electronics
equipment are finding sales of their equipment
slowing as customers reduce their bnying. Con-
gress reversed its field last month and reinstated
the allowance, but any stimulating cffect prob-
ably won’t be felt for another six to 12 months.

In spite of discouraging news, the outlook for
1967 has to be optimistic. The forces for growth
of the eclectronics industry are still working.
Even executives at those companies hardest hit
are predicting that the slump will reach bottom
before spring is over, and that the last six
months of 1967 will be almost as good as pre-
dicted last autumn.

Mergers sound warning

When the directors of North American Aviation
in California and Rockwell-Standard in Pitts-
burgh agreed to a merger last month, alarm
bells sounded in the executive suites of many
electronics firms. For vears semiconductor com-
panies have watched uneasily while North
American’s Autonetics division has built up a
tremendous technical capability in integrated cir-
cuits and a pilot production capacity to match.
Only the knowledge that North American had
no marketing organization capable of selling
computer, industrial, or commercial customers
gave the 1c suppliers any scnse of assurance.
Now the proposed merger will give the big
aerospace company just such an organization.

The merger is significant because it may be
indicative of something that’s going to happen
in the electronics industry on a wide scale—the
movement of systems houses into semiconductor
manufacture. The advent of integrated circuits
—especially large-scale integration—has already
encouraged semiconductor companies to expand
from materials processing and device building
to systems designing and assembling. Similarly,
the big systems companies will grow in the op-
posite direction, down into semiconductor pro-
duction. All the major aerospace and systems
companies have some in-house capability to de-
sign and produce integrated circuits. In addi-
tion, they may even have an edge over current
1c producers in application know-how and sys-
tems assembly of integrated electronics equip-
ment. Most of them, like North American Avia-
tion, have lacked only marketing organizations.

Merger with a well-thought-of industrially
oriented company, even one not solely in the
electronics field, could be the route for a systems
company to enter the selling of a broad line of
electronics products.
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Detroit has discovered permanent magnet
motors made with ceramic magnets. So
has the small applianceindustry, communi-
cations, computers, the military and the
space program. This sudden increase in
demand is consuming ceramic magnets at
a rate that is beginning to hurt all users.
Except those that depend on Indiana General.

We've always produced more ceramic
magnets than anyone. And now, as a re-
sult of an expansion program that began

last year, our production capacity is dou-
bled. We can take care of all our cus-
tomers' needs for a long time to come.

How come we anticipated the demand
when others didn't? Probably because we
know a little bit more about the ceramic
magnet industry. After all, we practically
invented it when we pioneered Indox® ce-
ramic magnets, including the first grades
specifically for PM motors.

Right now we make more different types

of Indox ceramic magnets than anyone.
And we make more of them, too. Lots
more. So if you have an application for
ceramic magnets, don't worry. Indiana
General has the materials, the engineering
and the production to take care of you. For
information, write Mr. Chuck Repenn, Man-
ager of Sales, Indiana General Corporation,
Magnet Division, Valparaiso, Indiana.

INDIANA GENERALE=2

What multiplies faster than the demand for ceramic magnets?
Our capacity to produce them.

©1967, Indiana General Corporation



Navy may put
lasers under water

Workhorse transistor
ready for pasture?

House hearings
won't slow Apollo

A wrong number
for time-sharing

Electronics Newsletter
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Despite earlier pessimism, the Navy hasn’t given up on lasers for anti-
submarine work. A portable neon laser developed by an Avco Corp.
division is about to be tested by the Navy as an underwater ranging
device. The laser, which emits blue-green light, has produced 80-kilowatt
pulses at a repetition rate of 300 pulses per second in laboratory experi-
ments. It may be used in combination with sonar for such tasks as torpedo
guidance and decoy discrimination.

The Navy is also studying the absorption and scattering properties
of water with a green-emitting yttrium aluminum garnet laser built by
the Korad Corp. under a $68,000 contract. Besides the laser, the system
—which is carried by a surface ship—consists of a transmitter, two
receivers, and control boxes. The 2-megawatt pulsed laser, which Korad
says will be used for other classified applications is designed to operate
at depths of 300 feet at 5,300 angstroms, a wavelength affording maxi-
mum light penetration in water. A frequency doubler in the unit can
boost the wavelength to 1.06 microns.

A popular transistor thal’s been around for vears may be nearing the
end of the line although it’s still selling by the hundreds of thousands.
Now being produced primarily for military communications equipment,
the microalloy diffused germanium transistor—the 2N502A—has been
riding on what some call a “gravy train.” But it may soon be replaced
by a mesa version, probably priced under $1 in quantity orders, now
being readied by several firms. By comparison, the older workhorse
costs $1.50.

The switch was signaled a few months ago when the Army changed
the 502A specifications to permit the use of an isolated element TO-5
package along with the microalloy “barrel” package.

Hearings before a House subcommittee this month on the Jan. 27 Apollo
spacecraft fire may be critical of past NASA and contractor performance
but aren’t expected to force any further delays in the space agency’s
manned lunar landing schedule. By the middle of this month, NASA
expects to announce a new Apollo schedule, but plans will be conditional
upon the satisfactory flight testing of spacecraft modifications resulting
from the accident. NASA administrator James E. Webb privately esti-
mates that if two unmanned Saturn-5 hardware tests on flights later this
year are successful, the first manned Apollo launch could be made this
fall with the already man-rated Saturn 1B rocket [Electronics, March 20,
p. 59]; otherwise, it will come late this year or early in 1968 with the
third Saturn-5 shot.

A pioneer in the multiaccess computer field, has blasted AT&T for not
moving fast enough to meet the growth and needs of computer time-
sharing in the arcas of technology and rates.

Richard J. Mills, assistant director of Project MAC at Massachusetts
Institute of Technology, makes no bones about the way he feels. He says
“the carrier has a $30 billion plant investment and is interested in recover-
ing this investment rather than in making radical changes necessary to
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lon process sought
as a Corning ware

IC image in masking

Holograms to get
IC picture

Recruiting fizzles,
sizzles at IEEE

Motorola claims
it can count on
plastic transistors
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proper handling of information technology. Its facilities are not matched
to needs.” He thinks the Federal Communications Commission should
needle the giant communications firm into action.

Corning Glass Works, which moved into the semiconductor field last year
with its purchase of Signetics Corp., may now be planning further
advances. Corning’s Electronic Products division is said to be negotiating
with the Ion Physics Corp. for rights to an “ion-implantation” semicon-
ductor-doping method. With this process, p-n junctions are formed in
semiconductors by ion bombardment. Ion Physics first used the process
to build solar cells four to five years ago and has since successfully fab-
ricated diodes and transistors using the technique.

The Hewlett-Packard Co. is producing integrated-circuit master masks
with the first operational masking camera to use laser interferometry.
The interferometric plate-positioning technique allows IC image place-
ment within 12.5 microinches, while digital comparators and reversible
counters automate the masking process. The increased level of positional
accuracy permits the fabrication of more high-speed IC’s per chip.

The company doesn’t plan to sell the camera system, but the first
commercial laser masking camera may come late this year from the
Spectra Physics Corp.

To study the failure mechanisms of integrated circuits, NASA’s Elec-
tronics Research Center in Cambridge, Mass., has asked industry for
research proposals on combining holography and microscopy. The tech-
nique would enable investigation of circuits from several angles simul-
taneously. There are two basic methods: either magnifying the hologram
image of the circuit with an electron microscope or magnifying the
circuit before the hologram is made.

How good was the recruiting at this year’s IEEE convention? It all
depends on who’s doing the answering. Some recruiters claim the supply
of prospects was so short that they gave up and left New York City
before the show was over. Says A. C. Sugalski of Interstate Staffing Inc.:
“The game was over before we even got started. What a fiascol”

Not so, says William A. Douglass, president of Careers Inc. He calls
his results “wildly successful.” Careers, recruiting for 36 companies,
claims it attracted between 1,300 and 1,400 applicants, and arranged
3,000 interviews. National Manpower Register reports 1,600 interviews
during the four-day show.

Reliability “rapidly approaching” that of metal cans will be claimed by
Motorola Inc. in an upcoming report on its small-signal plastic tran-
sistors. The company’s data shows a failure rate of 0.32% per 1,000 hours
at 60% confidence level based on continuous tests at full rated power for
more than a year.

Motorola sees a failure rate of better than 0.01% per 1,000 hours at
normal operation which is 30% of rated power.
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Charles-Francois de Cisternay Dufay
Dangled from the ceiling in a very quaint way;
Charged electrically in this odd pose,

He shot off sparks from the end of his nose!

Onte of a series of...
Vignettes in Electronic History

In his own peculiar manner, Dufay discovered positive and
negative electric charges and helped pioneer the way to our
wonderful world of electronics. Today, with better scientific
procedure, Spectrol tackles the most challenging assignments
in electro-mechanical components. Typical of Spectrol’s capa-
bility in "”specials” and "high reliability”’ components are its
precision potentiometers on the Command Module for the
Apollo man-on-the-moon program. That kind of capability
explains why Spectrol precision potentiometers are found
on more systems throughout the world than any other pots.

-

A limited number of full-zoler reproductions
of the Dufay painting, along with the story of his
experiment, are available upon request,

And, although the "spec” in ’Spectrol” stands for "’special,”
we still offer our customers over two-hundred-million options
to choose from in our line of standard precision potentiometers
and trimmers. That’s why more and more engineers are calling
Spectrol “the component man’s component company.” If you're
a component man shouldn’t you be using our products, or
helping us make them?

Spectrol Electronics Corporation
A subsidiary of the Carrier Corporation

17070 E. Gale Ave,, City of Industry, Calif. 91745
Copuright 81967

Better Components for Better Systems: precision potentiometers « trimming potentiometers « turns-counting dials » miniature switches



Hello,world.

To reach out through soundless space in order to
be heard in the most remote corners of the earth

... to design the systems, provide the technology
for far-reaching communications . . . to put voices

in the wilderness. This is a MITRE mission,

Among MITRE's current communications activities
are included: conceptual design of new communi-
cations systems and analysis of their performance;
analysis, investigation and development of
advanced communication techniques; analysis and
projection of Air Force tactical communications
needs; and development of sophisticated simula-
tion techniques for communications systems
synthesis and evaluation.

immediate staff and management level openings
exist for: Communications Engineers and System
Analysts experienced in the systems analysis and
design of communications networks, modulation
and signal processing techniques, switching
systems and voice and data transmission ; Opera-
tions Analysts with experience in simulation

techniques and capable of establishing communi-
cations requirements and performing cost
effectiveness trade-offs; Project Engineers for
detailed engineering and specification of satellite
communications systems; and specialists in air-
borne antenna and multiple access signal
processing techniques.

NATIONAL AIRSPACE SYSTEM
MITRE is currently augmenting its top-flight team

of systems men in the suburban Washington, D.C.

Atlantic City, N. J. areas. Their mission: to provide
the system engineering to the Federal Aviation
Agency on the new National Airspace System —
an air traffic control system for the 1970’s. Their
job encompasses such technical areas as broad
leve! system analysis, computer program analysis,
system specifications, system logical design,
system test planning for design verification,

and configuration management.

Working on this project you would engage in such
activities as: translating system operational

objectives into technical requirements for the
system’s subsystems; synthesizing the technical
characteristics of equipment sub-systems of
balanced reliability, and analyzing alternatives;
reviewing and analyzing, at the logic level, design
submissions of system hardware contractors;
conducting design optimization studies with respect
to cost, reliability, and technical suitability ; or
synthesizing software designs for a multi-
processing computer environment.

if you have three or more years’ experience and
a degree in electronics, mathematics or physics,
write in confidence to Vice President — Technical
Operations, the MITRE Corporation, Box 208 BC,
Bedford, Massachusetts.

THE

MI'TRE

CORPORATION
An Equal Opportunity Employer (M & F)

Pioneer in the design and development of command and control systems. MITRE was formed in 1958 to provide technical support to agencies of the United States Government. MITRE"s
major responsibilities include servlng‘as technical advisor and systems engineer for the Electronic Systems Division of the Air Force Systems Command and providing technical assistance

to the Federal Aviation Agency and

e Department of Defense.
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Some of ourworkis
positively brilliant.

In fact, one of our lasers throws
a beam 250 billion times brighter
than the sun.

It’s the brightest laser in the
world.

As leaders in lasers, we’ve
made all kinds, up to giants with
1000 megawatts per pulse. And
laser welders. And, of course, a
full family of laser accessories.

But lasers are only one of the
up-front activities that keep
Union Carbide on the frontiers of
electronics. We are also leaders in
the research, development and
production of solid state devices,
solid tantalum and foil-film ca-
pacitors, fuel cells, and single
crystals and related products.

They’re reasons to keep Union
Carbide in mind before your proj-
ects reach the breadboard stage.
Union Carbide

UNION Corporation, Elec-
U]l tronics Division,
270 Park Avenue,
New York 10017.

Circle 29 on reader service card




{A1E NEW DR

It's the right electronic component plus circuit
specialists trained in finding total circuit solutions
for your product problems

Straight talk! General Electric's new idea is the Electronic Components
Sales Operation—a team uniquely oriented to the special needs of this
growing and changing market.

It's a circuit specialist who can find total circuit solutions for your
product problems . . . a specialist who can stay on top of trends in elec-
tronics and apply the right combination of technical ideas when you need
them.

It's unmatched technical backup assistance plus the widest product
range in the world. You name it, and it's available through one man. To
mention just a few of the component types he offers:

silicon controlled rectifiers aluminum electrolytic capacitors
nickel cadmium batteries ignitrons and thyratrons
high power klystrons voltage regulators
specialty a-c, d-c and Hyper-servo* tunnel and back diodes

motors and generators cathode ray tubes
germanium and silicon transistors thermistors and Thyrite* varistors
film and paper-oil capacitors panel meters and meter relays
TV camera tubes transformers
sealed relays terminal boards, push buttons,
unijunction transistors indicating lights

*Reg. Trademark of General Electric Co.

Put GE’s total electronic capability to work today. A call to your Elec-
tronic Components Sales Operation office is the way to start. There’s one
in every major market area. 28522

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL &3 ELECTRIC
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More accurately, the portrait shows only part of a most reliable family.
The E. F. Johnson Company makes hundreds of fine quality electronic
components, including:

CAPACITORS —A dozen basic series of air variable capacitors,
each in a wide choice of capacity values. They range from sub-miniature
machined plate capacitors with maximums of 4.2 to 24.5 pf., to larger,
heavy-duty types with capacity values to 1700 pf. and voltage ratings to
9000 volts peak.

There is a reliable Johnson capacitor to fit your application. Whatever
the size, it offers excellent stability, high Q, low temperature coefficient,
uniform capacitance, and excellent overall performance at competitive
prices.

CONNECTORS —The Johnson line of jacks, plugs and terminals
meets the needs of both military and commercial designers effectively
and economically. For printed circuit applications, there are sub-minia-
ture insulated tip plugs and jacks, plus the unique Test Point Strip/
Handle for fast, efficient circuit testing.

Johnson’s line of standard insulated connectors includes tip, banana
and dual banana plugs, tip and banana jacks, military tip jacks, and
binding posts.

RIB-LOC™ components consist of new miniature, one-piece, insu-
lated terminals and jacks that press-mount with excellent retention
characteristics.

TUBE SOCKETS, INSULATORS, PILOT LIGHTS,

RF COMPONENTS AND HARDWARE —Dependable
Johnson tube sockets include HF, VHF and UHF types for tubes of
various power levels.

Low-loss, high-voltage-breakdown insulators are available in either
steatite or porcelain.

Johnson offers 47 pilot light assemblies in neon and incandescent types.
Standard and wide angle lens caps are available in glass and acrylic.

Other hardware includes panel bearings, shaft couplings, crystal sock-
ets and RF chokes, plus a number of heavy-duty RF components for
broadcast transmitting, RF heating, antenna phasing and other com-
mercial applications.

FREE CATALOG gives complete details and specifications,
including net prices, of E. F. Johnson quality electronic com-
ponents. Write for your copy today, or ask us about your speci-
fic application requirements. Special components, to your
exact requirements, may be available in production quantities.

E.F. JOHNSON COMPANY

3033 Tenth Ave. S. W., Waseca, Minnesota 56093
Providing nearly a half-century of communications leadership
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Model RP is an all-in-one analog in-
strument. With it you can assemble
operational amplifier circuits in
minutes instead of hours or days.
It’s ideal for experimentation, simu-
lation and instruction in the practi-
cal application of solid-state analog
circuitry. The RP combines the
convenience and freedom of old-
fashioned breadboards with a tech-
nique that provides logical organiza-
tion, shielding, grounding, isolation
and stabilization to temporary or
experimental circuits. Philbrick Op-
erational Manifolds make it easy to
build stable operational amplifier
circuits that are free of ‘‘bugs,”
“strays’” and other parasitic hap-
penings.

The Model RP Operational Mani-
fold has five receptacles for plug-in
solid -state operational amplifiers
of the Philbrick “EP" type, an in-
tegral regulated DC power supply
and a jack panel on which circuitry
can be assembled conveniently and
quickly. In addition, two extra re-
ceptacles accommodate a Philbrick
Operational Circuit Plug-in — such
as a Quadratic, Logarithmic or
Sinusoidal Transconductor or a
chopper-stabilized high-gain ampli-
fier. An electrically ‘‘free-floating’’
receptacle included on the panel ac-
cepts an additional 10-pin plug-in
module such as an EP or P-size
Operational Amplifier, a Booster
Amplifier, an Operational Circuit
Plug-in or any arbitrarily selected
set of circuit elements preassembled
on an OP-O Uncommitted Plug-in
unit.

Mounted on the front panel of the
RP Operational Manifold are 106
tip jacks, spaced 34” apart in a pat-
tern of equilateral triangles. They
accommodate standard twin-tip
plugs and are used for mounting

+15,000

RP USED AS A 5-AMPLIFIER MULTIPLIER
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passive components, shorting bars
and as terminations for shielded in-
put and output cables. Jacks are
color-coded. Functional intercon-
nectjons are printed on the panel.

The 5-amplifier multiplier-amplifier
circuit diagram shown above is
typical of the many analog circuits
that can be constructed on the RP
Operational Manifold. Virtually all
of the 125 circuits described in
Philbrick’s Applications Manual for
Operational Amplifiers can be as-
sembled quickly and easily on the
instrument. The RP is not limited
to use as a breadboard for experi-
mental circuits. It may also be used
for permanent or semi-permanent
circuits that must be built to seem-
ingly impossible schedules.

The RP Manifold is sturdily built,
attractively packaged and wired to
Philbrick’s usual high standard of
quality. The simple, clear-anodized
sheet-aluminum enclosure provides
effective shielding and a firm base
for the solid mounting of electrical
components. It is available in a
style for rack-mounting or with
hardwood ends for bench use.

Philbrick Model MP Operational
Manifolds may be used when a
lesser degree of sophistication is re-
quired. They contain four Type P
plug-in amplifiers and have an in-
terconnection panel with 66 jack
tips. The MP provides wide flexi-
bility and a high degree of reliability
at relatively low cost.

A complete line of accessory hard-
ware is available for both the RP
and MP Operational Manifolds.
Uncommitted plug-in component
boards are also available.

A 4-color, 6-page brochure contains
more detailed information on the
Philbrick RP and MP Operational
Manifolds. For your copy, phone
your nearest Philbrick engineering
representative or get in touch with
Philbrick Researches,22-A Allied
Drive at Route 128, Dedham,
Massachusetts 02026. Phone (617)

329-1600.

PHILBRICK

Operational Manifold-

the most sophisticated and economical way
to breadboard operational amplifier circuits
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Military knobs, aluminum cap knobs, color knobs
for every panel requirement

You can meet military specs, select styles and
colors that harmonize or contrast with any panel
design and decor — when yau specify Raytheon
control knobs.

Because, Raytheon offers the largest selection of
military and commercial knobs. And makes them
promptly available to you through distributors
from coast to coast.

Meet MS91528C Military Specifications from more
than 300 standard types. Raytheon has custom de-
signed over 2,000 “‘specials.”

Every knob in the Standard Series is functionally
designed. All styles have an integrated design to
give uniformity to your panel. And each knob
meets MS91528C for resistance to flame, torque,
temperature and humidity extremes, salt spray and

Industrial Components Operation—A single source for Circuit Modules/Control Knobs/Display
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware

Circle 36 on reader service card

ultraviolet radiation. Colors include black, red,

gray or to your special order.

Or, specify aluminum-cap knobs. These handsome
knobs are made of strong plastic with satin finish
aluminum caps. Raytheon aluminum caps are
treated with an epoxy coating for corrosion resist-
ance. Colors: black, gray, or to your order.

Color knobs highlight panels. Choose from eight
colors plus black — in ten styles — to harmonize
or contrast with commercial equipment design.
Raytheon makes these 400 Series Knobs of dura-
ble high-impact ABS.

Call your distributor or nearest Raytheon regional
sales office for catalogs and data sheets. Or, circle
the reader service card. Raytheon Company, Com-
ponents Division, Quincy, Mass. 02169.
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IDULIANIAL

NPN SILICON TRANSISTORS
GUARANTEE RELIABILITY

|-

with...
@ All aluminum metalization-
die and leads

® Molybdenum pedestal mounting
for matching thermal coefficients

® Alloy mounting to eliminate
thermal fatigue

® Copper base assembly providing
low thermal resistance

SDT9901-4

The gain and Vcg (sat) comparison curves shown below SOT9801-4

warrant your inspection. They illustrate Solitron’s new
ISOLTAXIAL NPN Silicon Power Transistors which have
characteristics of low-leakage planar units, combined
with resistance to secondary breakdown offered by
homogeneous devices. Developed with the high reli-
ability standards associated with Solitron, these ISOL-
TAXIAL devices may be used in power supplies, audio
amplifiers, inverters, converters, relay drivers and series
regulators. Available in TO-3 and TO-61 cases, the
ISOLTAXIAL transistors are priced lower than epitaxial
or triple-diffused planar devices.
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CONTACT US TODAY FOR COMPLETE INFORMATION

TRANSISTOR DIVISION @0|itr0n DEVICES! INC_

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

Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated
Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and Power-Sink Interconnection Systems.
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FROM PAR | Precision Instruments for Research & Development

* TUNED AMPLIFIER / OSCILLATOR

;'POWER ‘ ,‘

MODEL 10

B
05C|lLATO’Rﬂj
SomV  500me

v

FULL SCALE
vy
200y +

Tuned Amplifier/Oscillator
is Six Instruments in One

® LOW-NOISE AMPLIFIER
® WAVE ANALYZER
® DISTORTION ANALYZER

The PAR Mode! 110 Tuned Amplifier/Oscillator is a
versatile high - gain, low - noise, low - distortion fre-
quency selective amplifier operating over the fre-
quency range of 1 Hz to 110 kHz with Q variable
from 1 to 100 with no gain change. It provides four
outputs simultaneously: a second order (resonance)
bandpass; a second order band-reject (notch) pro-
viding rejection of the center frequency in excess of
100 dB; a second order allpass which is character-
ized by an amplitude response which is flat with
frequency and a phase lag which increases mono-
tonically with frequency; and a flat output. Each
of the 600 ohm outputs is capable of providing 5
volts rms into a 5K ohm load. A front panel AC
voltmeter permits measurement of any one of the
four outputs.

The instrument can function as a wave analyzer with
bandwidth adjustable from 1% to 100%; as a flat

® LOW-DISTORTION OSCILLATOR
® SENSITIVE AC VOLTMETER
® ALLPASS DELAY PHASE SHIFTER

or selective AC voltmeter with sensitivity ranging
from 10 microvolts to 5 volts rms full scale; as a
distortion analyzer to measure distortion levels as
low as 0.1% (as low as 0.001% when used in con-
junction with a second Model 110); as a low-noise
amplifier (typical noise figure of 1 dB) with voltage
gain ranging from 1 to 10% as a stable general-
purpose low-distortion oscillator providing up to 5
volts rms into 600 ohms, capable of being syn-
chronized by an external signal; and as an AC-DC
converter with ground-based output.

Price: $1195. Export price approximately 5% higher
(except Canada).

For additional information, write for Bulletin T-140
to Princeton Applied Research Corporation, Dept. D
P.0. Box 565, Princeton, New Jersey 08540. Tele-
phone: (609) 924-6835.

PRINCETON APPLIED RESEARCH CORP.
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Advanced technology

Cool memory'’s hot

For more than a decade, the po-
tential low cost and small size of
superconductive memories has tan-
talized memory researchers  and
produced only frustration. Now. hy
taking a new tack on the technical
problems that have stymied at-
tempts to muake cryoclectric mem-
ories practical, the Radio Corp. of
America has brought the concept
within sight of the marketplace.

Working at the rca’s Labora-
tories in Princeton, N.J.. Robert A.
Gange of the firm’s Electronic Com-
ponents and Devices division has
built an experimental 14,000-bit
crvoclectric memory contained on
four 2- by 2-inch planes, cach with
a bit density of 6,500 per square
inch. Operating at 35°K, the
memories have a cvele time of 4
microscconds. With a newer, larger-
capacity plane now under develop-
ment, Rca expects to be able to
make practical. fast mass-storage
systems to replace the slow. bulky
magnetic tape and disk svstems
now used. Memories with capaci-
ties as high as 100 million bits are
within reach, the developers say.

New concepts. Gange and his
group launched their attack on sev-
eral fronts. After studying the ap-
proaches that previous researchers
had taken, they concluded that
many of the old concepts of mem-
ory organization and device design
had to be abandoned. Specifically,
they found that they needed:

* A new storage clement that
was less dependent on dimensional
tolerances and critical manufactur-
ing processes.

* A new organization that would
reduce the number and length of
the sense lines required, thus de-
creasing attenuation and noise.

* Room temperature address de-
coders scparated from the super-
conductive memory clements to
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LEAD (Pb) — A
GRGUND
PLANE

LOW INDUCTANCE PATH

DIGIT
CURRENT

“HOLE IN
GROUND
PLANE

Loop memory cell in cryoelectric memory is selected by coincident currents in the
A and B lines, and delivers an output on digit, or sense, line. Select currents
switch the loop to the resistive state and the digit current is forced into high
inductance path over hole in ground plane. The flux creates a circulating

current, representing a stored ‘““one."”

eliminate complicated processing
and testing, while increasing the
storage capacity of a plane.

The new memory cell is in the
forin of a tin loop that stores a
binary 1 as a circulating current
in the superconductive state; ab-
sence of a circulating current cor-
responds to a binary 0. The current
is a result of a high inductance
path caused by a section of the
loop passing over a hole in a lead
ground plane. A low inductance
path is made up by the rest of the
loop. When the address coincident
currents switch the selected loop
from the superconductive to the re-
sistive state, the loop current is
forced into the high inductance
path, where it sets up a flux in the
loop. When the address currents
are removed, the loop returns to
the superconductive state and the
flux sets up the circulating current.

Variable factors. In earlier cryo-
electric cell structures, the film
thickness dectermined the critical
magnetic ficld needed to switch the
memory cell. Other factors such as
grain size and orientation, impur-

ity concentration, dislocations, in-
terstitial atoms, vacancies. and
point defects also seriously affected
cell operation. The state of the art
still hasn’t reached the point where
such variations can be controlled
closely enough in thin films for re-
liable operation.

Gange and his group, working
under laboratory head John J. Car-
rona. therefore made the films thick
enough to let the critical field de-
pend on the bulk material proper-
ties rather than on the thickness
and point-to-point variations, How-
ever, Gange notes, too thick a film
results in an increasc in the in-
ductive time constant and a reduc-
tion in cycle time.

For the new memory, Gange de-
vised a hybrid of word and bhit or-
ganizations, two types commonly
used in conventional ferrite core
memories.

In a bit-organized memory, the
digits of the same order for all the
words are stored on one plane, so
that there are as many planes as
there are digits in a word. The
digits are selected by coincident
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currents. In a word-organized mem-
ory, all the digits of a particular
word lie on the same plane and
each is read out simultaneously on
individual sense lines.

In the hybrid word-bit organiza-
tion, all bits of a word are stored
on the same plane, as in word or-
ganization, but the digits are se-
lected with coincident currents.
\With the hybrid system, the sense
line is substantially shorter than
would be needed in the bit-organ-
ized system—allowing increased
yields, and reduced signal attenua-
tion and write noise. The hybrid
system also lends itself to modular
construction of the memory. The
planes can be checked out in-
dividually and can operate inde-
pendently of each other.

Eliminates cryotrons. Going a
step further, rca researchers elimi-
nated the superconductive address
decoders that were used in the ear-
lier crvoelectric memories. Previ-
ous rescarchers, attracted by the
low cost made possible by fabricat-
ing both the address decoding
circuitry and the memory cells
through batch fabrication, accepted
almost without question the con-
cept of thin-film eryotron decoders.
(A cryotron is a superconductive
current-controlled switch that has
two superconductors—one passing
over the other so that a current in
the upper conductor produces a
flux that switches the lower super-
conductor to the resistive state, cut-
ting off the current flow; it thus is
essentially a thin-film, superconduc-
tive relay.)

The major problem was that
once the decoders were placed on
the same substrate as the memory
cells, they couldn’t be evaluated
independently. In the new Rrca sys-
tem, using room temperature ad-
dress decoders, the conventional
electronic portions and the mem-
ory planes can be evaluated sep-
arately. Cell currents can also op-
erate with wider tolerances and the
space gained by eliminating the
cryotron decoders can be used to
increase the bit capacity of the
memory plane.

Heat load cooled. With room
temperature decoders, many more
wires run down into the Dewar,
since the room temperature portion
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of the system is communicating
with individual cells on the mem-
ory planes, rather than simply with
the inputs to cryotron decoding cir-
cuits. The decision to eliminate the
cryotron decoders was questioned
by others at this point. Would the
heat load on the cryogenic refrig-
erator be excessive with so many
wires running into the Dewar?
Gange’s group showed that it
would actually be reduced with the
new system, because only a few
of the wires are carrying current at
a time and the current levels are
much lower than would be required
with cryotron decoders.

How high the sea

New light will be shed on the
ocean’s surface when a prototype
laser scanning system built by
Electro-Optical Systems Inc. for
the Naval Air Systems Command
is tested from a Texas tower off the
coast of California in about six
months. Further tests from an air-
craft may be conducted before the
year is out. Laboratory tests of the
feasibility of the approach were
completed late last ycar.

Basically, the prototype will be
made up of a neodymium-doped
yttrium aluminum garnet laser
transmitter, an optical scanner, a
modulator, and a receiver. It will
weigh approximately 50 pounds.
The airborne version will sit on a
stable platform similar to the type
used for acrial cameras.

Measure waves. With a beam
having a maximum continuous-
wave output of 1 watt at 1.06 mi-
crons, the laser will transmit in
two modes—directly from a reflec-
tive surface to determine wind def-
inition, and in an amplitude-modu-
lated mode where the signal is de-
flected by a movable mirror
through a modulator to determine
the height, length, and direction
of waves. The returning signals
will be received and routed through
subsystems to produce either
cathode-ray tube or numerical dis-
plays.

Wind velocity is determined
from the small capillary waves on
the water’s surface. The sea is il-
luminated by the laser and the re-

flected signal is picked up, ampli-
fied, correlated in a computer, and
displayed.

To measure wave height, an r-f
signal is imposed on the laser
beam. When the beam is returned
from the ocean’s surface, the sig-
nal is demodulated and compared
with a local oscillator reference.
The phase displacement between
transmitted and received signals
gives an indication of wave height.
According to Ronald L. Kirk, who
directed the feasibility study at
Electro-Optical, a subsidiary of the
Xerox Corp., an amplitude-modu-
lated frequency of 20 megacycles
will measure phase variations
within 0.2° accuracy for waves up
to 12.5 feet high.

The feasibility study was con-
ducted at the firm’s Pasedena,
Calif. Laboratory using an ionized
argon laser. Ocean conditions were
simulated in a specially built wind-
wave chamber. It was determined
experimentally that such a system
wouldn’t be significantly affected
by either density variations be-
ncath the occan’s surface or tem-
peraturc variation.

Sky’s the limit. The system’s
light weight makes it easily adapt-
able to most naval aircraft. How-
ever, because it’s an optical sys-
tem, planes fitted with it will have
to be flown under cloud level. With
clear skies, the system can be used
at the high altitudes flown by re-
connaissance aircraft.

Possible military applications in-
clude:

* Providing oceanographic data
for amphibious landings.

= Aiding aircraft carrier skippers
in locating wind belts for launch-
ing and retrieving aircraft.

* Guiding submarine command-
ers to areas of heavy seas to avoid
enemy radar.

» Supplying data for ship deploy-
ment.

Civilian applications include
forecasting weather and routing

commercial vessels away from
heavy seas.
Although Electro-Optical Sys-

tems won’t say how much an oper-
ational system would cost in pro-
duction quantities, Kirk says the
price would be low enough to al-
low wide use of the system in such
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applications as Coast Guard air
patrolling.

If Kirk’s optimism is borne out,
the airborne laser system will offer
stiff competition to a proposed
sensor buoy network, Experiments
are now being conducted with pro-
totype buoys capable of measuring
occan data [Electronics, July 25,
1966, p. 48].

Military electronics

Navy checks bearings

Shipboard installations of inertial
navigation systems have been
largely limited to Polaris missile-
carrving submarines. One reason is
the great expense of such equip-
ment; another is the fact that sur-
face warships don’t require the
same degree of accuracy in their
navigational gear as do underwater
missile craft. Now, however, the
availability of less costly gear is
making the Navy take a closer look
at the possibility of upgrading the
navigation equipment of its surface
fleet. Two self-contained models of
a ships navigation system have
just been delivered by the AC Elee-
tronics division of the General Mo-
tors Corp. under the terms of a $4
million development contract.

One of the new units will be
tested ashore at the Naval Applied
Science Laboratory in Brooklyn,
N.Y,, beginning in September. The
other will probably be installed
aboard the testbed vessel for the
original  ships inertial-navigation
svstem (siNs) for subs,

Surface savings. Designed to
furnish the greatest positional ac-
curacy for the lowest possible price,
the new units will cost $250,000
apicce, a price about one-third that
of the operational sixs. But the sub-
marine system must bhe precisc
enough to permit accurate aiming
of Polaris missiles and must run for
lengthy periods without position
fixes.

To lower the costs of its units,
AC uses gyroscopes less expensive
and much less accurate than those
in sixs. But the firm compensates
for this by adding a radiometric
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sextant built by the Collins Radio
Co. to feed current data to the sys-
tem’s computer.

To obtain a position-reference
fix, the sextant’s antenna is pointed
at the sun or moon: an operator
uses the clevation and azimuth
angles thus determined to update
the ac Magic T Model 321 digital
computer, which is built exclusively
with integrated circuits [Electron-
ics, Feb. 20, p. 203]. Until the next
update, the computer depends on
the system’s interial platform for
positional data.

The inertial platform has three
gvroscopes supplied by ac. and ac-
celerometers from the Bell Aerosys-
tems  division of Textron Inc.
Opcrating serially, the computer
performs all navigational calcula-
tions.

Shooting the sun. The Collins
sextant uses a three-foot-diameter
parabolic antenna to focus on a nar-
row band of microwave frequencies
radiating from the sun and moon.
Since these frequencies aren’t at-
tenuated by cloud cover, the sex-
tant can supply data in nearlv any
weather.

Microwave portions of the sex-
tant’s circuitry are immediately be-
hind the antenna. TTere the reccived
encrgy is converted to analog sig-
nals for transmission below decks.
The inertial platform is used as a

horizon reference to assure an-
tenna-pointing accuracy.
Solid  state  throughout, with

plug-in circuit boards, the new sys-

tem features built-in test fixtures to
speed maintenance.

Although less accurate between
updates than sins. the ac naviga-
tion system is said to be five times
as accurate as the present dead-
reckoning  navigation techniques
used on surface ships. AC’s svstem
is also smaller than sins, requiring
only about 15 cubic feet of below-
decks space.

If the Navy decides to buy the
new system, first installations would
be made aboard destrovers. There
is, however, no money for the sys-
tem in the fiscal 1968 budget.

Tacsat backpack

By adding 37 pounds of microwave
gear to his pack, a soldier carry-
ing a man-pack radio will soon be
able to receive messages from half
way around the world. The new
unit consists of an antenna, micro-
wave amplifier, and down converter
developed by the Hughes Aireraft
Co. as an add-on to its ax/prrc-T4
very-high-frequency radio.

The Hughes Ground Systems
group is vying for the contract for
onc of six tvpes of tactical
satellite-communications  terminals
sought by the Army FElectronics
Command [Electronics, Dec. 26,
1966, p. 26]. The terminals would
tic in with the Air Forcee's syn-
chronous tactical communications
satellites, now being built by
Hughes for a demonstration launch
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Super sextant. A radiometer antenna updates inertial reference
platform with positional data derived from sun’s azimuth and elevation.
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sometime next year.

Sky high. Locating a 23,000-mile-
high satellite from the battlefield
would be a difficult task. After lev-
eling the module and aligning it
with true north by using a built-in
compass, thc operator determines
the satellite’s angle and direction
from his location by referring to
a chart, The dish antenna has a 9°
beamwidth, sufficient to allow for
some error in aligning the antenna
with the satellite.

The antenna, built of fiberglass
honeycomb, is a 12-inch diameter
parabola with a focal-point feed
and 25 decibels gain in the 7.25- to
7.75-Ghz tactical-satellite band. Be-
hind the dish is a tunnel-diode
amplifier similar to the Hughes
scc-3 shipboard satellite terminal.
The amplifier feeds a down con-
verter that drops the microwave
signal to the 260-Mhz level needed
by the ax/rrc-74’s front-end. The
rest of the receiver circuitry is in
the man-pack radio.

Flashlight power. Although the
set hasn’t been tested with a satel-
lite—present satellites have insuffi-
cient output—the miniature termi-
nal has performed successfully in
ground simulation. An X-band sig-

nal source was used in the tests to
supply the few milliwatts of power
necessary for simulation at ranges
to 1,500 feet.

The power supply is 28 flashlight
batteries. Most of the transistors
require about 20 volts, but this
would probably be reduced in a
redesign. Power drain could also
drop by up to two thirds. In a
future model, the “dry cells” would
be replaced with nickel-cadmium
or silver-zinc cells.

At 37 pounds the module is not
as light as was desired, but
Hughes wanted to respond quickly
to show what the firm could do
with existing hardware. The firm
used relatively heavy parts devel-
oped for its ax/prc-74 and scc-3.
Project manager Harold V. Lind
figures that a third of the weight of
the unit could be lopped ofl by
redesigning,

Using on-hand components does
have its advantages; Hughes in-
vested only $10,000 and ecight
weeks of engineering time develop-
ing the terminal. A transmit capa-
bility to the terminal could be
added, says Lind, but Hughes isn’t
working in that direction yet and
has no plans to do so.

Small wonder—Harold V. Lind, program manager, adjusts antenna
elevation of tiny terminal built by Hughes Aircraft.
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Integrated electronics

Frozen FET's

Next stop for metal oxide semicon-
ductor integrated circuits is the
deep freeze. Since designers of op-
tical imaging arrays—such as air-
borne infrared image or target
detection systems—must supercool
the sensors to obtain the necessary
sensitivity, they are now taking a
look at placing sensor-supporting
Mos integrated circuits inside the
detector’s cryogenic cooling  sys-
ten,

This would improve the perform-
ance of the 1C’s and greatly reduce
the number of leads going in and
out of the Dewar—the vacuum bot-
tle filled with liquid gas to cool the
detectors.

At least two companies are try-
ing out the approach with infrared
detectors—the Electronics division
of the Avco Corp., Cincinnati, and
the Autonetics division of North
American Aviation Inc., Anaheim,
Calif.

