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TYPICAL DI-T200 PERFORMANCE
SQURCE: RATED PRI IMP. ANDD C.
LOAD :RATED SEC IMP.

DCmal Pri. Mw
Type No. Pri. Imp. in Pri. Sec. Imp. Res. Level Application
DI-T225 80CT | 12 32 split| 10 | 500 | Interstage
100CT | 10 40 split
DI-T230 300CT| 7 600 CT 20 { 500 | Qutput or line to line
DI-T235 400 CT 8 40 split| 50 | 500 | Interstage
500 CT 6 50 Split
DI-T240 400 CT 8 400 split | 50 | 500 [ Interstage or output
500 CT 6 500 split (Ratio 2:1:1)
DI-T245 500CT 3 50 CT 65 | 500 | Qutput or matching
600 CT 3 60 CT
DI-T250 500 CT 5.5 600 CT 35 | 500 | Qutput or line to line
or mixing
DI-T255 | 1,000CT 3 50 CT 110 | 500 | Qutput or matching
1,200 CT 3 60 CT
DI-T260 1,500 CT 3 600 CT 90 | 500 | Qutput to line
DI-T265 | 2,000 CT 3 8,000 split | 180 | 100 | Isol. or interstage
2,500 CT 3 10,000 split (Ratio 1:1:1)
DI-T270 | 10,000 CT 1 500CT | 870 | 100 | Output or driver
12,000 CT 1 600 CT
DI-T273 | 10,000 CT 1 1,200 CT 870 | 100 | Qutput or driver
12,500 CT 1 1,500 CT
DI-T276 | 10,000 CT 1 2.000CT | 870 | 100 | Interstage or driver
12,000 CT 1 2,400 CT
DI-T278 | 10,000 CT 1 2,000 split | 620 | 100 | Interstage or driver
12,500 CT 1 2,500 split
DI-T283 | 10,000 CT 1 10,000 CT 970 {100 | Isol. or interstage
12,000 CT 1 12,000 CT (Ratio 1:1)
DI-T288 | 20,000 CT 5 800 CT | 870 | 50 | Interstage or driver
30,000 CT .5 1,200 CT
DI-T204 | Spiit tnductor §.1 Hy @ 4 maDC, .08 Hys @ 10 maDC, DCR 25Q
(2 wdgs) §§ .025 Hys @ 8 maDC, .02 Hys @ 20 maDC, DCR 6Q
DI-T208 | Spiit Inductor § .9 Hys @ 2 maDC, .5 Hys @ 6 maDC, DCR 105Q
(2 wdgs) §8 .2 Hys @ 4 maDC, .1 Hys @ 12 maDC, DCR 26Q
DI-T212 | Split Inductor § 2.5 Hys @ 2 maDC, .9 Hys @ 4 maDC, DCR 630Q
(2 wdgs) §§ .6 Hys @ 4 maDC, .2 Hys @ 8 maDC, DCR 157Q
DI-T216 | Split Inductor § 4.5 Hys @ 2 maDC, 1.2 Hys @ 4 maDC, DCR 2300Q
(2 wdgs) §§ 1.1 Hys @ 4 maDC, .3 Hys @ 8 maDC, DCR 575Q

jDCma shown is for singie ended useage (under 5 distortion—100mw—1KC). .. for push pull,
DCma can be any balanced value taken by 5W transistors (under 5% distortion—500mw—I1KC)
D1-T200 units have been designed fortransistor applicationonly. .. notfor vacuum tube service,
U.S. Pat. No. 2,949,591 other pending.

W_hedr_e windings are listed as split, % of the listed impedance is available by paralleling the
winding.

§Series connected; §§Parallel connected.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

R L L

TRANSFORMERS
& INDUCTORS

DUMET LEADS
(gold plated, weldable and solderahble)

STRAIGHT PIN TERMINALS
(printed circuit application)

HIGHEST PERFORMANCE

for size in the industry

METAL ENCASED
(Grade 4, Ruggedized)

X

!ALL STOCK UNITS MIL TYPE TF4RX
Class ““S” Available on Special Order
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High Power Rating . ... up to 100 times greater.
|  Excellent Response . ..... _.twice as good at low end.
| Low Distortion ... reduced 80%.
High Efficiency up to 30% better . . . compare DCR.
| Moisture Proof . ... hermetically sealed to MIL-T-278B.
| Ultraminiature Size ..............cccocovvn... 5/16 Dia. x %" H, 1/15 0z

| (SR s

The unique structural design of the DI-T200 series transformers and induc-
tors provides the excellent electrical characteristics, high reliability and wide
application possibilities inherent in the UTC DO-T family of miniaturized
units. The DI-T200 series units employ the same high quality design found
in UTC's DO-T, DI-T, and PIP lines, This unique transformer constructural
concept affords unprecedented power handling capabilities coupled with
extremely small size. Further, the high degree of reliability has been
dynamically proven in the field. These characteristics are basic in the struc-
ture, which is ruggedized, hermetically sealed, employing a completely rigid
bobbin, eliminating stress and wire movement. The turns are circular in
shape rather than square, eliminating turn corner stress, and effecting
uniform wire lay. The coil wire and external lead are rigidly anchored
terminal board fashion, employing no tapes and brought out through strain
relief. The curves illustrated indicate the superior performance of these
units compared to similar size units now on the market.

The leads are uninsulated 17 long, .016 D Dumet wire, spaced on a .1”
radius circle to conform to terminal spacing techniques of the “T0-5" case
semiconductors and micrologic elements.

IMMEDIATE DELIVERY
FROM STOCK |

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. » 150 VARICK STREET, NEW YORK, N. Y. 10013

Circle 960 on reader service card
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Versatile,
Value-priced
X-y recorder

1.
k. !

h e e gonr s pany
* 3 13 “

...just $895' |

THE MDSE[E Y 7035/!

This is a high-performance, low-cost solid-
state recorder for everyday applications
not requiring high dynamic performance.
Five fixed calibrated ranges 1 mv/inch to
10 v/inch. High input impedance, floating
- guarded input, 0.2% accuracy at full scale.
Adjustable zero set. :
Each axis of the 7035A has an indepen-
dent servo system with no interaction
between channels. Maintenance-free
AUTOGRIP* electric paper holddown and
electric pen lift are standard. Options avail-
able include locks for zero and variable
range controls, rear input, and retransmit-
ting potentiometer for X axis.

Electronics | November 14, 1966

For general-purpose appl_ications, you
can’t beat the Moseley Division 7035A. Ask.
your Hewlett-Packard field engineer for a
demonstration. Or write for complete speci-
fications to Hewlett-Packard, Palo Alto,
California 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

Data subject to chafrge without notice.

Price f.0.b. factory.

HE WLETT

PACKARD | MOSELEY

DIVISION

An extra measure of quality

*Trade Mark Pat. pend.

Circle 1 on reader service card
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Bring on
your complex,
small, noisy, difficult signals.

We’ll give you traces that show them for what they really are.
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. Determine exaét phase of servo error with respect Mreclsely record changes as small as .001% in
=TT to reference signal of 60 Hz to 5 kHz while maxi- “ " . DC-100 Hz signals by using calibrated zero sup-
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Resolve 50 Hz - 100 kHz ampiitude Informatlon to
9?2% of full scale signals from 1 voit to 500
volts.
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1 See critical variations as smali as 10 uV rms from
strain gages, other AC-excited transducers.
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When you need the greatest possible degree of signal-conditioning
precision and operational control, Sanborn 7700 Series oscillographs
with solid-state “8800" plug-ins will give you chart recordings of
maximum resolution and intelligibility.

Seven highly versatile signal conditioners offer unique performance
capabilities: three DC types with a 1 uV - 250 V dynamic range, floating
differential input and calibrated zero suppression ... an AC-DC Con-
verter with calibrated zero suppression and scale expansion permitting
resolution better than 0.1%, 10 ms response and isolated, 1 meg.
input . . . a phase-sensitive demodulator with calibrated reference
phase shift, 90° calibrated dial with four quadrant selections, and a
{requency range of 60 Hz to 5 kHz . . . a carrier preamp with 2400 Hz
internal transducer excitation supply, calibrated zero suppression, cal.
factor control and conversion gain of 10,000 . . . and a general-purpose
DC preamp particularly useful for 100 mm wide chart recording.

Use any of these “8800" plug-ins in the 7700 thermal writing oscillo-
graph matched to your packaging and channel requirements — 4-, 6-
and 8-channel 7704A, 7706A and 7708A console types . . . 2-channel
7702A system in rack-mount or mobile cart versions . . . single-channel
7701A wide chart (100 mm) portable system. Every one of these ther-
mal writers will give you permanent, rectangular-coordi-
nate recordings whose resolution and accuracy make all
4 your measurements more useful.

(M For a new brochure describing the advantages and wide HEWLETT =
§ choice of Sanborn thermal writing oscillographs, write PACKARD | | g

|

il “

ol

Hewlett-Packard Company, Sanborn Division, 175 Wyman
== Street, Waltham, Mass. 02154.

SANBORN
DIVISION

= L.
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Technical Articles

l. Design

Topology cuts design drudgery

Graphic approach to network analysis replaces
time-consuming mesh and node calculations
S.F. Chan, University of Santa Clara

Designer’s casebook

= F-m output from low-cost unijunction

® Tuning fork drives portable frequency standard
® Diode bias replaces batteries in log converter

= |ight-sensitive field effect transistor

= Unijunction memory stores until readout

Nomograph finds output voltage error

Chart quickly evaulates performance of operational
amplifiers from specified gain and offset

Ed Schuck, Rosemount Engineering Co.

Integrated circuits in action: part 2

Trends and trade offs

Designers of integrated circuits find that cost and
performance ground rules are always changing
Donald Christiansen, senior associate editor

I1. Application

Avalanche transistors drive laser

diodes hard and fast

Short, high-current pulses for high-resolution
optical radar are produced by pulser circuit
H.E. Brown and R.A. Bond, University of Texas,
and J.C. Bloomquist, Eglin Air Force Base

Current dividers convert digital

signals into analog voltages

Integrated circuits can perform the conversion
by repeatedy halving a constant current

Simpler circuits trace

Sony’s path to innovation

A portrait of the men who created a leading
entertainment electronics company and examples
of their design philasophy; replace complex circuits
with simpler, sophisticated ones

Sony tries to be first, or at least different
Ceramic filters edge out costly i-f transformers
Sensor reverses tape direction at recording’s end
Recorder gain control eliminates level indicator
Horizontal sweep with no driver stage

Two-stage gain control for portable tv set

Charles Cohen, Tokyo regional editor, and
Products Planning division, Sony Corp.



Electronics

Editor-in-Chief: Lewis H. Young

Senior editors

Design: Samuel Weber
Application: George Sideris-
News: Kemp Anderson Jr.

Assistant to the editor: Sally Powell

Senlor assoclate editors: John F. Mason, Donald Christiansen, Robert Henkel,
Joseph Mittleman

Department editors

Avionics: W.J. Evanzia
Communlcations: Leonard Weller
Computers: Wallace B. Riley

Design theory: Joseph Mittleman
Electronics abroad: Arthur Erikson
Electronlcs review: Stanltey Zarowin
Industrial electronics: Alfred Rosenblatt
Instrumentation: Carl Moskowitz
Military electronics: John F. Mason
New products: William P, O'Brien
Special projects: Donald Christiansen
Staff writer: Jan Rahm

Regional Bureaus
Domestic

Boston: Thomas Maguire, manager; Robin Carlson

Los Angetes: William B. Wailace, manager; June Raniil

San Francisco: Walter Barney, manager; Mary Jo Jadin

Washington: Robert W. Henkel, manager; William D. Hickman, John Rhea,
correspondents; Patricia C. Hoehling

Forelgn
Bonn: John Gosch
Tokyo: Charles Cohen

Copy eaitors
James J. Moran, David Goller, William Olcott

Graphic design

Art director: Saul Sussman
Assistant art director: Ann Mella
Production editor: Arthur C. Miller

Editorial secretarles: Claire Benell, Lynn Emery, Lorraine Fabry,
Kay Fontana, Patricia Gardner, Lorraine Longo

McGraw-Hill News Service

Director: John Wilheim; Atlanta: Fran Ridgway; Chicago: Reck Johnson;

Cleveland: Arthur Zimmerman; Dallas: Marvin Reid;

Detroit: N. Hunter; Houston: Ron Lovell; Los Angeles: Michael Murphy, Gerald Parkinson
San Francisco: Margaret Drossel

Seattler Ray Bloomberg; Washington: Arthur L. Moore, Charles Gardner,

Herbert W. Cheshire, Seth Payne, Warren Burkett, Warren Kornberg

McGraw-HIll World News Service

Bonn: John Johnsrud; London: John Shinn;

Mexico City: Bruce Cross; Milan; Ronald Taggiasco;
Moscow: Howard Rausch; Paris: Peter Kilborn;

Rio de Janeiro: Wes Perry; Tokyo: Marvin Petal

Reprints: Susan Nugent
Circulation and Research Manager: Milton Drake
Publisher: Gordon Jones

Electronics: November 14, 1966, Vol. 39, No. 23

Published every other Monday by McGraw-Hill, inc. Founder: James H. McGraw 1860-1958.
Printed at 99 North Broadway, Albany, N.Y. 12207; second class postage paid at Albany, N.Y,

Executive, editorial, circulation and advertising addresses: McGraw-Hill Building, 330 W. 42nd Street,

New York, N.Y. 10036, Telephone (212) 971:3333, Teletype TWX N.Y. 212-640-4646. Cable address:
MCGRAWHILL N.Y,

Subscriptions are solicited only from those actively engaged in the field of the publication. Position and
company connection must be indicated on orders. Subscription prices: United States and possessions and
Canada, $6.00 one year, $9.00 two years, $12.00 three years; all other countries, $20.00 one year.

Single copies: United States and possessions and Canada, 75¢; all other countries, $1.50.

Officers of McGraw-Hill Publications: Joseph H. Alien, President; Bayard E. Sawyer, Executlve Vice President;
Vice Presidents: J. Elton Tuohig, Operations; John R. Callaham, Editorial; Oonald C. McGraw, Jr., Marketing;
John M. Holden, Marketing Services; Huber M. Gemmill, Circulation; Angelo R. Venezian, Production;

Robert M. Wilhelmy, Controiler.

Officers of the Corporation: Donald C. McGraw, Chairman of the Board; Shelton Fisher, President;

L. Keith Goodrich, Hugh J. Kelly and Robert E. Staughter, Executive Vice Presidents; John J, Cooke,

Vice President and Secretary; John L. McGraw, Treasurer.

Title ® registered in U.S. Patent Office; © Copgnght 1966 by McGraw- Hill, Inc. All rights reserved. The contents
of this publication may not be reproduced either in whole or in part without the consent of copyright owner,

Subscribers: The publisher, upon written request to our New York office from any subscriber,
agrees to refund that part of the subscription price applying to copies not yet mailed.

Please send change of address notices or complaints to Fulfillment Manager; subscription
orders to Circulation Manager, Electronics at address below. Change of address notices
should provide old as well as new address, including postat zip code number. If possible,
attach address label from recent issue, Allow one month for change to become effective.

Postmaster: Please send form 3579 to Fulfillment Manager, Electronics,
P.O. Box 430, Hightstown, New Jersey 08520

4

Readers Comment

Embarrassment

To the Editor:

In the well-researched article on
the IWCS program [Oct. 3, p. 167],
your caption writer has embar-
rassed me. I am responsible for
Page’s engineering effort in Viet-
nam and Southeast Asia; over-all
management responsibility is vested
in Page’s vice president, Lincoln
Brown, with all field work under
direction of vice president Loren
Bailey who is resident in Saigon.

W.D. Carter
Ass’t. Director, Engineering
Page Communications Engineers,
Inc.
Washington, D.C.

Changed equation

To the Editor:

It has come to my attention that
there is an error in my article
“FET’s call the tune in active filter
design” [Oct. 3, p. 98]. Equation 3
for the damping factor, p. 99,
should read:

1 2

p= M i M (1 = K2);
instead of
1 M 1
Bt o W § Ty
JM. Loe

Project Engineer
Philco-Ford Corp.
Blue Bell, Pa.

Adequate feedback

To the Editor:

I agree most wholeheartedly with
William Perzley’s letter concerning
power supply reliability guidelines
[Sept. 19, p. 7]

He has trouble finding power
supply reliability guidelines be-
cause power supply customers have
not demanded adequate reliability
in the past. Needless to say, any
company will not perform any un-
necessary task.

It is with great pleasure that I
hear a top management man ac-
knowledging the importance of re-
liability as applied to any system.
Far too often in the last five years,
I have seen reliability treated as

Electronics | November 14, 1966



RESISTORS FOR PERSPICACIOUS DESIGN ENGINEERS

FILMISTOR®
PRECISION
METAL-FILM
RESISTORS

R

Extended-range Filmistor
Resistors now give you
dramatic space savings
in all wattage ratings —
1/20, 1/10, 1/8, 1/4, 1/2,
and 1 watt — with ab-
solutely no sacrifice in
stability !