Robert Downing, leader of a
group working on device and Ic
development at Autonetics, notes
that the pinhead-sized field elfect
transistors used in Mos circuits
operate better at a cold and con-
stant temperature.

Infrared tv. Avco is working on
two-dimensional,  point-by-point
imaging arrays in an effort to im-
prove its infrared systems. A line
scanner now provides an airplane
pilot with a television-like image
of objects on the ground. It can
distinguish between cars and trucks
and has a range greater than a mile.
It's a passive reconnaissance sys-
tem, dependent only on tempera-
ture variations in the scene viewed
rather than some means of illumin-
ating the terrain.

The system gathers the infrared
picture in real time by scanning
the scene through a line of detec-
tors fabricated in an indium-anti-
monide chip. The line resembles
two rows of gear teeth that mesh
in a narrow opening in a deposited
gold mask. Each detector is a mesa-
type device with a diffused junc-
tion. Meshing two strings of detec-
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tors leaves essentially no gap be-
tween detector outputs. The detec-
tors arc cooled to 77° Kelvin in
liquid nitrogen.

Sealed bottles. It won’t be dif-
ficult to make 3-by-5 and 10-by-10
two-dimensional arrays, according
to Norman Gri, scnior engineer for
solid-state development at Aveo’s
infrared group. But he says that
getting data out of the Dewar will
be difficult because of the large
number of leads that will have to
be passed through vacuum seals.

Gri wants to obtain information
from the arrays by a method called
aperture filtering; the technique
consists of interrogating the detec-
tors with pulse streams and proc-
essing the output bursts. He be-
licves it will be practical to provide
the sampling circuitry required—
and at the same time reduce the
number of scaled leads—Dby putting
Mos 1C’s inside the Dewar. The
circuitry will be made on silicon
substrates, rather than indium-an-
timonide detector substrates; in-
divm-antimonide’s oxide is a con-
ductor, Gri explains, while aros
devices generally require an insu-
lating oxide. Avco plans to keep the
amplifiers outside the Dewar: only
a few signal leads, plus supply and
ground leads, will have to enter
the array housing.

Sapphire base. Autonectics, on
the other hand, proposes to put
rer’s and silicon resistors for the
amplifiers, plus lead-sulfide detec-
tors, onto a common sapphire sub-
strate. At present the company
isn’t attempting to build signal
processing into the arrays because
it first wants to determine if the
FET'S can survive the high tem-
peratures of the deposition process
used to fabricate detectors. It also
wants to determine if sapphire is
a good substrate for the detectors,
Downing says.

Autonetics” plan is to make 10
arrays of 10 detectors—together
with their buffer amplifiers—on
cach substrate, and then cut the
substrate into modules. The amp-
lifiers will be used to match the
impedances of the arrays and ex-
ternal circuitry rather than for
gain.

Each amplifier will require re-
sistors ranging in value from 0.2
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to 2 megohms. The rescarch spe-
cialist developing the processes,
Ron Harris, says these will be
made as lines of silicon 300 mils
long and % mil wide. He has de-
vised a unique way of adjusting
the value. Instead of changing the
line dimensions—the usual  ap-
proach—Harris shorts out the ex-
cess line length. The silicon, which
normally has a bulk resistivity of
several  kilohms  per  square, s
made conductive by n + diffusion
through a standard mask with slot-
like windows. Adjustments are
made by varying diffusion length.

It isn’t a good practice to use
silicon resistors under normal cir-
cumstances, Harris points out, be-
cause silicon has a high tempera-
ture cocfficient and the resistor
values  would vary widely with
temperature changes. However, the
constant low temperature again
makes for stable values.

Another Epic chapter

With a dozen or more dielectric
isolation schemes battling for ac-
ceptance in the integrated-circuit
marketplace, Motorola Inc.’s Semi-
conductor Products division has
opted for glass. Motorola’s new
Epic-G approach is the successor
to the company’s original Epic
process, in which polycrystalline
silicon and oxide dielectrics were
used to isolate 1c clements. Like
some other 1c researchers, Motorola
engineers prefer glass because it
outperforms  silicon in  reducing
interisland capacitance and has a
higher breakdown voltage, [Elec-
tronics, March 20, p. 93].
However, the right glass is hard
to find. Its softening point must be
low cnough to allow it to flow at
temperatures below silicon’s melt-
ing point but high enough to keep
it solid during diffusion. Motorola
scientists scttled on a glassy mix of
oxides of silicon, aluminum, mag-
nesium, calcium, and barium. The
mixture’s dielectric constant is 6.5,
while the dissipation factor at 1
kilohertz is 2.5 x 10-3. Conductance
is 1 x 10-% mhos; capacitance in
1.8-mil thicknesses is 125 pico-
farads per squarc centimeter.
Impurities. Even when great care

Motorola’s method
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SINGLE CRYSTAL SILICON WAFER

Fabrication of an Epic-G device
starts with a single-crystal silicon
wafer with one surface oxidized.

Isolation moats are etched.

GLASSY SLURRY

SUPPORT WAFER
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I
After etched wafer is flipped, a
glassy slurry is applied. The SiO.
blends with the glass.
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The two wafers are sandwiched
together and fired.
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Excess silicon is lapped off leaving
islands—the next step is device
fabrication.
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is taken in compounding the glass,
impurities remain that can contam-
inate the silicon. In some of Moto-
rola’s devices using npn transistors,
p-type impurities in the glass re-
quired a minimum of 10 microns of
n + silicon under and around each
lightly doped n region to prevent
its conversion to p-type material.
With pnp devices there was no
problem.

The Epic-G approach would ap-
ply itself equally well to both linear
and digital 1c’s. The Motorola fab-
rication technique resembles a com-
bination of polycrystalline-silicon
construction and Rca’s mosaic ap-
proach, but makes unnecessary the
extra step of applying barrier lay-
ers.

So far, all work on Epic-G has
been in the lab. The company hasn’t
decided when or if it will move
from the pilot stage to production
assembly of Epic-G circuitry.

Hard cell

Borrowing an idea from linear cir-
cuit designers, the Signetics Corp.
has developed a unique monolithic
bipolar cell structure. The work is
part of the Corning Glass Works
division’s quest for an approach to
large-scale integration that would
make sense both technically and
economically.

Engineers at Signetics feel the
new cell may eventually become
the basis for a standard line of Ls1
products. According to Orville
Baker, vice president for product
development, success in Lsi—at
least for his company—will depend
on the introduction of a versatile
line of standard products with a
wide range of applications. The
new cell meets the test of versatility
because it can be used in both
memory and logic circuitry. It also
possesses another virtue essential
to Lsi—small size; it measures only
12 mils square, making high densi-
ties possible.

Successful pairing. Signetics de-
signers combined a lateral geom-
etry pnp complementary transistor
with a standard planar npn to form
the basic bistable element. The
complementary pair provide a sim-
ple but fast storage circuit that is
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self-latching, yet uses few compo-
nents.

Conventional 1c’s, such as the
roughly equivalent D-type flip-flop
designed to perform the same func-
tion, would require two back-to-
back inverters to form the basic
flip-flop, plus a gate and an addi-
tional inverter.

The first applications of the cell
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Basic memory cell developed by the
Signetics Corp. includes
complementary transistor pair that
forms fast very small storage element
with potentially high density. Geometry
of lateral pnp-npn combination is
displayed in plan and cross-sectional
views. Buried n “plug’’ diffusion layer
isolates upper pn regions from a p

type substrate.

is in an experimental scratchpad
memory organized as an 8-by-8
matrix. The array of 64 cells inter-
connected by two layers of metal,
together with a row of eight buffer
amplifiers, is formed on a single
chip only 96 by 120 mils. Perform-
ance of the memory can be classi-

fied as moderately high speed, says
Baker.

Two versions. There are two
versions of the memory in develop-
ment. One with a limited tempera-
ture range from 15° to 55°C has
an access time of 40 to 50 nano-
seconds, and is designed for com-
mercial applications. In the second,
designed for operation over the full
military range of —55° to 4+125°C,
access time is reduced to about
150 nsec.

The basic cell can be modified
for use as a logic gate by making
the input transistor a multiemitter
device; the circuit then resembles
a TTL gate. Fanout of the circuit
without additional gain is about 3.

If the decision to market some
version of the memory is made, the
chip will probably be packaged in
a 40-lead ceramic package that
Signetics plans to introduce in the
near future.

Consumer electronics

Color them blue

Sales expectations of color televi-
sion manufacturers last December
were as bright as the plumage of
the NBc peacock. They were pre-
dicting 1967 volume of 8 million
sets at that time [Electronics, Jan.
9, p. 139], but the picture has
dimmed since then and the esti-
mates have been toned down. Man-
ufacturers now expect to sell 6 mil-
lion sets to distributors this year—
off sharply from the projected fig-
ure, but still a 27% gain over last
year’s 4.7 million unit sales.

Why the sudden change in the
market? “Buyer concern over infla-
tion, a possible tax increase, and
price resistance,” says the Philco-
Ford Corp.’s Armin E. Allen, vice
president in charge of the Con-
sumer Electronics division. Most
companies agree, blaming the cur-
rent market on tighter money and
growing consumer resistance to
high-priced sets.

Overproduction. Part of the prob-
lem lies with the industry itself.
Production of picture tubes early
last year trailed demand for color
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TRW again breaks the Gigahertz
barrier with this new 2 GHz addition
to the TRW family of Ultra High Fre-
quency transistors! They are the
finest broadband transistors you
can buy—the only power transis-
tors capable of GHz operation in
simple, straight through circuits.
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As doublers or triplers these tran-
sistors will reach 3 GHz with cool
efficiency. In the 600 to 700 MHz
range their gain and efficiency are
phenomenal!

And you get this remarkable per-
formance from a 28 volt power
source, 1 Watt output, 5 dB gain!

1T Watt output ... 5dB gain!

Contact any TRW distributor or
TRW Semiconductors Inc., 14520
Aviation Blvd., Lawndale, Calif.
90260. Phone: 213-679-4561. TWX:
910-325-6206. TRW Semiconductors
is a subsidiary of TRW INC,

TRW
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sets by as much as 30%. In its zeal
to catch up to the demand, the in-
dustry sharply expanded its tube
capacity. Says a spokesman for the
Radio Corp. of America: “The pre-
diction of 8 million [sales] this year
was based on the increase in tube
production.”  Components — sup-
pliers, who shared the late-1966
optimism of the set and picture-
tube makers and boosted capacity,
are also beset with overproduction
problems.

Adding to the industry’s woes is
consumer demand for a greater
variety in tv screen sizes and price
ranges. Consumers, retailers ob-
serve, are becoming choosier. Says
Henry E. Freedman, tv purchasing
agent for Rich’s Department Store
in Atlanta: “They are a different
type of customer than the ones
who bought last summer. They
want more for their money and
won't rush into color.”

Martin Sheridan, a vice presi-
dent of the Admiral Corp., con-
cedes that his company entered
1967 with a “poor model mix,” but
says new 14-, 18-, and 20-inch mod-
c¢ls will be introduced this year. A
new line slated by Motorola Inc. for
June introduction may also feature
new screen sizes. The only U.S.
firm to manufacture a 10-inch port-
able color set, the General Electric
Co., is planning to add two new
10-inch models to its line, as well
as several larger models.

Pricing. Most makers are step-
ping up their advertising to lure
buyers, and, although most com-
panies deny that they arc lowering
prices, some concede they are try-
ing sales gimmicks that, in effect,
reduce prices on certain models. A
recent Philco-Ford “promotion” in-
volved a $50 cut in the price on a
20-inch model. Others who have
offered bargains recently are Ad-
miral and the Magnavox Co. Re-
tailers, too, have pared prices in
an attempt to move sets from show-
room floors to consumers’ homes

Rca is holding the line on prices.
A spokesman says RCA’s policy is
to “cut production before it cuts
prices;” the company has already
slowed production of color tv and
receiving tubes—but not cut prices.
The National Video Corp., another
large producer of tubes, admits the
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possibility of price cuts, but says
none are planned for the near fu-
ture.

Complicating the industry’s woes
at the start of 1967 was the high
level of inventories. Says S.R.
Herkes, president of Motorola Con-
sumer Products Inc.: “Dealers had
a lot more sets in stock at the end of
1966 than anyone cared to admit,
so we started the year with an in-
ventory problem.” A spokesman for
the Montgomery Ward Co. esti-
mates that a “million sets were left
in the pipeline at the end of 1966.”
He goes on to predict total 1967
retail sales of only 4.7 million sets,
a forecast that points to more full
warehouses at the end of this year.

Industrial electronics

Razzle-dazzle replay

The color video disk recording sys-
tem developed by the Ampex Corp.
and used for the first time last
month by the American Broadcast-
ing Co., is a second cousin to a
computer. In fact, it uses what
amounts to a small computer to
produce color quality that meets
U.S. standards, and the recording
medium—a metal disk—is ana-
logous to a computer memory disk.

Making a big month of it, Ampex
will show this week, at the National
Association of Broadcasters con-
vention in Chicago, its battery-
powered portable videotape re-
corder-camera combination weigh-
ing less than 50 pounds and a
compact color videotape recorder
priced at $4,995. Ampex says the
recorder is the smallest four-head
unit on the market.

The video disk was developed for
ABC’s instant replays and stop-
action pictures in color when tele-
vising sports events. Tape, explains
Ampex’s Lawrence Weiland, prod-
uct management chief, does not
lend itself well to slow-motion use
because the four spinning record-
ing heads tend to grind through
the tape itself, which is only 1 mil
thick. Morcover, the operator must
rewind the tape to find the right
starting point. The disk has a
strong surface made of what Wei-

land would call “exotic
metals.”

With the disk, an operator al-
ways has a record of the last 30
seconds of action because the head
is continually recording and eras-
ing. The head traverses the disk
in a manner that Ampex considers
proprictary, but it is apparently
similar to the operation of a com-
puter memory operation. It also
is similar to the video disk that acts
as a buffer in Ampex’s million-
dollar vidcofile—an information re-
trieval system using videotape re-
corders.

The disk system has a band-
width of 4.5 megahertz, but Wei-
land emphasizes that bandwidth
is not the problem in recording
color. “The National Television
Standards Code is subject to er-
rors in differential phase and gain,”
Weiland says. “The chief problem
is to get good time-base stability
when you are taking a very com-
plex signal, putting it through a
mechanical system, and reproduc-
ing another very complex signal.”

Nothing fancy. The digital inte-
grated circuitry, mostly off-the-
shelf flip-flops and gates, that pre-
serves this signal, uses standard
computer techniques, says Wei-
land. The logic system also con-
trols reproduction modes so that
the system, known as the HS-100,
can reproduce at normal specd, at
continuously variable slowdown
speed, at twice normal speed, and
frame by frame—all in both direc-
tions. Cueing is accomplished in
four seconds—about the time for
an announcer to say “let’s sce how
that looked on the isolated cam-
era.”

The company is working on ver-
sions that also will be compatible
with Europe’s two color tv sys-
tems, Secam and PAL.

Because it wanted to make the
portable tape recorder system com-
patible with studio equipment, Am-
pex was stuck with 8-inch reels
and tape 2 inches wide, plus nor-
mal-sized recording heads. It has
shrunk everything else.

Power for 20 minutes of opera-
tion plus 20 minutes of previewing
or live telecasting, is supplied by
nickel-cadmium batteries. IC’s are
used in the recording circuitry

only
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New! 100 MHz
in a ruggedized

oscilloscope

with 3.5-ns risetime
at the probe tip

DC-to0-100-MHz bandwidth at 10 mV/em
is NOW AVAILABLE
in a plug-in oscilloscope
with solid-state design . . .
the Tektronix Type 647A and RB47A.

New Type 10A2A Dual Trace Amplifier. The risetime and
bandwidth are specified where you use it — at the probe tip. The
vertical system performance with or without the new miniature
P6047 10X Attenuator Probe is DC-to-100 MHz bandwidth with
3.5-ns risetime at ambient temperatures of 0° C to 4-40° C (4-32°
F to 4+104° F). Bandwidth is DC-t0-90 MHz with 4.1-ns risetime
over its entire operating range, —30° C to +65° C. The calibrated
vertical deflection range (without probe) is from 10 mV/em to 20
Viem.

Bright Displays. The Tektronix CRT provides bright displays
with its advanced design and 14-kV accelerating potential. It has
a 6-by-10 ¢m viewing area and a no-parallax, illuminated, internal
graticule.

New Type 11B2A Delayed Sweep Time Base. The Type
11B2A triggers to above 100 MHz internally and provides a cali-
brated delayed sweep. Calibrated sweep range is from 100 ns/cm
to 5 s/cm, extending to 10 ns/cm on both normal and delayed
sweeps with X10 magnification. Calibrated sweep delay is from
1 us to 50 s and the plug-in also provides single sweep operation.

-

TYPE 647A OSCILLOSCOPE

TYPE 1OA2A DUAL TRACE Ami

B2A TivE sass

1

Rugged Environmental Capabilities. These instruments are
capable of accurate measurements in severe environments and
offer an extra margin of dependability and even greater accuracy
in normal environments. Temperature: Operating —30° C to
+65° C. Non-Operating —55° C to - 75° C. Shock: Non-Operat-
ing 20 G's max, 2 shocks, each direction, along each of the 3
major axes. Vibration: Operating or Non-Operating 0.025” p-to-p,
10-55-10 Hz, (4 G’s) 1 min cycles, 15 min each major axis. Humid-
ity: Non-Operating meets MIL-STD-202B, Method 106 A, except
freezing and vibration, through 5 cycles (120 hours). Altitude:
Operating 15,000 ft. Non-Operating 50,000 .

New Type R647A Rack Mount. The same DC-to-100 MH:z
performance also is available in a 7-inch-high rack mount oscillo-
scope, the Type R647A. Additional plug-ins include the Type
10A1 Difterential Amplifier and the Type 11B1 Time Base.

Type 647A Oscilloscope (includes 2-P6047 Probes). . . . . . . . $1500
Type R647A Oscilloscope (includes 2-P6047 Probes) . . . . . . . $1625
Type 11B2A Time Base . . . . - o 8 BE. Ca. . W . $ 850
Type 10A2A Dual Trace Amplifier . . . . . . . . . . . . . .. $ 775

U.S. Sales Prices FOB Beaverton, Oregon

For complete information, contact your nearby Tektronix Field Engineer or write: Tektronix, Inc., P. O. Box 500, Beaverton, Ore. 97005,

Environmental testing
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...part of the Tektronix commitment

to technical excellence
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ANPERITE

Thermostatic
DELAY RELAYS

AMPERITE|
DELAY ||
RELAY

Only a glass seal

offers true hermetic sealing
... assuring 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, moisture, or climate changes . . .
SPST only—normally open or normally closed . . . Com-
pensated for ambient 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, $4.00

PROBLEM? Send for Bulletin No. TR-81

ANPLRI

BALLAST

10

VOLTAGE OF 24V ! WITH AMPERITE
| BATTEAY & CHARCER | VOLTAGE VANES
VAMES APPROK. | ONLY

30% i 2%

Hermetically sealed, they are not affected by
changes in altitude, ambient temperature (—50°
to 4-70° C.), or humidity . . . Rugged, light,
compact, most inexpensive . . . List Price, $3.00.

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

AMPERITE

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

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

48 Circle 48 on reader service card

Electronics Review

except where high-power linear
signals are present. The system
even has its own sync generator to
set basic pulse rates. This piece
of equipment, not normally present
in a tape recorder, takes up about
a cubic foot of space in the studio;
the i1c version in Ampex’s VR-3000
takes up about a cubic inch.

Light burden. The 35-pound re-
corder is strapped to the operat-
or’s back; the camera, weighing 13
pounds, has its own video-level
meter on the face of the view-finder
tube.

Since the tape is compatible
with studio equipment—the reels
can be lifted out and placed into
a studio plavback machine—it is
also able to record color. No color
camera vet exists, however, that
an operator could lug around.

Ampex says that its new helical
videotape recorder, the 7500-G, is
the first available for under $50,000.
A higher performance model 7800,
with advanced features for produc-
tion of finished industrial and ed-
ucational programs, will be avail-
able in September for $7,995.

You can be sureifit’s...

When tests of train-control equip-
ment  for  the San  Francisco
Bay Area Rapid Transit District
(BARTD) began nearly two vears
ago [Elcctronics, July 26, 1965, p.
71], the Westinghouse Electric Co.,
alone among the four companies
then competing, proposed central-
ized control and a wigglv-wire loop
between the rails for signal trans-
mission. Last month, BARTD ac-
cepted the Westinghouse bid of
$26,199,959.32 for train controls and
communications—but the system it
bought was a far cry from the
equipment originally tested.

Gone, for instance, is the wiggly-
wire circuitry. Gone too are the 40
Prodac-50 computers that were to
be placed along the wayside. And
gone is the concept of total central-
ized control.

The revised system will use the
tracks themselves for train-control
command transmission and will re-
tain a Prodac-250 central digital
computer for scheduling and train-
interval control; the computer is a

Control Data Corp. main frame
with inputs, outputs, software, and
peripheral hardware by Westing-
house. And the wayside computers
have been supplanted by smaller
digital units installed in control
cars.

Acoustic-frequency  commands
received {rom the tracks will now
be fed to a control car’s speed con-
troller—"a wired-logic device” ac-
cording to Philip Gillespie, West-
inghouse’s transit systems sales
manager. When a train enters a
station, control will be transferred
from the speed controller to the
control car’s small digital com-
puter. Speed and acceleration with
the new track control circuits will
be “conventional,” states Gillespie.

Cutback. A cost-cutting redesign
of BArTD’s rolling stock made cen-
tral train control using the Prodac
50's and the wiggly wire less at-
tractive. Gillespie explains  that
Bartd originally planned to have
detachable control pods on their
cars so that there would be as many
as 450 control cars. Now there will
be only 175 control cars and no
removable pods. Elimination of the
pods made it economical to add
the small digital computers. Even
with the computers aboard, the
cars will carry less equipment than
called for in competing firms’ de-
signs. The car redesign scheme and
the dropping of the wiggly-wire
circuitry made the wavside com-
puters ummeccessary;  “We  aban-
doned them because they were an
integral part of the wiggly-wire svs-
tem,” says Gillespie.

Wire scotched. VWestinghouse’s
original 2-foot-wide wiggly-wire
loop circuit, which was to have
been laid between the rails, was
hard to fit to the several tvpes of
railroad ties planned for the transit
system. The company’s initial solu-
tion was to shrink the circuitry to
a 3-inch-wide strip to be run like
Scotch tape along the side of the
rails. This technique worked but
proved only temporary. Gillespie
savs that because of its interpreta-
tion of BARTD’s specifications, West-
inghouse felt that the transit dis-
trict would prefer conventional
track control circuits, “although
nothing was said to us that would
indicate that we didn’t comply
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Need fast, fast,
fast recovery?
Try a couple

of these...

Maybe there’s nothing particularly unusual
about an ultra-fast recovery rectifier. But we
would like to modestly point out that a 2 amp
ultra-fast recovery, controlled avalanche rectifier
the size of this one is very unusual indeed.

Size isn’t the only reason.

Because this little diode not only has a typical
recovery under 50 nanoseconds (with a 25 amp
surge rating, and PIV’s to 250 volts), but it’s
radiation-tolerant, too. And, like every Unitrode,
it’s practically indestructible. It will last virtually

forever with no change in electrical parameters,
and that 4s unusual, isn’t it?

Nevertheless, it’s not hard to believe when you
consider how a Unitrode is made.

Consider that the silicon is metallurgically
bonded between the two terminal pins in a bond
that’s stronger than the silicon itself. Then the
entire unit is fused in hard glass at over 800°C.

Result? It’s voidless, so all contaminants
are excluded.

Because the terminal pins are bonded over the
full face of the silicon die, heat due to surge is
carried away quickly from the silicon into the pins.
So even this tiny 2 amp job can withstand a 25
amp surge. And like every Unitrode, it still meets
initial spec limits after 2000 hours of life testing.

As far as we’ve been able to find out, the machine
hasn’t yet been built that can fail a Unitrode in
acceleration, vibration, and shock tests. We keep
looking, but until we find it, we can virtually
guarantee our parts will never fail. Ever.

Now that does qualify our diodes as unusual,
doesn’t it? And while we'll admit that not every
design needs these unique characteristics and
reliability, maybe yours do.

So if you need fast, fast, fast recovery, try our
remedy. We'll be glad to send you samples and
complete information. We're at 580 Pleasant St.,
Watertown, Mass. 02172. Telephone (617) 926-
0404. TWX (710) 327-1296.

LUNIT

®
|
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Design Brochure
Cable Assemblies & Coaxial Delay Lines
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This 4-page brochure details speci-
fications and multiple design pos-
sibilities of cable assemblies and
coaxial delay lines. It also follows
through with evaluation, produc-
tion and test procedure info.

For your copy write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381

Circle 502 on reader service card

Seamless Metal Tube
Sheathed Coaxial Cable

—— 2.

L e ——

Times® new semiflexible coaxial
cable with seamless aluminum
tube sheath conductor is available
in two standard versions:

1. ALUMIFOAM? — Foam poly-
ethylene dielectric where pressur-
izing isn’t practical.

2. ALUMISPLINE® — Air dielec-
tric where pressurizing is practi-
cal. These cables offer more isola-
tion—at 80 < db more than ordi-
nary coax. Uniformity average —
VSWR 1.1 or less. Stability — 10
times better. Lower loss — 30%
less. Pulse reflection — less than
1%. Less distortion. Also avail. in
solid dielectric and high temp. con-
structions.

For prices & data write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381

Circle 503 on reader service card

Connectors for
Solid Sheathed Cable

Only one step required to use the
new one-piece TIMATCH® Con-
nector with its own pat. CoilGrip®
clamp—just unpack it. Its reus-
able and repeated assembly and
disassembly does not impair either
the RF or physical characteristics
of the connector or the cable.
Available in all popular sizes and
fits all metal tube sheathed coaxial
cables.

For prices & data write or phone:
Times Wire & Cable, Wallingford,
Conn, (203) CO 9-3381
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have, thus far, programed a Sys-
tem 360 computer to calculate the
interference patterns created by
light waves reflected from a real
object.

Two for the tv show. Two high-
voltage silicon transistors for the
deflection stages of large color
television receivers have been de-
veloped by the Delco Radio divi-
sion of the General Motors Corp.
The DTS-0174 is the higher vol-
tage offering, with a vCEX rating
in the 1,200-volt range. It can
switch the 3,800-volt-ampere load
line from the 120 volts dc neces-
sary to operate a 25-inch color de-
flection system. Weighing in with
a 700-volt vcex rating is the DTS-
402. In a 25-inch set, one 402 can
handle vertical deflection and two
can handle the horizontal deflection
that the 0174 can do alone.

Watching the watchers. A com-
mittee is being formed by the Insti-
tute of Electrical and Electronics
Engineers to keep an eye on the
Federal Communications Commis-
sion and interpret the moves of
that agency for the engineer in the
field. Heading the new panel will
be Joseph Eachus, senior staff sci-
eutist at the Electronic Data Proce-
essing division of Honeywell Inc.
Eachus disavows any intention of
trying to influence the rcc.

Another departure. Albert J. Kel-
ley, 42, deputy director of the Na-
tional Aeronautics and Space Ad-
ministration’s Electronics Research
Center in Cambridge, Mass., will
leave his post to become dean of
the College of Business Adminis-
tration at Boston College, June 1.
Kelley says the college sought him
for the post and denies any dis-
satisfaction with conditions at the
rescarch center. In fact, he will
continue as a consultant to Nasa.
Kelley’s move is the fourth in a
serics of high-level resignations
at the center. First to leave was
Winston E. Kock, the center’s first
dircctor; he was followed by Wal-
ter Slater, general counsel; and Wil-
liam Ricci, assistant director for
industry affairs.

Safe landing. The Burroughs
Corp. has been awarded a $22.4
million contract to develop and
build 177 digitizers for the raa’s
upcoming automated air traffic

control system [Electronics, March
6, p. 67]. The devices will convert
radar signals into digital data to
be relayed via telephone lines to
computers at Fas control centers
where they will be reprocessed and
displayed on master radar screens.
Burronghs joins the Raytheon Co.
and the International Business Ma-
chines Corp. to complete the man-
ufacturing lineup for the National
Aerospace System.

Taking up position. The Com-
munications Satellite Corp.’s third
Intelsat II, launched March 22,
achieved its stationary orbit over
the Atlantic March 25. The 192-
pound satellite—nicknamed Ca-
nary Bird—will initially provide at
least 240 voice channels between
the U.S. and Europe.

Ku-band CATV. Theta Com, a
joint venture of the Hughes Air-
craft Co., and the TelePrompter
Corp., has applied for commercial
licensing of an amplitude-modu-
lated, 18-gigahertz, “color-quality”
community television relay system.
Unlike cable tv systems, Theta
Com plans a point-to-point relay
approach. In year-long tests just
completed, laboratory-type equip-
ment was used to boost a broad-
cast band of 56 to 216 magahertz
to Ku band, while receivers at the
other end of the links fed down
converters that dropped the fre-
quency to that of normal vhf tv and
f-m radio channels. According to
Hubert G. Schlafly, TelePrompter
senior vice president, tests over a
six-mile  path  during normal
weather conditions showed that 12
conventional tv channels could be
received without noticeable cross
modulation or increase in picture
noise.

Satellite fixes. A portable ground-
receiver svstem that translates sat-
ellite signals into survey fixes has
been developed for the Navy at
Johns Hopkins University’s Ap-
plied Resecarch Laboratory. Under
the system, two 50-pound, man-
pack receivers pick up, at different
points, the doppler shift from the
Navy’s navigation satellite, and a
general-purpose digital computer
uses the readings to determine the
location of the two receivers. The
Navy has delivered two prototype
models to the Army for evaluation.
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Need fast, fast,
fast recovery?
Trya couple

of these...

Maybe there’s nothing particularly unusual
about an ultra-fast recovery rectifier. But we
would like to modestly point out that a 2 amp
ultra-fast recovery, controlled avalanche rectifier
the size of this one is very unusual indeed.

Size isn’t the only reason.

Because this little diode not only has a typical
recovery under 50 nanoseconds (with a 25 amp
surge rating, and PIV’s to 250 volts), but it’s
radiation-tolerant, too. And, like every Unitrode,
it’s practically indestructible. It will last virtually

forever with no change in electrical parameters,
and that 4s unusual, isn’t it?

Nevertheless, it’s not hard to believe when you
consider how a Unitrode is made.

Consider that the silicon is metallurgically
bonded between the two terminal pins in a bond
that’s stronger than the silicon itself. Then the
entire unit is fused in hard glass at over 800°C.

Result? It’s voidless, so all contaminants
are excluded.

Because the terminal pins are bonded over the
full face of the silicon die, heat due to surge is
carried away quickly from the silicon into the pins.
So even this tiny 2 amp job can withstand a 25
amp surge. And like every Unitrode, it still meets
initial spec limits after 2000 hours of life testing.

As far as we’ve been able to find out, the machine
hasn’t yet been built that can fail a Unitrode in
acceleration, vibration, and shock tests. We keep
looking, but until we find it, we can virtually
guarantee our parts will never fail. Ever.

Now that does qualify our diodes as unusual,
doesn’t it? And while we'll admit that not every
design needs these unique characteristics and
reliability, maybe yours do.

So if you need fast, fast, fast recovery, try our
remedy. We'll be glad to send you samples and
complete information. We're at 580 Pleasant St.,
Watertown, Mass. 02172. Telephone (617) 926-
0404. TWX (710) 327-1296.

LN E
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CONVERT
COMPUTER DATA
T0 TV DISPLAY

WITH THE
ELECTROSTORE®

This TV Display shows a high resolution
alphanumeric presentation derived from
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a computer. It is only one example of a
computer display using the Electrostore,
Model 221.

Model 221 Electrostore
i - g » single-gun storage tube
_L& _g £ A Input/Output Response
- » * 10 MHz or 20 MHz
£l Input Amplitude

3 . U= . Required 0.7 volts to
- f . 2.0 volts p-p
i “ Deflection Amplitude
y !. . 5 volts p-p

— Deflection Response

YL DC to 800 KHz

Programmer Optional

The Model 221 scan-converter utilizes
a cathode-ray recording storage tube.
Input video signals and deflection
information are applied to the tube
through various amplifiers and con-
trol circuitry. Data is stored within
the tube in the form of a raster, cir-
cular, or spiral scan. This information
can be read off periodically through
appropriate amplifiers without de-
stroying the stored data. The input
can be up-dated periodically and the
stored information erased partially
or in its entirety. By introducing the
proper signals, the Electrostore can
convert a variety of formats to TV
display, i.e. computer-to-TV, radar-
to-TV, IR-to-TV, or sonar-to-TV.

Write for technical memos and application
notes covering the Electrostore.

Image

instruments

223 Crescent Street
Waltham, Mass. 02154
Tel. (617) 894-8200

A DIVISION OF
DASA CORPORATION
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with the spees in using the wiggly-
wire system.” The Scotch-tape-like
wiring will now be used only at
stations.

Finallv, when Barm relaxed its
spees last summer, the company
found. according to Gillespie. that
the wigglyv-wire svstem would have
provided much more flexibility than
necessary.  Westinghouse  denies
that cost was a factor in the demise
of the wiggly-wire control ap-
proacly; their bid was more than
$3.5 million below that of the near-
est competition and would have al-
lowed for any extra expense.

“The wiggly wire might have
presented some maintenance prob-
lems if it were used throughout
the svstem,” savs Deane Aboudara,
electronics and equipment design
engincer for BarnT. “But the track-
circuit design, multiplex  equip-
ment, and the integrated-circuit
computer show that Westinghouse
reallv did its homework on costs,”
he adds.

Standing fast. \Vestinghouse’s
competitors are still interested in
securing subcontracts for the San
Francisco-area transit svstem and
generally  they are standing by
theiv original design approaches.

L.T. Freed, vice president, sales,
of the General Railway Signal Co,,
states that the companv will con-
tinue with its basic designs. but ob-
serves that since different svstems
have different conditions. flexibility
will be needed. Freed thinks that
Westinghouse mav purchase relay-
tvpe interlocking  svstems  from
General Railwav Signal, bnt con-
cedes that it might buy from the
Union Switeh & Signal division of
the Westinghouse Air Brake Co.

Westinghouse Air Brake expects
to supply “a lot of the equipment
tor Bartp” according to Gene Shaf-

fer, the firm’s director of mass-
transit operations. The  company
would probably sell  car-control

cquipment and safety gear to West-
inghouse Electric.

A General Eleetric Co. spokes-
man says his company plans to
stick with its decentralized-control
approach. The companv declined
to comment on possible BARTD sub-
contracts.

Gi: is now supplying propulsion
and control equipment for the

Declaware River Port  Authority
rapid transit svstem. The first sec-
tion of this system is a $62 million,
high-speed 11.6-mile link between
Philadelphia and Lindenwold, N.J.
If completed on schedule in 1968,
it would be the countrv’s first op-
crating automated transit line.

Computers

Patents for programs?

The opening salvo has been fired
in what could become a bitter bat-
tle between the big computer man-
ufacturers and the software indus-
try over the Administration’s pat-
ent reform  bill, which, among
other things, would exclude com-
puter programs from patent pro-
tection. Opponents of the measure
argue that it’s unfair to distinguish
between the computer—as a pat-
entable device—and the programs
that go into it.

Savs J. R. Picrce, executive di-
rector of research communications
at the Bell Telephone Laboratories:
“Software is every bit as necessary
as hardware. If there is no soft-
ware, the computer—the hardware
—can’t do anything. The software
makes the hardware more valuable;
it niay open up an entirely unfor-
scen market for the hardware, so
it tends to sell computers.”

Congressional hearings on the
bill are about to get under way—
April 17 in the House and May 18
in the Senate.

Federal case. The Administration
claims that patents aren’t needed
to stimulate the development of
software, and could stifle its spread.
The Government also contends that
it’s too difficult to judge the pat-
entability of computer languages
by the criterion of novelty.

Although the International Busi-
ness Machines Corp. refuses  to
comment, Honeywell Inc. is op-
posed to any patenting of com-
puter programs in any form. The
company takes the position that
the lack of patents prevented rapid
advances in computer programing.
It believes appropriate treatment
for software falls within the frame-
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What’s behind this new name?

General Aniline & Film Corporation—
or GAF—is in many fields. And our
customers in each called us by a dif-
ferent name. For example, our x-ray
and photo customers knew us as
““Ansco” a manufacturer of medical
and industrial x-ray films and chemi-
cals, as well as amateur, graphic arts,
and professional photo products. In
the duplication field we were known
as “Ozalid.” Our chemical customers
called us “Antara.” Users of dyes and

Electronics | April 3, 1967

pigments knew us as “General Dye.”
To make it clear that we are all the
same company, we have consolidated
all our brand names under our cor-
porate symbol GAF.

So the next time our x-ray representa-
tive in your area calls . . . call him the
man from GAF.

m GENERAL ANILINE & FILM CORPORATION

140 WEST 51 STREET, NEW YORK, NEW YORK 10020
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MONOLITHIC
KILOVOLT
DIODE

New horizons of high voltage diode
properties have been established by
the introduction of a monolithic
chip having breakdown ratings from
1 Kv. to 8 Kv.

These high voltage characteristics
are built into a single crystalline
structure in a glass axial lead pack-
age by a unique multidiffusion proc-
ess. Resulting electrical properties
of Semicon’s new High Voltage
Diodes are:

I» = 25 nanoamps @ 8 Kv.

C; max. = 1 pfd. @ 0 volts

C; typ. = 0.2 pfd. @ 8 Kv.

Tw = 200 nanosecs. max.

V¢ = 10 volts max. @ 15 Ma.
Designed specifically for Voltage
Multipliers, the combination of low
junction capacitance, low reverse
current, low forward voltage, and
fast recovery makes these diodes
ideal for laser and flash tube power
supplies, fiber optic image ampli-
fiers, ion pulse sources, radiation
and pulse detection, deflection sys-
tems, solar plasma experimentation
and infrared and RF power supplies.

Write for Bulletin 651A

Sweetwater Ave., Box 328, Bedford, Mass. 01730
Tel: (617) 275-8542, TWX: 710-326-1919
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work of the copyright laws.

Picree savs it isn’t surprising
that the larger computer firms fa-
vor the bill because “as it stands
now, much of the work on software
is done outside” and the computer
makers “get it for nothing.” He
also rejects the notion that the
spread of software has been suffi-
cient under a system that has per-
mitted its patenting but hasn’t ac-
tually resulted in any patents.

“Software,” Pierce says, “is a
terrible bottleneck in all computer
usage. The new generation of com-
puters is incompatible with the old
and is short of software.”

Bell Labs has a big stake in the
patenting issue. It owns a large
library of computer programs and
has applied, unsuccessfully, for
patents on several.

The move to divorce programs
from patents first came to light
last October in a memo from As-
sistant  Attorney General Donald
F. Turner to Patents Commissioner
Edward J. Brenner. Turner, who
heads the  Justice Department’s
antitrust division, told Brenner that
the departinent frowns on issuing
patents on computer programing
methods because the growth of the
software industry “has been facil-
itated by a remarkably free and
casy coxchange of ideas, concepts,
and programs.”

Said Turner: “Many small soft-
ware companies have achieved fi-
nancial and technical success by
producing more efficient versions
of widelv used manufacturer-de-
veloped programs . . . hencfitting
other software produeers, computer
manufacturers, computer users,
and the general public . Any
step which could upset the vital
interchange of programing material
should be approached with the ut-
most caution.”

A patent examiner, he continued.
“would have cxtraordinary prob-
lems in determining the originality
of a programing [patent] claim,
which could cause serious delay in
the issuance of patents.”