Filmistors offer extend-
ed resistance values in
size reductions previously
unobtainable. For exam-
ple, youcan get a 4.5MQ
resistor in the standard
1/4 watt size, which had
conventionally been lim-
ited to 1 MQ. Filmistor
Metal-Film Resistors are
now the ideal selection
for “tight-spot” applica-
tions in high-impedance
circuits, field-effect tran-
sistor circuits, etc.

Other key features are
+19, resistance toler-
ance, low and controlled
temperature coefficients,
low inherent noise level,
negligible coefficient of
resistance, and rugged
molded case.

Filmistors surpass the
pcrformance require-
ments of MIL-R-10509E.

Write for Engineering
Bulletin 7025C

/

ACRASIL®
PRECISION/POWER
WIREWOUND
RESISTORS

These silicone-encapsu-
lated resistors combine
the best features of both
precision and power wire-
wound types, giving them
unusual stability and re-
liability.

Acrasil Resistors are
available with tolerances
as close as .05%, in
power ratings from 1 to
10 watts. Resistance val-
ues range from 0.5 ohm
to 66,000 ohms.

Their tough silicone
coating, with closely
matched expansion co-
efficient, protects against
shock, vibration, mois-
ture, and fungus.

Acrasil Resistors meet
or exceed the require-
ments of MIL-R-26C.

Write for Engineering

Bulletin 7450

BLUE JACKET®
VITREOUS ENAMEL
PRECISION/POWER
WIREWOUND
RESISTORS

—

-

—— S,
-—
SN
- —

Axial-lead resistors avail-
able in ratings from 1 to
11 watts, with resistance
tolerances to +19%,. Non-
inductive windings avail-
able to +29, tolerance.

All welded end-cap
construction securely an-
chors leads to resistor
body. Vitreous coating
and ceramic base have
closely matched expan-
sion coefficients.

Write for Engineering
Bulletins 7410D, 7411A

Tab-terminal Blue
Jacket Resistors can be
had in a wide selection
of ratings from 5 to 218
watts, with several ter-

minal styles to meet
specific needs.
Tab-terminal as well

as axial-lead Blue Jack-
ets can be furnished to
meet the requirements
of MIL-R-26C.
Write for Engineering
Bulletins 7400B, 7401

KOOLOHM®
CERAMIC-SHELL
POWER WIREWOUND
RESISTORS

Koolohm Resistors are
furnished in axial-lead,
axial-tab, and radial-tab
styles, in a broad range
of ratings from 2 to 120
watts. Both standard and
non-inductive windings
are available.

Exclusive ceramic-in-
sulated resistance wire
permits ‘‘short-proof”’
muitilayer windings on a
special ceramic center
core for higher resistance
values. The tough non-
porous ceramic shell pro-
vides complete moisture
protection and electrical
insulation. Koolohms can
be mounted in direct
contact with chassis or
“live” components.

Axial-lead Koolohm
Resistors to MIL-R-26C
are available in MIL
styles RW55 and RWS56.

Write for Bulletins

7300, 7305, 7310

STACKOHM®
POWER
WIREWOUND
RESISTORS

Sprague Stackohm Re-
sistors are especially de-
signed for equipment
which requires power
wirewound resistors of
minimum height. Their
flat silhouette permits
stacking of resistor banks
in close quarters.

Aluminum thru-bars
with integral spacers act
as mounting means and
also conduct heat from
within the resistance ele-
ment. Resistance wind-
ings are welded to end
terminations for maxi-
mum reliability. An out-
standing vitreous coating
protects the assembly
against mechanical dam-
age and moisture. Ceram-
ic core, end terminations,
and vitreous enamel are
closely matched for co-
efficient of expansion.

Stackohm Resistors are
available in both 10-watt
and 20-watt ratings, and
can be furnished with
resistance tolerances as
close as +19%,. Resistance
values range from | ohm
to 6000 ohms.

Both 10- and 20-watt
types meet the stringent
requirements of MIL-R-
26C.

Write for Engineering
Bulletin 7430

Send your request to Technical Literature Service, Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 071247, indicating the engineering bulletins in which you are interested.

ON READER-SERVICE

ON READER-SERVICE

ON READER-SERVICE

ON READER-SERVICE

ON READER-SERVICE

CIRCLE 495 CIRCLE 496 CIRCLE 497 CIRCLE 498 CIRCLE 499
SPRAGUE COMPONENTS &
RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS p n n
CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
THIN-FILM MICROCIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
INTEGRATED MICROCIRCUITS  ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

45R-5145 ‘Sprague’ and ' @) are of the Sprague Etectric Co.
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A NEW

100-MHz Pulse Generator... sggs

2-ns rise and fall times.

Duty ratios up to 96%,.

PULSE .OURATION ~a8Es;

% & 2 w0 a9
4

MoK RaTR
PULSE QENERATOR
ey

PULBE DELAY -usec

oy
e ——
SNERAL RADIO COMEANY

NNCONC wAeare RIS ug. R

40

$% 054~

PPP®o s 0.

1to 100 MHz generated internally; dc to 100 MHz, externally,,

Calibrated output, O to 4 volts into 50 Q in V2-volt steps.

Output-pulse duration variable from 4 to 99 ns in 1-ns steps.

Trigger-level and slope controls for use with external triggering.

Type 1394-A High-Rate Pulse Generator

The development and testing of today’s high-frequency digital circuitry
call for a pulse generator whose output pulses have:

1. High repetition rate,

2. Fastrise and fall times.

3. Sufficient voltage to switch circuits.
GR’s new pulse generator meets these requirements, and it has many
other useful features for testing high-speed computers, radar systems,
digital-communication systems, and other sophisticated equipment. It
has, for instance, calibrated controls for pulse duration, delay, ampli-
tude, and repetition frequency, and pulses of either polarity are avail-
able at the output. The fast-rise-time capability of the 1394-A makes
it also well suited for the study of component characteristics, such as
semiconductor switching speed and pulse-transformer rise time. Add
to these features a price that is substantially less than that of com-
parable instruments and you have a pulse generator that has an
unusually high performance/price index.

An accessory unit, the Type 1394-P1 Pulse-Offset Control, is avail-
able for applications requiring a dc-coupled output. This unit fixes
the base line of the output pulses to any reference voltage from —2
to +2 volts and is continuously adjustable. Price: $255 in USA.

‘BOSTON o NEW YORK « CHICAGO o PHILADELPHIA « WASHINGTON, D.C.
SYRACUSE ¢ DALLAS « SAN FRANCISCO o LOS ANGELES « ORLANDO
CLEVELAND o TORONTO o MONTREAL

BOURNE END, ENGLAND ZURICH, SWITZERLAND

Circle 6 on reader service card

Other
Pulse Instruments

Type 1217-C Unit Pulse Generator

... high performance at minimum cost,
prf up to 1.2 MHz, Price: $275 in USA.

Type 1398-A Pulse Generator

. .. rise and fall times less than 5 ns,
60-V output pulses, prf up to 1.2 MHz,
Price: $595 in USA.

Type 1395-A Modular Pulse Generator
. . . produces practically any puise
shape or train you may want, five dif-
ferent modules available, main frame
accommodates up to 7 modules, Price:
Main Frame, $575; Modules, $160 to
$400 in USA.

Type 1397-A Pulse Amplifier

. . . linear amplifier with 1.2-ampere
output for use with Types 1217-C and
1398-A or any other pulse generator
with negative output pulses. Pricer
$495 in USA, &

GENERAL RADIO

WEST CONCORD, MASSACHUSETTS




a fringe benefit rather than an in-
tegral part of a system.

Reliability is fine, as long as it
doesn’t cost much, otherwise re-
liability is the first to suffer from
contract cutbacks. This action
seems to be inconsistent when the
Department of Defense allocates
approximately 10% of the procure-
ment dollar for reliability.

This does not mean that pro-
posals should be unrealistic. A top
reliability program should not be
an indirect function, but should
provide adequate rapid feedback to
the designers, etc. I know of two
semiconductor manufacturers that
have made the physics of failure
aspect of reliability a direct eco-
nomical benefit to their respective
industries by providing adequate
feedback to designers and process
engineers.

E.V. Chamberlain
Reliability engineer
Indialantic, Florida

Too optimistic

To the Editor:

During editing, my article “Holo-
graphy’s  practical dimension,”
[July 25, p. 88] acquired a de-
cidedly more optimistic view on
holographic television than had
been my original intent. I must
concede, however, that the reada-
bility of the paper was improved.

In my original manuscript, the
section on holographic television
opened with the following para-
graph:

“Perhaps the ultimate bequest of
holography will be holographic
motion pictures and television; re-
cently there has been again some
talk in this direction. Our assess-
ment of this possibility is decidedly
pessimistic, at least for the next
few decades. However, we can en-

gage in some speculation along
these lines.”

For the closing section, I wrote:

“But recall that this discussion
is in the realm of the speculative.
Holographic television is not yet in
sight, nor did anything transpire at
the recent (March, 1966) Optical
Society Meeting to bring its reali-
zation any closer.”

Holographic home television, of
course, is an intriguing subject for
speculation, but is decidedly in the
realm of the “way far out.”

Emmett N. Leith
Institute of Science and Technology
University of Michigan
Ann Arbor

Credit due

To the Editor:

In my article, “Scattering param-
eters speed design of high-fre-
quency transistor circuits,” [Sept.
5, p. 78] it inadvertently appeared
that I was assuming credit for de-
veloping some of the new concepts
which were presented.

I wish to acknowledge the cor-
rect source. The charts on pages 83
and 84 are derived from equations
20 through 25 on page 87. These
scattering parameter design con-
cepts were oviginated by George
E. Bodway, who kindly made avail-
able to me his as-yet unpublished
paper, “Two-port power flow analy-
sis of linear active circuits using
the generalized scattering param-
eters.”

In this paper, Bodway derives
these important new equations.
Their development was entirely
his, and I am eager that the credit
be his.

Fritz K. Weinert
Hewlett-Packard Co.
Palo Alto, Calif.
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Etch your own

PC hoards
automatically!

(In less than five minutes!)

from this— :gt‘;wa:‘
toll”x14” size!

GCYGLO-TRONIGS
“fine line” etcher

for protypes—Ilimited runs

No cooling or venting required!

Etches as fine as .001*!

Cuts costs in half—saves time!

Complete photo processing instructions!
Work is illuminated while etching!

No patterning . ., . minimum undercutting!

Model No. 201 (illus.), etches two 11*/x14**

one-sided hoards or one s
11”x14* two sided board:
Pat. applied for

e NOW IN USE BY': s

AMP, Inc./The Bendix Corp./Beta Corp., Sub. of
Koppers Co., Inc./Charles Bruning Co., Div. of Ad-
dressograph Corp./The University of Chicago/Uni-
versity of Colorado/C. G. Conn, Ltd./Fab Tool, Inc./
General Dynamics/Graduate Research Center of the
Southwest/IBM Corp./Jordan Electronics, Div. of
Victoreen Instrument Co./Lear Siegler, Inc./Micro
Switch, Div. of Honeywell/Microwave Electronics
Corp., Div. of Teledyne/Oklahoma State Univ./
Sonotone Corp./Westronics/Woodward Governor Co.

Representatives: Some Territories Still Available.

Send for complete information

CYCLO-TRONICS, INC.

3858 N. CICERO—CHICAGO, ILL. 60641
TELEPHONE: (312)-282-6141
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how to measure resolver
or synchro position

with 30 second repeatability

In both production test and ground checkout systems, North Atlantic's high per-
formance Angle Position Indicators provide exceptional operator ease and precision
in the measurement of synchro and resolver position. Features include digital
readout in degrees and minutes, 30 second resolution, continuous rotation, plug-in
solid-state amplifier and power supply modules. Due to the design flexibility of
these units, they can be readily provided with a variety of features for specific
requirements. Typical units in this line incorporate combinations of the following
features:

® Single Synchro or Resolver Input ® 2-Speed Synchro Input
= Multi-frequency Inputs
= DC Input

a 0-999 Counter

® Dual Synchro or Resolver Inputs

® Retransmit Synchro, Resoiver,
Potentiometer, or Encoder

| BASIC SPECIFICATIONS

R ANB Bk s s B et 0°-360° continuous rotation |
AECUTACY s armmssammraadevrisaiath 6 minutes (standard) i
Repeatability U - 30 seconds ;
SlewSpeed ... 25°/second ¢
£ Power . R o ...115 volts, 400 cps
',;: Size ... API-8025 ... ... ... .. 13%"h x 9%2"w x 9"d
0 API-8027.. ... 3%2""h x 4%"'w x 9%"d ]
E

for &

Your local North Atlantic representative has complete data on the API
line. Call him today or write direct for technical literature.

WORTEH ATLAINTIC industries, inec.
® TERMINAL DRIVE, PLAINVIEW, L. L., NEW YORK e OVerbrook 1-8600
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Many semiconductor companies,
content to produce conventional
integrated circuits, avoid multi-
chip devices and ;
large-scale ar-
rays because in
their opinion the
first is too old
and the second
too new. But
the General In-
strument Corp.
is investing
heavily in both technologies.

Business is so good that the
company—based in Newark, N.J.
—has constructed a plant in Syos-
set, N.Y., to house the hybrid cir-
cuit department while the metal
oxide semiconductor (MOS) de-
partment has taken over the old
Hicksville, N.Y., plant completely.

The reorganization has pushed
two young men into the limelight.
Jerome Fishel, 38, was named di-
rector of operation for the hybrid
circuit section and J. Leland Seely,
34, was put in charge of the MOS
department. Each will have respon-
sibility for de-
velopment, en-
gineering,
production and
marketing in his
own field.

Teacher, too.
Fishel, an elec-
trical engineer,
has a varied
background. He taught transistor
electronics for five years at Adelphi
University and was a vice presi-
dent at the General Transistor
Corp. before it merged with Gen-
eral Instrument in 1960.

“There’s been a resurgence in
hybrid circuits and many com-
panies are now entering the field,”
Fishel says. He predicts sales will
double this year. The new facility
expands floor space and the de-
partment has been put on a two-
shift basis.

Fishel claims General Instru-
ment has a head start in the mili-
tary hybrid circuits market. “We’ve
been at it longer than anyone else,”
he says.

Fishel also believes the reorgan-
ization will help his section attain
its goals faster. “The reorganiza-

Jerome Fishel

J. Leland Seely
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He-Ne CW

Lasers and

Electro-Optical Instruments

LAS-101 LASER

for school and laboratory

Output 025 mW at 6328 A, TEM,, mode,
1 mW multimode (optional), guaranteed one
year. Optional 1.15 and 3.39 g« mirrors in
quick - interchange mounts. Single - isotope,
double-walled tube, heated cathodes. $660

P-102 LASER POWER SUPPLY

For the LAS-101, provides required 300 volts
dc, 60 mA, and 6.3 volts ac, 1.5 A. Fully
adjustable control of the discharge current.
Operates from 117 volts ac + 159%, 50-65
c/s. $165

LAS-201 LABORATORY
GAS LASER

Output 0.50 mW at 6328 A, TEM,,, mode,
2 mW multimode (optional); one year war-
ranty. Optional 1.15 and 3.39 x mirrors in
quick - interchange mounts. Single - isotope,
double-walled tube, heated cathode. Integral
high-voltage supply operates from line volt-
age. $980

LAS-102 RUGGEDIZED LASER
for field use

Output 0.50 mW at 6328 A, TEM,,, mode,
1 mW multimode (optional); one year war-
ranty. Optional 1.15 and 3.39 u mirrors.
Hermetically - sealed capsule 2” diameter, |
14” long. $850 ($750 multimode)

P-103 power supply, operates from ac line
or 12-volt battery. $325

T e e . o — ———— — ——— . = = ——— —— — —— = ——

LAS-103 SINGLE-FREQUENCY,
STABLE LASER

Output 125 W near 6328 A, TEM,,, mode,
single frequency. Temperature compensated
for frequency stability. Integral photodetec-
tor, electro-magnetic tuning control. Single-
isotope, double-walled tube, heated cathode.
Compact size, modular construction. $1800

.6 F-102 SOLID-STATE ETALON
Finesse of 30 over range of 4250 to 6500 f\;
10 GHz (Y3 wave- number) free spectral
range. Tilt-tunable through x-y adjustable
mount. Ranges of .65 to .95 ux and narrow-
band 6943 A optional. $425

F-103 SCANNING
INTERFEROMETER

Operates from 4250 to 7000 A, or (optional)
from .7 to .95 u or narrow-band at 6328 A.
Finesse of 30 or better, free spectral range
of 1.5GHz in standard model, variable by
simple slide adjustment of reflector end
plates. Electro-magnetic reflector drive. $655

L-101 SPECTRAL IRRADIANCE
STANDARD and

P-101 CURRENT SUPPLY
Calibrated, high - temperature, quartz-iodine
lamp for continuous output from 2500 A to
2.6 u. Simple current-monitoring supply for
precise lamp current control. $475

PRECISION REFLECTOR
MOUNTS

Non-interacting, x-y adjustment. Three models
shown are:

EOA-9000 quick-interchange mount $45
EOA-9001 dual-micrometer vernier

end plte (accepts EOA-9000

quick-interchange mount) $170
EOA-9002 precision mount also used

on F-102 interferometer $175

PM SERIES of COOLABLE
PHOTOMULTIPLIER HOUSINGS

Three basic models for PM tubes of 114"
and 2" nominal diameter and up to 77
seated height. Dry ice or liquid N, gas cool-
jing. Exclusive frost-free, fog-free EQVac*
window. Improvement of S/N by up to 100.
Widely used uncooled for excelient shielding
properties. $385 - $480

*TRADEMARK

Write or call for complete information and demonstration by technical representatives,

ELECTRO OPTICS ASSOCIATES

981 COMMERCIAL STREET -

PALO ALTO, CALIFORNIA 94303
Telephone (415) 327-6200. Cable address: ELECTROPTICS

Electronics | November 14, 1966
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New from Sprague!