Panel agrees. A month later, a
Presidential panel studving the pat-
ent system issued a report calling
for reforms, including the elimina-
tion of patents for computer pro-
grams,

The President’s commission de-
clared that “the creation of pro-
grams has undergone substantial
and satisfactory growth in the ab-
sence of patent protection, and
copyright protection for programs
is presently available.”

But Picrce will have none of it.
He pooh-poohs the notion that it’s
too difficult to determine the orig-
inality of a computer program (“the
same  argnment could be used
against patenting anything”™). and
insists that software belongs in the
patent svstem because “there are
real inventions in software, just as
there are in hardware.”

He adds: “If we could patent
software . we could see some
real breakthroughs.”

For the record

G-2 role for tv. A high-resolution
closed-circuit television system has
been developed for the Air Foree’s
tactical intelligence processing and
interpretation program (11r1). De-
veloped by the Fairchild Camera
& Instrument Corp.s Space &
Systems  division, it will transmit
acrial photographs from an airfield
to remote receiving  stations  via
cameras and monitors operating
at a resolation of 1,323 lines per
frame. Film can be magnified up
to 200 times, moved in an x-y co-
ordinate, and switched from posi-
tive to negative display at the re-
ceiving stations. Developed under
a $138.000 Air Foree Systems Com-
mand contract, the system is being
evaluated at Rome Air Force Base
in New York State.

Picture this. Conceptualized ob-
jects may be subjects of future
holograms with a computer per-
forming the trick. Experimenters
working with two-dimensional ob-
jects at the International Business
Machine Corp.’s Scientifie Center
belicve digital holograms can be
produced from mathematical terms
dictated to a computer enabling,
for example, an architect to see
a house while it’s still in the blue-
print stage. The possibilities were
discussed by mat researchers who
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From RCA “overlay”..
The industry’s best performing
plastic RF-power transistor...

15 Watts min at 400 MHz

—_———t = == -

Now. .. get in on the action with the rf-power
advantages of RCA “overlay” in plastic!!

RCA's new 2N5017 stud-mounted plastic
transistor provides 15 watts at 400 MHz. ..
22 watts typ. at 225 MHz. . . operates from
28-v supply! And this circuit capability is
delivered in a unique package that sets new
standards for performance, ruggedness, and
versatility at VHF and UHF frequencies.

Performance—the industry’s lowest emitter
and base inductances (0.1 nH and 0.2 nH
respectively) result in optimum gain and power

Strip-line leads can

be easily soldered to terminal
block with pins providing
additional mechanical strength,

2N5017

e

capability right up to 700 MHz.. . . efficient for
broadband and narrowband transmitters.

Ruggedness—unexcelled mechanical strength
with short “anchor” pins eliminating problems
due to lead breakage or vibration.

Versatility—"terminal block” structure permits
choice of stripline, printed circuit (both flush
and bottom-mounted), or lumped circuit
mounting.

Call your RCA Representative today for more
information on the 2N5017 for military,
microwave, and industrial communications
usage. If your applications still call for
hermetically sealed packages, ask him about
the RCA 2N5016—it offers similar electrical
performance but in the popular TO-60 case. For
technical data, write RCA Commercial Engi-
neering, Section IN4-1, Harrison, N.J. 07029,

RF POWER OUTPUT {Pouy)— WATTS

Py

CasE TEMPERATURE {T¢):25°C

COLLECTOR-TO-EMITTER VOLTS (Vcg) - 28V
INPUT WATTS : PIN

400
OUTPUT FREQUENCY (foy 1) —MMz

RCA Electronic Components and Devices

The Most Trusted Name in Electronics
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Design Brochure
Cable Assemblies & Coaxial Delay Lines

This 4-page brochure details speci-
fications and multiple design pos-
sibilities of cable assemblies and
coaxial delay lines. It also follows
through with evaluation, produc-
tion and test procedure info.

For youwr copy write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381

Circle 502 on reader service card

Seamless Metal Tube
Sheathed Coaxial Cable

— 2.
L ——————

Times® new semiflexible coaxial
cable with seamless aluminum
tube sheath conductor is available
in two standard versions:

1. ALUMIFOAM? — Foam poly-
ethylene dielectric where pressur-
izing isn’t practical.

2. ALUMISPLINE® — Air dielec-
tric where pressurizing is practi-
cal. These cables offer more isola-
tion—at 80 < db more than ordi-
nary coax. Uniformity average —
VSWR 1.1 or less. Stability — 10
times better. Lower loss — 30%
less. Pulse reflection — less than
1%. Less distortion. Also avail. in
solid dielectric and high temp. con-
structions.

For prices & data write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381

Circle 503 on reader service card

Connectors for
Solid Sheathed Cable

Only one step required to use the
new one-piece TIMATCH" Con-
nector with its own pat. CoilGrip®
clamp—just unpack it. Its reus-
able and repeated assembly and
disassembly does not impair either
the RF or physical characteristics
of the connector or the cable.
Available in all popular sizes and
fits all metal tube sheathed coaxial
cables.

For prices & data writc or phone:
Times Wire & Cable, Wallingford,
Conn, (203) CO 9-3381
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have, thus far, programed a Sys-
tem 360 computer to calculate the
interference patterns  created by
light waves reflected from a real
object.

Two for the tv show. Two high-
voltage silicon transistors for the
deflection  stages of large color
television reccivers have been de-
veloped by the Delco Radio divi-
sion of the General Motors Corp.
The DTS-0174 is the higher vol-
tage offering, with a vCEX rating
in the 1,200-volt range. It can
switch the 3,800-volt-ampere load
line from the 120 volts dc neces-
sary to operate a 25-inch color de-
flection system. Weighing in with
a 700-volt vcex rating is the DTS-
402. In a 25-inch set, one 402 can
handle vertical deflection and two
can handle the horizontal deflection
that the 0174 can do alone.

Watching the watchers. A com-
mittee is being formed by the Insti-
tute of Electrical and Electronics
Engincers to keep an eve on the
Federal Communications Cominis-
sion and interpret the moves of
that agency for the engineer in the
field. Heading the new panel will
be Joseph Eachus, senior staff sci-
entist at the Electronic Data Proc-
essing division of Honeywell Inc.
Eachus disavows any intention of
trving to influence the rcc.

Another departure. Albert J. Kel-
ley, 42, deputy director of the Na-
tional Acronautics and Space Ad-
ministration’s Electronics Research
Center in Cambridge, Mass., will
leave his post to become dean of
the College of Business Adminis-
tration at Boston College, June L.
Kelley says the college sought him
for the post and denies any dis-
satisfaction with conditions at the
research center. In fact, he will
continue as a consultant to Nasa.
Kelley’s move is the fourth in a
series of high-level resignations
at the center. First to leave was
Winston E. Kock, the center’s first
director; he was followed by Wal-
ter Slater, general counsel; and Wil-
liam Ricci, assistant director for
industry aflairs.

Safe landing. The Burroughs
Corp. has been awarded a $22.4
million contract to develop and
build 177 digitizers for the rFaa’s
upcoming automated air traflic

control system [Electronics, March
6, p. 67]. The devices will convert
radar signals into digital data to
be relayed via telephone lines to
computers at Faa control centers
where they will be reprocessed and
displaved on master radar screens.
Burroughs joins the Raytheon Co.
and the International Business Ma-
chines Corp. to complete the man-
ufacturing lineup for the National
Aerospace System,

Taking up position. The Com-
munications Satellite Corp.’s third
Intelsat II, launched March 22,
achieved its stationary orbit over
the Atlantic March 25. The 192-
pound satellite—nicknamed Ca-
nary Bird—will initially provide at
least 240 voice channels between
the U.S. and Europe.

Ku-band CATV. Theta Com, a
joint venture of the Hughes Air-
craft Co., and the TelePrompter
Corp., has applied for commercial
licensing of an amplitude-modu-
lated, 18-gigahertz, “color-quality”
community television relay system.
Unlike cable tv systems, Theta
Com plans a point-to-point relay
approach. In year-long tests just
completed, laborvatory-type equip-
ment was used to boost a broad-
cast band of 56 to 216 magahertz
to Ku band, while receivers at the
other end of the links fed down
converters that dropped the fre-
quency to that of normal vhf tv and
f-m radio channels. According to
Hubert G. Schlafly, TelePrompter
senior vice president, tests over a
six-mile  path  during normal
weather conditions showed that 12
conventional tv channels could be
received without noticeable cross
modulation or increase in picture
noise.

Satellite fixes. A portable ground-
receiver system that translates sat-
ellite signals into survey fixes has
been developed for the Navy at
Johns Hopkins University’s Ap-
plied Research Laboratory. Under
the system, two 50-pound, man-
pack receivers pick up. at different
points, the doppler shift from the
Navy’s navigation satellite, and a
general-purpose  digital computer
uses the readings to determine the
location of the two receivers. The
Navy has delivered two prototype
models to the Army for evaluation.
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85 MHz J-K FLIP-FLOP

v ...you’re in
s~ fast company

8 ns FULL ADDER

The impressive speed credentials of Motorola’s
new MECL II* integrated circuit logic are well
represented by the ultra-fast 85 MHz (typ) J-K
Flip-Flop and the complex 12-gate-array Full Adder
(and Subtractor, too) with 8 nanosecond typical
propagation delay.

These circuits command the attention of any
designer who needs speed in his design. And, you
can count on the entire line of multifunction MECL

Min. | Max. | Unit

J-K FLIP-FLOP (MC1013P*, MC1213F")

Toggle Frequency (50% duty cycle) 70 — | MHz

AC Fan-out - 15 | = | =

FULL ADDER (MC1019P, MC1219F)

FULL SUBTRACTOR (MC1021P, MC1221F)

Propagation Delay (Carry-in to sum) - 8 | ns
| AC Fan-out 15 | = | =

1P suffix for plastic package (0 to +75°C temp. range)
“F" suffix for flat package (—55°C to +125°C temp. range)

~whene the pricellss ingnediont & cane!
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with MECL II
Integrated Circuits!

IT circuits to deliver state-of-the-art performance
for fastest overall system operation.

And, if you're already designing with MECL I*
circuits, you’ll find these new MECL II types fit
right in your present designs — with identical logic
levels and power supply requirements. (They are
compatible with the 1.0 ns MECL III* gates we’re
presently developing, too.)

If your design doesn’t require highest speed, ask
your Motorola representative about our other digital
integrated logic families . . . MTTL*, MDTL*,
MRTL*, MVTL*, MHTL* (high threshold),
mWRTL* We make them all.

See your nearest Motorola distributor for
evaluation quantities of new MECL II circuits for
prototyping. For complete details, write Motorola

Semiconductor Products Inc., Box 955, Phoenix,
Arizona 85001.

*Trademark of Motorola, Inc,

MOTOROLA

Semiconductors
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Now that you're going to buy
a dc voltmeter, get hp's

extra measure of

Performance

When you buy a dc voltmeter, you look
for the least costly instrument that will
give the accuracy you need for your
measurements.

Only Hewlett-Packard can offer a
complete line of dc voltmeters—analog,
digital, and differential —each designed
to give you the exact performance you
need . ..the maximum performance per
dollar invested!

ANALOG hp Model 419A: - High sen-
sitivity null meter and wide range dc¢
voltmeter in one compact package.

ANALOG/DIGITAL hp Model 414A: -
Touch-and-read speed of digital auto-
ranging eliminates range switching
bother. Linear volt/ohms scale gives
high resolution.

DIGITAL hp Model 3430A: — Provides
accurate digitized measurements with
error-free readability — at a low price!

DIFFERENTIAL hp Model 3420A or
3420B: - For precision measurements:
=£0.002% accuracy, 0.2 ppmresolution,
1 ppm stability.

Whatever your requirements, what-
ever your applications - only Hewlett-
Packard can offer you a complete line
of voltmeters/
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hp Model 4194
for High Sensitivity

Performance

The hp Model 419ADC Null/Voltmeter
is your best choice for high sensitiv-
ity volts/current measurements such
as thermocouple voltages and other
low level transducer sources, nerve
potentials in biological studies, gal-
vanic responses in chemically-gener-
ated emf’s, education—or use it as a
null voltmeter in dc standards and
calibration work. This low cost instru-
ment is ideal for schools, mainte-
nance departments and accurate
enough for design benches. The 3 uV
range gives 0.1 uV resolution for ex-
tremely low level measurements.

And, you need not be concerned
with source impedance! The variable
internal nulling supply allows you to
derive an essentially infinite input
impedance on the 3 uV through 300
mV ranges. You simply buck out the
input voltage, then measure the in-
ternal supply by pushing a button!

To eliminate common mode volt-
ages—such as those found where
transducers and long lead lengthsare
being measured—unplug the instru-
ment from the ac source, and operate
on the internal rechargeable bat-
teries.

For leakage current measurements
such as in semi-conductors, the 419A
has 30 pa to 30 na full scale ranges.

The hp neon oscillator/photocon-

PACKARD

An extra measure of performance

ductor chopper amplifier combined
with high-feedback has <0.3 4V noise
and <0.5 uV drift per day. You get
readings that are dependable—and
repeatable!

For high sensitivity performance,
get the hp Model 419A DC Null/Volt-
meter! Check the dc sensitivities in
the table.

hp Model 4144
for Touch|Read Autoranging

Performance

It takes less than 300 msecs for hp
Model 414A to selectand indicate the
correct range and polarity! You're
free of the tedious job of constantly
changing ranges and of the worry of
overloading the instrument. You can,
whenever you need, over-ride the
automatic ranging and manually se-
lect your range. When you specify the
hp 414A, you get the ‘‘touch and
read'” convenience of autoranging!

You'll find this instrument is the
mostaccurate analog voltmeter avail-
able! Measuring accuracy for dc volt-
age is =0.5% of reading, =0.5% of
full scale. For resistance, accuracy is
=19% of reading, =0.5% of full scale.

The 100 MQ input resistance (on
50 mV range and above) allows more
accurate measurement with less de-
pendence upon source impedance.
For example, a 100 kQ source intro-
duces only a 0.1% measurement
error.

For Vdc and ohms measurements
where speed, accuracy and ‘‘hands-
free'’ operation are needed, pick the
solid-state hp Model 414A Autovolt-
meter. Comparative specifications
are given in the table.
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hp Model 34304
for Easily Readable

Performance

Easy to read! Easy to operate—even
by inexperienced personnel! Accur-
ate enough for production testing,
laboratory, repair shops, quality con-
trol, incoming inspection—and digital
transducermeasurements!These are
the performance features you get
from hp Model 3430A DC Digital Volt-
meter.

The 3430A features 100 uV resolu-
tion to give you low level dc measure-
ments with digital accuracy (=0.1%
of reading). A flashing overload indi-
cationprevents false readings whenin
overload.Amplifier output is accurate
to within 0,1% and can be used while
making measurements if loadis 10k
or greater. Output will drive dc recor-
ders to give you permanant records.
Both accuracies hold for 90 days—
save you costly calibration time.

Model 3430A has a voltage ratio
option, (01). The readout display is
proportional to the ratio of the input
voltage (front terminals) to the refer-
ence voltage (rear terminals). A rear
panel siide switch permits either nor-
mal or ratio mode operation.

Specify hp Model 3430A DC Digital
Voltmeter when you need a solid-
state, easily-readable instrument for
continuous service under rigorous
operating conditions. See the table
for full specifications.

3420A
414A 419A 34208 3430A
§ mV— 3 uV— TV— ! 100 mV—
Dcv 1500 V 1000 v 1000 v | 1000 V
Accuracy «=5% Rdg.. =0.1uVon3uV =0.002% Rdg., #+0.1% Rdg.,
=5%FS | range, =2% +0.0002% | 41 digit
50— 30 pA— ]
Ohms/Current 1.5 M@ 30 nA - =
Accuracy =1% Rdg.. +3% end scale - —
| =05%Fs _o=1pA - =
e 10100 Me E 100 ko—100Me | 10 Me—10"e 10 Mo
0.000000001:1 — 0.0001:1—
Ratiometer — - 0.999999:1 1000:1
Accuracy —_ —_ 24 ppm = 0.15% reading
= +1 digit
Recorder - =1 Vde =1 Vdc =16 Vdc
= Output i = _1mA | 1mA 41 mA
50-1000 Hz 50-1000 Hz 3420A, 50-1000 Hz 50-1000 Hz
_Power — = A 34ZQB, Battery/Line —
Autoranging Digital
| Type Aﬂalnﬁg _Analn_g. Ditferential 3 {3-digit)
3420A-51175.00 $595.00
Price $650.00 $450.00 34208-$1300.00 Ratio Oot. $80.00

hp Moadel 34204 or 34208
for Precision

Performance

For making highly stable dc measure-
ments and measuring precision volt-
age ratios, select either precision
solid-state hp Model 3420A or 3420B.
Use it for calibrating digital and po-
tentiometric voltmeters; line and load
regulation of dc standards measure-
ments; calibrating precision resist-
ance dividers; making thermistor,
thermocouple or transducer meas-
urements.

The hp Model 3420B differential
voltmeter is line/battery operated so
true floating dc measurements can
be made by disconnecting the line
cord. Readings cannot be affected by
ground loops.

The hp 3420A or 3420B can be
used to measure resistance and volt-
age ratios rapidly without using the
conventional method of tedious math-

ematical computations and without
an outside precision voltage source.
Voltage and resistance ratios from
0.000000001:1 t00.999999:1 can be
measured in four ranges.

You won’t need a highty skilled
technician from a standards labora-
tory to make parts per million meas-
urements when you specify the hp
3420A or 3420B! Engineers and line
technicians can press the front panel
pushbutton, adjust the high resolu-
tion decades and read the results!

For a resolution of 0.2 ppm and an
accuracy of 0.002% of reading, get
the hp 3420A or 3420B. See the table
for specifications.

For data sheets giving full specifica-
tions on these dc voltmeters with the
hp extra measure of performance,
contact your nearest hp field engi-
neer. Or, write to Hewlett-Packard,
Palo Alto, California 94304, Tel. (415)
326-7000; Europe: 54 Route des
Acacias, Geneva.

C57/6
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We're honored! Not that we've won our
crusade yet...just another battle ribbon,
Awhilebackwescored amilitary victorywith
our Model 880, the first solid state Mil Spec
counter, This time it's a fully-militarized
5MHz all-silicon solid state universal counter.

= timer. Call it USN /AN-245, sir.
: There's a good reason you should be in-
terested. You see, the military model had its
basic reliability well proved by our original
commercial version, Model 607A. Now
there'sthe oneforyou! lloffers more features
and capabilities than even the Admirals
asked for. And it's available on-the-double,

Now hear this: Our lowest-bidder-type
price is only $1,575. (Check that saving
against our competitor!) Then check these
features: Model 607A is ideal for wide-range
frequency measurements, frequency ratio
determination, period and multiple period
or time interval measurements, and pulse
count totalizing. Time base is a 1 MHz
crystal oscillator (for 1 microsec resolution),
Display is six decade inline with display stor-
age. BCD output transfers directly to CMC
Model 410 tape printer, computer systems,
etc. Automatically positioned illuminated
decimal. Either ac or dc coupling of input
signal. Front and rear A and B channel in-
puts. Rugged, compact (approx. 3%” high).
Available for bench or rack,

THANKS

With all our pride and excitement over our
USN/AN-245award,and olher new products,
we haven't forgotten our fellow Crusaders
who've made this success possible...YOU.
A FREE Crusading Engineers medal is our
fun-loving way of saying thanks. Get yours
by writing for data so you can “‘Check the
Specs" of our 607A. Your '‘chief" will be so
proud of you at mail call!

At AN

kI

12981 Bradley/San Fernando, California
Phone (213) 367.2161 / TWX 910-496-1487

Computer Measurements Company is a Leading Designer and Manufacturer of Electronic Instrumentation to Count, Measure, and Control.
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This type of single
conductor Beldfoil
Shielded Cable is
used in Motorola
TV set production.
It is stripped clean
onan Artos stripper

and, as one engi-
neer commented,
“our leads never
need a haircut.”

BELDFOIL* SHIELDED CABLE sn l“[“
STRIPPING PROBLEMS FOR MOTOROLA

Beldfaﬂ shielding eliminates the stripping prob-
lems usually associated with shielded cable. With
Beldfoil cables, the jacket and the shield can be
stripped on an Artos Stripping Machine without
disturbing the grounding wire. The stripped wire
is clean, and needs no further trimming. Produc-
tion speeds can be increased, labor time and
costs reduced, and the possibility of downtime

through lack of materials eliminated. m Beldfoil
/? is also a 100% shield. It provides complete
. p protection and isolation against spurious
/ signal impulses in highly sensitive circuits. And,
J because Beldfoil shielded cables are up to 66%%
7~ smaller in diameter, they have wide application in minia-
turization, and where extra conduit space, extra raceway
space, extra console space, or extra rack space is required.

"

aY

\/ FOR COMPLETE INFORMATION ON

2% Belden BELDEN BELDFOIL CABLES,
/ U.S. Patent 3,032,604 CONTACT YOUR BELDEN DISTRIBUTOR.
/ 8.10-6

\
N\
AR\ 4
XQUFACTUR|NG COMPANY « P.O. Box 5070-A . Chicago, lllinois 60680
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IBM SYSTEM/360...
*-a high-performance,
“high-reliability

-l
computer...uses flat flexnble cable
interconnections of TEFLON FEP FILM

1 S A

/f”’fff ‘

7 /
"Wf/' ""'/////
: ‘/ / ,
H

"The IBM SYSTEM /360 is a versatile, flexible data-processing
systcm able to handle a broad range of applications. It of-
fers a wide choice of central processors, files, printers, ter-
minals, and input and output units. In developing this sys-
tem, 1BM designers put special emphasis on ease and reli-
ability of interconnections. They chose the flat flexible cable
concept, with up to 60 conductors per cable, in preference
to conventional cables that take more space.

And to insure the reliable performance of the flat flexible
cable, they chose insulation of non-flammable Du Pont
TEFLON* FEP fluorocarbon film —an easy-to-work-with,
transparent dielectric film with all the electrical properties,

60 Circle 60 on reader service card

environmental resistance and unsurpassed reliability of
Du Pont TEFLON resins.

If you or your designers are considering flat flexible cable
for your products, be sure to evaluate TEFLON FEP FILM for
the insulation: the surest way to realize the full advantages
of reliability, convenience and performance in this type of
wiring. For complete information, write: Du Pont Com-

. pany, Room 236, Wilmington, Delaware 19898.

*Du Pont’s registered trademark.

TEFLON® FEP FILM -

A new dimension in TEFLON ™2

.o through cum.‘m,
Electronics | April 3, 1967



Every military 1C must operate at temperatures

from-55 Cto125C i

In order to pass its final test, each Svlvania IC must
operate in four consecutive temperature-controlled
chambers while a computer records the parameters
of each circuit. We call this ultimate testing equip-
ment ‘‘Mr. Atomie’’—a system with a capacity of
about a quarter-million ICs a week.

In each ‘‘torture chamber,’’ the ICs are automati-
cally inserted in a wheel that rotates them to the test-
ing point while they 're stabilized at test temperature.

The temperature of the first chamber is 75° C. The
second is 0° C. The next is 125° (. Then, —55° C.
In these four chambers, up to 100 D.C. tests are auto-
matically performed. A fifth testing station, main-
tained at 25° C, tests up to 30 switching parameters

in our test chambers.

accurately down to a few
nanoseconds. (See inset).
Each input is individu-
ally tested.
Then Mr. Atomie (for
Multiple Rapid Auto- §
matic Test of Monolithic
Integrated Circuits) di-
rects the cireuits to any of 20 bms, according to
the computer’s priority programs. You get only cir-
cuits that are fully guaranteed at temperature
extremes—not at just room temperature only.
Sylvania Semiconductor Division, Electronie
Components Group, Woburn, Massachusetts 01801.

SYIVANL

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GrI&E
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For people who wish to save
dollars and data

CEC’s DR-3000 Digital Magnetic Tape
System is a minor phenomenon in an age
of high cost instrumentation.

Not only does the DR-3000 cost less than
any other digital tape handler, but it offers
a combination of versatility and reliability
unmatched by the majority of today’s most
expensive systems.

Compare these advantages:

[®] Highest performance specifications at
lowest cost of any tape transport available.
[®] The DR-3000 is fully IBM compatible
with assured machine-to-machine compati-
bility at all speeds and all densities, 7 or 9
channel.

[¢] The DR-3000 is the only low cost trans-
port with straight-line loading for rapid,
easy tape loading.

[¢] CEC’s unique, all-metal-front-surface
heads guarantee 2500 hours head life—the
highest in the industry.

[¢] Fully computer compatible command
structure and selectable logic levels provide
wide flexibility of interfacing.

[®] Dual capstans with positive drive pre-
cludes tape slippage and assures gentle tape
handling.
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[] Simplified parts provisioning and service
with complete interchangeability of parts,
regardless of speed requirements.

[®] There is one basic model with tape speeds
from 37% to 11214 ips—and a choice of
cabinet configurations: horizontal for com-
puter applications; vertical for data acquisi-
tion systems. And, due to its rugged compact
construction, the DR-3000 is also ideally
suited for mobile assignments.

[®] Each system is supported by prompt local
service and assistance available through
CEC’s nationwide resident field force.

Is it any wonder that the DR-3000 is consid-
ered the “best buy” in digital tape recording?
For complete information, call your nearest
CEC Field Office. Or write Consolidated
Elcctrodynamics, Pasadena, California
91109. A subsidiary of Bell & Howell.
Bulletin 3000-X14.

CEC

DATATAPE PRODUCTS
] BELL-HOWELL
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At .0008" dia., Craftsmanship is paramount

LEAD-BONDING CAPILLARY TUBES OF TUNGSTEN CAR-
BIDE, with bore sizes as small as .0008”, are made possible
by Tempress' unique ability to machine and polish ultra-
hard materials in microdimensions. This has brought a new
efficiency to semiconductor manufacturing. Bonding tips

bonding of leads to semiconductors has brought important
savings in time, tools, and materials to the nation's leading
semiconductor manufacturers. Equally fine craftsmanship
is applied to the Tempress line of diamond scribers, lead-
bonding wedges, diamond lapping points, and other minia-

are held in shank by a magnetic system, permitting
instant replacement, even while heated. Heated shank
maintains constant tube temperature from 0° to
350°C. This unique system for thermal compression

ture semiconductor manufacturing tools.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, California
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SPEARY

DIVISION OF
SPERRY RAND
CORPORATION

SPERRY RAND CORPORATION has brought its
extensive technical resources to bear on the
problem of side-looking radar for the RF-111A,

Under contract to Westinghouse Aerospace
Group, Baltimore, Maryland, Sperry is providing
a complete microwave source, consisting of a
klystron oscillator, a stalo cavity and a carefully
matched power supply. All these are housed in a
single 2%2” x 3” x 11” package weighing only
six pounds. The unit serves as the radar's local
oscillator.

Why Sperry? Because the low-noise, high-
environment specifications for RF-111A gener-
ated several difficult interfacing problems among
tube, stalo, and power supply. Westinghouse
engineers elected to buy the entire source as a
unit, allowing Sperry to solve the interface prob-
lems with techniques available from the "'Store-
house of Knowledge.” It was a decision which
produced an optimum source package, while
freeing Westinghouse people to handle the larg-
er, more complex aspects of system integration.

Are there tube/power supply interfaces that
annoy and distract you? Why not let Sperry
handle them? Contact your Cain & Co. man,
or write

SPERRY ELECTRONIC TUBE DIVISION,
Sperry Rand Corp., Gainesville, Florida 32601.

l
ynamics/USAF RF-111A

y
' G!al D

Why RF-111A taps
Sperry’s Storehouse of Knowledge.
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Speedy data link
slated for MOL

House panel waits
in wings to probe
IBM market share

Package approach
to ship buying would
survive FDL defeat

Data warranty
causes howls

Electronlcs | April 3, 1967

Washington Newsletter

April 3, 1967

The Air Force’s Manned Orbiting Laboratory will have a 20-million-bits-
per-second data link to communicate with ground stations when it goes
into orbit sometime in 1969. The advanced space-ground link subsystem
will use wide bandwidth and high-speed pulse-code modulation to
achieve this rate and will integrate at least three communications links—
telemetry, tracking, and command—into one S-band channel. Crypto-
graphic encoding is also planned to keep transmissions secure.

Industry bids are being sought on nine tape recorders to store data
transmitted from the MOL; the rotary-head machines will be located
at remote tracking stations. The Air Force Space Systems division will
award the contract to build the initial data link sometime this spring
[Electronics, Feb. 20, p. 54]. Designed to support military satellites, the
subsystem will handle 1 million bits per second of pcm data.

A powerful House panel will hold investigative hearings on the computer
market if the Justice Department’s current probe of the IBM Corp.s
sales methods and its dominance of the market [Electronics, Jan. 23,
p- 25] doesn’t produce a monopoly suit against the company. The House
Judiciary Committee’s antitrust subcommittee, headed by Rep. Emanuel
Celler (D., N.Y.), is asking computer manufacturers, including IBM, to
supply market information; though the panel declines to comment on
the scope of its study, its letters to the industry indicate that it will
cover market conditions back to 1962.

Don't write off the Pentagon’s plan to buy ships on a “total package”
basis, even though the Fast Deployment Logistic Ship program—which
was to initiate this practice—probably will be rejected by Congress.

The Navy had expected to win its battle for the billion-dollar FDL
fleet [Electronics, Dec. 12, 1966, p. 73], but opposition from merchant-
ship operators, who feared competition from the projected floating ware-
houses—and from conventional shipyards that were shut out of the final
bidding—has been severe, and the Senate has turned down the plan.
The Pentagon is making a major effort to win House approval, but
chances appear dim.

Congressional opposition is concentrated on FDL itself, not on total
package buying which the Pentagon is pushing in order to spur shipyard
modernization. Although it rejected FDL, the Senate approved initial
funding of a new type of helicopter-carrying assault ship on a total
package basis, an approach that combines the design, development,
production and maintenance of a ship in one contract.

Industry is loudly protesting a Defense Department proposal that would
require contractors to give the Government warranties on technical data.
Extending the warranty concept is part of the Pentagon’s insistence that
contractors assume responsibility for the performance of their equipment,
be liable for defects, and make corrections.

Voicing its opposition, the Council of Defense and Space Industries
(Codsia) claims that extending warranties to engineering drawings,
specifications, standards, and test results is unrealistic. But if the Pen-

€5



Congress puts heat
on conversion...

... and Pentagon
is sweating it out

Army must wait
for AAFSS radar

Addenda

66

Washington Newsletter

tagon insists on them, Codsia—which includes major electronics industry
associations—wants the technical data warranty carefully considered and
handled as a separate regulation.

The Pentagon’s controversial conversion program—switching from con-
tractors to Civil Service for the operation and maintenance of military
systems—will get a thorough going over by Congress. At issue: should the
Government compete with private enterprise?

A Senate operations subcommittee is about to investigate last year’s
cancellation of a support services contract held by the RCA Service Co,,
covering Government-owned communications, frequency management,
and data-transmission systems at White Sands, N.M., missile range. More
than 600 similar contracts—many held by electronics firms—have been
canceled by the Defense Department since 1965. Some, but not all, of the
10,000 employes affected have been added to the Civil Service.

With the Senate about to take a critical look at the conversion program,
the Pentagon finds itself caught in a squeeze. The House Post Office and
Civil Service Committee is weighing the possibility of conducting its
own hearings to see if the conversion policy is moving fast enough.

Armed with an opinion from the Civil Service Commission, the House
Committee claimed two years ago that the Pentagon in many cases
violated Government employment regulations by hiring contractors who
furnished specialists. The Pentagon’s decision to shift most of the $8
billion support services contracts to Civil Service jurisdiction stemmed
from the heavy pressure from the committee and the Government’s
General Accounting Office.

Early production models of the Army’s Advanced Aerial Fire Support
System (AAFSS) won’t carry the terrain-following or station-keeping
radar being developed for the Navy’s Integrated IHelicopter Avionics
System (IHAS). Until last month, the Army was hoping that the entire
IHAS would be ready for inclusion in the first AAFSS helicopters when
the craft go into production in 1970. It now appears that only the central
computer can be included.

The Army’s decision on whether to buy AAFSS production models is
being held up by a squabble with the Air Force over project control.
The Army claims the program because the aircraft uses rotors; the Air
Force cites the craft’s small fixed wings. Most observers agree that the
Army will not buy production models if the Air Force gains control.
Lockheed-California is currently building 10 prototypes.

The second in the Advanced Technology Satellite series—designated the
ATS-A—will be launched April 4 and be put into a 6,900-mile-high orbit.
Its gravity-gradient stabilization system [Electronics, Nov. 28, 1966,
p. 121] is expected to provide a pointing accuracy of 2.7° in pitch, 1.4°
in roll, and 4.6° in yaw. Such stabilization may permit the use of con-
ventional parabolic antennas on future spacecraft. . . . Congress ignored
approval by its armed services committees and erased $81 million ear-
marked for the Marine Corps’ EA-6A aircraft from the special Vietnam
appropriation bill [Electronics, March 20, p. 60]. It is now expected that
the funds will be added to the regular fiscal 1968 budget.
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If FREON'is the
“high-priced”cleaning agent

...NOW come it saves IBM

:

In their new East Fishkill plant near
Poughkeepsie,N.Y.,whereIBMmakes
microminiature circuits for their new-
est lines of computers, System/360,
engineers made this discovery:

They could save big money by
spending more for the cleaning agent
used to decontaminate stainless-
steel beakers.

These steel beakers are used in
the process of manufacturing semi-
conductors...and they must be com-
pletely free of contamination or be
rejected. This care is vital because

Electronics ! April 3, 1967

$19,000 a year?

CEE—————
each beaker holds a wafer that is
later made into a transistor. The
slightest degree of contamination to
the wafer makes it unusable.

The former 3-step method—water
ultrasonic, acetone, hot plate—
required 6 minutes for each step.
Even then, a sizable number of
beakers was rejected. When the East
Fishkill plant switched to FREON*,
cleaning time decreased 30% and re-
jections were cutto5%. Overall labor
was reduced from 27 to 13 hours.
Annual savings totaled $19,000.

One way FREON saves money is
by combining cleaning and drying—
formerly two operations—into one.
Another way is through the re-use of
FREON many times a day. Even at
the end of a workday, FREON is still

free from contamination. The former
cleaning agent was contaminated
after one use.

How much can FREON, the “high-
priced” cleaning agent, save you?
Your first step in finding out is to
write: Du Pont Co., Room 100, Wil-
mington, Del. 19898. (In Europe,
write: Du Pont de Nemours Interna-
tional S.A., FREON Products Div.,
81 route de I'Aire, CH 1211 Geneva
24, Switzerland.)

FREON’

solvents

Better Things for Better Living
... through Chemistry

*Du Pont registered trademark for its fluorocarbon cleaning agent,
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We'll stop at nothing to
elp you select the right
memory system

FERROXCUBE
CORPORATION

...we'll even lend you one (with or without the
applications engineer) for a free trial

We can help if you have no experi-
ence with core memories, but are
designing industrial control sys-
tems that must handle and store
data. To see how they can profit by
the use of a low cost core memory,
give us a call. We'll send an appli-
cations engineer around with the
system best suited to your needs.
He'll help you get it on line for
evaluation.

We can help if you're familiar with
core memories, but don’t see how
a standard off-the-shelf design
could satisfy your requirements.
Send us your block diagram. We'll
study it and send you back a com-
plete blueprint showing you how a
general purpose core memory can
be used as a versatile data-manip-
ulating system capable of many

more logic functions than storage.
(We may even be able to eliminate
some redundant functions re-
guired by less versatile storage
techniques.)

We can help even if you're already
using core storage, but aren’t con-
vinced that a mass produced mem-
ory can provide many of the con-
trol, access and operating mode
functions formerly associated (us-
ually one at a time) with custom
design. Drop us a line. We'll lend
you a small system for a 10-day
free trial. See for yourself what it

can do. If at the end of the trial
period you can't bear to part with
it, we'll work something out.

Our point—to prove that our line of
catalog standards is broad enough
to satisfy most data storage re-
quirements and that we’ll do al-
most anything to help you apply
them to your system. Our FX-12
and FX-14 Series Systems are
available in some 200 types. Sizes
range from 128 words x 8 bits to
4K x 32, with cycle times from 4
to 8 microseconds. Prices start at
$1,190. If you'd like to check de-
tails and specifications before we
talk, write for Bulletins M6612 and
M6614.

Ferroxcube %

Systems Division Englewood, Colorado

OF AMERICA
Systems Division
5455 S. Valentia Way
Englewood, Colorado Boston Chicago Dallas Los Angeles Minneapolis New York Area Phoenix Philadelphia
303-771-2000 617-899-3110 312-261-7880 214-255-0441 213-837-1484 612-888-4681 201-267-5888 £02-265-1792 215-927-6262
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For those who think big—about the BR10, and the complete Babcock line of
’m availability, that is. Babcock’s 1/6-  relays, all with universal con-
;~:" size Model BR10 with unique uni- tacts. Write Babcock Relays,
1, iy versal contacts gives you “nonstop”  Division of Babcock Electronics
load performance dry circuit to 1 amp. in the  Corp., 3501 Harbor Blvd., Costa
same unit. Now, you can order one relay to meet =~ Mesa, Calif.; (714) 540-1234.
all your high-density circuit-board requirements
—at no cost premium. And you’ll find that this - N

subminiature unit has everything... MIL-R- SIZE: PULL-IN POWER:
05" h. x .500” 1. x .230" w. Low as 80 mw.

5757 conformance, unitized construction, solder- - | Bt

sealed or welded versions, standard circuit-board RETEs, 01962 |- TEMSEN0T naiEies
o . o o CONTACT ARRANGEMENT TEMP. RANGE !

grid pattern, and a wide choice of terminal and DPDT —65" C -+ 125° C

mounting styles. Get more information about

Babcock
model BR10
1/6-size relays

dry circuit
to Tamp
universal
contacts

- - _/
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0.1% ACCURACY

use the NEW
MARCONI

UNIVERSAL
BRIDGE

MODEL #1313A

@ Extremely High Accuracy: 0.1%
of Reading

® No Factors: Dial callouts auto-
matically change when function
and range is selected.

@ High Resolution: Discrimination
0.01% of full scale; 10,900
division/range
(Dial Reads 46.66 mH)

® Wide Temperature Range
Without Corrections

® Built-In Oscillator: 1kHz and
10kHz, 20Hz — 35kHz with
external oscillator

® Capacitor Bias: Up to 350VDC can \
be applied to polarize \
electrolytics

MEASURES
Inductance: ..0.1 #H to 11H @ 1 and 10kHz
Capacitance: ...v.veeensns 0.1pF to 110 4F Accuracy high, interpolation precise, familiarization time minimal
RESISTANCE: +vvvnrnnes vene.. 20032 to 110MQ . « . the model 1313A, latest in Bridges, is designed for use by
Q RANZE: vveeernrennens U 0 to 310 engineers and production personnel alike. Ask your Marconi
D Range: «...ue.aus D000OGS nanaaG .0005 to 30 representative to show you.