1966

SPRAGUE
METFILM ‘A"
CAPACITORS L

METALLIZED PAPER

CAPACITORS
METALLIZED

POLYESTER FILM ™
]9 6 3 CAPACITORS
ULTRA-THIN
METALLIZED

POLYESTER FILM
CAPACITORS

OIL-IMPREGNATED
PAPER
CAPACITORS

METFILM™ ‘A’ CAPACITORS ... |
dramatically smaller in size, yet more reliable
than military-grade. capacitors of the past!

Just a few years ago, the only 10 uF capacitor considered dependable

enough for military applications was Type CP70 (to JAN-C-25), and
was a block-busting 334" wide x 134" thick x 4” high. Today, you can
get a military-quality 10 »F tubular capacitor measuring only 2" in diam-
eter x 114" long. And it’s more reliable than any capacitor of the past!

Sprague Type 680P Metfilm ‘A’ Metallized Capacitors meet all en-
vironmental requirements of MIL-C-18312, yet they occupy only one
third the volume of conventional metallized film capacitors of equivalent
capacitance and voltage rating. Employing a new thin organic film dielec-
tric system, Type 680P capacitors use a dual film totalling only 0.00008”
thick, as compared td conventional polyester-film capacitors with a single
film measuring 0.00015".

Another distinct advantage of the Metfilm ‘A’ dielectric system is
minimum degradation of electrical properties during life.

Hermetically sealed in corrosion-resistant metal cases, capacitor sec-
tions are effectively of non-inductive construction, resulting in capacitors
with performance characteristics superior to those of comparably-sized
capacitors.

Type 680P Metfilm ‘A’ Capacitors are available with capacitance
values to 10 4 F in both 50 and 100 volt ratings.

For complete technical data, write for Engineering Bulletin 2650 to Tech-
nical Literature Service, Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247.

*Trodemork

SPRAGUE COMPONENTS

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL OIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS
INTERFERENCE FILTERS

45C-6111R1

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

10 Circle 10 on reader service card

THE MARK OF RELIABILITY

‘Sprague’ and ‘@) are registered trademarks of the Sprague Electric Co,

People

tion will give us independent op-
eration and more control, making
things easier to manage by elim-
inating a lot of red tape.”

Off the shelf. The hybrid de-
partment currently is producing
approximately 25 standard hybrid
circuits and a wide variety of cus-
tom circuits. Fishel explained that
his department manufactures cir-
cuits in cans and flatpacks. “We
use a variety of transistors, both
npn and pnp, junction field-effect
transistors and MOS FET’s,” he
added. Techniques employed in-
clude thermal pairing and voltage
trimming of cermet resistors. Un-
der development are flip chip and
beam lead devices and complex
hybrid circuits compatible with
large-scale MOS arrays.

Seely earned a Ph.D. in physics
from the University of Utah in
1962 and then went to work for the
General Motors Corp.’s defense re-
search laboratory in Santa Barbara,
Calif. There he worked with Arnold
Nordsieck, inventor of the electric
vacuum gyro. Seely directed de-
velopment and design of Ievita-
tion and readout systems for the
gyro.

His interest in solid state phys-
ics led him to semiconductor tech-
nology. “I felt there was a bright
future for MOS and I wanted to
get in on the beginning,” Seely
said of his decision to join Gen-
eral Instrument in late 1964 as a
member of its original MOS group.

More R&D. Seely expects to
place increased emphasis on the
research and development aspects
of MOS technology and to work
toward development of bigger and
more complicated modules. One
area of work centers on analog to
digital and digital to analog con-
verters.

The MOS section currently pro-
duces a wide range of MOS cir-
cuits, including shift registers, MOS
FET’s, digital differential analyz-
ers, multiplexers, gates and other
devices.

Seely said General Instrument
does not use discretionary wiring
techniques but concentrates on
custom design of each component
—a process he calls individual
tailoring.
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Machlett is the
word for power in
transistorized circuitry.. .

Use Machlett planar triodes:

for Pulse Power: 1 kw, 2 kw, 3 kw, 4 kw to 10 kw

for CW Power: 100 watts at 2.5 Gc¢ .5 watts in C Band
for High Resistance to Radiation

for Low Noise/Frequency Ratio

for Low Operating Cost

Choose from 2 Machlett planar triode lines (conventional, miniature)

Frequency: 6 Gc and higher
Pulse Power: grid pulse to 8000v, 5a
plate pulse to 10000v, 5a
Modulator Service: dc voltage to 8000v
peak pulse voltage
to 10000v
Anode Cooling: new pin radiator: 150 watts and higher,
FAC, both conventional
and miniature
new water jacket: 400 watts and higher
with water cooling

Write now for data on the industry’s strongest line of planar triodes —
Machlett: The word for power in transistorized circuitry.
Address: The Machlett Laboratories Inc.—Springdale (Stamford), Conn. 06879.

@ THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY OF RAYTHEON COMPANY
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Recap Three:

Here are eight of our latest new product
announcements. (You may have missed one

in the past month or so—we’'ve all been

busy.) If you have a question about any

of these new products, mark the corresponding
number on the bingo card. Or call any

Fairchild Distributor.

PNP 15nsec. SWITCH

Five new sihicon PNP fransistors #ee now vailable  replacements for the germanium NDED seres. Uzt

from Fauchiid, the frst of 8 bew fenes of Ultraast  them for high speed Computer awtching ircut
PNP switching Gevices. Thay olter thwe fastest suitch. . ingustat |
ing speed. bhe Mghest frequencres, and the iowest  They're availabie now from disteibutor Stocks. in TG 16
capacitance. These trantstors are yoid-doped to make  cams or TO-18 €poxy packages Get sampies from your
POSLible Extremely fast wiching speeds and provide  GiStrbutors or waite for Gur a1 shets. S1op RVING up
n Ifetime contral Lise them as reliable Planar 1 epitaciai  speec to desigh with sihcon PNP. Swich to Farchig
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Fairchild 2N4274 and 2N4275 are the fastest epaxy saturated switch-
ing devices you can get. These epoxy NPN switches are similar to the

2N2369A, and are avaitable now from depth-stocked distributor .
shelves, or from Fairchiid. No other devices at this price (24¢ in lots of Reader Service No. 481
10,0003 can come ciose to the performance

characteristics of these transistors. Get thern T EE————
now from Fairchild Distributors or get our date  asbim aertILO
sheets for complete information. SEMICONDUCTOR
I Soacifications: (2N4275§

I g L3nsec. (man ) @ 30mA

Lansec (max) @ 10mA

L2nsec (max) @ 10ma
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$ 2 7 Qltahe sheit detwery: Farchid counting MICROLOGIC? integraled cirtuds give you complete counting and
5 display capatwlities with a mnimum of components, For example, you can get full decade count, decode, and
display driver functions with just two Cyl devices (Cuk9958, CrL9960). You can get the only monolthic
™ Gecoder /dinplay driver on-the market (C;9960). You can get the only

D — —
maonolthic mod 16 binary counter with 25MHz typical charactersics = o | R G =4 L3
{CL9969). Best of al, you can gel them off tha-shelf in any guantiy.

Count on . For details contact us of the nearest Fairchild Distributor. SEMICONDLETDR
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MONOLITHIC
FIVE-CHANNEL

TT.L IS TTL LOGIC
YOU CAN GET.

You get fast delvery on Fairchild TTul inte-
grated circuits. We'ge in full production,
backed by the facilities and know-how that
helped us deliver over 3s of all integrated cir-
cuits shipped this year. Get any of our six new
high level Tl circuits. Get them in dual

Features (0°C to +75°C):

Snsec. typical propagation delay per gate function.

L350V guaeanteed minimum norse immunidy under
worst case operating conditions.

1.3V typ. noise immunity for 1" levels

0.85V 1yp. noise lmmunity for "0 levels

Singie 5V power supply required.

SWITCH

Low leakage, Pianar It MOS. requires no transformer: The Fairchid «M3400 is the first n 3 new e
ot monalithic, Hi-Rel, Panar Il MOS swilching circunts. i is immediately availabie from stock at 2 cost
ot onty $8.00 per channet The device consists of five MOS FET channels, integrated on 3 singie chip,
and can be used for selecting npots 10 2 computer, telemetry systam, or other signal routing sopi.
Calions. In such appiiCations I requines ng transtormer (uhiike alloy  EEECEEG—G—
Junclion or dual emtter transistars) thereby saving space and weqnt, EALRCHILD

a5 weil 25 reucimg costs, and smproving reliabily. SEMICONDUCTOR
[ T Spacmcnnans |

=101 eyt e ot o
Fones 1 08 sanity Coannt O et tan |

L= Coaruet 10 -

onarc wa/o 1poes o e curemt aooes

| e wmae ey 000t

LR ALV oetian e o copaclaee P

0nea Bk hmsach Outets st -

o 110 3784015

DUE1GA 4 Dot 57 o Foeuld Comans amd s Cosperehen § I11 F i Drvg Sountom Yo, o

s 310

Reader Service No. 486

EPOXY
JUNCTION FET
50¢

Pay less. ge1 more: Fairchid’s mew 2M4360 15 8 low noise, low cost P-Chanoel junction FET you

a0 get You can get A immediately 1n any quantuly, and pay much less than you would for devices
wih lesser perlormance specitcations (only 50¢ In quantities of 1000). The ZNA360 teatures an
extremely low noise figure. high gain, and high input impedance. The T0-18 epasy package with.

siands #n aperaling junction lemperature of 4 125°C and can be stored si any tempersture

§5°C 10 +125°C. (FQ-18 cans also available, ZN4381, G
2N4382.) Gel samples from your Fairchlld Distributor, EAIRCHILD
ot get our dats sheet SEMICONDUCTOR
a , 244360 Trpeest Somcticavons:
I Equvarent Input Nore Vonage 002,¥/4 @ 1w i00H
Eaurvatent tnput Nose Fgure. 0.146 @ 11004z
Gate to Source Breskdown Votaze (BV..) 20v e
Formard Trancesomittance (Ya) 4000, mhou G 1=
Dramn Current (ine) 10ma
| | T o
romsn a e o il v e AT

Reader Service No. 484

in-line packages VT, fan-aut over temperatur range snd
L C— supply voltage
::I‘;’:‘:"S"g"ﬁ":& FAIRCHILD igh capacitive loading capsbiy.
Direct physical snd electrical replacement for
data sheet SEMICONOUGTOR Taenid DT,L 930 semes circuns.
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A complete 4-bit b

arithmetic unit square.

I

Now lor the first time you can get 2 full arithmetic unit in a 32-fead ceramic package onty 1 inch square. The
Fairchild SHADBO adds 1wo 4 bit numbers and stores the sum inan Internal accumulator, ready for parallel read-
out. It s made with Falrchild DYAL Integrated circuits, 50 1hat you don't sacritice performance for size. Use 8
o1 these units 1o build a fulf 32-bd anthmetic unh. Each 8080 you use raplaces at least 13 separate Integrated
circuits. It reduces your space requirements. producfion costs, and increases reli

ability. 77 For Intormation on Fairchild's new breed of hybrids, both custom and  EAIRCHILD

———m
standard. or for complete delails on the SHIOBO, simply drop us s line. SEMICONDUCTOR
A 8 A LR Al 8, At 18.
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S418080 lag viagram
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+ Carry Prapagelian Deiay 160naoc
Meias immunity greater tha 1 vel. l
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LOW
MICROWAVE NOISE?

Model SE-200

WHY NOT PROVE 1T?

SPECTRA Microwave Noise Meas-
uring Instruments are the only
equipments yet devised that can
give you the FM and AM noise
content of conventional and solid
state microwave sources — to
accuracies as high as =1 DB.
Proof? Maybe not, but close to it.

SPECTRA-EXCLUSIVES:

[J RF Frequency Ranges: 1.0 Gefs
to 32 Ge/s

[ Self-Calibrating for both AM & FM
noise measurements

Broad Video Frequency Coverage:
1 Kc/s to 150 Ke/s

[] Residual FM Monitor: 10 cps to
1 Kc/s

Dual Bandwidth Spectrum Ana-
lyzer: 100 cps and 1 Kc/s

0 High Sensitivity: AM 135 DB be-
low carrier level; FM .0032 cps
rms deviation

Minimum RF !nput Power: 1.5
milliwatts

Self-Contained Microwave Spec-
trum Analyzer

O Phase-Locked Local Oscillator

NEW MEASUREMENT SERVICE

A custom Noise Measurement
Service is now operated by
Spectra to provide accurate noise
measurements of X-band sources
in the frequency range from 8.5
Gc/s to 10.5 Ge/s. Readout: X-Y
recordings of FM or AM noise vs.
video frequency. Write today for
technical data and compiete
details.

SPECTRA @ ELECTRONICS

P.0. Box 85
Los Altos, Calif. 94023 « (415) 948.-4998
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Meetings

Electric Welding Conference, IEEE,
American Welding Society, Industrial
Electrical Engineering Society; Park
Shelton Hotel, Detroit, Nov. 15-17.

Aircraft Design and Technology
Meeting, American Institute of
Aeronautics and Astronautics;
International Hotel, Los Angeles, Calif.,
Nov. 15-18.

Ceramic/’'66 Exhibit and Seminar,
Technical & Electronic Manufacturer’s
Association; Trade Show Building, New
York City, Nov. 15-17.

Conference on Magnetic & Magnetics
Materiails, IEEE; Sheraton Park Hotel,
Washington, D.C., Nov. 15-18.

Mid-Atlantic Engineering Conference
and Tool Exposition, American Society
of Tool and Manufacturing Engineers;
Baltimore Civic Center, Baltimore, Md.,
Nov. 15-17.

National Conference on the
Management of Aerospace Programs,
American Astronautical Society;
University of Missouri, Columbia, Mo.,
Nov. 16-18.

Engineering and Maintenance
Conference, Air Transport Association;
Century Plaza Hotel, Century City,

Los Angeles, Catif., Nov. 17-18.

Symposium on Oceanography and
Oceanology, Institute of Environmental
Sciences; Henry Hudson Hotel,

New York, Nov. 17.

Energy Conversion Exposition,
American Society of Mechanical
Engineers; Statler Hilton, New York
City, Nov. 27-Dec. 1.

Meeting and Technical Display of
American Institute of Aeronautics and
Astronautics; War Memorial Auditorium,
Prudential Center, Boston

Nov. 29-Dec. 2.*

Vehicular Communications Conference,
IEEE; Montreal, Quebec, Dec. 1-2.

Meeting of the National Committee of
the International Scientific Radio
Union; Cabana Motor Hotel, Palo Alto,
Calif., Dec. 7-9.

Electronics Industry Plating
Symposium, American Electroplaters’
Society; Robert Treat Hotel,

Newark, N. J., Dec. 8-9.

Electrical and Electronic Measurement
and Test Instrument Conference,
IEEE; Talisman Motor Inn, Ottawa,
Canada, Jan, 9-11.

Symposium on Reliability, American
Society for Quality Control, IEEE;
Sheraton-Park Hotel, Washington,
Jan. 10-12.

American Society for Quality Controf
Meeting, American Society for Quality
Control; California State Polytechnic
College, Kellogg Campus, Pomona,
Calif., Jan. 21.

Midwest Welding Conference, lllinois
Institute of Technology Research
Institute; lilinois Institue of Technology,
Chicago, Jan. 24-25.

Ultrasonic Manufacturers Association
Technical Symposium and Meeting,
Ultrasonic Manufacturers Association;
New York, Jan. 25.

Symposium on Nondestructive Testing
of Welds, lllinois Institute of Technology
Research Institute; Hllinois Institute of
Technology, Chicago, Jan. 30-Feb. 2.