111 Cedar Lane « Englewood, N. J. INSTRUM ENTS Telephone: 201-567-0607

Division of English Llectric Corporation

70 Circle 70 on reader service card Electronics | April 3, 1967



A TECHNICAL DIGEST FOR INNOVATORS OF CONSUMER EQUIPMENT

New economy breakthrough
for UHF TV oscillators

Qut front . ..
meeting more
of your tube requirements

Automatic de-gaussing
for color TV sets

Rechargeable
nickel cadmium batteries
last so much longer

New 2-transistor
Darlington amplifier
costs as low as 35¢*

~ )

COMPONENT
CAPSULES

Just specify GE D16G6
silicon planar transistors
—priced now at less
than 25¢ in volume quan-
tities. The D16G6 comes
in GE's familiar T098
economy package and
features an injection
current of 0.5 ma at 940
mHz and low output
capacitance of typically
12 pf. Circle Number 90
for more details. I

Test circuit—940 mHz oscillator

Look to the leader. General Electric is your
number one supplier and number one innovator
of tubes for entertainment-type products such as
radio and TV. GE developed more than twice as
many new tube types in 1966 as any other manu-
facturer. GE now offers over 125 different com-
pactrons you can apply to reduce assembly time
and related costs. Circle Number 91 for more
information on GE compactrons and other tube

. . Typical
Innovations. GE compactron

Used in conjunction with a thermistor, GE disk-type Thyrite
varistors will develop, automatically, an ideal de-gaussing wave-
A form in your color television receivers. Many have hailed this
as one of the most important circuit developments in the TV
industry, since it can eliminate so many costly service calls.
Contact General Electric for these and all other varistor and

Using thermistor requirements. Circle Number 92 on the Reader's
GE Thyrite® Service Card.
varistors

wa
Available types—suitable for many commercial applications—include -
sealed, pressure relieved, and vented cells nominally rated from 0.5
amp-hours to 160 amp-hours at the one hour rate. Shock-resistant GE
nickel cadmium batteries operate over a wide temperature range and
have a high discharge rate capability with constant voitage output.

Custom designs are also available. Circte Number 93 for more facts. é hungfe"d'sa::
times longer

Use GE’s new D16P NPN device (in monolithic structure) to
simplify your audio amplifier circuits in pre-amps for phono-
ﬁ;{’:" graphs and tape recorders. One D16P actually costs less than
its discrete counterpart in these applications—two 2N3394’s.
D16P’s provide single stage input impedance over 2 megohms
with a 6-to-1 voltage gain at negligible distortion (less than

0.1%). For more information, Circle Number 94.
“In lots of 1,000 and up

Actual size

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

GENERAL @3 ELECTRIC



EMCOR® 1— for people with custom ideas

EMCOR 11 is custom cabinetry at
popular prices . . . as close to perfec-
tion as electronic enclosures can be.
With EMCOR I, you can customize
each and every piece with the use
of personalized nameplates, hard-
ware, and other components. You
make your own designs. and give
them a personal touch.

The custom look of EMCOR 11 will
compliment the quality of your in-
strumentation in every way. Fine

EMCOR/distinguished cabinetry

materials and exacting craftsmanship
are applied to each component, pro-
viding tolerances that are precise, not
flexible. On the outside—no blisters,
paint runs, or rough surfaces. And,
the color of your choice is carefully
baked on.

When you need a cabinet, or a com-
plete system, call your local EMCOR
Sales and Service Engineer. Or write
for our new EMCOR i catalog.

Albany: 436-9649; Albuquerque: 265-7766; Alex-
andria: 836-1800; Atlanta: 939-1674, Baltimore:
727-1999; Binghamton: 723-9661; Bridgeport:
368-1582; Buffalo: 632-2727; Chicago: 676-1100;
Cleveland: 442-8080; Dallas: 631-7450; Dayton:
298-7573; Del Mar: 454-2191; Denver: 934-5505;
Detroit: 357-3700; Fort Lauderdale: 564-8000;
ft. Lee (No. N.J.): 944-1600; Ft. Walton Beach:
243-6424; Houston: 526-2959; Huntsville: 539-6884:
Indianapolis: 356-4249; KansasCity: 444-9494; Los
Angeles: 938-2073; Minneapolis: 545-481;
Newport News: 245-8272; N.Y.C. area: 695-0082;
Orlando: 425-5505; Palo Alto: 968-8304; Philadel-
phia: 242-0150; Pittsburgh: 884-5515; Phoenis;
273-1673; St. Louis: 647-4350; Seattle: 722-7800;
Syracuse: 471-7274; Tulsa: 742-4657; Utica:
732-3775; Valley Forge (So. N. ].): 265-5800;
Wilmington, Mass.: 944-3930; Winston-Salem:
725-5384. EMCOR Reg. U.S. Pat. Off. 0o

lngersoll Products 1002 west 120th st. Chicago, lliinois 60643  DIVISION OF BORGWARNER CORPORATION
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TEST BOARD BEFORE. ..

AND AFTER SOLUTEC PROCESSING

New Solutec system cleans IC’s, PCB’s and
components, faster and more economically
than ultrasonics or vapor degreasing

Are you looking for a cleaning system that will improve
productivity, cut investment and get uniform results time
after time? Get all the facts about Solutec’s “Hydrogen
Scrubbing” process. It's simple, requiring only one clean-
ing solution and generating no fumes, films or toxicity
problems,

If cleaning takes you more than three minutes — whether
you use ultrasonics, vapor degreasing or manual methods
— you need to learn more about the Solutec system! In
the presence of *“Hydrochemex’, Solutec’s proprietary
activated detergent, contaminants are removed by the
generation of hydrogen bubbles on or near the surfaces
being cleaned. The process is rapid and safe, leaving

THE SOLUTEC Model 900 is a bench-type hy-
drogen scrubber. The device is also available
in larger capacities for production line use.

Electronics April 3, 1967

SOLUTEC

the surfaces chemically clean! It will remove silicon lubri-
cants, oils, greases, flux, dirt and acid fingerprints from
IC's, PCB's PCB assemblies, connectors (both before
and after soldering), components and other plastic or
metal surfaces.

Solutec also offers a complete line of chemicals for proc-
essing PCB's, removing surface oxides, chemically debur-
ring aluminum, improving plating and soldering adhesion,
cleaning silk screens, etc. Among the chemicals available
are deoxidizers, strippers, sensitizers, polishes, and elec-
troless copper solutions,

To start improving the reliability of your product, send
this coupon for more information.

Fo——————————

SOLUTEC CORPORATION
5903 Seminole Boulevard
| Largo, Florida 33540 ® Phone 813/392-4268 I
[ Please send me more information about the Solutec PCB
cleaning system
D Piease have your representative call me to arrange a dem-
onstration

COMPANY.

| !
I I
| NAME TITLE I
| I
| [

ADDRESS.

I CITY. STATE ZIP.
CENAS SN ShamN MEDGT WAEED SMEDL MEDGT SEIE S S S
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DURANT’'S NEWEST!

49600 UNISYSTEM®

New, single-level predetermining count/control system
developed to meet the need for a small, inexpensive
digital counter or timer. It provides direct digital read-
ing, eliminating dial interpolation. Ideal for installation
on control panels for machine tools, textile machinery,
wire, machinery, metering and scaling equipment. This
exceptionally compact unit is available as a standard unit
equipped with 2, 3 or 4 Unipulser decades. Design per-
mits it to be used equally well as a desk or panel mount
without change. Important advantages include ease of
presetting and resetting (panel or remote) . . . set-up and
wiring simplicity . . . pre-determined visual setting is
always retained. Count life and reset life proven for over
100 million counts. Count spced up to 30 cps. 115V —
230V, 50-60 cycles.

For maore information circle No. 491 on Reader Service Card

6 YE SERIES ELECTRIC COUNTERS

These new 6 figure electric units have been developed for
instrument or control systems, office machinery, data
processing equipment where long life and high count
spceds are required. Reset is optional, manual push-
button or electric, with entire mechanism housed within
the case. The 6 YE Scries is available for base or pancl
mounting, providing permanent tamper-proof installation
without cxtraneous hardware.

High accuracy and reliability are assured by an exclu-
sive Durant drive feature: the power impulse cocks,
power release counts, resulting in a uniform indexing
force and smooth counting action.

Count speed is 2400 cpm DC — 1800 cpm AC (recti-
fied). Models available for 115V, 230V AC or DC —
other voltages on request,

For more information circle No. 493 on Reader Service Card

DU

... In a growing fline of coum‘/ control instruments

BCD UNIPULSER®

Durant Unipulsers are now compatible with count/con-
trol equipment using binary coded decimal systems. They
arc especially suited for use in data processing equipment,
medical instrumentation, business machinery and more.

BCD Unipulsers use the 0-1-2-4-8 code and hook up
easily with only 5 wires using standard connectors. Drive
and visual readout is digital. Electrical readout is auto-
matically encoded from digital to binary, eliminating the
need and expense of code converters.

Important advantages include high count speed (40
cps), large rcadable figures, high current carrying capac-
ity, and long life (proven for over 100 million counts).
The BCD Unipulsers are the latest addition to the grow-
ing line of Durant decade modules, permitting you to
count or control practically anything; hours, minutes,
units, ounces, pounds, etc.

They are available in thrce models — 400 BCD non-
polarized, 401 BCD with a common negative, 402 BCD
with a common positive.

For maore information circle No. 492 on Reader Service Card

DIGITAL CLOCK — ELECTRICAL READOUT

Hours, minutes, seconds or decimal combinations of any
time period can be readout visually and electrically by
this highly dependable unit. It can be used in data re-
duction systems . . . for controlling batching where timed
mixing is important . . . to aid in computing piece rate
in all production processes . . . for use in all types of
data or material handling where a time base is required.

Threc, four, five and six digit models are available as
shown or without eabinct for 9%4" panel or 19” relay
rack mounting. 115V or 230V AC. 50 or 60 cycle.
Prices start at $280.00.

For more information circle No. 494 on Reader Service Curd

MILWAUKEE, WISCONSIN
In Europe: Durant (Europa) N.V. Barneveld, Netherlands
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Transistorized Microwave RI|/FI Meter

Specification Highlights
Model TR-3

0.95-21.0 GHz

Portable, compact, ruggedized, versatile, AM/FM/CW/
MCW/PULSE

¢ AFC, AGC circuits

* Digital frequency dial

« Unidial® Tuning

* Output calibrated directly in db.

¢ Preselection on all tuning units

6 Plug-in Tuning Units Cover 0.95-21.0 GHz

Min. Sensitivity Ranges from —90 to —77 dbm (1 MHz
BW)

Impuise bandwidth: 1 MHz, 5 MHz, wideband

Linearity: =1 db over 70 db range

Meter Scales: uv, db above 1 uv/MHz, db above 1 uv/$
MHz, 0-70 db relative, 0-10 linear relative

Outputs: audio, AM/FM video, recorder
Image Rejection: 60 db minimum
12V OC or 1159V/ 230V AC tine operation

Specification Highlights
Model CFI-3

1.0-21.0 GHz

Full category A Air Force Approval per MIL-I-ZSSOO, MiIL-
1-6181 and MIL-STD826 to 10 GHz

Portable, compact, ruggedized. Combines an impulse cali-
brator, field-intensity meter, and calibrated antenna
system.

Provides accurate measurements of frequency and abso-
lute power level of conducted or radiated microwave
energy.

UNIDIAL® tuning; direct-reading digital dial; =1% fre-
quency accuracy; output level direct-reading in db...no
calculations or correction charts!

Calibrated AM, FM, CW, MCW, and Pulse Receiver, cali-
brated impulse Gen.; cafibrated antenna system.

6 Plug-in Tuning Units Cover 1.0-21.0 GHz
Min. Sens. —90 to —77 dbm (1 MHz BW)

KS and KU band units have seif-contained impulse cali-
brators

Maximum RF input: 3v

Image Rejection: 60 db

Impulse bandwidth: 1 MHz, 5 MHz, wideband
Signal Attenuation: 0-80 db in 1 db steps
Calibrating Signal: Impuise, 1 MHz to 21 GHz

Meter Scales: uv, db above 1 uv/MHz, db above 1 uv/5
MHz, 0-70 db relative, 0-10 linear refative

Outputs: audio, AM/FM video, recorder
12V DC or 115V/ 230V AC line operation

POLARAD

POLARAD ELECTRONIC
INSTRUMENTS

A Division of Polarad Electronics Corporation
34-02 Queens Boulevard/Long Island City, New York 11101
World Leader in Microwave Instrumentation

Model CFI-3

s
B Y>Y -
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Model TR-3
Transistorized Microwave Receiver

hird Lap
...and still
miles ahead

These Modern Classics are
now in their third generation.

For many years, the CFI and TR were the
only transistorized, truly portable micro-
wave receivers and RI/FI meters. They are
still the best, by far. Why? For many rea-
sons. Consider, for example:

® a decade of field experience...since the
first CFI/TR was introduced in 1956.

dozens of design improvements
three generations of design refinement

unequalled calibration stability and lon-
gevity

Polarad’s unique manufacturing and ap-
plications-engineering experience

Check the specification highlights given
here. Then send for the full data on these
rugged, thoroughly dependable, highly pol-
ished “instrumentation classics”. Better yet,
call PEI Sales at (212) EX 2-4500, and

arrange for a prompt demonstration...from
stock.
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Transistorized Microwave RI/FI Meter

Specification Highlights
Model TR-3

0.95-21.0 GHz

Portable, compact, ruggedized, versatile, AM/FM/CW/
MCW/PULSE

e AFC, AGC circuits

« Digital frequency dial

¢ Unidial® Tuning

« Qutput calibrated directly in db.

* Preselection on alf tuning units

6 Plug-in Tuning Units Cover 0.95-21.0 GHz

Min. Sensitivity Ranges from —90 to —77 dbm (1 MH2
BW)

impulse bandwidth: 1 MHz, 5 MHz, wideband
Linearity: =1 db over 70 db range

Meter Scales: uv, db above 1 uv/MHz, db above 1 uv/5
MHz, 0-70 db relative, 0-10 linear relative

Outputs: audio, AM/FM video, recorder
Image Rejection: 60 db minimum
12V DC or 115V/230V AC line operation

Specification Highlights
Model CFI-3

1.0-21.0 GHz

Full category A Air Force Approval per MIL-I-ZGGOO, Mit.
16181 and MitL-STD826 to 10 GHz

Portable, compact, ruggedized. Combines an impuise cali-
brator, field-intensity meter, and calibrated antenna
system.

Provides accurate measurements of frequency and abso-
lute power level of conducted or radiated microwave
energy.

UNIDIAL® tuning; direct-reading digital dial; %1% fre-
quency accuracy; output level direct-reading in db...no
calcufations or correction charts!

Catibrated AM, FM, CW, MCW, and Pulse Receiver; cali-
brated impulse Gen,; calibrated antenna system.

6 Plug-In Tuning Units Cover 1.0-21.0 GHz
Min. Sens. —90 to —77 dbm (1 MHz BW)

KS and KU band units have self-contained impulse cali-
brators

Maximum RF input: 3v

Image Rejection: 60 db

Impulse bandwidth: 1 MHz, 5 MHz, wideband
Signal Attenuation: 0-80 db in 1 db steps
Calibrating Signal: Impulse, 1 MHz to 21 GHz

Meter Scales: uv, db above 1 uv/MHz, db above 1 uv/5
MHz, 0-70 db relative, 0-10 linear relative

Outputs: audio, AM/FM video, recorder
12V DC or 115V/230V AC line operation

POLARAD

POLARAD ELECTRONIC
INSTRUMENTS

A Division of Polarad Electronics Corporation
34-02 Queens Boulevard/Long island City, New York 11101
World Leader in Microwave Instrumentation

Model CF1-3
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hird Lap
.and still

miles ahead

These Modern Classics are
now in their third generation.

For many years, the CFI and TR were the
only transistorized, truly portable micro-
wave receivers and RI/FI meters. They are
still the best, by far. Why? For many rea-
sons. Consider, for example:

@® a decade of field experience...since the
first CFI/TR was introduced in 1956.

©® dozens of design improvements
@ three generations of design refinement

@ unequalled calibration stability and lon-
gevity

® Polarad’s unique manufacturing and ap-
plications-engineering experience
Check the specification highlights given
here. Then send for the full data on these
rugged, thoroughly dependable, highly pol-
ished “instrumentation classics”. Better yet,
call PEI Sales at (212) EX 2-4500, and

arrange for a prompt demonstration...from
stock.

Model TR-3
Transistorized Microwave Receiver



COULD YOU SLICE THIS ANGLE
INTO 300 EQUAL PARTS?

MCCOY DOES EVERY DAY!

That's the final step in cutting crystal blanks at MCCoy.
Prior to this several cuts are made with diamond
saws...and after each cut, blanks are X-rayed to assure
proper angle.

X-ray inspection equipment is accurate to 1/300 of 1°
of angle. Angle accuracy is vital because it influences
crystal behavior under varying temperatures.

Blanks are then lapped—a few millionths of an inch
at a time—to the desired thickness, accurate within 10

millionths of an inch. Crystals are then coated with
metal films (in high vacuum evaporation platers) only
a few millionths of an inch thick to provide the exact
frequency required.

These are but a few of the precision operations that
assure you of the highest quality available when you
specify MCCoy crystals, oscillators and filters.

For full details on these precision components, write
for our new product catalog.

MceCOY ELECTRONICS COMPANY
A Subsidiary of OAK ELECTRO/NETICS core
Mt. Holly Springs, Pennsylvania 17065
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SOLUTIONS TO INTERCONNECTION PROBLEMS

At National W ater Lift,
when FLEXPRINT® circuitry
goes in, reliability goes up
...and costs go down

With FLEXPRINT circuitry, National Water Lift gets increased reliability p/lus a 20% saving on installed wiring
costs on every STOW weight-and-balance computer produced for the C-130 transport.

Because the FLEXPRINT circuit is made of strong, flexible KAPTON? film, it withstands vibration better than
ordinary wire ... even under extreme conditions. And because it is custom-engineered for the National Water
Lift application, wiring errors and troubleshooting are virtually eliminated. Greater reliability is built right into the
entire circuit system.

Production economies, too, are a built-in feature of the FLEXPRINT circuitry. The STOW computer circuit lies
flat for easy insertion of 21 individual components — then folds neatly into the exact space allowed in the
package. Assembly time, quality control and rework are reduced to a minimum, and the completed assembly
always fits the package.

If you have a similar assembly or packaging problem, call a Sanders FLEXPRINT expert. Our representatives
cover the country. Ask them about FLEXPRINT circuitry, FLEXMAX flexible multilayer circuitry, and INTRAMAX*
muitilayer hardboard. For detailed information, call or write Sanders Associates, Inc., FLEXPRINT Products
Division, Grenier Field, Manchester, New Hampshire 03103. Phone: (603) 627-3811.

SANDERS ASSOCIATES, INC.
FLEXPRINT PRODUCTS DIVISION
“Trademark of Sanders Associates, Inc. tTrademark of DuPont Creating New Directions in Electronics



How capacitor
makers cut costs

by switching
to a modern
dielectric
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Scotchpar Polyester Film saves money, time;
makes better products

Capacitor manufacturers for years used kraft paper tissue for
a dielectric. Now, most use polyester film ... even though
initial costs are slightly higher. “Scotchpar” Polyester Film
actually reduces end costs. It doesn’t require long oven
drying or vacuum impregnation. It is not moisture sensitive
like paper and needs no liquid impregnant. Permits fast, low
cost pressure-sensitive tape wrapping ... eliminates costly
metal or ceramic cases! Expensive glass-to-metal hermetic
seals can also be replaced by low cost resin end fills. Pro-
duction time is cut. And, the capacitor has superior quality
due to the higher dielectric strength, greater temperature
resistance and electrical stability of ““Scotchpar” Film. To
get more facts on the benefits of this modern dielectric,
- write: Film & Allied Products Div., 3M Co., 2501 gm

“Scotchpar’’ capacitor film can be wound at .
high speeds — eliminates paper problems. Hudson Rd., St. Paul, Minn., 55119, Dept. ICL-47

COMPANY

EEEoTEHPART 15 A AL, T.M. OF 2M €Os
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Brand new design and a new concept and production of
proprietary electronic filtering, all in the SCR from the
oldest sole-manufacturer of power supplies, guarantees
quality, highest performance and lowest cost.

SCR SERIES POWER SUPPLIES

Voltage Current  |voitage Regulation
Model No.
Range Range Line or Load

SCR 10-1000 0 to 10 0 to 1000 0.1% or 5MV
SCR 10-500 0 to 10 0 to 500 0.1% or 5MV
SCR 10-250 0to 10 0 to 250 | 0.1% or 5MV
SCR 20-500 0to 20 0 to 500 0.1% or 10MV
SCR 20-250 0 to 20 0 to 250 0.1% or 10MV
SCR 20-125 0 to 20 0 to 125 0.1% or 10MV
SCR 40-250 0 to 40 0 to 250 0.1% or 20MV
SCR 40-125 0 to 40 0 to 125 | 0.1% or 20MV
SCR 40-60 0 to 40 0 to 60 | 0.1% or 20MV
SCR 120-80 0 to 120 0 to 80 | 0.1% or 60MV
SCR 120-40 0 to 120 0 to 40 0.1% or 60MV
SCR 120-20 0 to 120 0 to 20 0.1% or 60MV
SCR 160-60 0 to 160 0 to 60 0.1% or 80OMV
SCR 160-30 0 to 160 0 to 30 0.1% or 80MV
SCR 160-15 0 to 160 0 to 15 0.1% or 80MV
SCR 500-20 0 to 500 0 to 20 0.1% or 250MV
SCR 500-10 0 to 500 0 to 10 0.1% or 250MV
SCR 500-5 0 to 500 0 to 5 0.1% or 250MV

RMS Ripple: 10MV

Transient Resp: to within 2% in 50 M/S

Write for more information.

THE ROWAN CONTROLLER COMPANY

OCEANPORT, N. J. 07757

Electronics | April 3, 1967
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a TCXO that fits almost anywhere

and offers exceptional frequency stability between —55°C and +85°C

Only about 12 of a cubic inch in size, this
TCXO (temperature compensated crystal
oscillator) offers excellent frequency sta-
bility; 5 ppm over a temperature range of
—55°C to +85°C. It's one of four new
miniature TCXO's from Motorola. The
slightly larger models offer stabilities as
low as *=1 ppm. Zener diode regulaied
compensating circuits provide on-
frequency operation the instant they're
turned on. All-silicon solid-state con-
struction provides exceptional reliability.
Take a look at these facts.

MOTOROLA

PRECISION
INSTRUMENT
PRODUCTS

80 Circle 80 on reader service card

SMALL SIZE: Sizes range from 0.58 cubic inch to 3.4 cubic inches.

WIDE TEMPERATURE RANGE: From —55°C to }-85°C.

HIGH FREQUENCY STABILITY: Available as low as =1 ppm.

WIDE FREQUENCY RANGE: From 1 MHz to 30 MHz.

LOW POWER CONSUMPTION: As low as 100 milliwatts.

NO WARM-UP TIME: Adjusts instantly to temperature conditions.

FOR MORE INFORMATION contact your Motorola representative. Or write for
bulletin TIC-3213.

MOTOROLA COMMUNICATIONS AND ELECTRONICS INC.
4900 West Flournoy Street
Chicago, lllinois 60644. A subsidiary of Motorola Inc.
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First come
first served.

You can have all the SDS T Series integrated circuit modules you want now.
We're in full production.

All T Series active elements are integrated circuits and guarantee reliable
operation at clock rates to 10 mc. Each circuit output drives 14 unit loads.
even after generous allowances for wiring capacitance.

Outputs switch 60 ma (4 times more than standard IC’s). Noise rejection is
at least 1.5 volts at the 0 and 4-voit logic levels.

SDS Natural Logic gives you AND and OR as well as NAND and NOR —

LAl

—BNE TRA hege
§

Each card uniquely
keyed for proper instal-
lation.

Test points.

Ground plane laminated
through middle of entire
glass-epoxy board.

Load resistors separate
from IC’s for heat isola-
tion.

4;

Discrete diode-resistor
inputs for gating flexibil-
ity, high noise rejection.

|- Bans

Four pins reserved for
ground lines.

Four integrated-circuit
buffer amplifiers in each
hermetically sealed
TO-5 can.

52 ribbon connectors (26
each side) for easy access
to all circuits.

All components clearly

identified. ‘g

Individual power line —
filters.

Actual size 4Y4 x 434 .

all at the same

Iow integrated-circuit price.

We designed these modules for our new Sigma computers,

but we also intend to become the largest manufacturer of
logic modules for system designers.
We don’t want to give away any of our Sigma secrets.

. Scientific Data Systems,

But we'll sell them pretty cheap. Santa Monica, California
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King Radio needed:

capacitors that stay reliable even
with extreme cold, humidity
and vibration.

So King }{adio chose: capacitors
O ; A

Strict aircraft safety standards require
the most reliable navigation equipment
available, That’s why King Radio Cor-
poration uses capacitors of MYLAR*
for their Distance Measuring Equip-
ment. MYLAR can take temperature
extremes from -60° to +150°C;
MYLAR remains constantly stable un-
der humid conditions.

WOV PONT'S REGISTERED TRADEMARK FOR 115 POLYESTER FILM.

Electronics April 3, 1967
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But reliability
isn’t the only reason King Radio chose
MYLAR. The extremely high dielectric
strength of MYLAR permits its use in
thinner film, thus helping King Radio
to build the lightest and most com-
pact distance measuring unit on the
market. MYLAR is available in films as
thin as 15 gauge.

R.

And another reason why you will
want to investigate using capacitors
of MYLAR: they usually cost no more
than others. Write for complete tech-
nical data to DuPont Company, Room
4960A. Wilmington, Delaware 19898.
(In Canada, for information write
Du Pont of Canada Ltd., Post Office
Box 660, Montreal, Quebec.)

Circle 83 on reader service card 83



Are design engineers choosy?

You bet they are! And the more discerning they are the better we
like it.

That's why CAMBION® RF chokes molded with epoxy resins
offer triple the advantages of competitive chokes. They provide
greater resistance to external contaminants, cooler operating
temperatures and tighter electrical tolerances. They are five times
more water resistant, have 50% more dielectric strength and de-
velop only half the heat of chokes encapsulated with alkyd resins.
Because they run cooler, CAMBION chokes last fonger . . .
achieve greater reliability. And by radiating less heat to neigh-
boring components, these chokes improve the total reliability of
your circuit assemblies.

CAMBION quality is a tangible thing. Special techniques, new
equipment and our quality control program assure precise wind-
ing and careful handling of epoxy resins.

Seals are stronger, too. There is a more uniform bond between
the epoxy, the windings and the terminal leads. Our molded RF
chokes are rugged . . . built to take rough treatment both in pro-
duction and in the field.

What's more, CAMBION advanced techniques in epoxy molding

84 Circle 84 on reader service card

permit winding with larger diameter wire to give you reduced d-c
resistance and high Q.

And you can specify tolerances to 5% or 10%. Standard
CAMBION RF chokes combine consistency and uniformity in a
variety of values, styles and sizes. There's a CAMBION choke
built to meet your particular requirements, ready for immediate
delivery off the shelf. We also produce many popular styles of RF
chokes in conformance with Military Specifications. AIlCAMBION
chokes are guaranteed for quality regardiess of quantity.
Contact your nearest CAMBION distributor. Be choosy — there
are 18 styles of CAMBION RF chokes in over 500 different in-
ductance ratings, stocked and ready for shipment. For complete
technical data, write Cambridge Thermionic Corporation, 402
Concord Avenue, Cambridge, Massachusetts 02138. In Los
Angeles, at 8703 La Tijera Boulevard, 90045.

c CAMBRIDGE THERMIONIC CORPORATION
AMBION

Standardize on CAMBION . .. 21,541 guaranteed electronic components

W®REG. U.S, PAT. OFF,
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First from Westinghouse:
1.5 to 40 amp plastic rectifiers
with more hermeticity than you need.

o
-

Ak
- |

7

WESTINGHOUSE PLASTIC RECTIFIERS
Risgacns CHARACTERISTICS

Resale fwd. Current

Our 1.5 to 3 amp plastic lead-mount < "™  €Fm’®  suwetmss yart M " manufacturing techniques and a proprie-

diodes are becoming the industry stand- . % 1* T “ ™ taryjunction coating combine to produce

ard. And now, onl){ from Westinghousg, ICR - : . - a completely stable device at lower cost.

you can get plastic stud-mount recti- 5% @ 30w, m__sc w © Send for our brochure SA-9892 on the

fiers from 5 to 40 amps. 42; 3 :: S-Lm': s sc ¢ 0% Westinghouse plastic rectifier line. These,
B B B 4 10.0  150°T, 175 175°C 127 50- 600 A H

We give you plastic economy with mvef(al e g% = . e e plusqther rectifiers, thyristors, and power

case performance for all your rectifier o] i~ o . transistors can help keep your products

needs. Voltages range from 50t0 1000V, v = FT A TR Ot competitive into the 1970's. Call your

forward or reverse polarity. No matter v 200 w12 T s0 st e soe0 WestinghouseSemiconductorDistributor.

what‘ your application, Westinghouse is Price m 100 piece quantities for 200 PRY device Or write Westinghouse Electric Corpora-

the first place to go for the broadest line up equally well. Look over the character- tion, Semiconductor Division, Young-

of plastic rectifiers, istics table here. wood, Pa. 15697.

Hermeticity? These rectifiers could easily Why pay a premium for a metal case?

work in a fishbowl. They're tested in live In virtually all applications, there is no You can be Sure

steam at 15 psig for 2 hours. In other need. Westinghouse plastic rectifiers are sE et .

performance parameters, they measure a totally practical equivalent. Advanced If ITS WeStInghOUSG

$C 2090
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now...you can package a 5-DIGIT
display with DECODING in

BURROUGHS MINIATURE NIXIE® TUBE
DECODER DRIVERS, BIP-9203/BIP-9201 TYPICAL LB EIIR LR o

differences between 4-

BCD i i itiv
e Compatible with integrated circuits SOURCE ,',:: :::agvle"ier{pﬂ?:.t )
e Accept 4-line 8-4-2-1 BCD inputs
(positive or negative logic) - oLine i
* 0.3” character display 1 1) 2|2 4 %] 8] 8 Input 5
Standard Size NIXIE tube decoder/drivers — BIP-8200
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Transconductance is the primary parameter for determining
voltage gain. Until now methods of measuring it were limited
to certain load and bias conditions. A new calibration scheme
that automatically compensates for error sources, extends the
measurement across a broad range of values, even under ab-
normal bias conditions. The information tells an engineer how
the field effect transistor will operate in the circuit.

Electrical tests of components and integrated circuits don’t
detect all the flaws, so many engineers are turning to infrared
testing to catch a kind that might slip by. Investigation shows
that thermal problems account for a large nunber of inte-
grated-circuit failures. In this two part article:

1. An examination of infrared testing

2. A description of a system for infrared testing on the pro-
duction line

Several electronic systems have already
been designed for electronic typesetting,
but the blockbuster of them all is going
through final checkout now. To be shipped
to the Government Printing Office in
Washington, the new svstem can set as
many as 10.000 characters a second. For the
cover, Vincent Pollizzotto photographed the
special Linotron tube, developed by CBS
Laboratories, on which is displayed the characters that can be
set. In this two part article:
1. A picture that’s worth a thousand words—the over-all sys-
tem is described
2. Generating the characters—a detailed description of the
tube and driving circuits

Electronics

For years, enginecrs have been insisting that a terrain-follow-
ing radar system would have to scan continuously to keep
aircraft from colliding with the ground. Here is a system that
doesn’t. It works by pointing a beam at a fixed angle below the
plane’s flight path. After 90.000 miles of flight tests, the de-
velopers have proved that continuous scanning is not neces-
sary.
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Solid state

Taking the measure
of FET transconductance

New test set automatically compensates for sources

of error in calculating a broad range of values

By Carl D. Todd

Costa Mesa, Calif.

An important parameter of field effect transistors
can now be measured with greater accuracy by a
new test set. Until now, methods of measuring
transconductance—the ratio of the device’s output
current to the control, or input, voltage, and a
description of transfer characteristics—were re-
stricted to certain load and bias conditions. How-
ever, with a calibration scheme that automatically
compensates for crror sources, the new set can
accurately measurc a broad range of transconduct-
ance (gr) values, even under abnormal bias con-
ditions.

Transconductance is the primary parameter for
determining voltage gain. As with a pentode, knowl-
edge of a field eflect transistor’s transconductance
enables design engincers to predict how the device
will operate in a circuit, especially as a voltage
amplifier. The measurements can also be used in
quality control. As a rule, a manufacturer’s pub-
lished data of the value of gi. is of little value to a
circuit designer because the maker usually treats
the parameter as a minimum-maximuin spread of
values, say from 200 to 1,000 pmhos for a 2N3068,
and relates these values to a specific bias point,
usually V,, = 0.

Small-signal a-c transconductance is, by defini-

The author

As an electronics consulting

| engineer, Carl D. Todd specializes
in automated production control,
special test systems,
instrumentation, semi-conductor
testing and special-purpose
computers, as well as general
circuit design. He is the author
of more than a hundred

articles on these subjects.

tion, the partial derivative of the FET’s drain current
with respect to the gate-to-source voltage under an
a-c short circuit condition from drain to source.
This is expressed as:

- aid

o =
OVgs [ Vg =0

ofs (1)
The value of g¢, may be approximated by restrict-
ing the excursion of the input signal to a fractional
part of the bias. For instance, applying a very small
voltage to the gate and measuring the a-¢ signal
current in the drain under a-c shorted output con-
ditions results in the following value for gi.:

Iy

gfs = \' (2)

\ D = 0

A measurement test circuit based on this approx-
imation is at top of page 89. Signal voltage, V,. is
applied to the gate in series with any required bias
voltage. The drain voltage is measured by passing
the FET’s output through a small cirrent-sampling
resistor, Ry, and transformer-coupling the resultant
voltage drop to a meter. The meter reading is a
direct function of g, since the values of V;, R, and
the transformmer’s turns ratio arc known. Unfortu-
nately, this simple scheme introduces sources of
error that can cause the measured value to depart
from the actual by 10% or more.

Sources of error

Some of the sources of error are:

®* inability to establish the input voltage V, accu-
rately;

= jgnorance of the exact values of the impedance
across the transformer primary and the turns ratio;

= effects of the power supply impedance and non-
zero loads.
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Errors stemming from the inability to determine
the input voltage accurately can be cancelled some-
what by using the same meter that sets V, to read
ges. But even this isn’t completely satisfactory since
the two voltages normally differ widely in mag-
nitude and are read on two separate, independently
calibrated ranges. A way around this is to install
a precision resistive voltage divider to enable the
reading of V; on the same voltmeter range as gr..

The effect of errors stemming from a lack of
exact knowledge about the impedance across the
primary, including any contribution of the trans-
former in shunt with R;, and the turns ratio of the
isolation transformer, can be reduced, but only by
using expensive, high-quality components.

Errors resulting from power supply impedance
are small in most instances. They only become sig-
nificant as the total load impedance seen by the
drain is increased by using the transformer.

The definition of g;. was based on the assumption
that the drain signal voltage is maintained at zero.
The problem that results from non-zero loads can
be clarified by studying the FET equivalent circuit,
lower right. The outpnt voltage may be consid-
ered the result of an equivalent current generator,
Ve g, applied to Ry, in shunt with rq.. This means
that if re is 10 times larger than R;, an error of
more than 9% results, and if ry. equals Ry, the error
increases to 30%. Though r, is normally much
greater than 100 R;, this source of error may arise
when making measurements in the low Vg, range,
where ry, drops sharply.

Calibration and test

The schematic diagram for a broad-range g
test set with automatic error-compensation is
on page 90. This set achieves accurate results,
even when the value of drain resistance approaches
that of the load resistor R;.

Automatic compensation for possible error
sources entails switching the test set to the calibrate
mode. As indicated in the figure at top of page 91,
the field effect transistor to be tested is part of the
calibrate circuit and, although not an active ele-
ment, does load the meter circuit in a manner sim-
ilar to the test mode.

The input voltage, V, is adjusted until the cur-
rent through R, produces a full-scale reading on the
10-millivolt range of the meter. The calibration
current flows through several paths: in addition to
Rs, there is the 100-ohm current sampling resistor,
R, and several possible shunt paths consisting of
the primary impedance of T, resistor R;, and the
drain resistance of the transistor.

Resistor R; is chosen to equal the sum of resistors
Ry and Ry to establish the same shunt path present
when the set is put to the test mode. Resistor Ry,
on the other hand, replaces the total loading in the
test mode of the range attenuator on the voltage V.
Thus, V; remains constant during both the calibra-
tion and test modes.

In the equivalent circuit of the tester operated
in the test mode, a precision voltage attenuator acts
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Simple arrangement for measuring g«.. The field effect
transistor's output current is coupled to the readout meter
through the transformer. Errors in the measurement

stem from inability to accurately set the voitage V. and
from loading across the transformer primary.

as a range switch to keep the gate input signal
small. The actual voltage applied to the gate of the
device under test is therefore KV,, where X is the
division ratio of the attenuator. The a-c equivalent
current generator, the value of which is a product
of g, and the a-c gate signal voltage produce a
current through rg, Ry, the primary impedance of
T, and the resistor in serics, Rg and Ra.

Since the value of R; in the calibration circuit
was chosen to equal the sum of Rg and Ry, the same
effective shunt load is placed on both the calibra-
tion current source of V, and Rs and the transistor’s
equivalent current generator in the test mode. This
is the key to the compensation technique.

The value of g. is read on the a-c meter. The
meter scale isn’t changed from its calibration-mode
setting when switched to the test mode. Only the
gate attenuator is changed to bring the g, reading
within the meter’s range. The actual value of g, is
obtaincd by multiplying the full-scale value of the
meter setting during calibrate by the new atten-
uator setting,.

If a transistor with a rather low value of ry, is
tested, it is necessary to increase the value of V,
during calibration so there will be the proper
amount of current through Ry, to deflect the meter
to full scale. With the increased gate voltage, the
transistor will have enough extra current drive in
the test mode to supply the proper current to R;.
This method of compensation permits accurate
transconductance measurements even with excep-
tionally low drain resistances.

Transformer T, should be a toroidally wound unit

Vgs 9fs

S

Shunting effect of the FET's drain resistance
can lead to large errors in the transconductance
measurement. As the value of r4, approaches
that of Ry, the error increases.
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to minimize pickup, and should have a low d-c pri-
mary resistant to minimize the drain voltage drop
when the transistor conducts. The turns ratio of T
needn’t be precise—the 1:10 step-up ratio indicated
on the schematic provides the small amount of am-
plification needed to boost the FET’s output to a
level appropriate to the a-c voltmeter’s 10-millivolt
range. Raising the signal level further reduces the
test set’s susceptibility to stray signals. The pri-
mary resistance in shunt with the 100-ohm resistor
Ry, no longer critical, can be as low as five or 10
times Ry, without causing an error.

A theoretical analysis of the compensated meas-
urement technique involves establishing the equa-
tions for the output voltage under the separate
conditions of calibration and test, and then relating
them by choosing the critical constants.

To simplify the mathematics, let Z equal the
parallel equivalent impedance of R;, R;, Rs, and
the primary shunt impedance of T.. Z’ designates
the total parallel equivalent impedance of all those
paths contained in Z with the addition of the drain
resistance of the device under test, ry,.

The equation for V,., the output voltage seen
by the meter under calibrate conditions, is:

A\ ]
-

where N is the transformer voltage ratio. Solving
for V11

Voc (RS + Z’)

V= N7’ (4)

Now the equation for V., the output voltage

under test conditions, becomes:

Voo = NKV,g¢, 2’ (5)
Again, Z and Z’ represent the parallel equivalents.
(Z is made equal for the two conditions of calibrate
and test by choice of resistor values.)