Call for papers

International Conference on Commun-
ications, IEEE; Minneapolis, Minn,,
June 12-14. Dec. 1 is deadline for
submission of a 50-word abstract and
a 300-word summary to Robert J.
Collins, technical program chairman,
1967 ComTech Meeting, department
of electrical engineering, University
of Minnesota, Minneapolis, Minn.
55455.

International Conference on Electron-
ics and Space, organized by the
French Institute of Electrical and
Electronic Engineers and sponsored
by the Electronic Industries Associa-
tion of France, April 10-15. Dec. 1
is the deadline for submitting ab-
stracts of papers to Secretariat, Col-
loque International sur I'Electronique
et 'Espace, 16 rue de Presles, Paris
15, France.

Joint Automatic Control Conference,
sponsored by the Instrument Society
of America, at the University of Penn-
sylvania, June 28-30. Dec. 1 is dead-
line for submitting papers to Donald
A. Rodgers, general chairman, Con-
solidated Electrodynamics Corp., Pas-
adena, Calif.

International Conference on Magnet-
ics, magnetics group of IEEE, Shore-
ham Hotel, Washington, April 53-7.
Dec. 7 is deadline for submission of
two-page abstracts to Dr. R. F. Elfant,
IBM, Thomas J. Watson Research
Center, P.O. Box 218, Yorktown
Heights, N.Y.

* Meeting preview on page 16

Efectronics | November 14, 1966



connector
‘Thing

A periodical periodical designed, quite
frankly, to further the sales of Microdot
connectors and cables. Published entirely
in the interest of profit.

a pot of gold!

Lepra/Cons Unite!

In celebration of the introduction of the

highest density coax rack and panel and

multi-pin connectors on the market today
(the broadened Lepra/Con line), Microdot
is awarding to five fucky winners (see
contest rules below) five simulated gold
pots (of the chamber variety) with your,
repeat your, name emblazoned thereon.
Perfect for desk top decoration.

First, let’s talk Lepra/Con.

Through its stringent policy—*'Never
Look Back, They May Be Gaining On You"
—Microdot has expanded its Lepra/Con
line of ultraminiature connectors...tiny
little coax jobs with an OD of only }4 inch
and a mated length of only one inch.
But why stop there,

Now there's the Lepra/Con multi-pin
...all crimp, no solder; high density; uses
Twist/Con pin contacts; low cost; and
it's the smallest full 50 ohm coax avail-
able today.

Now there's the Lepra/Con Twist/Con
/say it fast fifty times) which combines
all of the above advantages in a rack
and panel coax connector.

f{:"l.——\v -—-:‘, T ae—— )

e S
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Now there's the slide-on Lepra/Con for
singular ease of installation.

And, of course, there is still the old
Lepra/Con (if you can call six months
old).

\g& HOW TO WIN

YOUR POT OF GOLD

1. First, of course, decide whether you
actually want a pot of gold. In all likeli-
hood, your place of employment has far
more up-to-date facilities. However, if you
decide a pot is for you, go to step two.

2. Write down all the applications you
can think of for the Lepra/Con line on
your job. And think about it. There are
probably more than the twelve you can
jot down immediately without hardly
thinking at all.

3. Call your Microdot representative
directly or drop him a note giving him
all your suggested applications, your
name, company, title, address and tele-
phone number. Do not call or write
Microdot. We only make connectors. Our
reps sell them. Hopefully.

4. A jury of six will judge all entries for
originality, number of applications and
neatness. The five best will each be
awarded the simulated gold

pot (of the chamber variety).

5. All entrants will win a
free picture of our beloved
Candy inscribed passion-
ately and personally to you.
6. This whole shoddy affair
draws to an end on Decem-
ber 31, 1966. Happy New
Year!

7. This entire offer is not
valid in any state,
county, township or
ward where such carry-
ings-on are generally
frowned upon.

Alabama, Tennessee

REP, INC.

8100 South Memorial Parkway, Huntsville, Ala,
205-881.9270

Arizona

COMPAR ROCKY MOUNTAIN AGENTS, INC,
84 West First Street, Scottsdale

602-947-4336

California (Northern), Nevada

PETERS-de LAET INC.

1606 Rollins Road, Burlingame, Calif.
415-697-1800

California (Southern)

Do call MICRODOT: 213-682-3351

Canada

DOUGLAS RANDALL (CANADA) LTD.

126 Manville Road, Scarborough, Ontario
416-421-5970

Colorado, Utah

COMPAR ROCKY MOUNTAIN AGENTS, INC,
300 E. Hampden, Suite 315, Englewood, Colo,
303-781-0912

Florida

GEARTNER ASSOCIATES, INC.

235 Lincoln Road, Miami Beach

305-531-0200

GEARTNER ASSOCIATES, INC,

2101 Mohawk Trail, Maitland

305-647-4000

Georgia

REP, INC.

1483 Monroe Drive, N.E., Atlanta

404-876-1591

illinois, Wisconsin

CARLSON ELECTRONIC SALES

7448 North Harlem Avenue, Chicago
312-774.0277

Indiana

O.E.M. SALES COMPANY

4165 Millersville Road, [ndianapolis
317-545-1267

Kansas

IMPALA, INC.

6917 W. 76th Street, Overland Park
913-648-6901

Long Island

MICRODOT INC. (Philip J. Dolan)

P.O. Box 815, Westbury. L.1, N.Y.
516-333-4664

Maryland, Virginia, Washington D. C., Carolinas
WARREN MOUNT CO.

7735 Old Georgetown Road, Bethesda, Md,
202-657-9312

Michigan

ROMARC

696 Adams, Plymouth

313-455-0300

Minnesota, lowa

HOWARD W. CARLSON

100 N. 7th Street, Room 606, Minneapolis
612-336-2236

Missouri

IMPALA, INC.

47 Village Sauare Shopping Center, Hazelwood
314-522-1600

New England

MICRODOT INC. (Ernest W. Smith)

P.O. Box 309, Bedford, Mass,

617-244-8434

New Mexico

COMPAR ROCKY MOUNTAIN AGENTS, INC.
2125 San Mateo Boulevard N.E., Albuguerque
505-265-1020

New York

ADVANCED COMPONENTS CORP,, INC.,
119 Luther Avenue, Liverpool

315-472-7886

Ohio

RICHARD P. CALHOUN & ASSOCIATES
40 Southmoor Circle, Dayton
513-299-4144

Pennsylvania

WARREN MOUNT CO.

837 State Road, Andalusia, Pa.
215-788-2272

Texas, Arkansas, Louisiana, Oklahoma, Miss.
ROBERT R. THOMAS CO.
8616 Northwest Plaza Drive,
Suite 207, Dallas

214-363-8591

ROBERT R. THOMAS CO.
4031 Broadway, Suite 105,
Houston /713-644-2369
Washington, Oregon

RAY OVER SALES

1615 103rd Avenue, S.E.,
Bellevue, Wash.

206-454-9187

MICRODOT
INC.

220 Pasadena Avenue
South Pasadena, Calif. 91030

Twist/Con and Lepra/Con are registered trademarks
of Microdot Inc-

Circle 15 on reader service card
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MODEL RF20
contactless resonant
reed encoder/decoder
134, x 26 x 15,

REMOTE CONTROL SWITCHING
WITH AUDIO SIGNALS

An audio tone can be generated by an electronic oscillator or
resonant reed encoder circuit, then transmitted by wire or
radio. The tone activates a resonant reed relay to perform a
control function.

@ Encoder Unit

@ Oecoder Unit

A single pair of wires, or a leased telephone line, can
carry the audio signals for a complete control system.

AVVVVWWE

For inaccessible areas or mobile installations, a radio
transmitter and receiver system can carry the signals,

Bramco reeds permit over 50 selective control frequencies
within the 67 to 1600 cps spectrum. This is assured by: (1) the
narrow response bandwidth of about 1% for decoders and (2)
the high accuracy of Bramco reed encoders (1/10 of 1% of
design frequency).

A big advantage of reeds in control switching is that they
are ideally suited for simultaneous and sequential coded tone
systems. The actual number of control functions possible in
such a system is virtually unlimited. For example, over 3300
individual control functions are possible with only 16 fre-
quencies coded sequentially in groups of three.

Compared to other types of tone filters, resonant reeds are
small and inexpensive. They give more control functions per
spectrum, per size, per dollar.

If you work with controls that select, command, regulate, or
indicate, you should know about how it can be done with audio
signals. We custom design and stock a broad line of encoder/
decoder components and modules.

For literature write Bramco Controls Division, Ledex Inc.,
College and South Streets, Piqua, Ohio, or call 513-773-8271.

LED;X BRAMCO CONTROLS DIVISION, LEDEX INC.

College and South Streets, Piqua, Ohio 45336

Circle 16 on reader service card

Meeting preview

On all fronts

The American Institute of Aero-
nautics and Astronautics, tradi-
tionally concerned with the lofty
concepts of space, will also con-
sider the more mundane problems
of high-speed air and ground trans-
portation. The institute’s third an-
nual meeting will take place in
Boston’s War Memorial Audito-
rium, Nov. 29 to Dec. 2.

Retired Air Force Maj. J.C. Max-
well, whose word on the super-
sonic transport development pro-
gram will count heavily, will de-
scribe how the Federal Aviation
Agency is handling the ticklish task
of selecting the winner in the SST
competition.

On the final day of the meeting,
members will hear arguments on
both high-speed air and surface
transportation in the Boston-to-
Washington corridor.

William Seifert of the Massa-
chusetts Institute of Technology
will present a paper on the tech-
nical problems of a ground trans-
portation system capable of speeds
of 300 miles per hour. Seifert
will analyze such problems as pro-
pulsion, guideway, communications
and control,

Rapid transit. Edwin R. Wisner
of the Budd Co. will report on de-
velopment of a 160-mile-per-hour
passenger train running from
Washington to Boston. Wisner will
compare this design with the San
Francisco Bay Area Rapid Transit
Authority system. He will also
show how the railroads are adopt-
ing systems developed for planes.

To be sure, the meeting will not
ignore space. Topics such as space
science experiments, propulsion
systems and the application of
aerospace technology in other fields
will be examined.

Sessions are scheduled for those
who specialize in reliability, ma-
rine systems and management. In
addition, four panel discussions
will bring together the nation’s top
men in the fields of space policv
and launch and propulsion sys-
tems. The propulsion panel will de-
bate whether new propulsion sys-
tems are needed for lunar and
planetary flight.
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Fast convenien

direct reading
measurements of

impedance and

phase angle 500 kHz
fo 108 MHz...

o
e——— i ——

THE 4815A RF VECTOR IMPEDANCE METER

This new Vector impedance Meter is a
versatile instrument that provides fast,
direct reading measurements of imped-
ance and phase angle over the frequency
range from 500 kHz to 108 MHz. It is
continuous tuning over this frequency
range, and does not require balancing or
data interpretation. Thus, it is an ex
tremely useful tool for the evaluation of
the complex impedance of both active
circuits and components. The conven-
ience of probe measurement, ease of
operation, and direct reading features
make the instrument equally useful for
laboratory, receiving inspection or pro-
duction line measurements.

Electronics | November 14, 1966

The 4815A is a convenient and powerful
measuring tool for any application in-
volving measurements over a band of
frequencies or in-circuit measurements.
It may be used to determine the self-
resonance point of capacitors, the series
and parallel resonance points of crystals,
or the characteristics of high frequency
transformers and transducers. Price:
$2650 f.o.b. factory. For complete spec-
ifications, contact your local Hewlett-
Packard field engineer or write Hewlett-
Packard, Rockaway Division, Green Pond
Road, Rockaway, N. J. 07866; Europe:
54 Route des Acacias, Geneva.

=

HEWLETT (h

Advantages:

Fast, continuous tuning from
500 kHz to 108 MHz

Provides data directly in impedance
and phase angle, 1 ohm to 100K ohms
0 to 360°

Convenient probe for in-circuit measurements

Analog outputs permit permanent
data recording

Self catibration check provides
measurement confidence

Low-level test signal minimizes
circuit disturbance

PACKARD

An extra measure of quality
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Silicon or
delivers

Bend

Bendix has the plus to remember. And exclusive SOAR
protection lets you forget about secondary breakdown.

But it’s more than just another plus. You'll find Bendix germanium and
silicon power transistors for every need. With quality and performance

700 W DC-DC CONVERTER

capabilities at prices hard to believe. i
Examples: Our B-5000 low-cost plastic silicon power units : 25 watts at 07 A
2.5 amps, 10 volts, 100°C—priced at less than 40¢ in volume. Or our stand- LS (S AN
ard commercial 2N3055; or our ultra-high reliability, radiation resist- Ell ,L,,. 03 | g A
ant NPN power units like the BR101. & |G 7 Svee| I Lo ¥r %
Our germanium types—3 to 50 amps—are just as impressive. With | }‘j “3“ =By t "‘: B ? x
high DC current gain, low collector cutoff current, low saturation volt- 8o 3| I*j%‘j")o 3 2 Ty
age and remarkably fast switching times. Look at the charts and see. [l et 31 L ’:—rL 4 5
And then there’s exclusive SOAR protection—clearly defined Safe A —! 2 7
Operating ARea envelopes for hundreds of these power units. As long as = 2| @02 2n2283 R 3k
a given device is operated within its SOAR envelope, secondary break- 5 VT 0304 2N2358 Ry R30150 1
down cannot occur. There's no easier way to pick the right transistor. C1.Cp 02 uF R4 Rs:1n
Reliability, performance, quality of construction and price—you'll find C3 001 &F Vee 24V
them built into every package. Call or write your nearest sales office for DIODES AINSIEO

full information.

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.
—(201) 946-9400; Los Angeles—(213) 776-4100; Miami Springs, Fla.—(305) 887-5521; Minneapolis—(612) 926-4633; Redwood City, Calif.—
James S. Heaton Co., (415) 369-4671; Seattle—Ray Johnston Co., Inc., (206) LA 4-5170; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.
—(617) 899-0770; Export—Cable: ‘‘Bendixint,”” 605 Third Avenue, New York, (212) 973-2121; Ottawa, Ont.—Computing Devices of Canada,
P.O. Box 508—(613) TAlbot 8-2711.
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Germanium.
the power-plus.

2N3055 SILICON NPN POWER TRANSISTOR

GERMANIUM PNP ALLOY POWER TRANSISTORS

VCBO =100V VCEO =60V
IC=15A Ppeak =900 W
VCE(s) =04V TypatIC=4A, IB=04A

tr=5 us Typ| _

# l[.LsTyp} atIC=75A

\

[
264 |SAFE OPERATING AREA

¢ [ofe
[

\ J *
ICOAE

0.6v, 09V,

MAxIMUM ALLOWABLE
PULSE WIDTHS

a

[}
€]
o
€

0C OPERATION

09 msEC
0.25 mSEC
003 mSEC

S
Y2 Vee
1wy

TYPE cMAX| V1 | V2
NUMBER A viv
2N514B 25 {4570
2N677C, 2N678C |
2N1031C, 2N1032C) 25 |60 | 80
2N1120 15 |35 60
2N1136B-2N1138B| 10 [5G | 80
2N1146C, 2N1147C) 20 [ 45| 70
2N1166A, 2N1167A 25 (45| 75
2N1365 6 | 70 |100

| 10 | 08

Ppeak| 0J-¢
W [C/wW

2000 | 0.8
900 | 0.5
800 | 1.2

1400 | 08

18751 0.8
600 | 0.8

JC COLLECTOR CURRENT IN

SAFE OPERATING AREA 2N 3055

Tosw AREA CODE
€ A DC OPERATION
(IC > ICEQ}
B iweImS
C tw=05mS
D tw: 025m$
EA{tr and 11<504$

80w Pavg S 50 W

LI 155W | sow

- .
0 20 30 40 50 60 70

VCE COLLECTOR-TO-EMITTER VOLTAGE IN V

DAP® GERMANIUM PNP POWER TRANSISTORS

4+

son |SAFE OPERATING AREA
n [) Of€] waTimMuM aLLOWABLE

PULSE WIDTHS

A OC OPERATION
8 ¢ mSEC
€ 03 msec
0 0.25 mSEC
NG 008 msEc
| )
k L{ /| .
1 ~
Toev l v, vz vee
o6y, Qsv, 20w

TYPE
NUMBER

lcMax | V1| V2
A v

2N2284, 2N2469
2N1073B, 2N2290
2N1430

2N1653, 2N2287

2N2638
2N2359

10
10
25
25
50

Bendix Semiconductor Division
HOLMDEL, NEW JERSEY
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Whether it be in golf
or in business,
never ignore player #4

Through the sheer impact of overwhelming adver-
tising, many engineers and purchasing people are
misled into believing there are only three broad
based silicon semi-conductor manufacturers. Today,
however, Continental Device Corporation can pro-
vide that essential competitive edge needed to
assure high quality, low-cost semiconductor devices
on firm delivery schedules.

Failure to utilize number 4 has caused many
manufacturers to struggle against slow delivery
and poor service. Start looking to number 4 to make
it the game you would like to play.

#4 is the name of the game.

1 WATT/400 mw
/00w

‘Ug'\‘ ;

—— o) W\ s

CDC Zener Diodes established the standard for the first
military zener specifications. If stability and low
Jeakage are essential, price and delivery paramount,
check CDC.

JAN 1N746A~ 1-99 100-999
JAN 1N759A $2.00 $1.59

1 Watt Zeners are available to Mil specifications at com-
parable savings.

FAST SWITCHING
INTEGRATED POWER
DARLINGTON
CIRCUIT

This device is an epitaxial integrated power circuit with
all aluminum ultra-sonic bonded leads. This circuit is
usable as a commutating diode, high speed power
switch, regulator, high gain power gate and inverter,
and linear or servo amplifier. Packaged for 20 watts
rated power. Minimum gain of 1000 at 1 ampere.

1-99 100-999
2N998 $12.00 $ 8.05
2N999. 24.00 16.00
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SIZE UP YOUR NEEDS
MINI-M(IN(I/Munu Diode

CDC’s subminiature dual stud hermetic glass packaged
unit is an extremely sophisticated device. Considerable
dimensional and electrical flexibility exists. Units are
available in 0.D.’s from .060 to .100 and overall lengths
from .090 to .265. Electrically, the range is from 1N457
to 1N3600.

RTL
Mono Circuit

Continental Device Corpora-

tion’s RTL family of monolithic
circuits is really an extension
of CDC’s proven. ability in the
manufacture of hi-rel volume
components. And when it comes
to prices, CDC wins the game.

OPERATING RANGE: —55°C to +125°C | To-5 metal can
0to+100°C | To-5 metal can
—+15°C to 4-55°C Epoxy equivalent
DEVICE PART NO. | PACKAGE | 1-99 [100-999] 1,000
Buffer CMC219001 Epoxy TO-5 {$ 80| $ 54 |$ .36
Dual 2-Input Gate | CMC219141| Epoxy T0-5 80 54 .36
JK Flip-Flop CMC219231) EpoxyTO-5 | 1.50| 1.00 .67

MONO-DIODE MINI-MONO
DEVICE | STANDARD DOT |  poyivaLENT EQUIVALENT
199 [100-993| 199 |100-998] 1.9 |100-999
JANINGI4 | § 353 24 | $ 408 27 | §$ 7018 57
1N916 w2 ] 35 65| 43 95| 73
;':;_.. g RS IS "
EPOXY/METAL CAN | @
; )
H
TRANSISTOR |
Yeoc ]
$ TR
With CDC the chip’s the f \ S

thing! Only the package
changes. CDC uses the same
stringent process controls in
manufacturing dice for epoxy
transistors as are used for all

military and high reliability metal packaged devices.

METAL CAN TRANSISTOR EPOXY EQUIVALENT
Device 1-99 | 100-999 Device | 1-99 | 100-999 | 1000
JAN 2N697 $1.00 | § .67 CS697 [$ 60! $ .40 |$ .28
JAN 2N1613 1.50 1.00 CS1613| .70 Ly .30

PORTABLE IC —
TESTER...5995.00
Model 9522 tests all DC E&I 3
characteristics for any 2 to 14 .

lead integrated circuit. It is a

solid state, short circuit pro- _‘P‘ /

tected device. It measures

from 0-30V and from 1nA to 100mA. Also, it is adapt-
able for measuring switching characteristics. Has four
0 to =15V power supplies with vernier control and two
fixed 24V power supplies. Small, compact, easy to carry.
Weighs a mere 25 lbs. Immediate delivery. $995.00,
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Write for
FREE

data sheets
and new
24-page color
catalog!

Component
Instrument

Semiconductor

and
Catalog.

FREE sample
devices sent
on request.

Contact your
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CDC representative or write the factory direct.

N

QRN
HE
T

Z
o
] vr—l*fh
: OG'

reliability.,.
our first
responstibility

G

CONTINENTAL DEVICE CORPORATION
12515 Chadron Ave., Dept. E-14, Hawthorne, Callf. 90250

Phone: (213) 772-4551 » TWX: 910-

325-6217
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IN MODULAR DC POWER SUPPLIES

KEPCO'S OPERATIONAL GONGEPT

MAKES THE DIFFERENCE!

FOR HIGH SPEED AUTOMATIC CONTROL

While operational programming is a general concept,
applicable to a broad class of standard Kepco Power
Supplies, its special requirements have evolved a new
class of instrument called OPERATIONAL POWER
SUPPLY.

OPS instruments combine in a single package; a
high gain DC amplifier with adjustable offset voltage
and offset current, a power booster capable of up to
20 watts, all necessary DC sources and two tempera-
ture-compensated (plus and minus 6.2V DC) reference
potentials.

They are complete, needing only 115/230V AC power

and input/feedback resistors to become a wideband,
unipolar DC amplifier, or scaler, or impedance trans-

OPERATIONAL POWER SUPPLY FEATURES:

W Adjustable current limiting ! High stability without chop-
(Far more circuit protection per input
than from mere short-circuit  m Operate from 115 or 230
protection) volt line 50-440 cycles

m 80 db DC voltage gain Remote error sensing or

W 500,000 volts per second programming
slewing rate Modular package

M@ Built-in input voltage and Stable (0.01%) built-in
current nulling reference

Applicable Patent Nos,
furnished on request

NEW 52 PAGE CATALOG
CONTAINING COMPLETE
SPECIFICATIONS AND
APPLICATIONS NOTES
IS NOW AVAILABLE

WRITE FOR YOUR
FREE COPY!

former. or — with feedback reactance — an integrator
or differentiator.

Of course, they're also Power Supplies (What else —
from Kepco?) and, connected as voltage regulators or
current regulators, are capable of 0.01% regulation and
stability with output CRUD% more than 80 db below
peak output.

Their exceptionally high slewing rates, in excess of
500,000 volts per second, fit the OPS module especially
as a current regulator. By allowing output voltage to
comply with load variations at a 0.5 volt per micro-
second rate, OPS can maintain a very high source
impedance over a wide bandwidth for a fast-respond-
ing, idealized current source.

* Continuous and Random Unwanted Deviations.

DC OUTPUT  |oyTPUT IMPEDANCE
MODEL RANGE | SOURCE PRICE
VOLTS | AMPS DC INDUCTANCE
* OPS—1 0-20

0-0.05| 004 | +15,h |$150.00
tOPS7-2  [0-7 |0-2 | 0004 | +15.h | 13000
1OPS15-15 [0-15 | 0-15 | 0001 | +15,h | 130.00
tOPS21—1 |0-21 | 0-1 | 00025 -+15.h | 130.00

+15,h | 130.00

1 OPS40—05 |0-40 | 0-05 | 0.008
+15,Lh* 130.00

tOPS72-03 |0-72 | 0-03 | 0025 | -+1
t OPS 100-0.2 | 0-100 | 0-0.2 | 0050 | +15.h

130.00

*0PS-1 only: available in choice of bench style or plug-in case.
 PLUG-IN CASE: add suffix ““C” to model no. and $10.00 to price.

See our complete Catalog in

eem. iiieEc

131-38 SANFORD AVENUE ¢ FLUSHING, N.Y. 11352 ¢ (212) IN 1-7000

TWX # 710-582-2631 e Cable Address: KEPCOPOWER, NEWYORK

22 Circle 22 on reader service card
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Editorial

Forcing
the airlines’ hand

In September, the announcement by the Boeing
Corp. of its determination to build the 489-pas-
senger 747 jet aircraft obsoleted the electronic
reservation system of every airline that will put
the jumbo aircraft into operation. And the pros-
pect of such huge passenger loads spotlighted
the shoddiness and inadequacies of the passenger
check-in and ticketing procedures of most airlines.

An editorial decrying these procedures [Sept.
19, p. 23] brought an icy protest from the Air
Transport Association, an industry group that de-
fends airlines. It also brought a flood of air-travel
horror stories from fellow passengers. By horse-
back survey, if all the stories are true, as many
as two out of every three passengers have trouble
with reservations, checking in, buying a ticket or
reclaiming luggage. It will be many times worse
when the 747 starts flying in 1970, and even sooner
because the stretched version of the DC-8 will start
flying at the end of 1966 with 165-passengers and
next year with more than 200 passengers.

The electronics experts who have been working
to solve the passenger check-in problem—and the
work has been pitifully limited primarily because
the airlines have had little interest in speeding
up procedures—agree that there is no technical
reason for passengers to have so much difficulty
when checking in for a flight. Electronics could
have solved the problem three years ago. The rub
has been economic feasibility. The airlines attach
no monetary value to a passenger’s feelings of
frustration and irritation nor do they concern them-
selves with the time a passenger loses when he
has to wait for a ticket agent or his luggage.

Happily, from the passengers’ standpoint, the
new 747 will force a change in the airlines’ apa-
thetic attitude. If they don’t change, loading so
many passengers could cause such long delays in
departure that it would cost the carriers a fortune
and destroy schedules. In fact, they would run so
late they might even wake up the sleeping mem-
bers of the Civil Aeronautics Board, the moribund,
incompetent and ineffective government agency
charged with protecting passengers’ rights. (As an
example of the CAB’s current disdain for pas-
sengers, some airlines regularly run as many as
40% of their flights late without as much as a
raised eyebrow from the members of the CAB.)

The first step the airlines will have to take is
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to think in terms of an integrated system that uses
electronics to tie the reservation system into the
check-in and ticketing procedure. In almost every
case so far, the airlines have tried to solve the
problem piecemeal. They want to buy a piece of
hardware here to do one part of the job and a
piece there to do another. And the two pieces are
never connected.

Secondly, the airlines will have to change some
of their systems, procedures, accounting forms,
rituals and checks. What has to happen can be
compared almost exactly to the changes required
when data processing first went into industrial
companies. The financial men tried to use com-
puters merely to mechanize bookkeeping proce-
dures. Electronic data processing didn’t really
prove its worth until management recognized that
a company’s entire systems, procedures and forms
had to be changed because of the character of
the computer.

Without making a single technological develop-
ment, a computer company could design a system
that would make it possible for a regular traveler
to telephone for a reservation, arrive at the airport
and check in by inserting his credit card—with a
magnetic strip—into a terminal device that would
check his reservation, print out his ticket, charge
his account, issue him a boarding pass, make a
seat selection and provide a baggage tag for his
luggage. With his boarding pass, he could get
on the aircraft quickly and with a minimum of
trouble. At the same time, the system would keep
a running count of how many passengers had
checked into that flight so the airlines could plan
the handling of standby travelers in advance. The
same system could work with other passengers
too—the traveler making several consecutive flights
on the same ticket, the no-reservation traveler, or
the traveler who has to alter his ticket—by adding
an agent to the loop. But the system would do
most of the work of ticketing and check-in.

Unfortunately, it takes about three years to de-
sign such a system. Not because of any hardware
lag but because it will take that long to under-
stand the system and tailor hardware for it. For
example, neither the airline nor the hardware peo-
ple know how many passengers fly “two-leg”
tickets—say New York to Chicago and return;
how many arrive at the airport with no reserva-
tion; how many have consecutive flights on a single
ticket, or how many passengers arrive at the air-
port to make a change (say from tourist to first-
class service). One computer company hopes to
start such a study next year if it can persuade an
airline to cooperate.

With a clear assurance that electronics can
simplify the check-in, ticketing and reservations,
and an understanding that there will be a three-
year design delay, passengers want the airlines to
get on with the job of serving them.



NEW! Four problem-solving

PeB relays. .. all immediately
available at factory prices from
leading electronic parts distributors

Solid State Time Delay Relays
for as little as $17.50

Here is a practical cost saving
answer to many timing applications
in the range of 1.0 to 180 seconds.
You can save up to 60% on relay
cost. They're available for AC or
DC, knob adjustable, and accuracy
is 4109 over a —10°C to +55°C
temperature range and include an
internal 10 amp DPDT relay.

Versatile KUP relay can be a
cost-saving answer to your
plug-in relay problem

Save up to $2.00 each over similar
relays with octal-type plugs. Get
greater reliability, too. Relay has
quick connect/solder terminals.
Nylon socket (sold separately) rated
for 10 amperes. One to three poles.
Cover is heat and shock resistant
lexan. For DC ar AC operation,

The answer to billions of l
trouble free operations and
speeds up to 1 millisecond l

Mercury-wetted contact relay mod-
ules give you fast response, relia- |
bility, high sensitivity and extremely
long life. Designed for printed-
circuit mounting. Has SPDT, break-
before-make (Form C) contact
arrangement for single-side-stable

or bi-stable operation,

and there are 60 other basic types to choose from . ..

-

/ R

€ e

Reed Relays may replace
expensive solid state devices

In many applications JR reed relays
may be used in piace of mare ex-
pensive solid state devices over
which they have one basic advan
tage . . . they are not subject to
inadvertent switching by line trans-
ients.

For applications where fast oper-
ate time, low power and long life
are required. Their high sensitivity
and compact size recommend them
for data processing, computer
equipment, logic circuitry, for volt-
age or current sensing and various
other types of control circuits.
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They're all in this new Stock Catalog 100. Free from your electronic parts distributor.
Ask for your personal copy today.

POTTER s BRUMFIELD

Division of American Machine & Foundry Company. Princeton, Indiana
Export: AMF International, 261 Madison Avenue, New York, New York
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NASA pulls
Voyager program
out of JPL

Honeywell shifts to
electrically alterable
read-only memories

High power at uhf
with transistors

Photovoltaic detector
appears compatible
with CO. lasers

Electronics | November 14, 1966
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In a surprise move the National Aeronautics and Space Administration
is quietly transferring responsibilities for the Voyager unmanned plane-
tary program from contractor-operated Jet Propulsion Laboratory to two
NASA centers. Reasons reportedly involve both technical dissatisfaction
and a need to keep the centers busy in the current period of declining
space budgets. The action will shock industry, which had been expect-
ing to get a large share of the Voyager program. Under the new arrange-
ment it’s expected that more of the work will be done in-house at the
Marshall Space Flight Center, Huntsville, Ala., for the spacecraft, and
at the Langley Research Center, Hampton, Va., for the landing capsule.

Honeywell, Inc., is taking a new tack in logical controls,

When it delivers its first H-8200 computer next year, the control for
the big machine will be an electrically alterable read-only memory. Pre-
sumably interlocks in the memory’s drive circuits will make it inac-
cessible to programers, thereby preserving its control function.

Several other recently announced computers have read-only memories
as their principal means of control, but the machines must be dismantled
and all or part of the memory must be replaced when any part of the
stored data is being changed. Such changes are sometimes required when
design improvements are made or when the computer’s application
requires a special set of instructions.

Honeywell spokesmen will not disclose details of the new design,
beyond saying that it used conventional ferrite cores with one hole,
not multiaperture cores. Because of the memory’s electrical alterability,
its specifications will be less stringent than those of other read-only
memories. Therefore, says Honeywell, it will be cheaper and easier to
maintain, Also, it will be twice as fast as any other announced read-only
memory, putting it in the 100- to 200-nanosecond range.

Solid state components may soon be invading one of the few remain-
ing territories hitherto served exclusively by vacuum tubes: the gen-
eration of high-power ultrahigh frequency signals. In an experiment
engineers at the Radio Corp. of America’s Industrial and Power Tube
division in Lancaster, Pa., have successfully combined the outputs of 64
overlay transistors to produce 1,200 watts of uhf power.

The carbon dioxide laser, which at 850 watts of continuous-wave power
holds the laser power record, may have found its match—a photovoltaic
diode detector.

The detector, made of lead tin telluride (PbSnTe), is believed to be
the first photovoltaic detector of infrared radiation in the 8- to 14-
micron range. It’s in this wavelength range that the CO: laser operates
and, conveniently, it’s in this range that transmission through the earth’s
atmosphere is attenuated least.

The PbSnTe work is being directed by Ivars Melngailis, head of the
applied physics group at the Massachusetts Institute of Technology’s
Lincoln Laboratory.
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Computer-controlled
test gear for planes
gains in industry

Image-dissector
gives computer eyes

Instrument makers:
IC’s in-house or not
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In a photovoltaic detector a change in the light signal produces a
change in the device’s output voltage. Virtually all of the previously
developed detectors that were sensitive in the 8- to 14-micron range
are photoconductors, that is, a change in the light signal produces a
change in the device’s resistance. Photovoltaic devices offer consider-
able advantages in some applications—such as speed of response and
sensitivity.

In preliminary work photovoltaic response was observed up to 11
microns at liquid nitrogen temperature and up to 14 microns at liquid
helium temperature. “This means that at 12°K we are covering the at-
mospheric window, and at 77°K we are able to detect the 10.6-micron
radiation of a CO: laser,” says Melngailis.

Although the Lincoln Lab scientist didn’t say so, the development
raises the possibility of tuning the detectors by varying their composition.