Substituting the value for V, under calibrate
conditions (equation 4) and simplifying yields:

Vot - Kgfs Voc (RS + Z’) (6)

Now, assume that K, the voltage division ratio
for the gate signal attenuator, is chosen to make
V. exactly equal to V,. where g, under test con-
ditions equals the full-scale range value of the
transconductance under calibrate conditions, g,
Assume also that ry, is infinite when choosing K.
Therefore,

Vot = Voc = Kgfs’ Voc (RS + Z) (7)
and
1
" gw Rs+ 2) g
Then,
Voo _ | &6 38_+_ZL-I (9)
Vuc g{s’ RS + z J

The above equation may be rewritten to separate
Vot Eis

the error term:
A = 1= Z — Z_’
Vee g’ Rs+ Z

- (10)
Since Z and Z’ are always less than 100 ohms,

Rg" 49.9k (€1
T |\

T, 1:10 A-C
1 | 4
s VOLTMETER
18 SR
2100
Ip
R7 .
56k i I
S2c N CHANNEL ¢ |
| g— Ca J_
//ll 100T Ve
// -
~
-7 S20 O_—\‘
1%
* pRECISION
RESISTORS

Improved test set for measuring g¢, includes a circuit that automatically compensates for most of the sources
of errors. The new test set accurately measures a wide ra nge of values of transconductance. The range switch
at the gate of the device being tested accommodates the t est circuit to the type of voltmeter used.
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CALIBRATE
ADJUST

D T, 1:10

Tds R7 Re \:Sc /
100 my

Simplified a-c circuit represents the test set in the calibrate mode. V, is adjusted for a full-scale
deflection on the meter, and R, is selected to simulate the loading of the range attenuator when the set is
placed in the test mode. This prevents V, from changing when the mode is switched.

and (Z-Z') is less than 50 ohms when ry is 100
ohms or more, the error is only 0.1%, even in the
extreme case where ry. is equal to Ry. This is a
substantial improvement from the 50% error in-
curred with the simpler scheme shown on page §9.

Under normal conditions, when rg, is greater than
R;, the error due to drain resistance is negligible
and the equation above may be rewritten

‘rot . gfs

‘roc L gfsi (11)

This means that when the test circuit is cali-
brated with the transistor in place and the desired
bias is applied, the ratio of the output voltage in
the test mode to the full-scale calibrate voltage
equals the ratio of g. to the full-scale value of g.".

Since the same meter, and normally the same
range, is used for both calibration and testing, all
reading errors but those resulting from scale non-
lincarity have been eliminated. For a go, no-go
situation, the calibration point can be set to cor-
respond to the test limits, eliminating the problem.

Measurement accuracy is no longer dependent
upon the exact level of V;, which, in fact, varies as
the value of rqe changes with each transistor tested.
All that is necessary to maintain accuracy is that
the level of the input voltage not vary between the
calibration adjustment and the g reading.

Since any errors are common to both the calibrate
and test modes, ncither the precise value of Ry, nor
that of the transformer turns ratio need be known.
Similarly, any errors stemming from the power sup-
ply impedance are common to both modes and are
also compensated for.

The only significant sources of error in the new
circuit are those from the resistors that form the
range attenuator—the calibration resistor Rs and
compensating resistors R; and Ry. Precision wire-
wound resistors may be used here, as the usual
measuring frequency is only 1 khz.

With this improved circuit, therefore, the g test
sct is limited primarily by the linearity of the out-
put voltmeter. With an a-c digital voltmeter, an
over-all accuracy of 0.5% is practical if care is taken
to avoid excess pickup and ground loops.

In the key stage of designing the range switch
and determining the voltage divider resistance
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values, there are two attenuators available: a single-
range or parameter-limit test set, or a multirange
instrument covering a broad spectrum of g;. values.

In the following examples it will be assumed that
the output voltages for full-scale meter deflection
is a constant 10 mv unless stated otherwise, and
that V, has a nominal value of 500 mv.

A general case

The first step in the design process is the choice
of resistors capable of giving the necessary division
ratio between V, and the voltage actually applied
to the gate of the transistor. For the general case,
it can be assumed that the divider is made of two
resistors, R, and Ry, as shown in the figure below.

The required value of X is determined from
equation (8).

But Z, as previously defined, is the parallel equiv-
alent impedance of Ry, the primary impedance of
T. and R; (which is equal to Ry + Ry), and there-
fore has negligible influence on the total divider
resistance (Ry 4+ Ry). Assume a total divider re-
sistance, Ry, of 5 kilohms. The value of Ry is then
5.56 kilohms, since Ry in parallel with Ry 4+ Ry,
should be equal to Ry. But according to the defini-
tion for Z,

Z = (100 =5%) (49.9k + 5.56 k) |Z, (12)

It therefore becomes evident that unless the pri-
mary impedance Z, is less than about 400 ohms,
the value of Z is determined almost entirely by
R;. and, for all general considerations, may be
assumed cqual to R;, 100 ohms.

Substituting known values in equation (8) and

T 110
Vot é
=

Simplified circuit of test set in test mode. The loading
of the resistor R. doesn’'t change from the calibrate-mode
level, since R, + R, equals the value of R:.

\A A4




R ¢ <
4E$
$———0100umho
Rs g
600 ¢
1 vy ———0250u mho
Ry b Rg 3
4% 2 300
$———0 100 u mho 1,000 u mho,
Ry 8 R3
900 ¢ 60
———0 1,000 mho 2,500 4 mho
Rz 4 Rz
90 30
10,000 & mho 10,000 u mho
Ry Ry
10 10

1/10/100 SCALE 1/2.5/10 SCALE

Range resistors calculated for various scale requirements.

simplifying gives:
1

= g’ (50,000) AL
As far as the divider is concerned:
Y. .- (14)

Ra+Rs  Rr
Bul, since the total divider resistance has been
fixed —Ry = 50,000—Rp is found directly from:

— 1_
g (10)

Once Ry is known, R,, the remaining part of Ry,
is determined.

This approach permits the calculation of the two
resistors required for any range or limit value.

Consider the divider resistors needed to give
decimally scaled ranges from 100 to 10,000
micromhos, a simple 1/10/100 range; such a divider
might be required if the output meter was an a-c
digital voltmeter.

Equation (15) is used to compute R, in the figure
shown above for the highest full-scale g, value
of 10,000 pmhos:

1
~ (10,000 X 10-%) (10)

Rp = (15)

R, = 10 ohms (16)

For the 1,000-umho range, Ry, becomes the sum
of R; and R.—100 ohms. The value of R. therefore
is 90 ohms.

Similarly, the value of R; is found to be 900 ohms,
and R, 4,000 ohms,

In the case of a-c voltmeters having ranges with
full-scale values of 1.0 and 2.5, the range resistors
required to cover the same gy spread as before are
above.
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Vy Vi
Rg Re
4k 4k
100 mho 100 umho
Rs Rs
666.7 683.8 2
300 p mho ——0300umho
Rg Rag
2333 ¢ 2162 ¢
——0 1000 umho 01,000 mho
Rz g Rs g
66.67 ¢ 6838 9
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RZ ‘: Rz (:
3.33 2162 9
10,000 umho ———010,000 u mho
Ry " 3
10 1OJ’L

1/3/10 SCALE WITH

1/73/40 SCALE 10 db SEPARATION

The value of R, remains thc same. This time,
the combined values (R.'+ Ry), (Ry + R;) and R,
are equal to R., Ry, and R,, respectively, of the
previous example since they cover the same range,
The values of R, and R. are computed from cqua-
tion (15) where Ry is now the sum of R, and R..
The other resistors are found in a similar manner,

The same technique is used to calenlate the re-
sistor values for voltmeters that have ranges with
full-scale values in a 1/3/10 ratio. But voltmeters
with 1/3/10 scales normally have full-scale deflec-
tion points on the meter scale set to give a 10-db
difference between the two range readings instead
of the simple ratio indicated. Since only the differ-
ent sets of numbers on the two scales are being
used, a change between the 1,000- and 3,000-xmho
ranges, for example, would require a change in the
full-scale calibration adjustment. This bit of in-
convenience leads to the final range design.

For meters with a 10-db separation between basic
ranges (the Hewlett-Packard Co.’s 400E, for ex-
ample), it becomes convenient to adjust the cali-
bration for a full-scale deflection on the 1.0 scale
of the meter, regardless of the g range. As the
3.0 scale is used only when reading a value of g,
near 300 or 3,000 pmhos, it’s therefore necessary
to modify the values of the range resistors.

Since 10 db corresponds to a ratio of 3.1623,
calibrating the test set in the 300- or 3,000-pmho
range is the same as calibrating to a full-scale
value of 316.2 or 3,162 pmho, respectively. These
values must be substituted for g’ in equation (15)
to calculate the resistor values.

Thus, for the 3,000-umho range (R, + R,) =
31.62 ohms and the value of R, is then 21.62 ohms,
since Ry = 10 ohms as determined previously.

The 100- 1,000-, and 10,000-pumho rangcs are
calculated in the normal manner.
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Reference sheet

Nomograms pick FET biasing values

Circuit parameters are determined rapidly and conveniently

with charts, freeing the designer from tiresome calculations

By J. Watson and W.E. Eder

University College of Swansea, Swansea, United Kingdom

Tedious calculations are the engineer’s lot when he
has to select the appropriate components for cir-
cuits that bias junction field effect transistors be-
cause these devices have wide parameter spreads.
Fortunately. the transconductance curve of a field
effect transistor provides the basis for a set of
nomograms that sharply reduce design tedium.
Such nomograms account for both field effect
transistors and bias resistor tolerances and define
the practical limits of operation for a particular
field effect transistor.
The transconductance curve is expressed by

Ij) = IDSS (1 S \'GS \11’)2 (1)
where:

Ipsx = drain current at Vgs = 0
1p = drain current

Ves = gate-source voltage
V' p = pinch-off voltage

Usually, the maximum and minimum limits of Tpys
and Vy are given by the manufacturer. if the Vp
limits are omitted they can be obtained from

Ve = ~21Inss/gr0o (2)
since gr., is ahwvavs available. The constant g
represents the common-source forward transfer con-
ductance and is defined as the slope of the Iy,
characteristic at Ve = 0. A typical pair of I, curves
are below, left. The upper curve represents the
maximum values of s and Vy; the lower curve
denotes the minimum values.

The conventional bias circuit directly below is ap-
plied for establishing the vET’s operating point. The
gate-bias voltage Vg is established by the voltage
divider R, and R. and the drain-supplv voltage
Voo, Both R, and R. are much smaller than resis-
tor R;. If the gate current is considered zero, the
load-line equation is obtained by summing the
voltage drops around the input loop:

Ves = Relp = ¥ 3)

Usually, the acceptable upper and lower limits of
quiescent drain current, Tymayy and Tgonin. or of
quiescent drain-source voltage. Vi ayy and Vo miny,
are defined by the circuit application. Knowing one
pair enables tlie engineer to find the other by ap-

0SS5 max) | Transconductance curve for a field effect trans-
istor plotted for maximum and minimum values
IDT of drain current and pinch-off voltage.

A 0 Va(min)  Ve(min) Va(mox) Ve (max)

\
GS
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+Voo

Gate-supply voitage, Vi, is determined from the voltage
divider, R; and R. in typical FET biasing circuit.
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Quiescent drain-source current and voltage
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plying equation 1. This process is simplified with
the nomogram directly above. The slope of the load
line defines the source resistor, Rs, where

; I :
v P (nax) 1— / Q (max)
\' P (max)

) To i
- \ > Qi 1 =< / Q G(nin)
o uim [ AY Ipss (min j|
Rs= ' - @
IQ (max) — IQ (min)
or
1 axy — V i AV
I{‘ & Q (max) Q (min) = Q 5
v IQ (max) — IQ (min) A IQ ( )

The value for the gate-bias voltage, Vg, is deter-
mined from the intersection of the load line and the
abscissa. The relevant equation is given by

]Q (min) J

IQ (max) \.I’ Gnind 1_
\ Tpss quin

!
: 1 ,.
'_']Q (nin) \ P Omax) 1_ CAIIEL),
Il')SS (miax)
Vo= — i (6)
Q (max) — € (min)
or
\YG = IQ (max) »‘ViQ fmin) . ]Q (min) va (max) (7)

Alq AT,

The nomograms on page 95 can be used to solve
equations 5 and 7.
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Designing a bias circuit

To illustrate the procedure for determining the
bias circuit values consider a Siliconix 2N4119
n-channel FeT. The manufacturer’s parameter values
are: Inssimaxy = 0.6 milliamperes, Vi = 6 volts,
Inssomivy = 0.2 milliamperes, and Vi = 2 volts.
It is desired to ﬁnd: \7()“";,_\-,, V,leiu)) A IQ, A \7(,),
Rs, and Vg from the nomograms.

Step 1. Assume the application requires that
Ipimax) = 0.15 milliampere and 1wy = 0.10 milli-
ampere. On the nomogram for quiescent drain-
source current connect a straight line between the
values of Ipss and I,. The result is Vo/ Vi, =
0.5. Connecting this value of V4/Vina, with
Ve produces the value of Vi, = 3.0 volts.
Repeating the procedure for the minimum values of
I, and Inss produces Vo/ Vi = 0.3 and Vi)
= 0.6 volts.

Step 2. Determine the values for & I and A V|,
from step 1.

A IQ fo— IQ(mux) ] I()“m“) — (015 — 010) — 005
milliampere

A \7() = V()(mux) TN Vthin) — (30 - 06) = 24
volts

Step 3. Determine the value of Ry from the
source-resistance nomogram. Connect the values of
A I and A Vg and read 48 kilohms for the value Rg
on the right-hand scale.

Step 4. Solve for V¢ with the gate-voltage nomo-
gram. Draw a line between the minimum value of
I, and the maximum value of V,,. This produces a
value of 6 volts for Vg.. Next draw a line between
the maximum value of I, and the minimum value
of Vq. Where this line crosses the pivot line, draw
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Drain-source current and gate voltage
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another line through A I, intersecting V.- at 1.77
volts. Finally, Vo = Vg — Vgo = 1.77 — 6.0 =
4.23 volts.

Values of Ipss and Ve (or gr.,) are usually speci-
fied at various temperatures. If not, they can be
approximated by assuming that Ipss decreases by
0.6% per °C and V;p increases 2.2 mv per °C.

Drain-source current and source resistance
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As mentioned earlier, the value of Vg is a func-
tion of R; and R.. The tolerances of R; and R, are
kept high with 2% resistors. The spread in Vg
produced by the tolerance limits is determined
easily by assuming two parallel bias lines, starting
respectively at each of the limits of this spread.
The limits of Vg are found by setting R, at its
maximum possible value and R; at its minimum.
This assumption yields Vg min); the process is then
repeated for the converse case, Vg max)-

Note that both R, and R. can have very low
values because Rg prevents them from shunting
the input signal.

Although it is usually assumed that I = 0 in
practice, a small but finite value of gate-leakage
current, Igss does have a significant effect on bias
if Rg is very large. The voltage drop, IgssRe adds
to V¢ and causes Ip to increase.

Further, since Igss is a function of temperature,
Ve and I, are also temperature dependent. For
the Siliconix 2N4119 the values given by the manu-
facturer are Igss — 10 picoamperes at 25°C, and
I:ss = 25 nanoamperes at 150°C. Thus, if Rg = 100
megohms at 25°C, Vye = 10 x 102 x 108 = 10-3
volt; at 150°C, Vi = 25 x 10~? x 10® = 2.5 volts.

This change in Vg shifts the bias line to the left
by some 60%. If Rg is made much lower, say 1
megohm, then the voltage drop across it by Igss
has little effect. In a simple common-source stage,
Re is likely to be low because a rET has a high
input capacitance, and high R¢ leads to a very poor
bandwidth. If Igss is specified only at 25°C, assume
that it will double for every 9°C temperature rise.

By selecting different tolerances for Rg, divergent
bias lines are constructed on the transfer character-
istic to represent the upper and lower limits of Rg
that are possible.
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Circuit design

Designer’s casebook

Oscillator synchronizes
with pulses of any phase

By John S. Chomicki*

Advanced Systems Development Division
International Business Machines Corp.,
Yorktown Heights, N.Y.

Two transistors added to a conventional multi-
vibrator permit synchronizing pulses to turn the
multivibrator off for a specified time and restart it
on a desired cycle. Thus, the oscillator is synchro-
nized regardless of its phase with respect to incom-
ing pulses.

The application required a low-frequency oscil-
lator (150 hertz) having a stability of ==3% which
operates start-stop and, when free-running, could
be synchronized to a pulse that is produced me-
chanically. The sync pulse occurs appreximately
every sixth oscillator pulse, and its period varies by
as much as half the period of oscillation. A conven-
tional multivibrator can only be synchronized dur-
ing a particular portion of its cycle, and the syn-

*Now with Data Processing Division

Designer’s casebook is a regular

feature in Electronics. Readers are invited

to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

chronizing pulse must always occur during this
portion. Usually, the multivibrator is adjusted to run
freely at a frequency (lower than the desired) that
ensures the occurrence of the sync pulse at an ap-
propriate time.

In this application, the large variation in synchro-
nization pulse period and the required oscillator
stability ruled out conventional multivibrators.

Transistors Q; and Q; form a multivibrator that
is synchronized with an external signal by transis-
tors Q2 and Qj. Transistor Q. turns the oscillator
off and clamps it while Q. turns the multivibrator
on quickly when the input pulse has terminated.
Transistor Q, inverts the synchronizing signal.

Normally, the synchronizing signal is maintained
at the +12-volt level; transistor Q, is saturated
and transistors Q. and Q3 are off. With Q. and Q3
off, the multivibrator oscillates at a free-running
frequency determined by time constants R;C, and
(Ri+R.)C.. The stability of ==3% is achieved by
employing temperature-compensating components
to fix the time constants and by adding zener diode
D; to reduce power supply variations.

Potentiometer R, provides a fine frequency ad-
justment to compensate for variation in initial com-
ponent tolerances, so the multivibrator’s free-run-
ning frequency can be set exactly. Since frequency
is not changed to permit synchronization, stability

+Hav AAN - S
200 R, L FINE
16k S FREQUENCY
0y . T ADWSTMENT 4. )3
MNI512 1< 100! $510 g8 §10k 3510
20k
L
|||l < ‘{ ¢
0.1pt 0SCILLATOR
S 1C2 OUTPUT
p. ’—H +68v
s 10.44uf 1 |
C3 o Oy
— (__fJ ! 150 hz
0001 Q4 05
2N1279 2N1279 2N1279
Q2
SYNC SIGNAL 2N1279  Transistor Q. turns off multivibrator Q.-Qs
INPUT ‘3;6"‘ in response to a negative step on the
vy

+12v
o, LI

sync-signal line; transistor Q. quickly
restarts the oscillator when the input
signal goes positive again.
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Output A is the oscillator’'s output when the
synchronizing signal occurs at every sixth puise.
Outputs B and C are the synchronizing pulses
retarding and advancing the oscillator's phase,
respectively. Output D is the start-stop operation.

is designed into the circuit initially.

Incoming signals synchronize the multivibrator
by shutting it off and restarting it at the proper
moulent. When the voltage level on the sync-signal
input line drops to zero, transistor Q; is unaffected
but Q; cuts off, saturating Q.. Transistor Q» dis-
charges C: and cuts off Q, by virtually grounding

its base. As Q, cuts off, its collector voltage ap-
proaches the 6.8 volts supplied by the zener, Di.
This positive voltage step turns on Q;,

The oscillator is now stopped and its internal
state is known (Q; is on, Q, is off). Regardless of
when the input goes to zero, the multivibrator will
be stopped and clamped in the known condition
and remain off as long as the input remains at
Zero,

To restart the oscillator, the input voltage is
raised to +12 volts. This turns on Q, and cuts
off Q., releasing the clamp. Then, as soon as C.
discharges, Q, begins to conduct. Without waiting
for C. to discharge, the positive shift in the synchro-
nizing input signal turns on Q. With Qs on, the
collector voltage at Q, drops and Q, turns on.
Capacitor C; must be large enough to couple a
current to the base of Q, large enough to saturate
Qs, vet small enough that Q; turns off before Q..

For start-stop operation the synchronizing and
control signals can be applied to an or gate whose
output then controls the multivibrator. The short
svnchronizing pulse can still stop and restart the
multivibrator at any point in its cycle.

The waveforms show the effect of synchronizing
input signals of different phase.

Exact temperature control
with operational amplifier

By H. D. Valliant

Dominion Observatory, Ottawa, Canada

Feedback between an operational amplifier and
a temperature-sensing  bridge circuit produces
proportional temperature control with long-term
stability. The amplifier operates as an oscillator,
furnishing output power which increases as the
sensed temperature decreases within a range of
0.01°C.

With amplification and rectification, the output
may be used as a heater-power source. As the meas-
ured temperature falls below a preset value, heat
is generated until an equilibrium condition is
reached when the output power equals the heat
loss.

Any resistive tvpe of transducer can be the sens-
ing clement; for this application, a thermistor, Rq,
with a resistance of 100 kilohms at 25°C is used.

The output of the bridge circuit consisting of

R., Ry and transformer T, is fed back to an opera-

tional amplifier whose gain (A = R./R,) is ad-

justable from 2,000 to approximately 40,000. The

feedback ratio, B, of the bridge loop is given by
RT—Rfi

2n (RT+R3)

where n is the transformer turns ratio. When Rrp

B:

QUTPUT

Ty = HAMMOND 145H

Oscillating output of operational amplifier is
controlled by feedback from bridge containing
thermistor temperature sensor, Ry. Capacitor C,
determines oscillation frequency.
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is less than Rj (high temperature value), 8 is nega-
tive, and the circuit does not oscillate. When Ry is
greater than Ry (low temperature value), g8 is posi-
tive, and the circuit oscillates.

The 100-hertz oscillating

signal increases

smoothly from zero to 20 volts peak-to-peak over a
temperature bandwidth controlled by R;.

If C. is removed from the circuit, the transition
into oscillation is more abrupt, and the output can
trigger an scr or relay for on-oft control.

Multivibrator provides
short pulses, wide spacing

By Erich A. Pfeiffer

Veteran's Administration, Southern Research Support
Center, Little Rock, Ark.

Usually, the on-off ratio of a transistor astable
multivibrator can’t excced 10. For larger duty
cycles, a separate monostable multivibrator is re-
quired as a pulse shaper, triggered by an astable
multivibrator that controls the repetition rate.

With the aid of a field effect transistor, the single
circuit shown below operates with an on-off ratio
that can be varied from 20 to 300. It was developed
for a biomedical application which required 3-milli-
sccond pulses at variable repetition rates of from
1 to 15 pulses per second. The FET eliminates the
large clectrolytic capacitors usually required at
these low repetition rates.

Because the vET is a voltage-controlled device
with an inherently low gate current, it is possible
to use a large 10-megohm resistor, R;, and a small
0.1-microfarad timing capacitor, C;. Low input im-
pedance of ordinary transistors limits the base re-
sistor size so that large electrolytic capacitors are
needed to obtain long time constants. Here, time
constant R;C; is 1 second.

When Q, is driven into conduction, the negative-
going step at the drain of Q, is coupled by C. to

the base of transistor Q», shutting it off. The posi-
tive voltage step created at the collector of Q2
comes Dack to the gate of Q; via C;, and R; main-
tains Q,’s gate voltage, Vgu1, at +1 volt.

When Q, first turns on, capacitor C. is charged
to nearly 12 volts on the left through the 10-kilohm
resistor. Since the conduction of Q, virtually shorts
the left side of Cs to ground and the charge on C:
cannot change instantaneously, the right side of C,
drops to —10 volts. Because this voltage exceeds
the maximum base-emitter voltage of Q., diode D»
was included to protect Q. from destruction.

With Q, on, C. is charged through Ry until the
voltage at the base of Q. reaches +0.6 volt and
Q2 begins conducting. The negative-going voltage
at the collector of Q. is coupled back to the gate
of Q, by C; and shuts off Q,. When Q, turns off,
the positive voltage at the drain of Q, retumns to
the base of Qa, quickly driving Q. into saturation.

The negative-going 10-volt step at Q.’s collector,
acting alone, would cause Q,’s gate voltage, Vs,
to drop from +1 to —9 volts. However, the clamp-
ing diode, D, limits Vg by turning on when this
voltage exceeds the sum of the negative voltage at
R, and the 0.6-volt drop across D;.

While Q- is conducting, capacitor Cy is charged
through R; until the gate-source voltage reaches
approximately —0.7 volt. At this value, Q, starts
conducting and the cvcle repeats.

The repetition rate can be adjusted by varying
R, to set the bias voltage at the cathode of Dy
this fixes the time required to charge C; through
R; by determining the starting voltage at the ca-

+12v
C2 R R7
22nt 220k 3.3k
ouTPUT
Rs 4 F
10M MPF104 2N3903
‘ i
v / ¢ D,
6Sy 0.1 uf 18456

Field-effect transistor Q, replaces an ordinary transistor to make a conventional multivibrator nonsymmetrical.

98

Electronics | April 3, 1967



pacitor. The waveforms at the right show the volt-
age at the gate of Q,, Vasi, for repetition rates of
1 and 15 hertz, respectively.

The gate-bias voltage is obtained from potentiom-
eter R, (A-taper). Resistor R, shunts R, so that a
logarithmic scale calibration can be obtained. The
lowest frequency is set by R, which controls the
largest current allowed to charge Cy; the highest
frequency is set by R, which determines the small-
est starting voltage at Ci;. To control the pulse
repetition rate by an external signal, R;, R., Rs,
and C; can be replaced by an emitter follower.
The rise time of the output pulse was 700 us as
determined by R:C;.

(NOT TO
Ves T SCALE)
t iy~ ——— ——— T|MEI

Oy

RATE: 15 PULSES
PER SECOND

_ev__ _______

RATE: { PULSE
PER SECOND

Waveforms represent the voltage at the gate of Q,,
Vas,, for repetition rates of 1 and 15 pulses per
second. The repetition rates are controlled by
adjusting resistor R,. Time axis is not to scale.

A simple way to count
with integrated circuits

By Irwin Math

Frequency Electronics Inc., Lake Success, N.Y.

A digital counter with a total capacity of some num-
ber other than a power of two is casily constructed
by applving the “override reset” function available
in commercial 1c flip-flops. This method eliminates
the various feedback paths usuallv required by
such a counter.

As an illustration, consider a circuit that counts
to 28. The designer first determines the number of

flip-flops required to count to the next power of two
above the desired number. Thus, for a 28 count,
five flip-flops are cascaded by connecting the “1”
output of each flip-flop ta the input of the next.
Deternine which of the “1” outputs will be “17
when a count of 27 is reached, and connect these
with the counter input to an axDp gate. Next, con-
nect the gate output system to the override inputs.
R, of all the flip-flops. The system then counts to
27 in the conventional manner. On the 28th input
pulse all the inputs are present at the axp gate, the
flip-flops are reset, and the sequence begins again.
Note that the output of the counter isn’t a square-
wave. For squarewave-outputs, a circuit that counts
to half the desired total is constructed following
this procedure and the output is fed to a conven-
tional flip-flop.

FLIP-FLOPS
(FAIRCHILDS pL945)
20 rl Qe 23 22
fggg;ER sfineur —= inPUT INPUT INPUT INPUT
0 R 1 0 R | 0 R 1 0 R 1 0 R

AND
GATE
ouTPUT] (FAIRCHILD
#L930) Bt
» QUTPUT
INPUTS

All fiip-flops are automatically reset by output from AND gate on 28th pulse.
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Infrared exposes

hidden circuit flaws

Measurements of the radiation emitted by electronic systems

are pinpointing trouble spots ordinary electrical tests miss

By Riccardo Vanzetti
Raytheon Co., Wayland, Mass.

When the integrated circuit moved down the pro-
duction line at the Rayvtheon Co. and was tested
electrically, it performed perfectly. But when its
infrared profile was measured, a resistor showed up
hot—indicating poor bonding to the substrate. The
circuit had a hidden flaw that would have burned it
out in 100 hours. It was immediately junked.

Infrared detection has proved a valuable tool for
spotting deficiencics in circuits that ordinary clec-
trical testing can’t detect. Infrared techniques are
being used to analyze packaging schemes, inspect
and test circuits and assemblies, gauge reliability,
and predict life expectancies.

Because thermal problems have accounted for a
large percentage of integrated-circnit failures, gun-
shy designers often set excessively conservative
heat-dissipation limits. By using infrared measure-
ments to determine the amount of heat that can
be safely dissipated in an arca with a given com-
ponent placement, the designer can establish more
realistic limits.

During manufacturing, infrared techniques can
be used to locate poor connections or bonds, and
to detect incomplete adhesion of circuit elements
and voids in deposited materials.

These techniques are particularly well suited to
integrated-circuit testing because they don’t involve
contacts. Thermocouple measurements of tempera-

The author

Riccardo Vanzetti is manager
of the infrared techniques
and systems group at
Raytheon’'s Advanced
Development Laboratory. He
is also the founder of the
Infrared Techniques for
Electronics Committee, now
part of the Society for
Nondestructive Testing.
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tures at various points on an 1c are impractical be-
cause thermocouples are too big and contact resist-
ance varies. Also, thermocouple wires conduct heat
away from the measurement arca.

Radiation sensors

Infrared radiation is emitted by all physical mat-
ter, according to laws correlating the spectral band
and peak wavelength with the temperature and
emissivity of the radiating surface. Instruments
capable of detecting and measuring such radiation
are broadly grouped under the general term of
radiometers. These, in turn, can be subdivided into
point-detectors, line-scanners, and area-scanners,
all of which can be optically telescopic or micro-
scopic.

Telescopic radiometers are used for work with
such targets as electronic assemblies and for ma-
terials evaluation; microscopic gear can scan, with
adequate spatial resolution, such small objects as
semiconductor chips. Since the optics compensate
for differences in target size, infrared techniques
are applicable to components and assemblies of
almost any size.

An object can be examined by infrared tech-
niques only if its temperaturc differs from that of
the background against which it is viewed. The
necessary thermal gradient is created either by
energizing the object externally—by introducing
heat into the target by conduction or radiation—
or by clectrically energizing it internally so that
the electrical power dissipated within the object
produces a temperature rise. In either case, the
temperature of the target begins to increase the
instant it is energized, and gradually reaches ther-
mal stabilization—the point at which the heat intro-
duced exactly counterbalances the heat lost through
conduction, convection, and radiation.

A radiometer observing this object will indicate
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an electrical output that increases from the ambient
temperature level until thermal stabilization is
reached.

A radiometer of the scanning type produces an
output signal proportional to the instantancous
power radiated by the elementary arca viewed.
This output signal—in analog form—can be dis-
played in such ways as an oscilloscope waveform
trace or an intensity-modulated picture of the target
area. Conversion of the analog signal into digital
form adds the advantage of computer processing,
which could include the display of thermal maps,
or automatic comparison with prestored data to
identify the operating mode of the subject.

Energizing from outside

External energizing of a target is useful in
evaluating the physical structure of materials,
determining hond quality, detecting such hidden
defects as cracks, voids, or entrapped materials, and
inspecting welded and soldered joints. Methods of
external energizing vary according to the applica-
tion and target size.

In one, a thermal differential is introduced be-
tween two points on the target. These points arc
chosen so that the heat flow between them is af-
fected by the characteristics of the element under
evaluation. A thermal map of the surface between
the two points depicts the heat flow, and therefore
discloses the presence of any anomaly hidden under
the surface.

In the example of this method shown above, a
good soldered joint is characterized by a large area
of metal fusion and the absence of narrow cross
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Spot weld quality is checked by infrared determination
of the thermal resistance of the joint. A large thermal
differential across the weld, line B, indicates a poor
connection; a linear differential, line A, indicates

a good one. The heat sink at the right speeds

the transfer of heat through the joint.

sections. These characteristics correspond to a very
low value of thermal resistance and are reflected
in an almost linear temperature variation between
points P; and P. on line A. On the other hand, a
poor bond presents a narrow cross section that
restricts the flow of heat through the joint. The
thermal resistance at this point is high, with the
result that the temperature differential across the
joint is large, as shown in line B.

This situation doesn’t require a complete thermal
plot between points P; and P.; measurements at
two points on either side of the bond are enough to
determine whether a temperature drop exists across
the joint, as shown below. A good spot weld allows
heat transfer from the electrically heated wire to
the wire welded to it. A scope display of the output

__LINEOF
SCAN —»

POOR
SPOT WELD

In energizing the test assembly with current, heat generated in one wire is transferred through the weld
to the other. A bad weld is indicated by low infrared emission in the second wire.
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Scanning a carbon-composition resistor with infrared
equipment discloses flaws that restrict heat transfer
through the leads to the heat sink. The upper curve
shows heat buildup near a poorly connected lead.

of an infrared detector that scanned the assembly
along the line shown in the diagram has two peaks,
A and B, corresponding to the temperature of the
two wires as they are crossed.

Thermal resistance at the joint of a poor weld
inhibits the transfer of heat and results in a large
thermal gradient. This condition is shown in the
second oscilloscope display, where point B. re-
mains at ambient temperature while the tempera-
ture at point A. is rising.

The technique used here is valid for evaluating
brazed or soldered connections, multiple joints con-
nected either in series or in parallel, and seam
welds of any configuration, For this application.
the target can be heated by radiant energy from a
light focused by an optical system mounted on a
carriage that also supports two infrared detectors.
The detector outputs are fed continuously into a

RADIATION SPIKE INDICATING NARROW
CROSS- SECTION ON FUSE)

\ ./
i

i

‘?

N —t
Axial scan of a fuse with infrared equipment discloses
a narrow section that abnormally restricts the flow

of current and might cause failure at a level
much below rated current.
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discriminator to display the gradient between the
two points. Variations in surface emissivity could
be detected by a preliminary scan of the preheated
target, since it is at a uniform temperature. Even
better, the emissivity could be equalized with one
of the several coatings available for this purpose,
thermoplastic or thermosetting materials that in-
clude polyesters, epoxies, silicones, and poly-
nrethanes.

In another method for externally inducing a
thermal gradient, one of the target’s surfaces is
flooded with radiant heat and the temperature dis-
tribution on the opposite surface is mapped. This
technique tracks heat diffusion through subsurface
material, detecting flaws in the diffusion path.

Physical discontinuities—an unbonded area, a
void, or entrapped impurities—reduce the heat
transfer from the heated surface to the surface be-
ing scanned by an infrared detector. The tempera-
ture in the region of the discontinuity is therefore
lower than where the bond is strong. Air-cooling of
the target’s unheated surface widens the tempera-
ture differential between unbonded and bonded
areas, making it easier to detect this kind of flaw.

The technique can be used in applications rang-
ing from checking plated layers to examining spot
welds. It’s currently incorporated in programs to
evaluate rocket motor cases, honevcomb panels.
and rotor blades for helicopters and jet engines.

In a third technique, the target is soaked in an
oven-like environment at a known higher-than-
ambient temperature and the thermal distribution
on its surfaces is mapped. The physical character-
istics along the heat-flow path from the target’s
core to its outside surfaces are revealed in the
thermal map, along with any hidden anomalies.
This method is best for checking objects of con-
siderable thickness, since the oven-like environ-
ment in cffect places the heat source at the core of
the target.

Inside job

In internal energizing, power dissipation converts
into heat a fraction of the current flowing in any
electrical or electronic component having a finite
resistance. The resulting thermal rise produces a
proportional increase in the radiated power emitted
from the surface of the element, and this power can
be taken as a parameter representing the electrical
regime of the component. Any deviation from a
standard radiation pattern indicates a variation in
the electrical or physical characteristics of the
compornent.

For instance, the figure shown above indicates
the standard infrared profile of a carbon-compo-
sition resistor dissipating its rated power—the
lower curve. The profile shows a peak temperature
at the center with symmetrical slopes to either
side. The lead wires are at 34°C.

The infrared profile of a defective resistor dissi-
pating exactly the same amount of power is indi-
cated by the other curve in the same figure. Its
peak is about 10°C above the temperature of the
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standard and is ofl-center, Also. the temperature
of the right-hand wire is closer to ambient.

The diagnosis is simple: there is a poor mechan-
ical connection between the resistor body and the
right-hand lead wire that is preventing an adequate
heat loss by conduction at the right end and is
causing the resistor body to overheat. Conventional
test procedures wouldn’t be able to spot flaws of
this type, while infrared can’t miss them.

Another instance of this is the examination of an
array of diodes connected in parallel. If one diode
is defective, an infrared scan trace will show a
missing peak corresponding to that diode.

Similarly. axial scanning of a component’s heat
distribution can disclose the presence of overheated
points corresponding to narrow cross sections that
eventually will cause failure at a current level
below rated capacity, as in the lower figure on
page 102. Such scanning mayv provide some answers
concerning those mysterious failures all too often

blamed on hypothetical voltage surges.

Designers and quality-control engincers must. of
course, exercise some care when applying infrared
measurements. Data on electrically identical units,
for instance, will be significant only if the physical
configuration of all the assemblies is the same.

Correlation between the electrical power dissi-
pated within a component and the infrared radia-
tion emitted by it can be affected by many factors,
including heat sinks and interaction with other
components or the environment. These factors
should be constant whenever infrared measure-
ments are compared. For example, charts exist for
correlating the relationship between the power
dissipated within transistors and their respective
case temperatures. These correlation charts are
equally valid for transistors of different types and
designation as long as they are enclosed in the
same envelope,

In practice, the use of infrared techniques re-

EEE QEOE@EEREOE ©

Analog traces of a 50-line scan of the IC with 24 active
elements. Scanning is performed with an infrared
microscope developed by Raytheon for the National
Aeronautics and Space Administration. Designed to
produce thermal maps of transient conditions in IC's,
the microscope monitors infrared radiation at each
device junction to detect such physical and electrical
anomalies as current crowding, secondary breakdown,
faulty die attachment, cracks and discontinuities, and
defects in deposited materials.
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Raster produced by scanning an electronic assembly with infrared sensing equipment.
Peaks in the scan lines indicate components dissipating abnormal amounts of heat.

The circuit is energized, simulating operating conditions.

quires a draft-free, temperature-controlled environ-
ment and a consistent way of mounting the target.
The emissivity of the target’s surface need not be
known as long as it also is consistent. This is nor-
mally the case for items produced by the same
manufacturing process, but consistency can also be
achieved with a special emissivity coating.

Check list

To perform its sleunthing task, infrared cquip-
ment must have the following characteristics:

= A spatial resolution fine enough to distinguish
individual active elements.

" A temperature resolution adequate to mcasure
thermal gradients produced by the lowest power
dissipation levels to be detected.

= A temiperature range wide cnough to cover the
thermal spread in the target to be evaluated.

» Thermal calibration reference points.

= Aiming and focusing capabilities sufficient to
allow consistent, repeatable mecasurements to be
taken at any time.

= A scanning speed compatible with the aim of
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the desired evaluation—slow to moderate for ther-
mally stable targets and fast for the detection of
transient conditions.

= A signal display system providing the absolute
thermal values of the elements being measured, or
deviations from preselected standards.

In the figure shown above, an energized clec-
tronic assembly is scanned by infraved test equip-
ment. The mechanical configuration from assembly
to assembly is kept constant because the placement
of the components is fixed by a printed circuit
board. The corresponding edges of the 60-line scan
raster are marked, and analog traces representing
the intensitv of the infrared radiation along cach
scan line are on the right. For simplicity, the dis-
play shows only the first 15 and the last 12 lines
of the scan. Hot components show up as peaks in
the analog profiles, and can be located casily.

The same approach can be applied to integrated
circuitry. The 1c manufacturing process results in
smaller differences in the physical configuration of
electrically identical units than are possible with
discrete components.
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Troubleshooting: the heat’s on

Infrared detecting system enables speedy repair

of faulty circuit by indicating the failure’s cause

By J. Fred Stoddard

Raytheon Co., Wayland, Mass.

Infrared detecting devices make possible an almost
completely automated troubleshooting process for
electronic circuits and assemblies. The first system
designed specifically for this application is called
Compare, for console for optical measurement and
precise analysis of radiation from electronics.

Compare scans faulty circuits and provides a
digital rcadout that indicates a pattern of the
failure. Basically a radiometer, it mecasures the
temperature of the individual components, stores
the data, and then matches it to previonsly stored
patterns. Testing, troubleshooting, and even main-
tenance are thus reduced to an electronic function
—pattern comparison and recognition. All the tech-
nician need do to pinpoint the problem is refer
to a chart and schematic, or compare the pattern
with those of other known defects to locate the
components involved. He then repairs the circuit.