Computer-controlled test equipment for aircraft, already firmly estab-
lished in the military field, is now moving into a civilian area.

Next week the Boeing Co. of Seattle expects to receive bids from 12
United States and British electronics companies for a four-station test
and checkout system for jet aircraft production lines.

Although Boeing is the first, it’s not alone in moving toward such
computer-controlled gear. It's understood that Trans World Airlines,
Eastern Air Lines and United Air Lines have started drawing up specifi-
cations for similar test gear, and bids for the equipment are expected
to go out to industry next year. The company that wins the Boeing con-
tract is expected to gain a lead for the airlines’ contracts.

Information International, Inc., of Cambridge, Mass., has developed
what amounts to an eye for computers. The device, called an Eye, is
an image-dissector camera similar to a low-sensitivity television camera.
With it, the computer gets its input from its environment by viewing
it directly instead of by the usual methods of punched cards, magnetic
tape or optical readers.

Unlike a tv camera, which makes a raster scan over its entire field
of view 30 times a second, the Eye has a conditional scan. It seeks out
some significant part of the image, concentrates on it and then moves
to other parts on order from the computer.

Controlling the Eye is a pattern recognition program with a certain
degree of artificial intelligence. For example, the Eye may look at a
drawing on a blackboard. First it looks at the whole blackboard, then
it settles on part of a chalk line and finally it follows the line and
analyzes the path to discover what kind of pattern was drawn.

Edgerton, Germeshausen & Grier, Inc., of Bedford, Mass., 2 manufac-
turer of nuclear electro-optical and oceanographic instrumentation joins
the Hewlett-Packard Co., Tektronix, Inc., and other instrument com-
panies that have decided on in-house development and production of
integrated circuits. But the General Radio Co. of West Concord, Mass.,
one of the oldest instrument makers in the business, hasn’t yet decided
on the IC path, concedes Ivan G. Easton, senior vice president.
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RCA
Hometaxial-Base
Transistors

A look at a power

density problem

called second breakdown...
and the solution offered by
RCA Silicon Power
Transistors
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PROBLEM:

Second Breakdown

WHAT IS SECONO BREAKDOWN?

Second breakdown is a potentially destructive phenom-
enon resulting from the formation of localized “hot
spots” induced by high-current concentrations. It is so
named because it is the secondary voltage breakdown
as opposed to predicted or primary breakdown. Second
breakdown is characterized by an abrupt collapse in
Ver with a simultaneous increase in Ig. The resulting
combination of high current and voltage destroys the
transistor unless adequate current-limiting techniques
are used. While second breakdown can occur in all
transistors, it is of particular significance in power de-
vices where high currents and voltage are encountered.

Second Breakdown

|

e Primary Breakdown
b

Coltector-to-Emitter Volts (VCE)

Collector Current (IC)
U

IN WHAT MODES OF CIRCUIT OPERATION 1S
SECOND BREAKDOWN ENCOUNTERED?

Second breakdown can occur in both forward- and
reverse-bias modes of operation of the emitter-base
junction. The operating principle differs in each mode,
as does the amount of energy or voltage initiating the
effect. Forward-bias second breakdown occurs most
often in linear circuits using power transistors. Reverse-
bias second breakdown usually occurs in inductive
power-switching circuits.

WHAT HAPPENS IN FORWARD-BIAS SECOND BREAKDOWN?

During forward-bias operation, a transverse electric
field is set up in the base region, and a “space-charge”
layer is formed at the base-collector-junction. As cur-
rent flows from the emitter to the collector, the trans-
verse field focuses the current flow into a narrow region
under the emitter edge. When the current flows through
the “space-charge” layer, a significant amount of heat
is generated by the combined product of current and
voltage. With current flow focused into a small area, the
heating effect is localized and the formation of hot spots
(circled areas in diagram) may result. If unchecked,
these hot spots initiate a regeneration cycle of highly
focused current which may destroy the transistor.

Space-

charge region ) [-: J
¢ 9 g3 ——-p —— ey 4-/8 Direction of
4— transverse field
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WHAT HAPPENS IN REVERSE-BIAS SECOND BREAKDOWN?

During reverse-bias operation of the emitter, the direc-
tion of the transverse field is reversed by the polarity
change. As a result, the emitter current is focused into
a small region at or near the center of the emitter.
Because of the crowding of current flow into a region
smaller than that under forward-bias conditions, re-
verse-bias second breakdown can be encountered at
substantially lower power levels. The resistance of a
transistor to reverse-bias second breakdown is reduced
E

/____ T _ _\e—B Direction of
—— —— transverse field
N

&——C

by any design alteration which increases current density
or prevents emitter current from fanning out. Power
transistor designs which have (1) narrow base width,
(2) an accelerating base field, or (3) insufficient emit-
ter size for their operating current generally exhibit
reverse-bias second breakdown at lower power levels
than transistors without these factors.

WHAT IS THE RELATIONSHIP BETWEEN ENERGY REQUIRED FOR
SECOND BREAKDOWN AND FREQUENCY CAPABILITY?

In the design of high-frequency transistors, the base
width is minimized to reduce the transit time of emitter
current through the device. The resulting short path
does not permit significant current spreading or fan out.
As a result, focused current flows across the collector
junction with a resultant increase in power density and
localized heating. Also, because of the narrower base
region, this heating effect is more closely coupled to the
emitter junction, promoting thermal regeneration and
second breakdown. Designers should note that the se-
lection of devices having higher frequency capability
than needed for a given design greatly compromises
circuit reliability and resistance to second breakdown.



SOLUTION:

R(A Hometaxial-Base Transistors

WHAT IS RCA HOMETAXIAL-BASE TECHNOLOGY?

Hometaxial-Base technology is an RCA-developed
process which has proved to be effective in preventing
second breakdown. In this technology, a single-diffu-
sion process is used to form both emitter and collector
junctions in a uniformly doped silicon slice. The result
is a homogenously doped base region free from accel-
erating fields in the axial (collector-to-emitter) direc-
tion—hence the name Hometaxial. The Hometaxial-
Base transistor is also characterized by a wide base
region, further enhancing the ability of the device to
resist second breakdown. The attendant simplicity of
this technology has resulted in a family of reliable, low-
cost power transistors.

HOW O0ES HOMETAXIAL-BASE TECHNOLOGY IMPROVE SECONO
BREAKOOWN CHARACTERISTICS IN THE FORWARO-BIAS MOOE?

Hometaxial-Base technology greatly minimizes the risk
of second breakdown in the forward-bias mode by
allowing the emitter current to fan out before it enters
the collector region. Because uniform doping levels are
employed, there is no field to accelerate the current.
And because of the wide base width, the current fans
out by electron diffusion before reaching the collector
junction, Although these two factors limit somewhat
the high-frequency performance of Hometaxial-Base
transistors, they are most significant in preventing sec-

ond breakdown. i
e

HOW O0ES HOMETAXIAL-BASE TECHNOLOGY IMPROVE SECONO
BREAKOOWN CHARACTERISTICS IN THE REVERSE-BIAS MODE?

Because of the high-current densities under reverse-bias
conditions, wide base structure and uniform doping are
even more important than in the forward-bias mode.
In addition, the collector of the Hometaxial-Base unit
is designed to prevent “localized widening” of the base
region into the collector layer. This “localized widen-
ing” occurs in multiple-diffused designs when the emit-
ter current density increases beyond a value consistent
with the fixed impurity doping level of the collector.
The collector region of Hometaxial-Base transistors is
designed to minimize this widening and the degrada-
tion of breakdown voltage which accompanies it in
multiple-diffused structures.

WHAT OEVICE RATINGS ARE AVAILABLE TO ASSURE MAXIMUM
SAFE OPERATION IN THE FORWARO-BIAS MOOE?

Every transistor is subject to second breakdown at
some combination of voltage and current in the for-
ward-bias mode. Accordingly, RCA has developed a
series of “Safe Area of Operation” curves for both dc
and pulse conditions. These curves show at what point
a given transistor may be wholly limited, partially lim-
ited, or non-limited in terms of second breakdown. Such
curves are now included in all recently published data
for RCA Hometaxial-Base devices and are being added
to the earlier published data sheets.
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ARE COMPARABLE OESIGN CURVES AVAILABLE TO ASSURE
MAXIMUM SAFE OPERATION IN THE REVERSE-BIAS MOOE?

Specifying devices for maximum safe operation in the
reverse-bias mode is somewhat more complex than for
forward-bias conditions. As a result, RCA supplies a se-
ries of three curves which relate source voltage, source
resistance, and output inductance to the power required
for second breakdown. With such a rating system, the
designer can determine whether circuit operation con-
ditions fall within the safe-operating region indicated.
Again, RCA is adding such design curves to its new data
sheets and is revising existing sheets to include them.

SUMMARY

RCA’s family of low-cost Hometaxial-Base transistors
offers the user of silicon power devices two distinct
benefits. First, it provides him with a proved transistor
structure which, because of its wide-base, uniform dop-
ing, and special collector design, is inherently superior
in eliminating second breakdown. Second, it provides
him with a complete system of ratings curves which
specify maximum safe operation in both forward- and
reverse-bias modes. This combination of device design
and application assistance equips the designer with a
unique solution to the problem of second breakdown.



RCA
HOMETAXIAL-BASE
TRANSISTORS...

a family of low-cost reliable
silicon power transistors offering you
freedom from the problems of second breakdown

FOR POWER APPLICATIONS UP TO 50 KHz, FROM 1A TO 30A
TO-5 TO-66 TO-3 l TO-3

lc (Max) TO 1A lc (Max) TO 4A ] lc (Max) TO 15A lc (Max) TO 30A
Py (Max) TO 5W Py (Max) TO 29W Py (Max) TO 117W Py (Max) TO 150W

40347 40250 40251 2N3771

hee = 20-80 hee = 25-100 hee = 15-60 hee = 15-60

@ | = 450 mA @ lc = 1.5A @l =8A @lc = 15A

Veey (Max) = 60V Veey (Max) = 50V Veey (Max) = 50V Veey (Max) = 50V

40348 2N3054 2N3055 2N3772

hee = 30-100 hee = 25-100 hee = 20-70 | he=15-60

@ Ic = 300 mA @lc = 0.5A @lc =4A @ lc = 10A

Vegy (Max) = 90V Very (Max) = 90V Veev (Max) = 100V Veey (Max) = 100V

2N3442 2N3773
hee = 20-70 hee = 15-60
@lc=3A @lc=8A

40349 2N3441 Vegy (Max) = 160V Veeo (sus) (Min) = 160V

hFE = 25'100 hFE = 20'80
@lc = 150 mA @l = 0.5A

Veey (Max) = 160V Veey (Max) = 160V il -

hFE = 20'70 hFE = 15'60
@l =2A @l = 5A
Veey (Max) = 140V Veey (Max) = 140V

For more information on Hometaxial-Base transistors and how they help you
solve the problems of second breakdown, see your local RCA representative.
For technical bulletins on specific types, Wwrite Commercial Engineering,
RCA Electronic Components and Devices, Harrison, N. J.

ALSO AVAILABLE THROUGH YOUR RCA DISTRIBUTOR

The Most Trusted Name in Electronics




It’s later than you think!

Here’s the second generation TWT amplifier.

Smaller and lighter than any other
integrated TWT amplifier on the mar-
ket! That's the difference — the BIG
difference—between MEC's new low
noise TWT amplifier and all first gen-
eration versions.

Let’s be specific:

0O MEC’s rugged package weighs
less than 4 pounds.

O It's only 11%/s inches long and is

23%/s inches square.

O It operates on either ac or dc.
O And, it meets MIL-E-5400 Class Il
requirements.

Microwave Electronics

<— Circle 30 on reader service card

That's what makes MEC’s TWT
amplifier ideal for airborne and other
applications where space and weight
are at a premium.

The package combines MEC's
proven miniature low noise TWT with
an advanced power supply design.
For precise, efficient, and stable per-
formance, the all-silicon, solid-state
supply features integrated circuitry
i and micrologic networks.

The unique primary in-
put circuit allows you to
. operate from either 115
volt, 48 to 420 cycles ac,
or 150 volt dc at efficien-
" cies greater than 70%.
% s That'll really simplify your

3165 Porter Drive, Palo Alto, California

flight line or service area testing!

Compare the specifications of in-
tegrated TWT amplifiers —then let’'s
hear from you.

Gain N.F. P sat
Freq. min max min
Model {GH2) (db) (db) (dbm)

M9071 2-4 35 10 10
M9072 4-8 35 10 10
M9073 8-124 35 10 10
M9080 7-11 35 10 10

Please write for complete specifications.

Exceptional opportunities exist on
our technical staff for qualified scien-
tists and engineers.
MEC is an equal op-

portunity employer:. M

a division of Teledyne, Inc.
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Pioneering?

You don’t have to
have someone
re-invent

the wheel

The answer to your latest switching problem may already
have been developed. And, if there's any place in the world
where you can get it right off-the-shelf, its MICRO SWITCH.

Many of our switches would be considered specials by
some people. But at MICRO SWITCH they are available
without special engineering costs. They are available now.
And they are application-proved reliables.

Main reason for this extra service is that we've specialized
in nothing but switches for over 30 years. And in the process
have come up with the world’s largest selection of switches.

Engineering and application help is also available from
MICRO SWITCH. Our field engineers are thoroughly
experienced in solving switching problems. You will find
them a cost-saving addition to your design team.

Call a local MICRO SWITCH Branch Office (See Yellow
Pages, "‘Switches, Electric”). Or write . . .

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL » 8ales and service offices in all principal cities of the world.
Manufacturing in United States,united Kingdom, Canada, Netherlands, Germany, France, Japan.
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ped "Chemical” from our

SPECIAL INDUSTRIAL INSTRUMENTATION FOR CUSTOMERS
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HYDRAULIC FLUIDS FOR JET AIRCRAFT




name because It pinched!

Monsanto helps solve problems
of more than 50 industries with
a broad mix of 1,000 products.

MONSANTO COUNTER/TIMER 1020

Are electronic test and measurement in-
struments chemicals? Hardly! That’s one
of the reasons the name pinched.

Yet we're offering you versatile, top-
quality instruments featuring advanced
microcircuitry today.

Last year we produced 43 basic new
products of all kinds. New patents came
in at the rate of one for every day of the
year. We invested $70 million on research,
development, engineering and basic pat-
ent work last year, too, and the same
level and quality of innovative techno-
logical effort assure you of the best in test
and measuring instrumentation.

So just call us ‘““Monsanto.” And call on
us when you’re seeking electronic instru-
ments to help solve your problems.

May we tell you more? Write Monsanto,
Electronics Technical Center, 620 Passaic
Avenue, West Caldwell, New Jersey 07006.
Or telephone: (201) 228-3800.

Monsanto

®
ELECTRONIC

INSTRUMENTS
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The Fairchild 704A
broad-band X-Y scope
gives you a clearer,
sharper picture.

It gets rid of jitters

and of parallax problems.
It is stable and reliable.
And it is ten times more
sensitive than any other
scope of its kind.

Get the full picture in our
new brochure.

AT P e AT
FAIRCHILD
Ea alont o L
INSTRUMENTATION
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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
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

Circle 38 on reader service card

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-
ture semiconductor manufacturing tools.

TEMPRESS

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




In Making Masks for
Electronic Components. . .
... there’s no

Margin for Error!

THAT’S WHY EXPERIENCED DESIGNERS
AND ENGINEERS ALWAYS INSIST ON...

UBYLITH

HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS

the [Hl

knife-cut

light-safe
masking film

laminated

to a stable

polyester base

DETAILS, SPECIFICATIONS AND TEST KIT OFFER %



HERE’'S HOW...

THE ELECTRONIC INDUSTRY IS USING
THESE FAMOUS ULANO FILMS IN
ULTRAMINIATURE MASK TECHNOLOGY
AND COMPLEX PRINTED CIRCUITRY

Now carefully peel off the film as
outlined leaving a completed mask,
positive or negative, that corresponds
exactly to the desired pattern.

Cut a piece of the desired film
large enough to cover area to
masked. Tape it down firmly
the top with dull-side up.

be

at

With sharp blade, out-
line the areas to be
masked. Do not cut
through the backing
sheet. The Ulano
Swivel Knife does the
job quickly, easily.

Using the tip of the blade, lift up a
corner of the film thus separating it
from the backing sheet.

RUBYLITH™

HAND CUT MASKING FILMS FOR THE GRAPHIC ARTS

ULANO RUBYLITH .. .a revolutionary knife cut red
film is laminated to a stable transparent plastic
backing sheet. The red film is ‘“light safe” so that
when contacted to a sensitized emulsion and ex-
posed to a suitable light source, light passes through
the cut-out portions only . . . not through the red
film. ® The polyester backing is absolutely stable
...insures perfect register. ® Special effects such
as crayon tones, paste ups, benday sheets, and
opaquing are easily combined with versatile ULANO
RUBYLITH.

ULANO AMBERLITH . . . a companion to Rubylith
serves as a color separation medium used as the
master on camera copy board to secure negatives or

positives. .
A wide variety of Ulano films—

in rolls and sheets—is readily available

AMBERLITH"

PDesigned
FOR YOUR PARTICULAR NEEDS

Ulano offers the most versatile line of hand-cut
masking films, including:

.0075—RUBYLITH 75DR* .005—RUBYLITH 5 DR
.005—AMBERLITH 5 DAt

Where exact register assures a critical importance,
you will find these new, thick, polyester based films
the positive answer.

* Available in sheets only, cut to your specifications

T Available in rolls and sheets

T

ot
S M‘lin\;,‘.ml s

WRITE TODAY
on your letterhead for free
special sample kit B 48

“Utano’'~''Rubylith’-"’Amberlith’’ are registered trade marks of the Ulano Companies.

640 DEAN STREETy BRGOKLYMN,; N¥: 11238

ulano

In Europe: ULANO A.G., Untere, Heslibachstrasse No. 22, Kusnacht, Zurich, Switzerland



In 1757, the French chemist, Antoine Lavoisier, showed that
when oxygen combines slowly with iron or certain other metals,
rusting takes place and a precise increase in weight occurs.
He also demonstrated that certain metal oxides, such as mer-
curic oxide, lose oxygen and become lighter when heated. By
such novel studies, he established the existence of oxidation
processes and, more importantly, the existence of discrete

elements. A genius of his time, Lavoisier pointed out that
matter is neither lost nor gained in a chemical change and that
as much heat is required to decompose a compound as is
given off when the compound is formed. He introduced the
first rational nomenclature and quantitative methods of chem-
istry. Lavoisier was truly one of the great chemists and is often
called the founder of modern chemistry.

OAKSIDE AT NORTHSIDE o
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¥ ‘ THERMOFIT

In 1957 Raychem pioneered a series of jnnavations in the field of radiation
chemistry. Among the first was the production of heat-shrinkable plastic
tubing for the insulation and protection of connections and terminations

. . now an accepted device in virtually every industry. Among the many
types of heat-shrinkable products is the Thermofit Solder Sleeve? which
solders, seals, and encapsulates in one operation. Now, Raychem is intro-
ducing another innovation — the Zap Gun — a totally new heating device
for installing solder sleeves in less than 2 seconds.

iRaychem Trademark, Patent Pending
2U,8. Pat. No. 3,243,211

REDWOOD CITY, CALIFORNIA 94063 ¢

ZAP GUN

RAYCLAD TUBES INCORPORATED
A SUBSIDIARY OF

(415) 369-7171 e TWX 910-378-5426
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FROM PAR| Detection, Measurement or Comparison of Noisy Signals

 SIGNAL CORRELATOR

MODEL 100

New Signal Correlator

PERFORMS AUTO- OR CROSSCORRELATIONS IN REAL TIME
CORRELATION FUNCTION COMPUTED FOR 100 DELAY POINTS SIMULTANEOUSLY

The PAR Model 100 Signal Correlator,
a general purpose, high accuracy in-
strument of wide dynamic and delay
range, computes the auto- or cross-
correlation function of input signals
and makes them available for contin-
uous display. This system computes
100 points of the correlation function
over total spans from 100 micro-
seconds to 1 second. It operates by
simultaneously muitiplying one input
signal by 100 separate delayed rep-
licas of the second input signal.
The resulting 100 products are individ-
ually averaged and stored in analog
memory elements. Readout, which
may be performed continuously as the
correlation function is being com-
puted, is accomplished by scanning
the memory bank at a rate consistent
with the speed of the external read-
out device, e.g, an oscilloscope or
x-y recorder.

Correlation analysis — an extremely
powerful signal processing technique
in many areas of science and engi-
neering — has heretofore been neg-
lected, largely due to a lack of avail-
ability of suitable equipment. The

PAR Model 100 Signal Correlator will
be useful in such diverse fields as
aero- and hydrodynamics, plasma phy-
sics, vibration analysis, radio astron-
omy, radar, lasers, medical physics
and geophysics.

PAR Model 100—

Hundred Point Time Delay Correlator

SPECIFICATIONS IN BRIEF:

Total Delay Range: 100 xSec to 1 Sec
in 1, 2, 5 sequence.

Input Signal Levels: Peak-to-peak sig-
nals of 0.4 volts to 200 volts are
accommodated without overload in
each channel.

Correlator Gain Factor: At gain of 1 in
each channel, 1 volt into each input
will give 1 volt of correlated output.
Gain for each channel is .01 to 5, in
1, 2, 5 sequence.

Noise and Dynamic Range: Base line
noise with no signals, 103 volts
peak-to-peak. Maximum correlated
output, 3.5 volts.

Frequency Response and Resolution:
Channel amplifiers flat to 1 mega-
cycle. Resolution: 100 sampling
points on output function.

Averaging Time - Constant: Nominally
20 seconds: May be changed to any
value from 0.1 to 100 seconds.

Accuracy: Better than 1%.

Readout: 0-3.5 volts at sweep rates of
20 per Sec, 1 per 10 Sec, 1 per 50
Sec.

Price: Approx. $8500.00 Export price ap-
proximately 5% higher, except Canada.

Typical Photograph of Crosscorrelation
Function of Input and Qutput Signats of
Complex Passive Network Driven by White
Noise.

For more information call (609)
924-6835 or write Princeton Applied
Research Corp., Dept. D, P.O. Box 565,
Princeton, N. J. 08540.

PRINCETON APPLIED RESEARCH CORP.

42 Circle 42 on reader service card
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Computers

Copy writing

Up to now an engineer using a
computer writing tablet, such as
the Rand tablet, had to be en-
dowed with what amounted to split
vision. He had to draw on the tablet
with a special stylus, and at the
same time watch a display of what
he was drawing on a cathode-ray
screen—a procedure that’s both
distracting and tiring. But a new
computer writing tablet enables the
engineer to write on a piece of
paper with a pencil and the pencil’s
pressure on the paper enters the
handwritten data directly into the
computer.

Proves technique. Designer John
Simek of the International Business
Machines Corp.’s engineering lab-
oratory at Endicott, N.Y., has built
one model of the tablet for an
adaptive learning project to prove
that the technique works.

In some respects the IBM unit
resembles the Rand tablet, a
graphic input device developed by
the Rand Corp. [Electronics, June
14, 1965, p. 42]. But the Rand tab-
let uses a stylus that’s wired to the
computer to transmit the signals,
and it makes no hard copy.

The IBM tablet has a 2-by-5 inch
writing surface made of a Mylar
film lying on a copper-clad glass-
epoxy board; a set of parallel con-
ducting lines is etched on top of
the board and a perpendicular set
is printed with conductive ink on
the bottom of the film. Both sets
of lines are spaced 32 to the inch.
A binary counter applies voltage
pulses to each of the first set of
lines in order; and sense amplifiers
detect which of the second set is
in contact with one of the first set.
The sequence of pulses transfers
the pattern into the computer’s
memory. The computer can then
execute a pattern-recognition pro-
gram, display the pattern on a
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Pressure of a pencil point on IBM tablet generates computer data.

screen or process it.

Smooth. Both sets of lines are
gold-plated to establish a low-re-
sistance contact. The lines on the
glass-epoxy board are depressed
0.0005 inch beneath the surface to
avoid spurious contacts by hand
pressure or wrinkles in the Mylar.
The depressions are not so deep
that the writing feels bumpy.

Simek uses his transducer to
handprint letters into a computer,
which was programed to recognize
different characters entered by dif-
ferent people. He divided the writ-
ing surface into 40 half-inch
squares with a 16-by-16 matrix of
grid lines in each square; corre-
sponding lines in each matrix were
electrically connected. Thus, pat-
terns drawn in any square look like
patterns drawn in any other square.
This is sufficient for his project and
reduced considerably the amount
of electronics needed to drive and
sense the transducer. In its present
form, the transducer doesn’t tell

the computer where on the tablet
the letter is being written. How-
ever, says Simek, it wouldn’t be too
difficult to add electronics to give
the system this capability.

The transducer is similar to
IBM’s elastic diaphragm switch an-
nounced about a year ago. That de-
vice established contact through
holes in a plastic sheet, defining
the path of a pencil or stylus and
providing signals that could be
used by a computer. Neither the
elastic diaphragm switch nor the
new transducer has reached IBM’s
commercial production line,

Timely program

People count by tens and com-
puters by twos. But the passage
of time is counted by a complicated
mixture of tens, twelves and six-
ties—satisfying neither man nor
computer.

Frank Cilino and several engi-
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neer colleagues at the Western
Electric Co.’s laboratory at Prince-
ton, N.J., have worked out a calen-
dar scheme that should satisfy both
man and machine. Their plan is to
divide time into what they call
millidays; one milliday is one thou-
sandth of a day and as a unit of
time it retains the advantage of the
day—the cycle of human activity.

Work-a-day. The computation of
the milliday was not meant as an
idle exercise to amuse puzzle buffs.
It offers a real advantage for both
commercial and scientific users of
computers. Consider this: a payroll
program computes the pay for a
workman who punched in at 8:22
a.m. and punched out at 4:08 p.m.
—a mixed-modulus calculation. Or
this: a data-communications com-
puter calculates the duration of all
incoming and outgoing messages to
determine proper charges for tele-
phone service; messages originat-
ing in different time zones where
night rates may be in effect must
be charged differently from local
messages.

Cilino’s choice of a milliday is
sufficient to provide enough resolu-
tion—corresponding to 1.44 con-
ventional minutes or 86.4 seconds
—for most commercial needs and
many scientific needs. Where finer
resolution is necessary, millidays
are easily divided into still smaller
units.

Under the system days are num-
bered sequentially from 1 to 365
(366 in leap years). Then, Feb. 18
becomes day 49, and June 4 be-
comes day 155 (day 156 in a leap
year). With this system, leap years
are of no consequence except on
day 366. Furthermore, 9:00 a.m. on
June 4 becomes day 155.375, and
6:00 p.m. of Feb. 18 becomes day
049.750. Direct subtraction of two
purely decimal numbers gives the
elapsed time in decimal fractions.

Clock puncher. This method of
measurement affords two bonuses.
First, a computer can treat time
and date as arithmetical quantities,
without requiring special routines
to change the base—except for
changes between binary and deci-
mal, which it has to do quite often
anyhow. Second, an ordinary six-
place decimal counter becomes a
clock-calendar if it is tripped once
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each milliday. Such counters can be
driven by standard one-revolution-
per-minute clock motors through
36-t0-25 reduction gears, or by
special one-revolution-per-milliday
clock motors that are commercially
available.

The measurement in millidays
has some disadvantages, too. A
milliday clock must be reset to
001.000 at midnight on New Year’s
Eve—exactly at midnight if it is to
retain its accuracy. Conventional
decimal counters reset to zero, not
001.000. And elapsed time from one
year to the next must take this re-
setting into account. Furthermore,
if the computer’s measurement of
time is to be included in outputs
for human consumption, the days
and millidays must be reconverted
into standard form—at least until
such time as people can be per-
suaded to tell time in millidays, too.
This reconversion would require
another special computer routine.

Then there’s the old bugaboo of
time zones—an important consid-
eration for computer systems that
transmit and receive data over long
distances. The correction is to add
or subtract about 41.667 millidays
for each time zone change; the ex-
act correction is not expressible in

decimal notation, so that if this is
done several times, a cumulative
error can build up.

Avionics

Scattered view

Because the terrain-mapping radar
on unmanned spacecraft flying
over lunar surfaces can only meas-
ure a single angle of incidence at
a time, many passes are required—
a procedure that takes hours. Now,
a new radar, called a Scatterome-
ter, reduces those hours to minutes
by eliminating the need to repeat-
edly reorient the radar antenna.
One pass by the spacecraft is suffi-
cient to measure all angles of inci-
dence simultaneously.

The system was developed by
the Ryan Aeronautical Co.’s Elec-
tronic and Space Systems division
for the National Aeronautics and
Space Administration.

High and wide. The Scatterome-
ter—called that because it receives
and records profile signals even
when they are scattered by ter-
rain—emits a 120° fan-shaped

A spacecraft, using a Scatterometer, has to fly over a pock-marked area of
the lunar surface only once to get a detailed profile of the terrain.
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beam that simultaneously detects
detailed signatures at many angles
of incidence. For example, at an al-
titude of 30,000 feet the beam
could map an area 20 miles long
and 2 miles wide. By comparison,
the conventional radar’s pencil
beam can scan an area of about
1/10 of a mile square and can de-
tect signals returned at a single
angle of incidence in a single
plane.

The Ryan radar measures the
backscattering cross section of the
return signal by relating its ampli-
tude at a given doppler frequency
to its angle of incidence. Filters
separate the reflected energy into
discrete doppler frequency inter-
vals; altitude and surface reflec-
tivity characteristics determine
signal amplitude in each frequency
interval.

The doppler signals are con-
verted into audio signals which are
then stored on a wideband f-m
tape recorder. After the flight, the
tape is played back through a
spectrum analyzer. A computer
then synthesizes a topographical
map by combining all the various
data.

Signature search. Ryan engi-
neers have mounted the system in
a Douglas DC-3 flying laboratory
and are making recordings of radar
signatures of heavily forested land,
rocky hills and deserts that are
well known. These signatures will
eventually be compared with radar
responses from unexplored regions
to prepare profile maps of these
areas.

In addition, the military is con-
sidering adapting the wide-sweep
radar to some down-to-earth appli-
cations. In battle areas like Viet-
nam, pilotless drones and manned
aircraft would have to make only
one pass over an area to get de-
tailed maps of even the roughest
topography.

Electron devices meeting

Sealing vacuum’s fate

By combining the beam lead tech-
nique with a silicon nitride seal,

Electronics | November 14, 1966

engineers at Bell Telephone Lab-
oratories believe they have found a
way to encapsulate transistors and
integrated circuits in a batch proc-
ess. The new technique makes it
possible to seal thousands of de-
vices simultaneously while they are
still on a single silicon slice. Tran-
sistors made by the new sealing
technique have already exhibited
longer life under accelerated aging
tests than hermetically sealed de-
vices.

Potentially, the process could
eliminate vacuum sealed systems,
like TO-5 cans, which require that
the slice be cut into individual
chips that are then assembled on
a header and sealed to a cover by
a costly process.

The seal is formed by heating
the silicon slice to 875°C in a
closed chamber containing pure
hydrogen. Then a mixture of sili-
con hydride and ammonia is intro-
duced, On contact with the slice,
the gases react to form silicon ni-
tride, which adheres to the slice,
forming a protective barrier against
sodium ions and other forms of
contamination.

Window opener. Beam lead con-
tacts are also applied to the devices
while they are on the slice. The
contacts, made from multilayer
combinations of titanium-platinum
alloy and platinum silicide, form
a strong chemical bond with the
silicon nitride and seal the contact
areas. To make electrical contact to
the devices, windows are opened
in the silicon nitride by etching.

The new process is highly effec-
tive in protecting semiconductor
devices against penetration and
contamination by metallic ions in
the atmosphere. Sodium ions, be-
cause of their small size, are es-
pecially troublesome. Epitaxial sili-
con transistors sealed with the new
method were exposed to sodium
ions and then subjected to accel-
erated aging tests at normal bias
but at a power level that raised the
junction temperature to 300°C.
Their median life exceeded the
1,000-hours of hermetically sealed
transistors aged under the same
conditions, but without exposure to
sodium ions.

The sealing technique was de-
scribed at the International Elec-

tron Devices Meeting in Washing-
ton by G.H. Scheer, W, Van Gelder,
V.E. Hauser and P.F, Schmidt.

Light on the beam

Another first for the beam lead
technique was reported at the
meeting in Washington. By com-
bining planar and beam lead tech-
nologies, Bell Labs engineers W.T.
Lynch and R.A. Furnange have
been able to batch fabricate 4-by-4
matrix arrays of gallium arsenide

Beam leads support matrix of light-
emitting diodes on 10-mil centers.

(GaAs) light-emitting diodes. This
is the first time beam lead tech-
niques have been successfully ap-
plied to gallium arsenide devices.

The diodes are arranged on 10-
mil centers in a 40-mils square
area. The devices are made by dif-
fusing zinc into the GaAs after
masking with alternating layers of
silicon oxide (SiO.) and phospho-
silicate glass. A continuous layer
of SiO,, deposited after the pat-
tern has been defined but before
the diffusion step, minimizes lateral
diffusion and reduces reverse cur-
rent leakage to 10%! amperes or
better, according to Lynch.

Polishing the slice. Beam leads
make contact to the n and p re-
gions of the diodes on the same
side of the slices. The back of the
slice is polished to a final thick-
ness of less than 2 mils and the
excess material between devices is
etched away, leaving the diodes
connected electrically and struc-
turally by the heavy leads.