Developed by the Ravtheon Co.. Compare is
based on the phenomenon that every operating
mode of an electronic assembly is characterized
by a unique infrared radiation pattern, or signature.
Therefore, a standard can be established for a
properly operating unit. Infrared patterns also can
be established for defects or malfunctions. Any
operating mode—good or bad—of the circuit can
be recognized by comparing its infrared pattern
with the standard or, in the case of a mismatch,
with failure patterns until a match is found.

The author

J. Fred Stoddard is a senior

project engineer in the infrared
techniques and systems department
at Raytheon’'s Equipment division.
He has been invoived in the
development of infrared systems
and data presentation techniques
for the past 12 years.
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Besides analyzing failures found by conventional
test equipment, Compare discloses faulty conditions
not otherwise detected but likely to cause a failure.
These include components with improper power
dissipation ratings, incorrect resistor values, re-
versed clectrolytic capacitors. and mismatched
clements.

Maintenance also is simplified. Because the infra-
red pattern of a circuit can be checked periodically
against its standard, deteriorating trends or param-
eters can be detected. When the deterioration is
judged severe enough to indicate the likelihood of
a possible malfunction, the circuit can be replaced.

How it works

Compare was designed originally to troubleshoot
seven-inch printed-circuit panels found defective in
an electrical test. But the results proved so encour-
aging that they indicated the system could be used
to pinpoint faulty circuits as well.

The system consists of three main building blocks
—a scanning radiometer, an electronic data proc-
essing unit, and a continuous-feed rotary table.

Printed-circuit panels are mounted on the table.
which has 16 positions. A connector similar to a
programing matrix, is used at each test position,
permitting the function of the individual connector
pins to be changed to accommodate the various
tvpes of circuits tested. It takes about 15 minutes
for the rotary table to turn the circuit from the
loading point to the radiometer position, sufficient
time for the circuit to warm up and reach thermal
stabilization,

The test position connectors are electrically con-
nected to the measuring instruments, power sup-
plies, input signal generators, and loads through
a slip-ring assembly at the center of the table.

The radiometer is equipped with a mercury-
doped germanium detector and a cryogenic genera-
tor system. It's focal point is swept across the
circuit by an optical system, consisting of a series
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of mirrors, that also steps the scan line sequentially
down the length of the circuit as each scan is
completed. The spacing between scan lines is 0.040
inch, the spot size of the detector. Scanning is done
at a rate of four lines per second.

As the radiometer scans an active circuit, meas-
uring the infrared radiation with a temperature
resolution of 0.05°C, an output in the form of a
raster display is produced. The entire raster repre-
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sents the thermal distribution of the circuit. Total
scan time is 100 seconds—45 seconds of active
scan and 55 seconds for retrace.

The electronic data processor has a magnetic-
core memory and associated circuitry, a tape reader,
a tape punch, and a keyboard. The tape reader
reads the stored program for a particular circuit;
the keyboard and punch enable additional data to
be written into the circuit’s program, including
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Infrared detecting system enables speedy repair
of faulty circuit by indicating the failure’s cause

By J. Fred Stoddard

Raytheon Co., Wayland, Mass.

Infrared detecting devices make possible an almost
completely automated troubleshooting process for
electronic circuits and assemblies. The first svstem
designed specifically for this application is called
Compare, for console for optical measurement and
precise analysis of radiation from electronics.

Compare scans faulty circuits and provides a
digital readout that indicates a pattern of the
failure. Basically a radiometer. it measures the
temperature of the individual components, stores
the data, and then matches it to previously stored
patterns. Testing, troubleshooting, and even main-
tenance are thus reduced to an electronic function
—pattern comparison and recognition. All the tech-
nician need do to pinpoint the problem is refer
to a chart and schematic, or compare the pattern
with those of other known defects to locate the
components involved. He then repairs the circuit.

Developed by the Ravtheon Co., Compare is
based on the phenomenon that every operating
mode of an electronic assembly is characterized
by a unique infrared radiation pattern. or signature.
Therefore, a standard can be established for a
properly operating unit. Infrared patterns also can
be established for defects or malfunctions. Any
operating mode—good or bad—of the circuit can
be recognized by comparing its infrared pattern
with the standard or, in the case of a mismatch,
with failure patterns until a match is found.
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at Raytheon’s Equipment division.
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development of infrared systems
and data presentation techniques
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Besides analyzing failures found by conventional
test equipment, Compare discloses faulty conditions
not otherwise detected but likely to cause a failure.
These include components with improper power
dissipation ratings, incorrect resistor values. re-
versed electrolvtic capacitors, and mismatched
elements.

Maintenance also is simplified. Because the infra-
red pattern of a circuit can be checked periodically
against its standard, deteriorating trends or param-
eters can be detected. When the deterioration is
judged severe enough to indicate the likelihood of
a possible malfunction, the circuit can be replaced.

How it works

Compare was designed originally to troubleshoot
seven-inch printed-circuit panels found defective in
an clectrical test. But the results proved so encour-
aging that they indicated the system could be used
to pinpoint faulty circuits as well.

The system consists of three main building blocks
—a scanning radiometer, an electronic data proc-
essing unit, and a continuous-feed rotary table.

Printed-circuit panels are mounted on the table.
which has 16 positions. A connector similar to a
programing matrix, is used at cach test position,
permitting the function of the individual connector
pins to be changed to accommodate the various
types of circuits tested. It takes about 15 minutes
for the rotary table to turn the circuit from the
loading point to the radiometer position, sufficient
time for the circuit to warm up and reach thermal
stabilization,

The test position connectors are electrically con-
nected to the measuring instruments, power sup-
plies, input signal generators, and loads through
a slip-ring assembly at the center of the table.

The radiometer is equipped with a mercury-
doped germanium detector and a cryogenic genera-
tor system. It’s focal point is swept across the
circuit by an optical system, consisting of a series
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Tracking down circuit failures with infrared

1 Assemblies for an r-f communication system are first electrically tested at the end of the production line at
Raytheon’s North Dighton, Mass., plant. Go, no-go tests, left, disclose gross defects while dynamic tests, right, detect
less obvious failures. Then defective circuit boards are grouped together according to type number and set aside
for troubleshooting with the Compare infrared system.

— . 2 Data on punched paper tape makes
- Compare ready to pinpoint causes of
failure in defective units culled from
production line. Tape holds test
instructions and infrared profiles

that serve as references.

3 Printed-circuit boards are loaded onto the
rotary feed table and are carried under the
scanning radiometer. Each board is energized
to simulate its operating condition.
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that differ from an acceptable profile
are printed out digitally for matching
against a diagnostic chart.

4 After scanning, the Nixie readout
displays the number of the stored
profile that most closely matches
the failure mode of that board. The
display also inciudes how close the
match is. At operator’s option,
printout will provide data on every
measured point, only points that
differ from standard profile, or only
points that exceed standard profile
bv preset limit.

5 Sampled points of the radiometer scan

6 Digital printout and diagnostic
chart are compared by a data
analyst to pinpoint the
components responsible for the
failure. The board and the
analysis then are turned over to a
technician for repair of the circuit.
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of mirrors, that also steps the scan line sequentially
down the length of the circuit as each scan is
completed. The spacing between scan lines is 0.040
inch, the spot size of the detector. Scanning is done
at a rate of four lines per second.

As the radiometer scans an active circuit, meas-
uring the infrared radiation with a temperature
resolution of 0.05°C, an output in the form of a
raster display is produced. The entire raster repre-
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sents the thermal distribution of the circuit. Total
scan time is 100 seconds—45 seconds of active
scan and 55 seconds for retrace.

The electronic data processor has a magnetic-
core memory and associated circuitry, a tape reader,
a tape punch, and a keyboard. The tape reader
reads the stored program for a particular circuit;
the keyboard and punch enable additional data to
be written into the circuit’s program, including

Electronics | April 3, 1967



new failure profiles or updating the standard
profile.

During the active scan, the measured data is
entered into the data processing unit’s magnetic
core memory and then is either punched onto tape,
printed out digitally, or automatically compared
with data stored in the memory.

A Nixie readout displays the prestored infrared
pattern number most closely resembling the input
profile along with the sum of the absolute differ-
ences of the two. If the difference is zero, then the
defect profile has been observed before; if a dif-
ference is indicated, the profile is analyzed, identi-
fied, and entered into the memory bank. Up to
128 profiles per circuit can be stored; the first is of
the standard that identifies an acceptable unit, the
rest arc of the defects.

Selecting the measuring points

Before a printed-circuit panel can be tested,
points of the radiometer’s analog output to be
sampled by the data processing unit must be se-
lected. This is done by placing a grid overlay on
an enlarged drawing of the printed-circuit board.
The grid is formed by 180 lines of 97 resolution
clements cach, representing a total of 17,460 cle-
ments or words. The lines represent the radiom-
eter scan lines. Radiometer resolution is better than
the size of cach square clement. An octal-code
format is utilized so the line and resolution element
numbers contain no eights or nines, for example,
1,2, 3,4,5,6,7, 10, 11. ..

Except for large components, it is necessary to
scan only one point on each component in the
circuit. The data processor can sample any of the
97 resolution elements on cach line. But the mem-
ory limits the system to 250 of the 17,460 words
for any raster scan, This is adequate, since, on
the average, it takes only 130 points to evaluate
the seven-inch circuit panels.

The x and y locations of these data points, repre-
sented by the line and resolution element numbers,
is entered into the circuit’s program. As the radiom-
cter scans the circuit, the data processor samples
only the programed points.

To make certain the data processor samples the
same points from identical circuits for comparison
with the corresponding points in the standard pro-
file, the mounting brackets are equipped with pre-
cision adjusting devices for aligning the boards
with the overlay.

Self Calibrating

The system has a gain adjustment which limits
the radiometer output to a range of 0 to 10 volts.
For calibration, the first and 97th elements are
reference levels representing fixed temperature dif-
ference settings. These magnitudes vary according
to the gain setting and calibrate the 0 to 10-v
scale in °C. The thermal resolution of the system
permits resolving the voltage range into 64 ele-
ments, numbered from 0 to 77 in octal code. The
octal value of the sampled points are entered into
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Sample of the three types of digital
printout techniques available.

the data processor.

Results are printed out during the retrace scan.
Three different printout techniques are available
and can be selected at the operator’s discretion.
The 250 possible data points arc numbered from
0 to 372, and the 64 voltage levels from 0 to 77.

In the simplest technique, the data points and
their associated voltage levels are printed out and
simultaneously placed in the punched tape memory.

{ ONE LINE OF THE 180 LINES SCANNED)
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A typical oscilloscope trace of one scan line from the
radiometer containing all 97 resolution elements. A
complete scan for a circuit usually consists of 180
of these analog traces. The heavy lines indicate the
four sample points in this trace whose values are
entered into the processor's core memory. The left
and right elements are reference values used

to continuously calibrate the trace.
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fect was reflected by the abnor-
mal readings from Q,, its emitter
resistor Rag, and Q,’s collector re-
sistor Ria. This particular defect

The following examples illustrate
how easilv Compare locates the
components involved in an elec-
trical failure.

The schematic of a digital tim-
ing circuit is shown above. This
circuit failed an electrical test and,
when analvzed, was found that the
transistor Q. was open circuited
from base-to-emitter. Data obtained
when the circuit was scanned in-

dicated abnormal temperature dif-
ferentials at the transistors, Q-
and Qq and resistors Ry« and Ras.
The large deviations from the nor-
mal readout were a result of the
open in Q.. This transistor drives
Q,, setting the flip-flop in module
Z,. When Q: opened, however,
the flip-flop failed to set properly
and the transistors Qy and Q. were
subsequently turned off. This ef-

not only illustrates the therntal ef-
fect on the failed components but
also on associated circuitry.

In another circuit, a transistor
was found to have a collector-to-
emitter short. This defect was diag-
nosed when the infrared scan
showed the transistor’s emitter re-
sistor operating at a temperature
differential of 19.6°C, well above
its normal value of 10.2°C.

= .

This method is used when no previous data about
a printed-circuit panel is available. This printout
provides the original profiles for the Compare sys-
tem to use for troubleshooting electronic assemblies.

When data is already on hand, a second tech-
nique can be brought into play. The number of the
data point is printed along with the difference
between it and the standard, By averaging the
results from several good panels, the amount of
data presented for interpretation is reduced and a
better standard profile is obtained. A plus or minus
sign is included in the printout to indicate whether
the measured value is more or less than the
standard.

A third technique is the threshold method. The
measured voltage level is printed out only when
it differs from the standard within preset limits.
This difference value is analogous to the mean and
standard deviation employed in statistical analysis.

110

The threshold method is utilized best when evalu-
ating defective panels.

The threshold can be varied according to the
degree of flexibility desired. Usually, the data is
divided into eight octal levels—from 0 to 7, 10 to 17,
etc.—with a threshold assigned to cach. These
assigned values can differ from level to level if
required.

Even circuits that do not fail clectrical tests
sometimes contain potential trouble spots which
can be discovered by infrared testing. A good ex-
ample is the reversed electrolytic capacitor. This
defect often is overlooked since it takes from 2 to
20 minutes for an clectrolytic capacitor with polar-
ity reversed to affect the electrical operation of the
circuit. In fact, in some cases, it may never be de-
tected with conventional electrical tests. But it
draws enough excess current when connected back-
wards to look different to an infrared detector.
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Can You
Imagine A

PNP Silicon Power
Transistor That Gives
Faster, More Efficient
Performance Than

Any Other Type?
WE DID!

Meet the 30-Amp 2N4398.

Now, you canspecify state-of-the-art power, speed and effi-
ciency with a true industry first: the Motorola 30-ampere
PNP silicon power transistor! Here’s what'’s in it for vou:

1. 200 watts of dc power to 30 volts Vce.

The best PNP silicon power-handling capability in the
business! Use them to replace germanium devices in those
“extra tough’ industrial/military high-power audio and
servo amplifiers. voltage regulators and modulator applica-
tions. And you realize lighter, simpler, less-costly heat sink-
ing in all designs through low thermal resistance — 6. of
0.875° C/W max.

2. 400 nsec rise time at 10 amperes.

There’s no power/speed trade-off with the 2N4398-99 de-
vices. At 10 amperes I and 30 volts V., the delay and rise
time is only 400 nsec maximum ...an unmatched figure of
merit that affords minimum switching losses.

3. 0.75 volt max Vce(..+) at 10 amperes.

Ensure efficient. low power loss performance in all vour
applications . . . plus, have the added capability to swing
down in voltage without loss of current gain to 1 volt @ 10
amperes — important in low-distortion audio amplifiers.

Add excellent gain linearity over a 5 to 20-ampere range,
50-ampere peak cutrent, a low-silhouette TO-3 package, low
price — and vou've got the answer to superior silicon power
circuit performance in many of today’s demanding circuit
designs!

Available in both premium and economy types:

PREMIUM TYPES

v, I | P, hec Vet @ | Price |
Type |Volts|Amps|T 25°C @ . Vee i 100 999
2N4398 | 40 | $7 50
Na395| €0 | 30 200w | 1560 @ 15A.2V |0.75V@104| ¥] 20

ECONOMY TYPE ]
1450 | 40 [ 30 [ 175W [20min. @ 10A.2v[ 10V @ 10AT 635

Contact vour franchised Motorola distributor now for
evaluation units or write Box 955, Phoenix, Arizona 85001
for complete 30-ampere state-of-the-art silicon power
technical data!

~ whene the priceliss z'nt.;/zeaf'e:ht & cane! . MOTOROLA semiconductors
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CERAMAG"® FERRITE PARTS ARE CONSISTENT

Stackpole offers over 30 grades of Ceramag® material. More
are being developed continuaily. Such up-to-the-minute
technology permits you to specify Ceramag® on every new
application. Discover the unique advantages of the versatile
Ceramag® ferrites: complete moldability to virtually any
shape, and the important savings over steel alloys for low
frequency applications. When high permeability is an im-
portant factor, Ceramag® is the answer.

Hundreds of Ceramag® parts are already tooled as toroids,
cup cores, insert cores, transformer cores, defiection yokes
and rectangular solids. Special tooling is also available.

Stackpole is a name long associated with quality components
in the electronic field. Only the closest attention to every
production detail can result in the kind of product uniformity
available with Ceramag® ferrites. As one of our customers

112 Circle 112 on reader service card

put it, “Your ferrite cores are more consistent from order to
order than any of your competitors.”

If you are about to select a ferromagnetic material for a new
application, or if you are dissatisfied with the performance
and service of your present ferrite supplier, why not investi-
gate Stackpole's Ceramag®? To discover how you can save
and still insure superior performance, write for our Bulletin
1-A, Stackpole Carbon Company, Electronic Components Divi-
sion, St. Marys, Pennsylvania 15857. Phone: 814-781-8521
— TWX: 510-693-4511.

- STACKPOLE

ELECTRONIC COMPONENTS DIVISION
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A picture worth a thousand words

Using new character-generating tube and a crt, photocomposition system
for printing is capable of setting type at speeds of 1,000 to 10,000
characters per second while making up the page in the same process

By J. Kenneth Moore and John F. Cavanaugh

CBS Laboratories, Columbia Broadcasting System Inc., Stamford, Conn.

Within the next three months, the fastest photocom-
posing system ever devised will be installed at
the world’s largest printing plant, the U.S. Govern-
ment Printing Office (cro) in Washington. Com-
bining phototvpesetting and page composition by
a computer, the system is capable of setting type
clectronically for an entire page of this magazine
in about five seconds via a new character-generating
tube and a specially designed cathode-ray tube.

Called Linotron. it can set 1,000 characters a
second with the clarity required for quality printing
[see “Quality in electronically set type,” page 118].
Pages for proofreading before final page copy is
set can be composed at several thousand characters
a second; speeds up to 10,000 characters a second
can be achieved for tvpewritten-like pages.

The system was a joint undertaking bv the
Mergenthaler Linotype Corp.. a division of the
Eltra Corp., and the Columbia Broadcasting System
Inc’s cus Laboratories division. Mergenthaler is

The authors

J. Kenneth Moore, general manager
of the graphic systems department
at CBS Laboratories, is responsible
for the application of new
technologies to information display
and the graphic arts. He holds a
master’s degree in physics from
Williams College.

John F. Cavanaugh, a manager

of the photocomposing system
section in the CBS Labs’ graphic
systems department and is
engineering manager of the Linotron
program. He has had 20 years
experience in circuit and system
development.
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responsible for the over-all system management,
programing, and installation. The photocomposing
equipment was developed by cBs. Its key elements
are the character-generating tube' and crt, de-
scribed in detail in the article on page 122. Devel-
opment began in 1962. More than $6 million has
been invested to date.

Unlike conventional linecasting machines —
standard in the printing industry — and phototype-
setters, the Linotron does not require mechanical
motion or motion of film to set a full page of type.
It sets the page. character by character, and is not
restricted to line-at-a-time composition. Letters and
numbers from three type fonts, or styles, are ex-
posed on film at locations selected by a computer.
If another type should be required, characters from
this font can be exposed at spaces left open for
them. This climinates constant shifting back and
forth of different fonts. Ruled lines, graphic ma-
terial, and other information can also be put on the
page.

This technique gives the editor greater freedom
in sclecting tvpe stvle. page size. and page format
without sacrificing the speed inherent to the system.
Line-at-a-time systems require mechanical motion
and are slower than electronic systems. The films
exposed by the Linotron’s output, the ot display,
can be automatically processed oft-line and can be
used to prepare plates for offset. letterpress or
gravure printing.

Applications of the Linotron svstem in compuler
peripheral equipment and automatic drafting sys-
tems are also feasible. For example, information
could be selected from “fonts” that are actually
electro-optical read-only memories. These memories
could be used by a computer as fast-access lookup
tables or data files. The scanning systems emploved
in the Linotron permit the equivalent of 5,750.000
binary bits of data to be stored in a volume of only
2 cubic inches, accessible in 100 microseconds. The
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readout rate would be 5 megahertz.

The crt subsystem could also be used as an
extremely accurate flying-spot scanner for pattern
recognition and filmed data retrieval. In such ap-
plications, a negative would replace the film and
the ert beam would be modulated by the informa-
tion on the negative and detected by a photomul-
tiplier.

In onc of its operating modes—the one used to
start a line at a selected point on a page—the Lino-
tron functions as an X-Y plotter under control of a
computer-prepared program. It can draw lines at
the sweep speed of a crt, or by making points at
a rate of 10,000 a second. As a plotter, it could be
used, for example, to prepare integrated circuit
metalization masks under computer control.

Generation to display

The Linotron system looks at an optical analog
of a tvpe font, generates video signals corresponding
to the characters and their lateral position with re-
spect to adjacent characters in line. It then displavs
the characters on a crt at selected locations within a
page format. As each character is displaved. it is
exposed on the film. Linotron, system diagram on
page 113, resembles a special-purpose, closed-cir-
cuit television scanner and kinescope film recorder.

Instructions for selecting and placing characters,
and other typographical cflects, are recorded
digitally on magnetic tape. Another system, under
development for the Air Force Logistics Com-
mand, will have a video tape input as well, enabling
the system to compose artwork and photographs
on the page of type.

At the cpo, preparation of the magnetic tape will
be handled by a specially programed 183:1-360/50
computer. Material to be printed will be fed into
the computer from data banks updated by punched
cards. The computer will do such typesetting chores

Words, words, words

Why does the Government Printing Office re-
quire a high-speed photocomposing system? The
answer can best be told in numbers.

Last vear alone the cro set 110 million lines
of type (calling for more than 3.2 billion char-
acters). It processes on the average 1,000 print-
ing orders per day, ranging from Congressional
stationery to the 16-volume U.S. legal code.
Through the Superintendent of Documents, more
than 27,000 different titles are available for sale
to the public. Better than half of this printing is
done by the cpro; commercial printers do the
balance under contract.

as spacing ont the lines and hyphenating words.
The tape will also contain instructions for page
makeup, paragraph indenting, type font changes,
and so on.

In the Linotron, the tape is read out in data
blocks into buffer core storage. A dual buffer is
used so that while one is being loaded from the
tape. the other is providing instructions to the rest
of the svstem.

Control logic decodes the tape information into
a variety of signals which determine such printout
properties as the character to be generated, its
position, size, and tvpe style.

Special precedence codes cnable the system to
specify the complex requirements of the graphic
characters. The logic also controls auxiliary system
functions such as determining the length of film on
which the display from the crt is to be printed and
whether a standard information overlay is to be
projected onto the film.

After the page is composed on the ert, the display
is optically enlarged 2.3 times to a maximum of 8%

Text and instructions for
the system are produced
by typist on punched tape

Punched tape is fed into computer,
which in turn produces magnetic tape.
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x 10%*% inches before the film is exposed. This is [

the largest page size generally used by the cro. MAGNETIC INPUT | LinoTRON
o BUFFER AN ARACTER
Larger pages can be composed by programing the TAPE i Foac o
information so a complete page is represented by READER =1 ocic TuBE
placing film pages side by side. 4 ‘
Part of the attraction of the Linotron’s full-page ot [ e
5.0 g g L
composition is that the computer preparing the text SWEEP CRT RECORDER
o | P —
il callfor & chasvates to be Tocated Anvsdhers GENERATOR | oiseLay A
can call for a character to be located anviwhere on et -
the page. In a conventional phototvpesetter. the

computer would have to complete one line hefore

going on to the next, or rewind the film. This is both  on magnetic tape, generates electronic analogs of

bothersome and time consuming. particularly with  characters in the Linotron tube and displays 1,000

multicolumn formats. The computer would have to  characters per second on the cathode-ray tube. Printing
. . g . : plate is made from photograph taken of crt faceplate.

complete lines with contributions from cach of the

columns rather than follow the natural flow along

a single column.

Linotron photocomposing system accepts instructions

in a precision stainless steel frame. Access time to
any character is of the order of a few nanoseconds.
Information transfer from the grid occurs at a 5
Character store Mhz rate after : . i sl
Mbhz rate after a 100-microsecond servopositioning

It was recognized early in the development of  c¢vele.
the system that character generation required a
special type of read-only memory. Information re-
trieved from this store is used but not changed.

Many kinds of read-only character generators
have been described over the past 20 vears.? # 4
Although some had been tailored for high-speed
writing, none had to generate characters that would
photograph with the high resolution required in
this photocomposing svstem.

Clearly, the best character source for the
Linotron system is a photograph. It has high resolu-
tion, costs little and takes up little space. In addi-  svstem in a half second. Thus. $.192 characters in
tion, the original artwork prepared by the tvpe different sizes and fonts are actually available to
designers can be used directly, and large groups  be reproduced.
of characters can be changed quickly. .

The basic clement of the photographic store in  -ihotron tube

I gray
the character generating tube is a grid printed on The character grid is illuminated by a mercury
a glass plate, top of page 117. Tt stores a 16 x 16  arc lamp and its image is projected onto the Lino-
array of 256 characters; a single array contains the  tron tube’s photosensitive faceplate. Each char-
cquivalent of three type fonts. The plate is mounted — acter image is converted into a video signal in the

A character. shown in detail on page 119 appears
on the glass plate with a reference mark at the
lower left. Information bits that follow the mark
store data related to the character’s position with
respect to adjacent characters. This information
isn’t on the magnetic tape.

The 256 characters in a grid can be reproduced
in cight sizes. sufficient for most printing jobs.
When a fourth font is required, a grid changer
holding four separate grid plates is used. The
changer can switch any one of the plates into the

o\
i

Film of page is exposed
and developed and used
to make printing plate.

Linotron tube selects characters to be Crt displays images of individual
printed and transmits them to a crt. characters that make up the page to
be produced.
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Engineer reads pages with several different type sizes printed from plates
prepared from film. System cabinets are in the background.

tube. One signal at a time is amplified in the
electron multiplier section, then transmitted to the
crt.

The video output is an instantaneous and ac-
curate analog of the character’s shape. There are
none of the settling time or hysteresis problems
associated with flying-spot scanners. Furthermore,
there is no time constant analogous to the decay
in crt phosphors to limit the video bandwidth,
which is 5 megahertz.

Helmholtz coils are used in the Linotron tube
to produce uniform magnetic fields for focusing and
deflection. High-power deflection amplifiers supply
the sweep currents. The smaller the character, the
higher the deflection frequency. which reaches 125
kilohertz.

After a character is selected by the input buffer,
the video output from the Linotron tube is con-
nected to a servosystem, shown in the block dia-
gram, page 119. The servo drives the deflection
amplifiers of the Linotron and locks the scan to
the coordinates of the reference mark on the
character grid. The techniques used are similar to
those in star-tracking svstems.

The servosystem aligns each character scan to
the character and corrects errors introduced by vari-
ations in positioning the grid changer, manufactur-
ing tolerances in fabricating the character arids,
drift in the sweep generators, and deflection am-
plifiers. Alignment accuracy is about 0.0001 inch.

Cathode-ray tube

A 7-inch crt, type CL1242 P24, with an additional
optical magnification of 2.3, exposes standard photo-
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typesetting film, The useful phosphor area of the
tube actually has about a 6-inch diameter. Spot
size is typically less than 1.5 mils at beam currents
of 20 microamps and accelerating potentials of 30
kilovolts. Deflection defocusing introduced by the
20° deflection system is kept below 10%.

The cort uses a dual magnetic deflection system,
shown in the block diagram on page 120. A major
deflection voke, driven from a precision digital-to-
analog converter, positions the character and a
minor deflection voke writes it out. Deflection am-
plifiers similar to those used in the character gen-
erator drive the minor deflection yoke.

Digital-to-analog conversion

Digital-to-analog converters take the digitally
coded position address supplied by the control logic
and place the 1.5-mil diameter crt spot at the
character starting point on the crt. Both the
horizontal and vertical converters are driven by
5-digit binary coded decimal inputs. The least
significant digits represent a deflection of 1/1Sth
of a point (a point is a measuring unit for tvpe)
or 0.00076S7 inches on the film.

Groups of weighted current sources controlled
by current switches make up the digital-to-analog
converters. Their long-term stability is high. 0.01%.
They are modulated by a signal that is a function
of the deflection current. The deflection current
is fed back into the converters and modulates
their output as a function of the crt spot position.
The modulation is controlled by a function gen-
erator that corrects the signal to obtain a differ-
ential lincarity distortion of only 0.01%.
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Character grid is a photographic store of 256 type
characters. Linotron tube selects one character

at a time which is transmitted as a video

signal for projection onto crt display.

With the suitably shaped deflection current sig-
nal, the spot is placed within 0.02% of its required
position. Linearity correction is possible because
precise pincushion correction makes the crt’s
deflection sensitivity independent of axes.

Sweep generation

The sweep generator in the Linotron system
synchronizes the character generator with the crt
display. The svstem has:

* Constant video bandwidth of about 5 Mhz, in-
dependent of character size for a given resolution
at the film plane.

* Constant energy density at the film independent
of the tvpe size.

* Typesetting speed constant for a given area of
composition; if type is not required on some areas
of a page, the page is set more rapidly.

* Asynchronous operation with small characters
printed at a high speed and larger characters
printed at slower speed.

The number of scan lines on the output film is
835 per inch. This is large enough to take advantage
of the 1.5-mil spot size available from the ert, since
with a conservative Kell factor (a measure of the
overlap of scan lines) of 0.6, the resolution is about
500 lines per inch. Very high contrast prints—up to
a film density factor of 3—are obtained with a
spot velocity of 13,000 inches per second.

The largest size character to be printed in the
Gro’s Linotron is 18 points—up to Y% inch high.
(Larger characters can be produced by modifving
the circuitry) The smallest will be a 5-point
character.,
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As the character gets smaller, the period of time
in which it’s swept out on the crt decreases, too.
The time ranges from 5.016 microseconds to sweep
an area 18 points square (called an 18-point em
square) down to 597 microseconds for an area 5
points square. These times include a constant
S-microsecond retrace time for each scan. How-
ever, to achieve the same recording density, the
slope of the crt sweeps are the same for all char-
acters (sec wave diagram below).

In the character generator, sweep amplitude is
independent of point size. Since the sweep times
are determined by the crt requirements, the slope
of the signal increases in the Linotron tube as the
point size gets smaller.

In most cases, a complete em s(quare is not swept
by the Linotron tube. Complete sweeps would cause
unnecessary delays because most characters, as
shown on page 121, cover only a portion of the
square. For example. an i is short and narrow, a d is
high, and a p descends to the bottom.

Each em square is divided into 12 sweep areas,
corresponding to different groups of letters. In-
structions directing the scan to the proper arca are
coded digitally in dots beneath each character in
the grid. Typesctting speed is between 30% and
50% faster than if the entire square were scanned.

The distance each character should be set from
its neighbor in a line of type is also coded beneath
each character. This methed of positioning in the
Linotron system is called implicit positioning be-
cause no explicit commands come from the com-
puter. Anywhere from four to 18 dots correspond
to the character width. These width dots are
scanned a number of times equal to the point size
being used. The result is a scries of pulses equiva-
lent to the required spacing to the next character
in units of 1/18th of a point or 0.0007687 inch.

The pulses, fed into the horizontal position regis-
ter in its counter mode, increase the horizontal
position address to rcach the address required for
the next character. Therefore, the least significant
digit of the digital-to-analog converter must provide
a current sufficient to deflect the crt spot 0.0007687
inch on the film plane.

The film transport carrics film from a supply

_— 18 PT.SWEEP

A {~— SPT. SWEEP
CRT SWEEP /A K
18 PT. SWEEP
A 4 ‘II‘ A ' 1 o 5PT. SWEEP
, f
CHARACTER / L/ \ \/ 1y AV,
GENERATOR VvV \ \ \/

SWEEP

Sweep slopes on the crt must be the same for ali type ]
sizes so phosphor brightness won’t vary. Sweep

slope in the Linotron tube becomes steeper as

the point size gets smaller because the crt

determines sweep time. The Linotron’s

sweep amplitude remains constant.
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Quality
in electronically
set type

Electronics has been involved in
the printing industry since the
1930’s when punched tape for
linotype machines was introduced.
Speed and economy have been the
main reasons. But it has only been
within the last few years that truly
impressive jumps in speed have
been made in typesetting.

From rates of 20 and 40 char-
acters per second, adequate for
many newspaper operations, elec-
tronic typesetters are today press-
ing to speeds of 1,000 characters
per second and are headed even
higher [Electronics, Feb. 6, p. 34;
June 13, 1966 p. 255]. Such rates
are being reached by combining
computers, special character-gen-
erating techniques, and high-speed
film-processing systems.

However, for the printing indus-
try, speed alone is not enough.
High quality is needed, too. What
does high quality in printing mean?

Resolution. Thousands of dif-
ferent type styles have been de-
veloped since the invention of mov-
able type by Gutenberg in the 15th
Century. They are selected for
such reasons as the content of the
text, the tvpe of paper, the print-

L

ing press to be used, and the taste
of the publisher. Styles are differ-
entiated by the form of the letters
and, more particularly, by the fine
detail associated with each letter
—boldness of strokes, shape of
the serifs, squareness of the cor-
ners, etc. For high quality printing
the type must be reproduced with
a resolution of about 10 pairs of
optical lines per millimeter (500
television lines per inch).

Precision. If letters are not set
accurately with respect to each
other—if they bobble up and down
or sideways—it impedes the nat-
ural reading process, where letters
are grasped as groups forming
words and phases.

One of the major functions of
serifs on letters is to provide an
average reference line for the eve
to follow. If the letters and there-
fore the serifs are not placed ac-
curately, this average reference
line will be poorly defined and dis-
jointed.

High quality is obtained when
each letter is placed to an ac-
curacy of 1 mil with respect to ad-
jacent letters. For a typical page
size, this represents a differentia!
accuracy of 0.01%. This require-
ment is particularly important for
small sizes of type faces where
space between letters is very small.

Uniformity. Printers and tvpog-

raphers often refer to the “color”
of a page. By this they mean the
average density of type over areas
large compared to a letter. On that
scale, one part of a page should
appear to a reader the same as
another part of a page. Variations |
in color provided by a bold face,
italics, indentation, or other tech-
niques give emphasis or guide a
reader’s attention.

A typesetting machine must re-
produce letters with uniform reso-
lution, accuracy and exposure in-
tensity at all positions on a page.
This differs from the practice in tv
or in conventional photography
where the resolution at the corners
may be substantially lower than
the resolution at the center.

Flexibility. There are enormous
differences in materials printed for
advertising, mathematics texts, and
dictionaries. Type faces and styles |
change and even intermix, sizes
vary, and formats change. Type
may be set across a page or on
its side, lines may be full or left
blank, they may be set tightly or
widely spaced.

A machine that sets type may
be very fast for pages set densely,
but uneconomically slow for pages
with large open spaces. A type-
setter should therefore provide
wide flexibility for page formats
with little loss of processing speed.

cassette to the image recording plane where it’s
exposed and then fed into a take-up cassette.
Separate automatic processors develop the film off-
line. Photographic paper, rather than film, is nor-
mally used for proofreading copies.

Directed by the information from the magnetic
tape input, the transport pulls down film from rolls
up to 12 inches wide. Film lengths for printed
pages of 6, 7, 8 and 8% inches long are program-
able through the computer.

To control film length, a reference hole, whose
position depends on the page length desired, is
punched at the top of the film as it is being ex-
posed. At the next pull-down command, the film
moves down until the hole is centered between
two light sensing photocells, which are part of a
servosystem, shown at the bottom of page 120. The
film can be positioned to accuracies of better than
+2.5 mils, which is needed to make up over-sized
pages.

The film transport must be ruggedly constructed
because a full roll of 500 feet of film can weigh
as much as 30 pounds. Slack loops with dancer con-
trol at the cassettes decouple the load from the
drive system so that the film can be pulled down
in less than one second.
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The Linotron system also has a second trans-
port for making page proofs. This equipment de-
velopes photographic paper a page at a time in
the machine.

Higher speed modes

For some requirements, proof copies for example,
printing quality can be sacrificed for higher speed.
The Linotron system has two higher speed modes.

In the proofing speed mode, the system operates
at three to four times the normal speed. To
compensate for this, the characters are scanned at
about 280 scan lines per inch instead of the normal
835. The system performs all the normal operations
but the letters are not as crisp as when copy is set
at normal speeds.

In the other high-speed mode, the system simu-
lates a computer’s line printer and produces
copy resembling that from a typewriter at speeds
approaching 10,000 characters per second. It uses
a special grid with small characters. They are
swept with lower amplitudes of deflection current
so that sweep speed is faster and retrace times
are shorter. The implicit spacing logic circuits
are bypassed and the characters are printed with
fixed spacing increments.
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A turn-page mode, one in which pages are com-
posed and printed with a 90" rotation, can also
be programed. This can only be done with an area
composing system (see bottom of page 121).

When a computer instruction calls for a turn-
page mode, switches and gates within the system
produce the following changes:

» X and Y positioning codes are transferred
respectively to the vertical and horizontal position-

IMAGE OF o
LINOTRON - VIDEO
ggf\‘?ACTER—>: TUBE i AMPLIFIER
HORIZONTAL
DEFLECTION J= > 2?;%2?8?“5
AMPLIFIER
4
HORIZONTAL
SERVO WOBBLE iA%PhEo 0
ENABLE —— L =g AN L
GATE OSCILLATOR POSITIONT |NTEGRATOR
GATE CORRECTION
SIGNAL

Grid changer holds four
character grids, each of
which can be switched
into the Linotron tube in
a half second.

ing digital-to-analog converter inputs.

s Horizontal character raster deflection sweeps
are transferred to the vertical deflection amplifier;
the vertical sweeps are transferred to the horizontal
amplifier.

» Vertical positioning yoke leads are reversed.

» Horizontal character raster deflection yoke
leads are reversed.

Ruled lines may be drawn by the crt under

A7 = \
p QIR L Sune
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Servo system for horizontal axis control generates a position correction signal that locks the scan to the reference
mark beneath the character. Reference and coding marks indicate how the character should be scanned and spaced.
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Major yoke (dark color) is controlled by the digital-to-analog converter to place the

character at a selected spot on a page.

computer instruction. The computer specifies the
coordinates for the origin of a line, its direction
(horizontal or vertical), length and thickness. The
origin of the line is set into a position register
and counter which drives the digital-to-analog con-
verter.

Upon command, the crt spot is unblanked and
an oscillator is gated into the register. The oscil-
lator pulses are also applied to a backwards counter
which has been preset to a value corresponding
to the length of the line. The response time of
the positioning system limits the spot travel to a

SUPPLY SUPPLY
DANCER © CASSETTE
& SOLENOID
3 OPERATED
(3 PUNCHES
()
EXPOSURE VACUUM
PLANE PLATEN
G CD—END OF PULLDOWN
Blcm— PHOTOCELLS
SOURCES 5|y }ssnvo

CAPSTAN

° TAKEUP

mer P (o)
k FILM PATH

Light passing through hole punched in the film by
solenoid-operated punches is sensed by servo system to
determine when film has been pulled down to its selected
length. Film lengths range from 6 to 814 inches.
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constant velocity as the register is advanced. When
the backwards counter reaches zero, the oscillator
is gated off and the crt spot is blanked.

While the spot is moving across the crt face
to produce the line, an orthogonal spot wobble is
applied. Line width varies with the amplitude
of this wobble and spot brightness is adjusted to
achieve a constant energy density on the recording
film that is independent of the width of the line.

Format overlay projector

The computer is employed for drawing line for-
mats that are not used regularly. But for formats
repeated often, like column rules, the Linotron
may use its format overlay projector—a digitally
addressed, random access slide projector. It holds
96 slides which contain pictorial or typeset infor-
mation, as well as ruled lines. The slides are 2
inches square and are magnified to page size.

A format slide is normally selected while the
type is being generated on the crt. A pivoting
reflecting mirror drops into position at the
completion of the typesetting and flash lamps fire
and expose the projected format on the recording
film. Each slide can be changed in 3.5 seconds.
Formats are positioned with a repeatability of
about 4 mils. Most of the operating cycle for the
overlay projector is shared by other system func-
tions so that time delays are minimized.

Linotron as an X-Y plotter

The implicit positioning system of the Lino-
tron normally positions characters within a word
after the starting point of the word has been
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Advanced version of the Linotron system—the Lexical EONTROL

Graphical Composer Printer—being built for the Air UNIT

Force will be able to handle al! kinds of pictorial inputs

with the additional subsystems shown in color.

obtained from the instructions in the tape.
Under such explicit control, the system behaves
like an X-Y plotter.

Coordinates for the start of columns, paragraphs,
lines, and words are transferred from the tape as
a 5-digit binary coded decimal words. The last
significant figure corresponds to 1/18th of a point.

Explicit position codes preset the position regis-
ters and the blanked crt spot is moved to the
required location by the deflection currents gen-
erated by the digital-to-analog converter.

When explicit positioning is used, the computer
must calculate the correct coordinates for a word
or line with respect to an origin on the page.
Often it is more convenient for the computer to
calculate an address as a differential change of
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(1POINT=0.014")

l\\

REFERENCE LINE

BASE LINE

Most characters cover only a portion of the em square
for a given point size. Only the segment of the square
in which the character fits is scanned.
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Normal printing mode on film (left) has crt display
positioned on its side. This allows wide, multi-column
pages to be printed. In turn-page mode (right) pages
are composed after being rotated 90° so long lists of
information can be printed.
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location from the last position in the registers.
To do this, a delta positioning capability has
becn designed into the control system. This allows
a number to be added to the position registers so
that the location of the crt spot will advance from
the last position by the delta address.

Another positioning method reads the implicit
positioning coding only and doesn’t scan the letters.
The width code is converted into spacing pulses.
This allows the computer to call out spacing with
fewer coded instructions.

Advanced Linotron

An advanced version of the Linotron system,
called the Lexical Graphical Composer Printer
shown in block diagram above, is being built for the
Air Force Logistics Command. In addition to all
of the capabilities of the Linotron, this system
will be able to process photographs. The tech-
niques used are adaptable to a wide range of
illustrations. They can even be expanded to include
color separations for printing illustrations in color.

The graphic input consists of a high resolution
crt flying-spot scanner which converts picture in-
formation to video signals. The video is stored on
a standard broadcast video tape recorder modified
to provide high resolution at slower than standard
scan rates. Digital codes that describe the pictures
for retrieval are also added to the tape.

The video signals corresponding to a desired
picture are read out of the video tape reader into
the graphics copier electronics which processes
them for display on the system’s crt. Precision
linear sweeps are generated instead of the asynch-
ronous jump-scan sweep used for character posi-
tioning.

The control system receives commands from
the computer composition system which define
the coordinates of a picture to be copied from the
video tape file. As the type is set on a page, areas
on the film are left blank for the pictures to be
added. The blanked crt spot is moved to the space
and the picture is then recorded in accurate regis-
tration with the typeset copy.
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Generating characters with Linotron

Generator tube converts printing characters into sequence
of video signals that trigger high-resolution crt display

By Robert A. Botticelli, Patrick F. Grosso, Arthur Sansom and Robert E. Rutherford Jr.

CBS Laboratories, Columbia Broadcasting System Inc., Stamford, Conn.

Because Linotron photocomposition is a special
kind of closed-circuit television hookup, the sys-
tem requires a special camera and receiver-—the
Linotron character-generating tube' and a high-
resolution cathode-ray tube.

The Linotron tube resembles an array of 256
cameras, each focusing on a particular character.
The characters are projected optically onto the
tube’s photocathode (see cover) and a beam of
electrons is emitted for each. Focused throngh
holes in an aperture plate, the beams are dissected
and converted into video signals.

A switching section blocks all but one of the
signals and propels the surviving signal—chosen
by the Linotron system—into an clectron multi-
plier section, from which it is routed to the ert
where the character is regenerated and projected
on film,

Start with 256 beams

The character grid, projected on the photocathode
by a mercury arc lamp, consists of the 16 x 16 matrix
of transparent symbols on a black background.
When the photocathode is struck by the images of
the symbols, an energy exchange releases beams of
photoelectrons that have the same cross sections
as the characters. These space-modulated beains
are accelerated by an electrostatic field toward the
aperture plate.

The photocathode, occupying a 3-inch diameter
area of the 7-inch faceplate, is of semitransparent
cesium-antimony with an S-11 spectral response.
It has a typical sensitivity of 40 microamps per
lumen, and operates at a current density of 100
microamps per square centimeter. Neutral density
filters in front of the mercury lamp control the
cathode illumination. Although sensitivity slowly
decreases with tube operation—limiting its life
—tubes have lasted upward of 1,500 hours when
the photocathodes are deposited on transparent
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condnctive substrates.?

As the electron beamns travel from the photo-
cathode through the immage section of the Linotron
tube, they are focused and deflected at the aperture
plate by three pairs of Helmholtz coils.* Each
electron image is scanned across a 1-mil square
aperture to generate video information. The aper-
tures convert the original 256 character images into
video signals. Thus, the Linotron tube is funda-
mentally a multiple aperture image dissector.*

The coils make the focus and deflection fields
uniform to within 0.1%. The focusing coil pair is
about 20 inches in diameter, concentric with the
tube and centered about the image section. It
generates a 24-gauss field.

Varying horizontal and vertical deflection fields
are produced by the other pairs of coils. The sweep
fields of the deflection coils are generated by cur-
rents supplied by high-power deflection amplifiers.
Linearity and stability of these amplifiers are ap-
proximately 0.1%, and they have a l-megahertz
signal bandwidth. The highest deflection-signal
frequency, used for the smallest characters, is
approximately 125 kilohertz. Total current in the
horizontal deflection coils is 16 amperes and coil
inductance is 10 microhenrys.

A mutually orthogonal arrangement of the coil
pairs readily eliminates stray fields. The earth’s
field, for example, can be canceled simply by
creating opposing fields which neutralizes its effect.

Both the magnetic and electrostatic fields must
be uniform in the image section. Distorted electro-
static fields can cause the beams coming from the
photocathode to be out of focus, especially heams
that aren’t close to the axis of the tube, shown in
the schematic at the hottom of page 125.

An off-axis beam would pass through the aper-
ture plate incorrectly, causing the crt to reproduce
the character in a shifted position. In the switching
section, the beam would be further eftected. Part
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Character generator’s switching section selects one of the 256 video signals representing the characters that
have been projected on the tube’s photocathode. The video signal is then sent to the cathode-ray tube where it
sweeps out the character in its proper position on the page to be printed. The characters expose film which is

developed off-line and used to make printing plates.

of it might strike the switching grids instead of
passing straight through. This would result in a
shaded output character or, in a severe case, no
output at all.

Image at the aperture

Each symbol of the character grid has its own
aperture, a hole 1 mil square, in the aperture plate.
The apertures dissect the images into incremental
video signals with a 5-Mhz bandwith, when the
beam scans them.

Although each of the 256 high resolution image
dissector scanning tubes within the Linotron tube
is associated with a single character, all are
scanned in parallel. Scanning angle is only that

Electronics | April 3, 1967

required to scan a single character (1.5°) so that
geometric distortions are negligible.

Resolution of the tube depends almost entirely
upon the size of the scanning aperture in the Lino-
tron tube. The 1-mil-square apertures limit resolu-
tion to 20 line-pairs per millimeter. Higher resolu-
tion is not required, but could easily be obtained by
reducing the aperture size. Tradeoff for this would
be a reduction in the output current and a decreasc
in the signal-to-noise ratio.

Switching section action

The switching section—which allows only one
of the 256 video signals to be accelerated toward
the multiplier section where it is amplified before
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Linotron tube has 65 leads that control character selecticn and signal amplification. An ion getter pump,
right, maintains a hard vacuum in the 1314-inch-long glass tube.

going on the crt—consists of 16 vertical and
16 horizontal stainless steel bars. Insulated from
each other and placed between two field plates. the
bars are 100 mils wide and 50 mils thick. In the
bars are holes 60 mils in diameter that line up
with the holes in the field plates and apertures,
as in the partial schematic at the top of page 127.

The first field plate, directly behind the aper-
tures, decelerates the clectrons so that they pass
through the section slowly and are easier to control.
The second plate is held at the same potential as
the first, creating a ficld-free region within the
switching section.

The beam representing the desired character is
accelerated by applying a high voltage, 100 volts
compared with 30 volts on the photocathode, to one
vertical and one horizontal switching bar. The other
bars are kept at zero voltage. In effect, this opens
only one of the holes in the switching section—
at the crossing point of the energized bars—and
closes the others, while propelling the selected
signal through the second field plate and into the
multiplier section of the tube.

Electron multiplier

A 10-stage electron multiplier amplifies the
small currents obtained from the photocathode.
The intensity of light falling on the photocathode
and the voltages on the multiplier chain are ad-
justed so that the anode current at the cutput is
25 microamperes.

The multiplier has a venetian blind structure
which is less sensitive to magnetic fields than
other types.

Another advantage of this structure is that
the vanes of each dynode can be spaced to match
the period of the aperture rows. Each input signal
enters the common multiplier at a different point
and travels to the anode through its own section.

A partitioned effect is created. Each partition
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is identical, minimizing the variation in anode
current from different apertures.

The signal-to-noise ratio is also enhanced by
this type of structure because primary electrons
are focused on the lower edge of the first dynode
where the withdrawal field is strongest. Second-
ary electrons are drawn off this emitting surface
to the next dynode. The high vield of secondaries
from the first dynode results in an over-all improved
signal-to-noise ratio.

The transit-time spread between the individnal
electrons as they pass through the multiplier is
large. While this spread might be a disadvantage
in some electron-multiplier applications—since it
limits operating frequencv—it is of no consequence
in the Linotron system. The tube ecasily handles
the svstem’s 5-Mhz bandwith.

Long, slim receiver

The shape of the photocomposing crt contrasts
sharply with the modern, 110° scan-angle, ultra-
short television tube. It is approximately 26 inches
long, with a nominal screen diameter of 7 inches,

HORIZONTIAL
DEFLECTION
COIL PAIR

FOCUSING COILS VERTICAL DEFLECTION

COIL PAIR

=/ PHOTOCATHODE OF
. LINOTRON TUBE

Helmholtz coils over the image section focus
the beams at the aperture plate and scan them
across the aperture holes.
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shown at the bottom of page 127. An area with a
diameter of only about 6 inches is used to display
the information, which reduces the scanning angle
to approximately 40°.

This smaller angle helps to keep the spot size
of the beam uniform, The image on the screen is
magnified 2.3 times, to a rectangular area with a
14-inch diagonal, before it is projected on the
printing film.

The single-beam, high-resolution electron gun is
of tetrode design and has an oxide-coated cathode.
Angular spread is approximately 0.03 radians.
Anode voltage is tvpically 30.000 v and can go as
high as 45,000 v. The gun is fabricated without
the limiting apertures often used to reduce the
diameter of the electron beam. This means that the
beam current can be high.

The beam diameter is ¥4 in. at the main focus
coil. Yet at a beam current of 20 microamperes,
the resolution is 24 line pairs per millimeter—a
better resolution than the eve can distinguish when
the filn is inspected.

Extra focusing

Dynamic refocusing keeps the spot size at 1.5
mils in diameter any place on the faceplate, al-
though the beam diameter is large as it passes
through the deflection coils.

The main focus coil is 2 inches in diameter. Its
large inductance makes it unsuitable for the rapid
changes of focus needed to position characters
at difterent locations on the tube’s faceplate. The
faceplate is Hat. rather than curved so the image
can be projected on the flat film. Thus, beam len<th
changes with cach character location. Without

DEFOCUSING EFFECT

ELECTRON BEAM

Large Helmhoitz coiis at the ends of the image
section are the focusing coils. Between them is
support ring. Two smaller pairs of coils are for
vertical and horizontal deflection.

dynamic focusing. spot size would not be constant.
A dvnamic focus coil, driven from high-speed
squaring circuits, compensates for this change in
the path length of the deflected beam.

The coil is built in a low-loss ferrite case with
an air gap close to the major focus coil. Sharing
the major focus gap, and therefore its core ma-
terial, can lead to serious problems of hysteresis
and eddy currents when the focus modulation

_POSITION ERROR

_——BEAM CLIPPING

-
-
]
|
/
4 l ouTPUT
[ ] .
N— — —_—
PHOTOCATHODE / \ ( \¥- ~
/ APERTURE PLATE SWITCHING \
IMAGE SECTION SecTion )
ELECTRODES EQUIPOTENTIAL LINES MULTIPLIER SECTION
A uniform electrostatic field in the image section and careful focusing result in a beam passing straight through
the aperture plate and the switching and multiplier sections (the beam at the center). If the field were not
uniform, an off-axis beam (the upper beam) would not be focused exactly at its aperature. The result would be
characters printed out of focus or with nonuniform intensities.
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FORMAT OVERLAY PROJECTOR

FILM PLANE

CRT PROJECTION
LENS

PIVOTING
MIRROR

Standard overlays may be projected onto film after completed page has been composed. Pivoting mirror drops
into place so that it reflects slide image from format overiay projector.

changes rapidly. Hence, both the major and minor
focus current supplies must be highly regulated
and stable.

This auxiliary coil has negligible residual mag-
netism so that central focus is regained when the
dynamic coil current is removed. Astigmatism isn’t
introduced during refocusing. However, some may
occur because of lack of circular symmetry in the
main focusing ficld. This is corrected by a magnetic
quadripole astigmator that acts as a cylindrical lens.
Now perfectly circular, the undeflected beam is
directed along the axis of the tube by an alignment
coil.

Character positioning

The major deflection yoke moves the electron
beam into the position on the crt faceplate at
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Character grid has letters and numbers in
roman, italics and bold face.
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which the character is to be written and holds the
beam there. This position is selected by the Lino-
tron system. The character is written by the minor
deflection yoke that scans the electron beam at
high speed over the small area required to display
the character.

Because the deflecting fields are so well bal-
anced there is no astigmatism, the most import-
ant spot distortion to avoid. Only a small amount
of non-orthogonality (less than 0.05°) is acceptable.
This is maintained by inserting a single layer sub-
voke inside the main yoke and in series with one
deflection axis. This component is rotated until
nonorthogonality is reduced to a level set only
by the accuracy of the instruments being used to
measure the defect.

The character-writing minor yoke has only a
few microhenrys inductance. The deflection angles
are extremely small and the minor yoke doesn’t
distort the focused spot. Orthogonality of the de-
flection axes is the same as for the major yoke,
within 0.05°.

The minor yoke is close behind the major yoke
to keep the off-axis distance of the electron beam
minimal as it enters the major deflecting fields.
Vertical and horizontal deflection axes of the minor
yoke accurately parallel the corresponding deflec-
tion axes of the major yoke. This eliminates—
without shielding—cross coupling between the two
yokes and preserves the quality of the page of
print.

Corrected positions

However, the sweep signals for the subraster
generated by the minor yoke must be corrected so
character size is independent of location—another
requirement imposed by the flat faceplate. Both
the horizontal and vertical subraster dimensions
depend on horizontal and vertical location. With-
out correction the same angle would produce a
longer beam scan near the edge of the tube than in
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High voltage applied to one horizontal and one vertical switching bar select a beam carrying the video
signal for a single character.
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MINOR YOKE ELECTRON BEAM

(WRITING)
ASTIGMATISM CORRECTOR

DYNAMIC FOCUS
COIL
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(POSITIONING)

PIN CUSHION )A
CORRECTOR 4

POLEPIECES Yoke arrangement and the four magnets around the crt

faceplate correct beam alignment and distortion. The
major yoke positions the beam and the minor yoke
deflects it. Both centered and deflected

beams are shown.
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Circle 130 on reader service card

Readers Choice

IEE bright, legible, wide-angle readouts:

Any characters desired Many sizes

Any colors or combinations Many configurations

Any input, BCD or decimal Many lamp lives (to 100,000 hours)
Any input signal level Many brightness choices

Any mounting, vertical or horizontal Many options and accessories

Standard Readouts: Rear projection principle, like all IEE read-
outs. A lamp in the rear of the unit illuminates one of the 12
film messages, and projects il to the front viewing screen.
Unbeatable readability and versatility.

Large Screen Readouts: For reading distances up
to 100 feet. Maximum character size 3%".

w;" Miniature Readouts: Only 1” wide x 1-5/16” high, yet can be read at
30 feet because of clarity of one-plane projection. Character size: %".

Micro-Miniature Readouts: Only %" wide x ¥%” high, but 20 foot viewing
distance and maximum 175° viewing angle because’of front-plane display.
Character size: 3%".

Hi-Brite Readouts: Special lens system increases character brightness
50%. Particularly good when high ambient light conditions exist.

Cue-Swilch Readouts: Rear projection readout with push-button
viewing screen. Combination switch and display device.

Bina-View Readout.: Accepts binary or teletype code, decodes,
and displays the proper character.

Status Indicator Readout: Displays up to 12 different messages, individually
or in combination. Viewing screen only 3 sq. in.

Indicator Assemblies: Available with up to 11 rear pro-
jection readouts, for indicating seconds, minutes, hours,
days, etc.

Driver/Decoder Module: Designed to work with |EE Readouts. Accepts
a variety of binary codes for decimal conversion.

The new IEE Display Devices catalog gives complete information and specifications
on these products, and their accessories. Ask for it.

“I-double-E", the world's largest manufacturer of rear projection readouts.
Industrial Electronic Engineers, Inc. 7720 Lemona Avenue, Van Nuys, California
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High voltage applied to one horizontal and one vertical switching bar select a beam carrying the video
signal for a single character.
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Yoke arrangement and the four magnets around the crt
faceplate correct beam alignment and distortion. The
major yoke positions the beam and the minor yoke
deflects it. Both centered and deflected

beams are shown.
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PARALLELOGRAM PINCUSHION TRAPEZIUM
(SKEW) DISTORTION DISTORTION DISTORTION

Correction of these raster faults on the crt yields displays
with edges straight to within 1 mil over a 5-in-long
display. Opposite sides are parallel to 2 mils.

the center and the character would become shorter
and wider,

The correction is a function of K,H?» — K.V2,
where H and V are the horizontal and vertical
voltages, respectively, K, and K. are constants of
the deflection systems.

The squared terms are derived from the function
generators used to provide focus modulation and
are added into the sweep generator amplitude
control reference voltages. Deflection of the elec-
tron beam is uniform to within 0.1% for deflection
angles of 20°.

Residual magnetism in the major deflection yoke
is low enough so that spot displacement is only a
fraction of its diameter when the heam returns to
the undeflected position from full deflection.

The ferromagnetic material also permits very
rapid and precise deflection of the spot between all
positions on the tube face.

Raster geometry

Four separate magnetic pole pieces placed close
to the phosphor plane of the crt correct pin cushion
distortion, the most eye-jarring defect in a crt
raster. This distortion is particularly noticeable
where an uncorrected raster appears to have bowed
sides. In the crt, sides of the raster are straight-
ened to within 1 mil; corners are also located to
the same accuracy.

Usually, a pin cushion corrector is close to the
deflection yoke on the faceplate side where it
requires less power and doesn’t make the faceplate
end of the tube bigger. This couldn’t be done here
becausce the correction and yoke fields would inter-
act, distorting the deflected spot.

Parallelogramn distortion is eliminated by mak-
ing sure the horizontal and vertical deflections
are orthogonal. Other faults, like trapezium dis-
tortion, are dealt with by aligning precisely the
correction, focus, and deflection components of the
tube. The undeflected beam must, for example,
land orthogonally on the phosphor screen. Ade-
quate magnetic shielding prevents stray ficlds
from influencing the position of the beam.

A number of the currents and voltages also
must be extremely stable. Possibly the most im-
portant arc the alignment coil currents and the
final anode voltage. Upon these depend the loca-
tion of the electron beam with respect to the focus
coil, main deflection yoke, and pin cushion cor-
rector. An incorrectly positioned beam may lead
to only a slight loss of resolution but the effect
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upon raster shape, when the accuracy must be
within 0.01%, could be disastrous.

Bright display

The faceplate and luminescent phosphor plane
of the crt must be unusually uniform and blemish-
free. Otherwise, the slightest fault would show up
as broken or distorted characters. A fine-grain P24
phosphor (Zn0:Zn) is used. This material’s bright
emission spectrum fits well with high contrast
film. The phosphor is also rugged and withstands
high peak current densities and ages slowly. It
emits more light than other fast decay phosphors
such as a P16 (CaMgSi0;:Ce), for example. Varia-
tion in light output due to granularity, or phosphor
noise, is less than 2% rms.
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Any knob will turn the equipment on...
What you need is a knob to turn the user on!

You’re an electronic designer, right?

And the things you do have to be func-
tional and economical and practical —but
beautiful, right?

So, okay, you know the problem.

The company comes up with a new gim-
mick to revolutionize the electronic industry
and they give it to you to package. You sweat
over it for weeks; squeezing out the fat;
streamlining;building in clean, modern lines.

And, whenyou arefinished, itis functional,

sees first, last and most often?

The knobs. If they don’t turn him on, the
whole design leaves him cold.

Kurz-Kasch knobs turn on all sorts of elec-
tronic devices produced by 3000 originai
equipment manufacturers. They also turn on
users and designers. They’re functional and
economical and practical—but beautiful.

Write for the free 1967 Kurz-Kasch De-
signer Catalog and see what we mean.

STANDARD W

nobs
el

economlcalhan.d practical—but beautiful. = 1 KurZ'KaSCh, Inc-
So you build it. KURZ - KASCH, INC. Standard Parts Division
And what is it that the user (and buyer) .. TEEEEIETEREEes Dayton, Ohio 45401
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Readers Choice

IEE bright, legible, wide-angle readouts:

Any characters desired Many sizes

Any colors or combinations Many configurations

Any input, BCD or decimal Many lamp lives (to 100,000 hours)
Any input signal level Many brightness choices

Any mounting, vertical or horizontal Many options and accessories

Standard Readouts: Rear projection principle, like all IEE read-
outs. A lamp in the rear of the unit illuminates one of the 12
film messages, and projects it to the front viewing screen.
Unbeatable readability and versatility.

Large Screen Readouts: For reading distances up
to 100 feet. Maximum character size 3%".

w; Miniature Readouts: Only 17 wide x 1-5/16” high, yet can be read at
) 30 feet because of clarity of one-plane projection. Character size: %”.

Micro-Miniature Readouts: Only %" wide x %" high, but 20 foot viewing
distance and maximum 175° viewing angle because'of front-plane display.
Character size: %".

Hi-Brite Readouts: Special lens system increases character brightness
50%. Particularly good when high ambient light conditions exist.

Cue-Switch Readouts: Rear projection readout with push-button
viewing screen. Combination switch and display device.

Bina-View Readout: Accepts binary or teletype code, decodes,
and displays the proper character.

Status Indicator Readout: Displays up to 12 different messages, individually
or in combination. Viewing screen only 3 sqg. in.

Indicator Assemblies: Available with up to 11 rear pro-
jection readouts, for indicating seconds, minutes, hours,
days, etc.

Driver/Decoder Module: Designed to work with |IEE Readouts. Accepts
a variety of binary codes for decimal conversion.

The new IEE Display Devices catalog gives complete information and specifications
on these products, and their accessories. Ask for it.

“|-double-E", the world’s largest manufacturer of rear projection readouts.
Industrial Electronic Engineers, Inc. 7720 Lemona Avenue, Van Nuys, California
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Avionics

Terrain-following radar
that doesn’t scan continuously

System housed in a startlingly small package points a beam
at a fixed angle below plane’s flight path. 90,000 miles

of flight tests prove scanning is not necessary for safety

By Ellsworth O. Snyder

Electronics Division, the General Dynamics Corp., San Diego, Calif.

It took three years of flight-testing to settle the
controversy over whether a terrain-following ra-
dar’s antenna pattern should or should not scan the
terrain ahead of the ground-hugging aircraft. But
the perseverance paid off with the development of a
system—so small it can be packed into a pint-sized
black-nosed “bomb "—visible under the fuselage of
the aircraft in the photo below. This system does
not scan.

Production of three models of this radar which

weighs 38 pounds and is 33 inches long—only a
fraction of the size of conventional terrain-follow-
ing radars—recently began for the United States
and British air forces.

The General Dynamics Corp. system. the
AN/aprx-170, is small because it does not scan. It
continually points a beam at a fixed angle below
the aireraft’s flight path. \WWhen General Dynamics
was developing the system. critics argued that this
boresight teclmique wasn't safe—that if the air-

Navy test pilot in an A4C Skyhawk checks equipment while General Dynamics engineers look on.
The terrain-following radar system is contained in the black-nosed ‘‘bomb" slung beneath the fuselage.
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Radar antenna points at the ground ahead of the moving aircraft. The radar and altimeter return signals are
compared with a reference range and height, to determine changes needed in the flight path vector to steer the
aircraft over the crest of the hill. The larger angle », the higher the aircraft flies.

craft mancuvered sharply at low altitude the radar
might lose contact with the ground long enough for
the plane to crash.

It hasn’t happened in 90,000 miles of flight
testing at altitudes as close as 200 feet above
the ground. The system has been checked out over
deserts, mountains, forests, water, and through
clouds and rain. The radar’s computing system
guides the plane until ground contact resumes—
and the system checks itself continually for mal-
functions; if trouble occurs, the plane climbs auto-
matically and the pilot takes over.

The elimination of scanning and the apparatus
scanning requires, makes the radar less expensive,
more reliable, and simpler to maintain. The beam
pattern on the ground is only a succession of short
pulses along the flight path, making it extremely
difficult for enemy electronic countermeasures to
jam the radar.

The system was designed to plug into the
standard 250-pound-bomb rack of military aircraft,
such as the light attack planes that bomb and
strafe at low altitudes. It can also be made to
hang under the fuselage or slip into the nose of
a reconnaissance drone, terrain-following missile,
bomber or cargo plane. Aircraft speed can range
from subsonic to about 2% mach.

On the beam

The radar beam directed along the boresight
line (as illustrated above) moves vertically as
the pilot or the automatic control system steers the
aircraft.

Normally, the angle ; between the boresight
line and the plane’s direction of movement (flight
path vector) is a fixed number of degrees deter-
mined by a reference height and a preset reference
range, R.. The antenna angle is related to these ref-
ercnces by the equation
o

8= sin~! 1},1

0
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The analog computer in the radar system calculates
from measurements of actual range and height the
rate at which the aircraft should pitch up or down
to clear the terrain at the reference height.

The angle 4 can vary during flight. The pilot
can sclect a reference height of 200 feet or higher.
Also, the aircraft trim and its angle of attack will
change with alterations in speed and load.

The antenna’s gimbal is controlled by a servo-
system whose inputs are the pilot’s height selector
switch and the angle of attack sensor. The loop has
a low bandwidth, so it will respond only to long-
term changes in angle of attack.

The entire system is solid state, except for the
magnetron in the transmitter and local oscillator.
Operating frequency is in the K, band (15.35 to
17.25 gigahertz). Pulses are transmitted through
a pair of feed horns and an 8-inch reflector at a
rate of 2,000 pulses a second. Each pulse is 0.4
microsecond long.

Pitch rate commands

Return signals from the ground are received
through the two feed horns and are summed and
differenced  in  intermediate-frequency channels.
Each time the difference signal changes polarity
(crosses zero), a single video pulse is produced. The
time between transmission of a pulse and the zero-
crossing point is an analog of the range to the
ground.

The S-inch reflector produces an effective beam-
width of 12° in elevation. If the terrain is receding,
the video pulse corresponding to the nearest ter-
rain is used for range determination (range does
not normally change rapidly on rising terrain but
even a small difference in beam angle can greatly
increase range to falling terrain).

In azimuth, the range is the nearest ground
within the *4° beamwidth. The wider azimuth
angle compensates for aircraft drift. An azimuth
steering control can be added to the system to cor-
rect for drift angle.
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Terrain following portion of the computing system calculates the flight path changes needed to keep the plane
a preselected distance above the ground, while the fail-safe portion monitors system performance. Subsystems
outside of the tint block are flight-control modules normally carried on military aircraft and not part of the
terrain-following radar. They provide data that the computer requires to generate control signals.

Electronics | April 3, 1967 133



Before terrain-following radar was
invented, pilots flying close to the
ground relied on their eyes and
the seat of their pants for guid-
ance.

Conventional mapping radar al-
lowed them to see hills and valleys
in murky weather, but they had to
compare the radar displays with
maps before deciding when to
climb or descend—a hazardous
procedure in a fast aircraft.

The first breakthrough was the
clearance-plane  display, which
“painted”” on the radarscope the
terrain above a preselected alti-
tude to warn the pilot of ap-
proaching hills. These displays
evolved into the terrain-avoidance
systems that are now operational
on the B-52 bomber, the R5A re-
connaissance plane and the F-104
and F-105 fighters.

The method of gathering azi-
muth steering data for terrain
avoidance is a good one—azimuth
scanning of a narrow, verticle mon-
opulse radar beam. Processing of
off-boresight return signals gives
vertical angle measurements. How-
ever, the narrow vertical coverage
of the beam makes it difficult to
obtain the vertical steering data
needed if the aircraft is to follow
the terrain closely.

Hugging the ground. Terrain fol-
lowing improved with development
of radars that scan a narrow mono-
pulse beam through a wide vertical
angle. Ascent and descent com-
mands are computed from a range
and angle measurement of the ter-
rain ahead. As a backup for the
pilot, an E-scope displays the an-
gle or height of the terrain profile
contrasted with range.

The radar can be switched to
a horizontal scan if the pilot wants
a clearance-plane display for ter-
rain avoidance. The AN/APQ-99 in
the RF-4C and the aN/APQ-115 in
the A7A attack plane also provide a
mapping display. Two identical

Terrain following—a short history

radars are sometimes used in a
plane so that terrain avoidance and
terrain following can be done si-
multaneously.

Because the antennas of these
radars can scan horizontally or ver-
tically, supersonic aircraft can be
guided over any type of terrain.

The aN/aPN-170 does not have
that mission flexibility because it
does not have a scanning antenna.
But it is a simpler system mechan-
ically and it also gives the aircraft
greater immunity from enemy
countermeasures. The beam is
harder to detect since it does not
repeatedly sweep an area on the
ground. It takes a brief look at
each spot, but the look is longer
than a scanning radar’s. Therefore,
the AN/APN-170 obtains more

ground returns during each look

period, has a higher signal-to-noise
ratio, and sees the terrain more
clearly.

The latest thing. The most re-
cent advance is the phase inter-
ferometer, a radar that takes a
broad look at the terrain and shows
it to the pilot on a psuedo three-
dimensional display. It can be used
for both terrain avoidance or ter-
rain following and to create other
desired pilot displays.

Terrain is illuminated by a wide
vertical beam that is scanned me-
chanically only in the horizontal
plane. The angle and range to all
the terrain in the beam pattern
is sensed in just one pulse period.
Azimuth angle and elevation an-
gle, or height, provide the first
two dimensions of the display.

To show the third dimension,
range, the elevation angle at each
of several fixed ranges are pre-
sented as the beam scans in azi-
muth. These terrain profiles, trans-
verse the aircraft velocity vec-
tor, guide the pilot in azimuth. The
profiles are generally varied in in-
tensity, so they are in shades of
gray that help the pilot interpret

the display.

An “impact point” can be dis-
played to tell the pilot how to
steer vertically but he generally
relies on command and reference
signals superimposed on the dis-
play. For automatic terrain follow-
ing, vertical command data is
processed with autopilot signals.
This type of radar is being used in
the ABA, C-5A, CH-53A, and in
the new integrated avionics sys-
tems for helicopter (1Has) and
light attack aircraft (Ilaas).

Generations to come. Electroni-
cally scanned, phased-array radars
are being developed. These multi-
ple-beam systems can gather more
data than conventional radars. Bet-
ter computing algorithms and con-
trol techniques are also being
studied. If array radar proves to
be accurate enough, planes could
be automatically steered over or
around obstacles at lower altitudes
and higher speeds. The hazards
of “terrain clobber” and detection
by enemy defense will be lessened.

The Army Electronics Com-
mand at Fort Monmouth, N.J. is
working on systems that scan 360
degrees. Helicopters need such
systems because they must fly
very low and make tight turns.
Laser systems are also being de-
veloped in an effort to improve an-
gular resolution and detect small
targets.

The Navy’s development cen-
ters are the Naval Avionics Facil-
ity in Indianapolis, the Naval Ord-
nance Testing station at China
Lake, Pasadena, Calif., the Aerial
Materials Laboratory at Northwest-
ern University, Evanston, IlL

Many other organizations and
individuals have contributed to
radar development. But the pio-
neer in all aspects of low-level
flight systems is the Cornell Aero-
nautical Laboratory, in Buffalo,
N.Y., supported principally by the
Air Force.

A new range determination is made with each
pulse transmitted. Each range sample is stored
in a detector until the next measurement is made.
The output of the detector is restricted to useful
range rates, which keeps noise in the system down.

Measured range is compared with the reference
range and a pitch-rate signal is generated. The
reference range is a system constant based upon
the aircraft’s flight characteristics, such as its rate
of climb, and the worst terrain the aircraft will
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encounter. In addition, the height above ground
measured by an altimeter is compared with the
reference height, and a second pitch-rate signal
is generated. A majority-voting circuit compares
the two pitch-rate signals and selects the more
positive or less negative of the two.

One more computation is required to produce the
pitch-rate command signal. The output of the vot-
ing circuit is compared with the aircraft’s actual
pitch rate, obtained by the computer from other
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Radar system taken apart for
tests and adjustment. The
antenna, its gimbal drive, and
the transmitter are at the

left and the power supply is at
the far right. Plug-in signal
processing modules are on
top of the test rack.

Production models of the
AN/APN-170. Technicians at the
General Dynamics San Diego
facility tighten tie-down bolts
before final assembly of the
radar in its pod.

sensors on the aircraft. The error. or dillerence,
between the two rates is the amount of adjustiment
required.

The error signal is applied to a cockpit indi-
cator, such as a zero-center flight director, to suide
the pilot if he is fying manually. The signal can
also modulate a 400-hertz carrier wave to provide
an input to an autopilot or he applied to an elevator
control system. The time it normally takes a pilot
and the controls to react is compensated for in the
command signal processing.

The selection of the more positive pitch signal
is an extra margin of safety, since it tends to put
the plane into a steeper climb or shallower dive.
As another precaution, the computer takes into
account the dive-angle limit of the tvpe of aircraft
carrying the radar and eases the pitch-rate com-
mand to zero as the dive angle approaches the
safe limit. Otherwise, a continuing negative pitch
rate would produce a steeper and steeper dive.

Suppressing the vertical side lobes in the beam

Electronics April 3, 1967

pattern and concentrating the transmitted Dbeam
energy close to the boresight line prevents returns
from the ground below the aircraft. or from high
terrain to either side of the flight path from inter-
feving with the boresight returns. This raises the

signal-to-noise ratio and
curacy.

Side lobes are kept a minimnm of 25 decibels
below the power of the main beam by the shape of
the reflector and feed horns. In addition, an r-f
absorber is used to help control the shape of the
beam and minimize the effect of the aircraft body
on the beam.

The reHlector and feed horn shape also keeps
null depth low, contributing to the effective sharp-
ness of the vertical beam width. Null depth is the
difference in power and phase angle hetween two
adjoining beam patterns. A dilference channel null
24 db below the sum chaunel peak is typical in the
AN/arn-170.

When the plane approaches the top of a hill,

improves ranging ac-
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Flights are simulated in a computer to aid in system design and performance predictions. The Laguna Mountains
near San Diego are profiled in color. The line above the mountains is the simulated flight path of a plane
guided by the radar. How well the plane held the desired height of 400 feet, at a speed of 250 knots, is

indicated on the bottom chart.

the beam will point into space. To prevent the
plane from nose-diving to get the beam on the
ground again, the computer calculates how long
it will take the plane to fly over the crest of the hill
at the reference height and does not issue a piteh-
down comand until that time has elapsed. At the
moment radar contact is lost, the aircraft’s posi-
tion, velocity, and climb angle are stored in the
memory and used in the computation.

The plane’s velocity vector is held constant,
so its climb will be aimed at a point higher than
the reference height over the expected position of
the crest. The excess is computed so that as the
plane passes over the crest it levels out to the
reference height. The pitch negative continues
until the radar altimeter generates a pitch-up signal.
Then, normal terrain following resumes.

Return signals will also be lost when the plane
is skimming above calm water or barren desert
flats. The radar beam will bounce forward. In
this situation, the altimeter provides the control
signal until the radar detects an obstruction.

Fail-safe

The computing system has redundant circuitry
and is designed for fail-safe operation. Should a
malfunction occur, the computer sends a pitch-up
command to the flight control system. A cockpit
light alerts the pilot and he takes over control
of the climbing aircraft.

Receiver performance is continually monitored
during flight. The system tests itself by sampling
the radio-frequency signa! from the local oscil-
lator and shifts r-f frequency to the transmitter
output frequency. The test signal is made slightly
higher in amplitude than the receiver threshold
and it is delayed so that it has the same r-f time
history as a typical target at a fixed range.

This signal is fed into the receiver input wave-
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guide at the end of every pulse period and proces-
sed in the same way as real target signals. If the
output of the video stage has the same time and
amplitude as the test references, the system’s
accuracy, gain, and continnity are known to be
good.

The computer checks air speed, pitch, pitch
rate, and aircraft angle of attack against preset
limits and continually monitors the autopilot’s
error signals. For the pilot, there is a go-no-go
indicator; for maintenance men there are latching
flag-failure indicators to pinpoint trouble spots.
All of the radar circuits are replaceable cordwood
encapsulated modules on nine plug-in chassis.

Simulation proves design

The original design was “flown” hundreds of
thousands of miles in computer simulations as a
preliminary to flight tests and to correlate flight
test data. The profiles of one simulated flight over
the Laguna Mountains near San Diego, Calif. and
an actual flight over the same path are displayed
above. Simulation is used now to determine the
modifications necded to tailor the radar operation
to a particular type of aireraft, to show the user
how the system is expected to perform, and to
compare predicted and flight performance as a
measure of design validity.

The author

Ellsworth O. Snyder designs control
and digital programing systems for
terrain-following and stationkeeping
radar. Before he joined the General
Dynamics Corp. in 1960, he worked
on radar, control, and counter-
measures equipment at the Naval
Research Laboratory in San Diego,
Calif.
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Why You Need a Special Pulse Generator
for State of the Art Circuit Design

@ With high speeds and critical design parameters, you need the best test instruments
to be sure your designs will be optimum. The TI Model 6901 Pulse Generator

gives outputs from 1 KHz to 0.1 GHz; independent amplitude and baseline controls;

jitter less than 0.1% of period + 50 psec; and countdown

synchronization output,

The 6901 makes your designing simpler, too. Because the pulse amplitude of the
generator can be changed without affecting DC offset, you can use the offset instead
of an external bias supply for your circuit,

All this, and a price of only $1950. For more information,

contact your TI Field Office, or the Industrial Products Group,

Texas Instruments Incorporated, 3609 Buffalo Speedway,

Houston, Texas 77006.

TEXAS INSTRUMENTS

INCORPORATED 827
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Sweep System
10kHz-36 MHZ

THE NEw WANDEL uv. GOLTERMANN mopeL wmso

OFFERS FILTER MANUFACTURERS AND DESIGNERS
A UNIQUE INSTRUMENT FOR LABORATORY AND
PRODUCTION APPLICATIONS PROVIDING:

e 100 db FULL SCREEN DYNAMIC RANGE (LOGARITHMIC) O db reference can be set from +20
to —30 db. Linear presentation also selectable from the front panel.

e 0.02 db RESOLUTION through built-in times 10 scale expansion with zero suppression —one db
full screen. Expanded scale meter accessory is also available.

e SYNTHESIZER TYPE FREQUENCY CONTROL for setting center frequency to -10 Hz accuracy.

e +17.5 Hz TO +17.5 MHz SWEEP RANGE in nineteen adjustable ranges, with sweep rates
adjustable down to essentially zero.

e ELECTRONIC CURSOR line can be switched in to measure level at any point on the display with
meter accuracy (markers can also be displayed to measure frequency).

WuG also manufactures a complete line of
[ transmission measuring equipment includ-
ing frequency selective voltmeters, level gener-

tors, delay distortion measuring systems,
I N S T R U M E N T S ’ I N C Zl?grsmatogs and noise lo’:ding systersns. (e

U.S. Agents for Wandel u. Goltermann

17715 CHATSWORTH STREET « GRANADA HILLS, CALIF. 91344 - PHONE (213) 360-2278
2171 MORRIS AVENUE « UNION, NEW JERSEY 07083 . PHONE (201) 964-1373
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Manufacturing

Batch packaging speeds
system assemblies of IC’s

Package sheets permit the preparation of up to 100 integrated circuits

as a unit, while axial-lead designs allow the economical assembly of

the bits and pieces of a system by a dunking in hot peanut oil

By Robert B. Lomerson
Flying L Co., Saginaw, Texas

Difficulties faced by a systems engincer in design-
ing and choosing integrated circuits for a complex
electronic system have their counterparts on the
production line—the problems of economically as-
sembling the bits and pieces without restrictions on
how many circuit leads the designer can use or how
closely he can put the circuits together. What's
needed are batch-packaging and batch-assembly
techniques as efficient as the batch-fabrication pro-
cedures used to make 1C’s.

New package designs put the assembler in sight
of his goal. Scores of packages as small as conven-

The author

Robert B. Lomerson founded the
Flying L Co. to exploit his maverick
packaging ideas. He studied
geology, but soon switched to
ceramics and metals. He was
manager of packaging at
Westinghouse Electric Corp. and
earlier worked on packaging at
Texas Instruments Incorporated.
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tional flatpacks, ¥4 by % inch, can be packed tightly
together on a printed circuit board, and their leads
can be soldered simultancously to the board by im-
mersion of the entire assembly in hot peanut oil.
This quick and inexpensive process is possible be-
cause the leads—whether on packages for mono-
lithic 1c’s, hvbrid 1C’s, or large monolithic arrays'—
emerge at right angles to the bottom of the pack-
ages. The distance between package leads can be
as small as 5 mils (0.005 inch).

The axial-lead designs have also led to the devel-
opment of batch-fabricated matrixes—or sheets—
of 100 packages, a number that is expected to grow
to 200. These package matrixes can be handled as
a unit during the production, hermetic sealing, and
testing of the 1c’s. Aflterwards, the matrix can be
cut into individual packages or groups of packages,
magnetically “glued” into place on a circuit board,
and mass soldered in hot oil.

French-fried flatpacks
The reflow method of soldering has jokingly been

called “french-frying the flatpacks,” but it is a sate
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Matrixes of 80 Isopaks (front) and 100 Axpaks. Isopaks have a glass insert on which thin-film circuits or leads for
flip-chip monolithic circuits can be deposited. Mirror image of the Axpak matrix, in the center, shows the

axial leads sealed in glass-filled slots.

and extremely economical way of making 1c assem-
blies. It takes only a few minutes and requires very
little tooling. A complex package—for example, the
60-lead package on page 141—can be soldered as
quickly as can a package with 14 leads. The tech-
nique of making solder joints with hot oil has long
been used in other applications.

While planar circuit board assemblies are most
economical, the packages can also be assembled
individually in very compact, three-dimensional as-
semblies. The cost of the 3-D assemblies should be
about one-tenth the cost of conventional 3-D mod-
ules of stacked flatpacks or planar modules made
by attaching flatpacks to multilayer circuit boards.
The cost of a package worth of interconnections is
expected to run as low as 10 cents, against the $1
or more for other high-density interconnections.

The savings result from merging the 3-D and
multilaver approaches into a new form of wiring
matrix. Instead of stacking the flatpacks, tiny cir-
cuit boards are made and stacked; the packages
plug into the sides of the stack. Four-stack modules
can contain as many as 16 1c packages in 0.122
cubic inch. A density of 130 packages per cubic
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inch can be achieved if the stacks are plugged into
a circuit board.

Axial-lead packs

Both the package and stack types of matrixes are
being developed to exploit the Flyving L Co.’s Axpak
for monolithic 1c’s, and the Isopak with a glass sub-
strate for hybrid ic’s. The large-array packages are
a special form of Tsopaks.

All have leads emerging from the base at right
angles to the base. When the leads are cut short,
the packs can be butt-soldered to a circuit board or
put into a stack. With radially bent leads, they can
be assembled in conventional wavs.

When these packages were made as individual
units, the cost of a Yi-by-Ys-inch flatpack was 44
cents.? Mass-produced in matrix form, they would
cost about 7 cents, compared with 25 cents for a
conventional flatpack, excluding tooling for custom
production.

Methods of hermetically sealing 1c’s in the pack-
ages were developed in cooperation with the
Hughes Aircraft Co. Several systems manufacturers
are studying these mass-assembly techniques.
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Complex package designed for large integrated-circuit array has leads spaced 100 mils apart. A special form
of Isopak, it will have printed connection fingers (color) running from the circuit to square package pins.

The package designs run counter to the trend
toward larger 1c packages. In an ecffort to lower
assembly costs, many systems manufacturers have
adopted the molded dual in-line package (pIr),
which is 0.7 inch long and has leads spaced 100
mils apart. However, the price for increased system
size, reliability, wiring delay, and so on. may be too
high. Then, the manufacturer must nsually stick to
flatpacks with 50-mil lead spacing in high-density
assemblies that are costlv to produce, and these
assemblies impose thermal and other design prob-
lems.?

The matrixes and stacks sidestep the disadvan-
tages of pip’s and flatpacks, and should make simple
ic’s in 10-lead and 14-lead packages competitive
with multifunction 1C’s so far as cost and reliability.
Lead spacing can be cut to 25 mils without making
assembly difficult. The stacks won’t even require
soldering or welding; one version proposed would
have friction contacts for the package leads.

Package matrixes

A standard Axpak matrix (page 140) is about 1
inch wide by 8 inches long and contains the bases
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(headers) of 100 packages for monolithic 1c’s. Each
Ys-by-1g-inch package has 10 leads with 50-mil
spacing; two more leads can go at the ends of each
package to provide 14. With tighter spacing, addi-
tional leads can be placed on a ¥-by-Ys-inch pack-
age.

The leads, generally Kovar, molybdenum, or
tungsten, arc sealed with glass in slots in the 20-
mil-thick base of Kovar foil. Projecting above the
base, they can be used as 1c lead-bonding posts.
The leads and base are gold-plated. Package lids
are nickel; a three-mil-square projection under the
lid edge prevents weld splash dunring hermetic
sealing.

If aluminum wire leads are to be bonded to the
post tops, the tops are aluminized to avoid the alu-
minum-gold failure mode known as purple plague,
Plating resist is applied to the matrix, lead tops are
abraided with crocus cloth, aluminum is deposited
on the tops, and the resist is removed.

A standard Isopak matrix contains 80 packages,
each 38 inch square. The package base contains a
glass insert, and the lead tops are lapped flush with
the surface of this insert. The glass is a substrate
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Packages can stand on a board, or squat

ALUMINUM HEAT SINK

Cut short, the axial leads of the packages can be soldered to pads on a printed circuit board. Pads are precoated with
solder, which flows around the leads when the assembly is heated. The heat sink cools the assembly during operation.
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Bent radially, the package leads can be soldered to pads alongside the package or welded to the etched wiring.

for thin- or thick-film hybrid IC’s or passive net-
works. As the network terminals can be deposited
on the lead tops, additional wire leads aren’t nec-
essary. Flip-chip types of monolithic 1c’s can be
face-bonded to film wiring on the glass.

Variations of these designs include packages
0.620 inch square with 20 leads, a package 1.1 inch
square with 64 leads spaced 50 mils apart for large-
scale integrated circuits, another vLs1 package with
160 leads in rows 30 mils apart and a lead spacing
of 25 mils, and a package the size of the prp but
with as many as 30 leads. Under study are matrixes
of 500 packages for transistors, matrixes for photo-
diode arrays with optical lenses sealed into the
package lids, and matrixes for multiple-relay assem-
blies. A molded plastic carrier that extends Axpak
size to standard prp dimensions has also been de-
signed. Axpaks are butt-soldered to a lead frame on
the carrier, which then can be potted.
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To check seal and plating quality, a package or
two can be clipped from the matrix and destruc-
tively tested.

The 1c manufacturer can handle the matrix as a
unit during circuit die bonding, wire bonding, seal-
ing, and leak and electrical testing. One or two
packages from the matrix can again be given tor-
ture tests. The Weldmatic division of the Unitek
Corp. supplies a machine suitable for automatic die
bonding, while the welding department at Hughes
Aircraft is designing a machine to automatically
seal the packages in a controlled atmosphere.

Modules and kits

Integrated circuits can be packaged as custom
assemblies if the circuit reject rate is low. For ex-
ample, if five different 1C’s are needed in a module,
each type can be placed in one row of the matrix.
A matrix with 20 rows of 5 packages will yield 20
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modules (minus test samples). This assumes that
the Axpak bascs are a common connection or the
Kovar foil is electrically isolated, as in the Isopaks.
The modules can be functionally or environment-
ally tested before the purchaser cuts the matrix
apart.

The leads are prepared for soldering by cutting
to a length of about 25 mils and lapping the cut
ends square. A tooling plate that holds the leads
snugly prevents damage to the gold plating. The
plating helps the solder on the circuit board wet
each lead to form a strong fillet.

If the assembly is to have a variety of circuits.
the Axpak matrixes are cut apart with shears. Iso-
pak matrixes are cut with a machine to protect the
glass, but a shearable type with grooved cutlines
is being tried out. A flash-plating of gold will pre-
vent salt-spray corrosion of the exposed Kovar on
the lead ends or package sides.

Circuits unaffected by magnetic fields can be
kitted in assembly order on planar magnets; they
won’t fall off because Kovar is an iron alloy. At the
assembly line, the circuits are transferred to a lo-
cating fixture, such as a molded plastic plate with
rows of package-sized holes. The plate is put on
the circuit board so the lead ends sit on pretinned
solder pads on the circuit board. A planar magnet
is placed under the board to hold the packages in
position.

Fillets of solder

The entire assembly is immersed in hot peanut
oil for about 1 minute, resulting in the simultaneous
soldering of all the leads. Skeptics can try out the
technique, called reflow butt-soldering, by follow-
ing the directions on page 146. Washing with tri-
chlorethvlene removes the oil. The recommended
spacing for this french frving is 25 mils, but leads
separated by only 5 mils have been successfully
flow soldered. Solder bridges won'’t form between
the leads if the solder coating on the board is closely
controlled.

Ultrasonic agitation of the oil may cause it to
clean the assembly as well as melt the solder, help-

SLOTS FOR
LEADS

From matrix to board

Underside of matrix, with leads cut for soldering.

PLASTIC LOCATOR

PACKAGE

PLANAR MAGNET CIRCUIT BOARD

Individual packages are positioned for butt soldering
by a molded locator as a planar magnet holds the
packages in place. The same arrangement can be used
to position packages during testing.

ing the filleting action and allowing closer lead
spacing. Others have suggested this, but Flving L
hasn’t tried it.

Properly done, flow soldering results in well-
formed solder fillets. A 10-lead package withstands
a vertical pull of 2,700 to 3,000 grams, equivalent
to 20,000 g’s. Flatpacks with radial-leads soldered
to lands alongside the package normally pull free
at about 1.000 grams.

The extra strength not only increases reliability
but is a plus in assembly. Groups of packages sol-
dered in matrix form can be cut apart with a pre-
cision saw if it’s necessary to electrically isolate

- CONDUCTOR DEPOSITED
ON LEAD

GROOVED ,/

CUTLINES

METAL

Matrix for thin-film circuit packages is built with a
slotted Kovar-foil base (left). Leads are sealed into
the slots and lapped flush with the glass substrate.
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Stack assembly of miniature circuit boards

BUS

AXIAL

BASE

THIN
INSULATOR

PACKAGE LEAD

CONDUCTOR BOARD
(RADIALS BOTH SIDES)

RADIALS UNDER BOARD

Stacks are built by putting radial layers over vertical interconnections, called axials. Open corners provide clearance
for lead-soldering or welding tools, while the closed corners grasp the leads in a friction contact (upper right).
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Matrixes for radials are cut apart at the colored lines before or after stacking. Friction-contact corners allow the
use of the cut-apart boards as solder-contact types when the material between the two slots is snapped off.

packages or replace an 1c that fails final testing.
In alternative techniques suitable for peanut-oil
soldering, the assembler can: use a pncumatic or
hydraulic hold-down and butt-solder the packages
to both sides of a board; bend the leads radially
to the board, bond the packages with adhesive,
and solder, or follow the usual flatpack welding
procedures; insert all the leads into slots in the
board, crimp the leads to lands under the board
and solder or weld; cut pockets and slots in the
board, put the packages in the pockets and crimp,
and solder or weld; or insert the leads between
long, narrow printed circuit strips and solder.
Butt-soldering is swifter than mechanized assem-
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blv of conventional packages. Also, printed wiring
can be run under the packages, plated through
holes are not required for lead insertion and sol-
dering, and complex packages with several lead
rows can be readily soldered. Individual packages
can be resoldered, or removed for replacement, by
heating the underside of the board with a hand
iron. Portable reflow soldering machines, such as
one made by Hughes, can be used for field re-
placement.

Butt-soldered assemblies can be cooled during
system operation by a waffle-shaped heat sink
placed over the package lids. The pocket-mounted
assembly can be cooled by mounting two boards
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Stacks and stacks on stacks

/TOP PLATE HEAT SINK

Single-story stack with open-contact corners.

MOTHERBOARD

Motherboard interconnects stacks ...

face-to-face and putting a heat sink between them.
Single-story stacks

A single-story stack, the basic stack assembly,
has as many printed circuit wiring layers, called
radials, as there are leads on each side of the 1c
package. Insulator films go between the radials,
which are pinned together with vertical intercon-
nections called axials (upper diagram, page 144).

Prototypes are 0.370 inch square and 0.5 inch
high, including a plug-in base; each of the four
sides accepts a standard Axpak with 10 leads spaced
at 50 mils. Stack dimensions vary with package size
and lead spacing. Each radial-insulator pair is made

Electronics | April 3, 1967

Stacks can be extended laterally into strips.

CORE STACK

’

e+ . Or a core stack can be the interconnection.

as thick as the lead spacing. A package with seven
leads on each side, for example, requires a stack
height of 0.3 inch (plus base) if lead spacing is
50 mils, and 0.15 inch if spacing is 25 mils.

Package leads plug into slots at the corners of
the radials, which are isolated by the insulators.
The slots allow the stack itself to be used as the
production-line fixture for 1c assembly.

Wiring complexity will have little effect on stack
cost, since radials arc made as printed wiring. For
highly complex wiring, the radials could be minia-
ture multilayer boards. One stack could be con-
nected to others by a printed circuit motherboard.
wrapped-joint wiring, or a special core stack. Little
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Recipe for french-fried flatpacks

Equipment
Hot plate
Three 250-milliliter beakers
Thermometer
Small planar magnet

Materials

Peanut oil (59-cent jar)

Piece of pretinned circuit board

Solder, 50-50 or similar tin-lead eutectic alloy

Axpack with prepared leads, or flatpack with
leads carefully trimmed, lapped, gold:
plated and burr-free

Trichlorethylene or similar solvent

Directions

Half-fill two beakers with oil and heat to 210° C

Melt solder in one beaker of oil

Dip board in solder for 30 seconds and sling
off excess solder

Put Axpak or flatpack on board and hold in
place over solder pads with magnet under
board

Immerse assembly in second beaker of oil for
1 or 2 minutes

Remove board, cool, and clean in solvent in
third beaker

If fillet of solder is not good, try again. Check oil
temperature, remove burrs from package lead, and
put just enough solder on circuit board.

spacing is needed between stacks because signal
wiring is buried in the stack insulation.

Radials will be made in matrixes of 2,000 per
square foot, and corner and axial-pin holes will be
preformed in plastic, glass-fiber, or ceramic blanks.
The blanks can be plated with the radial conduc-
tor pattern, or plated all over if the matrixes are
to be stocked for custom etching.

Pattern plating, or etching of the open corner
board (used when leads are to be soldered or
welded to the radials as in diagram, page 144),
poses masking problems. Resist can be applied with
a hairline brush in the corners of the prototypes,
but a controlled printing of resist will be needed
for mass production. Masking is no problem in the
friction-contact boards, since the contact slots are
isolated by the corner segment shown in the dia-
gram. This type of board can be converted into an
open-corner type by breaking off the corner seg-
ment after plating and etching. Dipping the matrix
in resist retains the plating in the axial holes.

As an alternative to plating, radial conductors
can be stamped from metal foil, pretinned, and
bonded to the matrixes. For small-lot production,
standardized stamped radials could be applied to
radial blanks during stacking. Common connec-
tions can completely cover the radials, except for
clearance holes around selected axials.

After the matrix is processed, it will be cut apart
for assembly of individual stacks, sliced into strips
for lateral stack assemblies, or left whole for mass
stacking before the stacks are cut apart. The latter
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approach is the basis for the 10-cent minimum stack
cost estimate.

Stack assembly

The base is the stack’s assembly fixture as well
as its support and wiring terminal. On the plug-in
side, copper axials extending through the base can
dog-leg into a tight pin cluster, or out to 100-mil
spacing for soldering into a circuit board. Stiff con-
tact or wire-wrapping pins can be butt-welded to
the ends of the axials.

Assembly consists of slipping the radials over the
axials and the central bus and soldering axial-radial
joints. The axials will be square (instead of round,
as in prototypes) to swage into the round holes in
the radials and to scrape off any oxide on the hole
plating. Axials will also be pretinned, so heating
the assembly in peanut oil or in an inert atmosphere
will reflow the solder at the axial-radial joints.

The central bus has several functions. Under the
stack, it guides the pin cluster into a socket. In the
stack, it strengthens the assembly and conducts heat
to a top plate or heat sink. If necessary, it can be
a tube for coolant flow, and it can also be termi-
nated at the top to accept a stack-unplugging tool.

The stacks are self-jigging—Axpak or Isopak
leads fit snugly into the corner slots. The packages
need not be held in place by fixtures if joints are
to be soldered or welded. If only friction contacts
are needed, a small metal can placed over the stack
will retain the packages. Conventional cooling strips
can be glued to the stack sides under the 1c pack-
ages. Any type of stack can be potted in plastic.

Only single-story stacks have been made, but
there is no reason why multiple-story stacks and
lateral combinations shouldn’t follow. Multiple-
story stacks offer the highest packaging density,
with each story accepting four 1c packages.

If extra layers are added to the stack, greater
freedom in axial-radial wiring layout can readily
be achieved by inserting up to eight additional
axials near the periphery of the radials, by putting
short axial sections between layers, or by making
some radials multilayer.

Stacks may be plugged into motherboards to
make large planar assemblies, or into stacked inter-
connection cores for 3-D assemblies, as shown on
page 145.

Two package positions are lost between each
pair of stacks when strips of radials are stacked
as lateral assemblies, but packaging density would
be improved in small systems by the elimination
of a motherboard or other form of external inter-
connection. The laterally extended stacks can also
accept the 1c array packages with 60 or more pins.

References
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The 807 is the newest addition to Amelco’s successful line of monolithic opera-
tional amplifiers—unsurpassed in drift performance and now available from
stock at only $45.00* in TO-5s or flat packs.

If your application demands GUARANTEED drift performance, we invite you to
compare the 807 specs with any monolithic available. You won’t find anything to
compare with our spec limits of 50 nA INPUT OFFSET CURRENT, 5 nV/°C
OFFSET VOLTAGE DRIFT, OR 500 nA INPUT BIAS CURRENT! See for yourself:

PARAMETER CIRCUIT TYPE UNITS
Input Offset 807BE 709A 1533
Voltage (25°C) 25 5.0 5.0 mV
Voltage (- 55°C to +125°C) 3.0 6.0 6.0 mV
Voltage Drift (untrimmed) 10 note note uv/ C
Voltage Drift (trimmed) 5.0 note note uv/ C
Current 50 200 150 nA

Note: Both 709A and 1533 list no guaranteed value for this parameter. Worst case calculations of Nmv sho
that devices with Drift of 60 xV/°C would be in spec. 180°

$45.00 isn't much to pay for the world’s best monolithic op amp. You'll pay three
to four times that much for an equivalent module-type op amp — hardly what we’d
call a bargain! Your best buy is really our 807 data sheet. It's free.

“*QUANTITIES 100 AND UP

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. » 1300 TERRA BELLA AVENUE « MOUNTAIN VIEW, CALIFORNIA « Mail Address: P.O. Box 1030,
Mountain View, California * Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex: 34-8416 « REGIONAL OFFICES: Southwest—
Suite 213, 8621 Bellanca Ave., Los Angeles, Caiifornia 90045, (213) 678-3146 « Northwest—1300 Terra Bella Ave., Mountain View, California, (415) 968-9241
East—27 Traphagen Road, Wayne, New Jersey, (201) 696-4747 « Southeast—711 Magnolia Avenue, Orlando, Florida 32803, (305) 423-5833 « Northeast—
805 High Street, Westwood, Massachusetts 02090, (617) 326-6600 * Midwest—650 West Algonquin Road, Des Plaines, Illinois, (312) 439-3250

Canada—Deskin Sales, Montreai, Quebec, (514) 384-1420. ‘/
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two band-pass filters.... | atone and an electronic
available for 31 detector... | switch...(optional)

Iy UJQT‘atmg centre frequencies with an with built-in incorporating two separate
L- ascﬂlatﬁr insertion loss less than 5db amplifier, switches independently
emitter rectifier and controlled by current or
fo» wer, and d.c. switching | voltage sources—
available at circuit
Jifrequencies y oy ’
120 ¢/s apart T ——
| ; - and you've got a one-way
channel of a low-cost,

remote control or |
En M pl[l[ sugnallmg system! 1

5| SISTEN T ——

It Could it be simpler?

Four miniature transistorised units
which enable you to build up your
own remote control or telegraph
system.

Up to 31 channels in the 540 to 4,000
c/s range.

Suitable for wire or radio link.

Plug into B.P.O. type-3000 relay
bases or our universal chassis.

Low pass filter (2.7 or 2.3 ke¢/s) just
added to the range.

Hybrid and line transformers available.
Off-the-shelf delivery for common
types.

Want to know more? Just write or
telephone to:

Plessey Incorporated

170 Finn Court

Farmingdale, Long Island

New York 11735

Tel: 516 MY 4-7377 Telex: 126519

PLESSEY ¥

%) PE(RT)6 US
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IRC can match your SCR needs

IRC silicon controlled rectifiers are value-engineered
for optimum price and performance characteristics.

@ Ratings from 25 to 700 volts, and 1.25 to 35 amps
® Mil types meet MIL-S-19500/108B (JAN)

® Choice of popular industrial types

® High-speed switching types

® Triggering types

All types are now immediately available from stock.

If you specify or buy silicon controlled rectifiers, you
should know about IRC's SCR line. For new semicon-
ductor catalog, prices and samples, write to: IRC, Inc.,
Semiconductor Division (formerly North American
Electronics), 71 Linden St., West Lynn, Mass. 01905.

MiL and industrial types,
temperature-compen-
sated types, 1-watt DO-7,
and solid construction
Poly-Sil packaging.

AR16 thru AR24 replaces
363 JEDEC devices for
50 to 1000V/.25 to 1A
needs. Costs less than
stud-mounted types.

- -
" . 4>
i ZENER AXIAL LEAD HIGH CURRENT
; DIODES RECTIFIERS RECTIFIERS RECTIFIERS

Complete choice, includ-
ing sub-miniature, fast
recovery and high power
types. All popular con-
figurations.

All JEDEC “‘1N'" types
available—in forward or
reverse polarity. Ratings
from 100 to 275 amps,
to 1400 PIV.
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Rewarding engineering opportunities
are immediately available.
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Good marking . .. makes the difference

Don’t waste time improvising and experimenting. Call in a Markem man and get acquainted
with today’'s broadest line of marking equipment. Machines capable of putting several
bands on a miniature diode; combining sequential numbering with identification; printing
14 characters plus trademark in an area 0.125"" in diameter; printing integrated circuits in
or out of carrier, registered to tab; and employing new techniques to meet severest dura-
bility specs. Whether your problem is size, speed or cost, we can help. Write Markem
Machine Company, 305 Congress Street, Keene, New Hampshire.

£QUIPMENT AND TECHNOLOGY TO HELP YOUR PRODUCT SPEAK FOR ITSELF

MARKEM
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NP, new disciplines in DG

3 Power Supplies Offer Choice of Voltage, Performance, Price

High Voltage

Select the model with 0 to 1600 volts
DC output at 0 to 5ma. Regulation,
less than 0.01%, and less than 5mv
p-p ripple and noise. Stability better
than 0.05%.

Model 6515A — 3" High, Half-Rack
Width. Price ...ccooceeineriviriiinennnn. $235.

Higher Voltage
4-Digit Voltage Programmer

Add 1400 volts and get 0 to 3000 volts
at 0 to 6ma, plus a 4-digit front panel
programmer for selecting the output
voltage. Ripple and noise less than
5mv p-p, stability better than 0.05%.
Model 6516A — 5Y%"” High, Half-Rack
Width. Price ...ccoccvcvivinnminnnienenne. $295.

Low p-p Ripple and Noise * Line and Load Regulation An Order of
Magnitude Better Than High Quality Laboratory Supplies ¢ Output

Continuously Adjustable Down to Zero ¢ Self-Protecting — Current Limit

Ciwcuit » Low Output Impedance ¢ Lless Than 100 usec Load Transient
Recovery ¢ No Overshoot on Turn-On, Turn-Off or AC Power Removal

Floating Output — Ground Either Positive or Negative Terminal ¢ Half-Rack
Width — Rack Mounting Hardware Available.

5-Digit Voltage Programmer
- Better Regulation, Stability

Add an all solid-state temperature-
controlled oven and sophisticated cir-
cuit refinements, plus another digit of
resolution to the output programmer,
and achieve stability and resettability
of 0.01%, regulation of 0.001%, and
less than 1mv p-p ripple. Qutput is 0
to 3000v DC at 0 to é6ma.

Model 6110A — 5%"” High, Half-Rack
Width. Price ....cccoooeviiiernriinnnenenn. $495.

Contact your nearest Hewlett-Packard Sales Office for full specifications

HEWLETT

PACKARD Wp HARRISON

B DIVISION

700 Locust Ave., Berkeley Heights, New Jersey 07922 TELEPHONE 201 - 464-1234 Twx 710-984-7972 Hoaa
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Forged Valves . . .
O-Ring Bellows Seal
eliminates flux problems.
One-piece body reduces
outgassing.

VHS-6 Diffusion Pump . . .
2400 LPS ... Automatic cut-off
in the event of pump fluid
or cooling water loss.

Pumping Speed . . .
800 liters per second.

1279-6 Slide Valve . . .
Keeps lon Gauge under high

NRC 720 Gauge . . .
vacuum during venting operation.

Direct readout log
scale to 10 torr

on Linear Scale to
2 x 107 torr.

0316-6 Baffle . . .
1800 LPS conductance
optically dense with
anti-creep barrier.

i I:'!
HIN 'Iill ‘H

1 i]l

A vacuum coater is only as good as its components . . . that's why we design

our own to deliver performance where it counts — in repeatable, demonstrable,
dependable operations that never fail because someone else’s diffusion pump,
baffle or gauge didn't work properly. It's easier to deliver when you make the

whole package.

If you have faith in the components, you have faith in the coater — write today

for NRC's complete line of coater literature . . .

EQUIPMENT DIVISION
NATIONAL RESEARCH CORPORATION
A SUBSIDIARY OF NORTON COMPAN .l.
160 Charlemont Street, Newton, Massachusetts 02161 NORTON}
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Look what's happened to the sweep generator.
The new Telonic 2003 is virtually a

DESIGN-IT-YOURSELF
SWEEPER,

for all primary circuits are modular plug-in units.

Initially, you may select frequency ranges from

DC TO MICROWAVE

in wide or narrow bands; attenuators up to 109 dB
for 50 or 75 ohm matching; frequency markers that
offer a wide selection of harmonic and fixed types;
.mode programming for square or sine output, sweep
width, single sweep presentation, or recording; and
detector modules of both passive and active types
with 60 dB dynamic range.

Then, when test requirements change, you can alter the
instrument parameters instantly by changing one or
more moduies.

The 2003 system, with this inherent flexibility, can be
used universally for swept frequency applications. Is it
possible that this is the first instrument that can't
become obsolete?

Specifications and complete details are available on request.

60 No. First Ave., Beech Grove, Indiana 46107
Tel: (317) 787-3231 TWX: 810-341-3202

REPRESENTATIVES THAOUGHOUT THE U.S, CAMABA AND OVERSEAS. BRANCH OFFICES N MAIDENNEAS,
ENGLAND, FRANKFURY, GERMANY, AND MILAN, ITALY.
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ORDINARY 5 AND 10
AMP RELAYS MIGHT
PERFORM LIKE THE
NEW SIGMA SERIES 50.

If they had these features.

D e e

New 1, 2 and 3 pole Sigma Series 50 relays have.

four advantages over ordinary relays of this type.

Longer Contact Life: Slots in contact base be-
tween fixed contacts eliminate build-up of vapor-
ized contact material and leakage paths. This
prevents premature failure and is particularly
effective at higher loads.

Coil Lead Breakage Eliminated: Molded phenolic
bobbin assures positive mechanical interlock with
frame preventing coil rotation and lead breakage.

Greater Motor Efficiency: Adjustable armature
hinge permits optimum seating of armature on
pole face. Assures precise contact alignment as
well as maximum use of drive circuit power.

Better Adjustment Stability: Contact base and

G

SIGMA DIVISION

Circle 154 on reader service card

SIGMA INSTRUMENTS

armature support made of diallyl phthalate. This
material does not deform under mechanical and
thermal stresses.

We'd like to give you a new Sigma Series 50—
or any of our other standard relays. Test and com-
pare it against the brand you may now be using.
It’s the best way we know to prove what we say
about Sigma relay performance. Just circle our
reader service number on the reader service card.
We'll send you the new Sigma relay catalog and
a ''free relay” request form. Return the form to
us and your Sigma representative will see that you
get the relay you need.

Need fast delivery? The UL listed Series 50 is
available off-the-shelf from your Sigma distributor,

INC

Assured Reliability With Advanced Design / Braintree, Mass. 02185

Electronics ' April 3, 1967



Heat
Dissipation
Bonus
of
Beryllia
Worth
An
Extra
Two Cents?

Coors Beryllium Oxide Ceramic offers 'd
you the bonus of 10 times the thermal CO%S/L 8’}"
conductivity of aluminum oxide ceramic

—approximately the heat transfer quali- COO’}"S W?/eta,ll/ized

ties of aluminum metal. Ordinarily, beryl- 5 ‘

lia is thought to be too expensive, except

for designs where maximum heat dissipa- Ce,ra/m,bcs : 4

tion is an essential. However, we find the additional cost of using beryllia in small (ﬁv.

metallized assemblies adds only a few cents to the total cost of the completed part. . ' -r&ns' COORS

For an “extra two-cents worth” Coors offers a beryllia-to-metal assembly that . METALLIZED BERYLLIA

allows you to use more power . ..or allows you even further miniaturization than  MICRO-COMPONENT

with alumina. . . or gives you longer component life—or a combination of all three. .ljl'SSiP S THE SAME

When you design micro-substrate assemblies—Consider Coors Metallized Ceramics QUANTITIES OF HEAT

—and get the bonus of beryllia’s thermal conductivity. Write for Coors Metallizing i

Data Sheet 9502, or call the Coors “hot line”— 303/279-4533, Ext. 351. AS THIS COORS
METALLIZED ALUMINA

'MICRO-COMPONENT

CERAMICS

ALUMINAS « BERYLLIAS « MAGNESIAS o SPECIAL OXIDES
Coors Porcelain Co., Golden, Colo.
Circle 155 on reader service card
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ELECTRONIC

sma

smaller

smallest

G.E.’s new wet slug
tantalum capacitor gives yocu
the performance of the CL64

in only 2 the case size

Get the highest voit-microfarad product stored to —65°C. Its wide operating
per unit weight and volume of any ca- RATING CASE SIZE VOLUME range is —55°C to 485°C. And it meets
pacitor you can buy with General Elec- |} ——— - ——] the parameters of larger military wet
tric’'s new 69F900 wet slug tantalum ca- 50V, 30uf slugs: vibration to 2000 Hz, 15g acceler-
pacitor. How? General Electric reduced . o ation!
the case size of the military type (CL64) ;‘;‘{"s,‘f:‘é{w ggi : izg(f lgg;: The new sub-miniature 69F900 capaci-
wet slugs by %2 (it's even smaller when 69F900 145 x .600 159 tor is fully insulated and has a low,
compared to solids). Electrical charac- stable leakage current. Voltage ratings
teristics and performance remain es- 15V, 80uf are available from 6-60 volts; capaci-
sentially the same. G.E's new 69F900 Y o2 ey Mo tance ranges from 3.3-450 microfarads.
;nuswiras tt?tonree?tlfotrhz ﬁ?n;‘m%rl'srﬂe‘t’:?é wet slug (CL64)| .281 x .681 58% Choose from a complete line of G-E
effigcien?:a demv;nded b gmo\::lern high 69F00 .145 x .600 15% wet slug tantalum capacitors to fill your
density a);)plications y slim, trim circuit needs. Write for GEA-
' 8Y, 180uf 8369 for details about the 69F900 and
G.E's new addition to its complete solid (CS12) 279 x 650 100% the other capacitors in General Elec-
line of tantalum wet slug capacitors wet slug (CL64)| .281 x .641 100% tric’'s complete wet slug tantalum line,
has excellent high capacitance reten- 69F900 .145 x .600 25% or ask your G-E sales engineer. Capaci-
tion at low temperatures and can be tor Department, Irmo, South Carolina.

ZLECTRONIC COMPONENTS DIVISION

GENERAL &3 ELECTRIC

430-28A
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Heat
Dissipation
Bonus
of
Beryllia
Worth
An
Extra
Two Cents?

Coors Beryllium Oxide Ceramic offers 'd
you the bonus of 10 times the thermal CO/}?/S/L 6’)”
conductivity of aluminum oxide ceramic

—approximately the heat transfer quali- COO’)/'S /)/n,eta/llized

ties of aluminum metal. Ordinarily, beryl- 3

lia is thought to be too expensive, except

for designs where maximum heat dissipa- Ce/)ﬂa/m/l/cs
tion is an essential. However, we find the additional cost of using beryllia in small
metallized assemblies adds onlv a few cents to the total cost of the completed part.
For an “extra two-cents worth” Coors offers a beryllia-to-metal assembly that
allows you to use more power . ..or allows you even further miniaturization than
with alumina . .. or gives you longer component life—or a combination of all three.
When you design micro-substrate assemblies—Consider Coors Metallized Ceramics
—and get the bonus of beryllia’s thermal conductivity. Write for Coors Metallizing
Data Sheet 9502, or call the Coors “hot line”— 303/279-4533, Ext. 351.

CERAMICS

ALUMINAS « BERYLLIAS » MAGNESIAS o SPECIAL OXIDES
Coors Porcelain Co., Golden, Colo.
Circle 155 on reader service card

~ THIS COORS
TALLIZED BERYLLIA
ICRO-COMPONENT
IPATES THE SAME

QUANTITIES OF HEAT

AS THIS COORS
METALLIZED  ALUMINA
 MICRO-COMPONENT
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Maybe you feel that your profes-
sional growth is stunted because
your company is ignoring you and
your ideas. Maybe what you have to
say isn't being heard because it
gets filtered through too many layers
of management. Possible? Then
look into what NCR has to offer.

Heavily financed R&D. New
laboratory facilities being built
nearly every year. Programs com-
bining theoretical and applied
research with practical results in
view. Aggressive management (on
your side). And professional
advancement encouraged through
company-sponsored programs that
help let everybody know what
you're doing.

If this is what you're looking for,
read what we're looking for.

For these positions, no special

Does anybody
know
you’re there?

level is required. Ph.D. background
is preferred for many, and some
areas of responsibility involve
potential for management or
technical director.

Senior Circuit Designer. Familiar
with solid state circuitry, creative,
desires to work at advanced
development stage.

Thin Film Chemist or Physicist.
Materials research, device
development.

Advanced Development Planning
Specialists. Military R&D.
Operations Research Specialists.
Commercial applications.
Integrated Electronics Engineer.
Advanced concepts for computer
development.

And a second group of positions:
Research Chemists. Project-leader
capability, background in physical
chemistry, polymers.

Test Equipment Design Engineers.
B.S. or M.S.E.E. with some
experience.

Mechanical Design Engineers. Small-
mechanism experience desired.

NCR will listen to you. Write to

T. F. Wade, Executive and Profes-
sional Placement, The National
Cash Register Company, Dayton,
Ohio 45409. Describe your back-
ground and interests. Then we'll
arrange for more detailed con-
versation.

An Equal Opportunity Employer.

THE NATIONAL CASH REGISTER CO.. DAYTON, 45409 ®
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EMI/RFI-SHIELDED
PUSHBUTTTON SWITCHES

Four models, one with wide button. Choice of two
and four circuit momentary, plus DPDT push-push,

Ratings of 1 to 10 amps at 28 vdc; 1 amp at 120 vac,

SUBMINIATURE EMI/RFI-SHIELDED  (§xfzm ) @) =
INDICATOR LIGHTS

Dome, flat and flush mounting. Lens diameter of
7/32% .22” and .383” respectively; 5v and 28v. Six
iens colors, plus clear.

STANDARD EMI/RFI-SHIELDED
INDICATOR LIGHTS

Transiucent and transparent dome-type lenses. In-
candescent, standard neon and high-intensity neon
lamps in all popular voltages., Six lens colors, plus
clear.

These EMI/RFI-shielded switches
and indicator lights available at
Control Switch distributors now!

Still more new EMI/RFI-shielded components on the way.

Need shielding from EMI/RFI leaks in panels on the component you need and be able to help
and systems? Look to Control Switch . . . first you fast. Order EMI/RFl-shielded switches and
to introduce the types of shielded switches and lights from your Contro! Switch distributor, or
lights shown above. Now we are deep into the contact us direct.

development of still other shielded components.

Tell e ts. W b i FREE BULLETIN!

€il us your requirements. € may be working Check number on Reader Service Card corresponding to

number at left below for our Bulletin on EMI/RFl-shielded
components. While you're at it, get all the items listed below.

CONTROLS =483  EMI/RFIl-shieided Component Bulletin 62A
=484 Condensed Switch Catalog 100
COM PANY =485 Basic Snap-Action Switch Catalog110
| OF AMERICA =486 Toggle Catalog 180
CONTROL SWITCH DIVISION =487 Indicator Light Catalog 120
1420 Delmar Drive, Folerott, Pennsylvania 19032 =488 Hermetic Switch Catalog 130
A Subsidiary of =489 Switchlite Catalog 220
General Precision Equipment Corp. =490 Pushbutton Catalog 190
3c-7101
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G.E.’s new wet slug
tantalum capacitor gives yocu
the performance of the <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>