The process results in diode ar-
rays of exceptional uniformity—at
yields of about 90%—which indi-
cates potentially low cost for the
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arrays. Lynch and Furnange antici-
pate that the process can be suc-
cessfully applied to matrixes as
large as 10 by 10, with yields as
high as 50%.

Light is emitted through the
backs of the diodes. Typical quan-
tum efficiencies are about 0.2% at
excitation currents up to 100 milli-
amperes.

Because the spacing of the array
can be closely controlled during
fabrication, Lynch points out that
alignment in optical systems can
be made much more accurately
than with individual diodes. He
sees the arrays being applied as
coupling interfaces with high iso-
lation between computer subsys-
tems and in memories.

A monolithic first

The invasion of the microwave
component field by integrated cir-
cuits continued at the International
Electron Devices Meeting with the
announcement of the first all mon-
olithic microwave IC. Alfred Ertel,
an engineer at Texas Instruments
Incorporated, described a silicon
antenna transmit-receive switch de-
signed to operate at 9 gigahertz.
The switch was developed as part
of the contract TI has with the
Air Force Systems Command for
the investigation of molecular elec-
tronics for radar applications.

On the substrate. The circuit is
contained on a single silicon chip
100 mils square. The active switch-
ing elements are p-i-n diodes in-
tegrated with microstrip transmis-
sion lines and thin-film capacitors
on a silicon substrate. Bias to the

Components of first monolithic
microwave |C include diodes, strip line
chokes and thin-film capacitors.
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The highest speed for an integrated circuit is claimed by 1BM for this
400-picosecond current mode switch. Oblong shapes are
paramecia (for size comparison) not defects.

diodes is supplied through quarter
wavelength meander line chokes
which are bypassed to ground by
the capacitors.

An important function of a trans-
mit-receive switch is to isolate a
receiver from a transmitter during
transmission, thus preventing over-
loading of the receiver and possible
burnout. The monolithic switch is
capable of from 25 to 27 decibels
of isolation with continuous-wave
input of 1 watt, or a peak of 50
watts. The insertion loss over the
frequency range of 8 to 9 Ghz was
1.5 to 2 db. Voltage standing wave
ratio was better than 1.5 to 1 over
the rance.

Smallest, fastest

Development of a 400-picosecond
current mode logic circuit in a sin-
gle silicon chip that’s less than 0.01
square inches, [Electronics, Oct. 17,
p. 25] prompted the International
Business Machines Corp. to claim
a record for the smallest, fastest
monolithic integrated circuit. IBM
engineers at the International Elec-
tron Devices Meeting attributed
the device’s record performance to
sharpened photolithography and
masking techniques.

The circuit contains five transis-

tors and three diffused resistors.
Each transistor is about 0.001 inch
square and has emitter widths and
emitter-to-base spacings of 0.000075
inch. The collector and emitter
junction depths of the double-dif-
fused transistors are 3,200 and
2,000 angstroms, respectively. Junc-
tion isolation and two levels of
metalization are used in the IC.

Developers of the high-speed cir-
cuit, A. Dhaka and Kenneth West
of IBM’s Components division, re-
ported that computer-aided tran-
sistor design techniques were used
to optimize the transistors. Chief
factors, they said, that affected the
design were emitter area, mobile
charge storage in the forward-
biased emitter base junction, cur-
rent crowding under the emitter
and depth of the junction.

About 100 picoseconds of the
new unit’s 400-picosecond propaga-
tion delay, is package delay.

Barriers pushed. Bell Telephone
Laboratories claimed two records
with a 12-gigahertz oscillator diode
and a 7-Ghz transistor. The experi-
mental silicon diode generates con-
tinuous-wave power double that
reported for silicon pn diodes and
eight times that reported for Gunn
effect devices. The silicon transis-
tor has a cutoff frequency above 7
Ghz—the highest reported—and a
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power gain of greater than 4 deci-
bels at 4 Ghz.

The microwave oscillator diode,
developed by Toshio Misawa, was
said to provide 1.1 watts of c-w
power at 12 Ghz with 8% efficiency.
Misawa attributed the higher out-
put to better mounting and bond-

MICRONS
10
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Very thin base layer and micron-wide
emitter stripes are key to performance
of 7-Ghz transistor.

ing, improved heat dissipation and
closer control of processing. A big
gain, he said, was made by mount-
ing the diode upside down in its
housing. This puts the pn junction
near the metal mount and fosters
better heat flow.

Processing improvements lie
chiefly in controlling the impurities
or doping profile of the silicon semi-
conductor. Misawa has experi-
mented only with simple pn
junction diodes, which are easy to
fabricate because they need only
one diffusion.

Shorts possible., Improved fabri-
cation techniques were also cred-
ited with bettering the performance
of high-frequency transistors by al-
lowing the internal dimensions of
the devices to be cut down. A key
to very high frequency transistor
operation is a thin base—about 0.01
microns—and a narrow emitter
stripe—about a micron wide. Thin
base layers, however, encourage
emitter collector shorts, which re-
sult from dislocations and impuri-
ties in the silicon that are intro-
duced during diffusions.

The developer of the transistor,
Rudolf Schmidt, avoided the shorts
by making both base and emitter
diffusions shallow—the base is 0.3
micron and the emitter 0.2 micron,
for a net active base thickness of
only 0.1 micron. The shallow dif-
fusions, Schmidt says, makes the
number of defects negligible.

The emitter stripe was held to a
micron by improved masks and by
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depositing a thin metal layer
between the silicon dioxide and
photoresist layers. The metal serves
to prevent interference between re-
flected light from the silicon sur-
face and the incident light which
causes nonuniform exposure of the
photoresist and poor resolution of
the pattern. Another way to cut
the reflections would be to use a
high optical density photoresist.
Film transistor. Hope looms for
the much discussed all thin-film in-
tegrated circuit—in the form of an
indium arsenide (InAs) high-fre-
quency transistor. Scientists at the
Westinghouse Electric Corp.’s re-
search laboratories described the
fabrication of devices made with
ultra thin (only a few millionths of
an inch thick) films of InAs. The
experimental transistors are still
comparatively crude, T.P. Brody,
one of the developers, reported. The
first models operate up to 8 Mhz,
Brody said, but this response will
be extended 100 times. The tran-
sistor’s ultimate performance, he
said, should reach well into the
microwave region—up to several
gigahertz. His prediction is based
on the high mobility of the charge
carriers in the InAs material -100
times greater than that of cadmium
sulfide, the material traditionally
used for thin-film transistors.
Indium arsenide has another no-
table advantage—its temperature
stability over a wide range, from

near absolute zero to 300°F.

The arsenide films are made by
evaporating indium and arsenic in-
side a vacuum chamber; vapors of
the two metals combine chemically
and a thin layer of InAs deposits
on a glass or quartz substrate. The
transistors are formed by succes-
sive depositions of InAs, metal,
insulation material and metal in
layers that are typically 5 to 10
millionths of an inch thick.

Antennas

Hugging the horizon

The day is fast approaching when
airplanes will routinely transmit
radio messages through communi-
cation satellites for relay to the
earth or other airplanes. At present
a combination of economic and
technical barriers stand in the way.
A solution to one technical obstacle
has been devised by Electronic
Communications, Inc., of St. Peters-
burg, Fla. The company has devel-
oped an antenna that allows a
plane, say flying over North Amer-
ica, to communicate with a relay
satellite orbiting about the equator
—without having to aim the an-
tenna at the satellite.
Conventional omnidirectional an-
tennas produce lobes that are

~
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With the new antenna’s low beam (in color), a plane flying over Canada
could communicate with a satellite directly to the south. Conventional
omnidirectional antennas produce a high-angle beam (shaded area) and
could not intersect the satellite without flying farther south.
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Pop art antenna, to be mounted on an
aircraft’s fuselage, was specifically
designed to operate with satellites.

angled too high above the horizon
of the earth. But the Electronic
Communications antenna produces
lobes that nearly hug the horizontal
plane.

A bonus. The antenna provides a
secondary advantage: its beam is
circularly polarized. Hence, if be-
cause of a fault on the transmitting
satellite one polarization is lost, the
antenna will still pick up a loud and
clear signal.

Electronic Communications de-
signed the antenna under an Air
Force contract that calls for the
company to build ground, air and
shipboard terminal equipment for
a classified experimental satellite
communications system. There is a
possibility the system will be tested
with a tactical satellite to be
launched in 1967.

George Petrick, a project engi-
neer at Electronic Communications
ground system engineering section,
said the company examined avail-
able antennas, found them unsuit-
able and decided to design its own.
He said other companies had come
up with similar antennas but these
were basically linearly polarized.
Helixes perpendicular to the an-
tenna’s axis and conical spirals
were also considered, but these
designs lacked either the band-
width or the low beam pattern.

Compromise. The antenna’s peak
pattern reaches 30° above the
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horizontal, but the beam width
stretches 40° above the horizon-
tal. Its frequency capacity ranges
from 225 to 300 megahertz. Al-
though the designers wanted a
lower peak angle, they had to com-
promise to keep the antenna’s
height low. Asked to indicate the
factors that influence the choice of
beam angle, Petrick would only say
that it depends on two factors—
the satellite and the geographical
area the plane must cover.

The diagram on page 47 illus-
trates this. If the plane were over
Canada, the new antenna would
have a beam (in color) that could
intersect with a satellite directly
south of it. But an antenna lacking
the low-angle coverage (shaded
area) would not be able to com-
municate with the satellite unless
the plane flew farther south.

To be circularly polarized the
antenna must possess horizontal
and vertical components of polar-
ization. The loop formed by the
four curved sections at the top of
the antenna constitutes the horizon-
tally polarized portion. The four
tapered stubs that link the loops
and the central hub act as a ver-
tically polarized array. The hori-
zontal and vertical polarization
components must also be 90° apart
in time phase. This is accomplished
by using the stubs as the feed for
the loop. Since the stub sections
are a quarter wavelength long (90
electrical degrees) the loops have
the proper phase relationship for
cross polarization. Because of the
antenna’s symmetry the beam pat-
tern is omnidirectional.

Useful design. The tube at the
bottom of the antenna is a quarter-
wavelength transformer section
that matches the 50-ohm im-
pedance of the receiver or trans-
mitter to the 125-ohm impedance
of the antenna. Filled with Teflon,
the transformer section acts as a
coaxial line that feeds the stubs.
Radial spokes protruding from the
transformer shape the beam pat-
tern at high frequencies.

Prototype antennas have been
tested on KC-135 flying tankers.
Production units will also be tried
out on cargo transports, bombers
and other aircraft.

A radome compatible with

mach 1 aircraft fits over the an-
tenna. Although designed specifi-
cally for satellite-to-plane com-
munications, the company says the
antenna could provide communica-
tions between planes, too.

Communications

Tuning Gunn?

Two technicians at the Radio Corp.
of America’s Princeton, N.J., re-
search laboratories have developed
a tunable microwave source that
is believed to oscillate by the Gunn
effect. If this is the case, it holds
out the hope of electronically

tuning the higher-power Gunn
effect oscillator.
The experimental microwave

source is a modified gallium arse-
nide diode that oscillates at fre-

JUNCTION

Experimental oscillator developed

by RCA is a GaAs diode in which the n
terminal has been divided in two. The
voltage between the two resultant n
terminals makes the device oscillate.
The other voltage tunes the device.

quencies of 60 megahertz to 2.5
gigahertz and is tunable over a
10% frequency range. Implicit in
the tuning capability is the ability
to frequency modulate the oscilla-
tion. By comparison, conventional
Gunn devices must be mechanically
tuned—generally too slow for mod-
ulating audio or other communica-
tions signals. The two developers
are Arthur Hahn and Arnold Mat-
zelle.

Although the ouput with the mod-
ified diodes is only a milliwatt
and efficiencies are 0.5%, it’s be-
lieved that the principle can be ap-
plied to conventional Gunn effect
devices to get higher power outputs
while at the same time retaining
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the tuning capability.

Possible applications. Although
RCA researchers believe that it’s
too early to say that a practical de-
vice is possible, the voltage-tuning
feature has already aroused the in-
terest of RCA’s Defense Electron-
ics division, where the applications
would be obvious: wideband, rap-
idly tuned receivers required in ra-
dars, electronic counter-measure
equipment and field communica-
tion gear.

It could also serve as a low-
power transmitter. The Princeton
group has frequency modulated the
diode’s oscillation with music and
has received the signal on a stand-
ard f-m receiver. It has also modu-
lated the device with digital in-
formation at a rate of 200,000 bits
per second.

Joseph Dienst, a member of
RCA'’s technical staff in the micro-
wave research laboratory, explains
that the device was fabricated by
first cementing the p terminal of
a GaAs diode to a transistor header.
Then a fine saw cut a slot into the
n material to a depth of 10 to 15
microns above the diode’s pn junc-
tion. The cut forms two separate
n terminals and transforms the di-
ode into a three-terminal device.

If the n junctions are connected
in series with a coaxial line’s center
conductor, the device will oscillate
when a 6-volt potential is applied
between the two n terminals. This
oscillation is believed to be a Gunn
effect mechanism,

In addition, if the p terminal is
made more negative than the n
terminal, the device’s oscillation
can be tuned by controlling the
pn voltage.

Simpler yet. However, the p type
material only serves to form a junc-
tion whose capacitance can be
varied by an external voltage. It is
possible to make the device with a
Schottky barrier junction, which is
just a metal electrode attached to
the n material. “At the junction
between the metal and the n ma-
terial we get an effective capaci-
tance just as we do in the deple-
tion region of a GaAs diode,” says
Dienst. It is this structure that
more closely suggests the possible
application to a regular Gunn de-
vice.
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RCA says that two electronic
mechanisms appear to control the
diode’s operation—the Gunn effect
and the field effect. However, the
researchers point out that this is
only a tentative conclusion and that
the exact operating mechanisms are
still to be determined. However,
indications are promising.

When biased for oscillation, the
electric field in the vicinity of the
cut and above the diode junction
is about 4,000 volts per centimeter.
This value is the Gunn threshold
for oscillation. In addition, Dienst
says, “If we cut into the p type
junction, no oscillations occur.”
Similiarly, Gunn effect devices can-
not be made with p material. Both
facts give credence to the possi-
bility that a Gunn mechanism is
involved.

Modify the field. Tuning is con-
trolled by the field effect, which in
turn is related to the junction ca-
pacitance. Dienst explains that the
traveling electric field produced by
the Gunn effect propagates very
close to the junction capacitance.
“By modifying the junction capaci-
tance with an external voltage, we
modify the traveling field, which
allows us to tune electronically,”
he adds. With a combination of
mechanical and electronic tuning,
RCA’s devices can be tuned over
more than a 2 to 1 band.

The theory of the device was
advanced by Kenneth Petzinger,
who is now at the University of
Pennsylvania.

Advanced technology

On tap
Air Force experiments with an un-
used class of semiconductors

known as tap crystals may lead to
such optoelectronic devices as a
diode laser for each color in the
rainbow, computer memories and
yes-no decision elements, acceler-
ometers, tuned oscillators, image
intensifiers for infrared target de-
tectors and ballistic camera trig-
gers.

These are a few possibilities
cited by Cole W. Litton and Yoon

Soo Park of the aerospace research
laboratories at Wright-Patterson
Air Force Base, Ohio.

Tap crystals—compound semi-
conductors that store current when
they are stimulated by light—give
up energy as flashes of light when
they are physically tapped. The
effect was first observed about six
years ago in cadmium sulfide crys-
tals that were cooled by liquid ni-
trogen to 77°K. After they were
exposed to light and tapped the
crystals flashed bright green, but
the causes were unknown. Now,
enough is known to produce varia-
tions of the effect in a family of
crystals.

Infrared trigger. Impurity ele-
ments from Group I in the periodic
table were found in the cadmium
sulfide; this discovery led the re-
searchers to the reproduction of
the tap effect in other semiconduc-
tors compounded from Group II
and Group VI elements. Some tap
crystals can now be stimulated by
heat, instead of light, and some will
flash when excited by infrared en-
ergy, rather than tapping.

For example, zinc oxide doped
with sodium is stimulated by ex-
posure to light whose wavelength
is shorter than 3,680 angstroms. It
will flash blue-green several hun-
dred times when mechanically ex-
cited—once for each tap. If the
zinc oxide is doped with lithium,
light no longer stimulates it, but
raising its temperature from 77°K
to about 200°K will cause it to
emit light when cooled again and
tapped.

After optical stimulation, emis-
sion is directional and localized.
Thermally stimulated crystals glow
more uniformly but give up their
energy after only a few taps, Lit-
ton and Park report.

The explanations for the effects
are complex—and still incomplete.
In the optically stimulated crystals.
holes are” apparently trapped dur-
ing the formation of hole-electron
pairs. Energy stored by the trap-
ping is freed during excitation by
an involved sequence of effects
when the holes recombine with
free electrons. At room tempera-
ture, the crystals have high resis-
tivity and are photoconductive. In
the dark, at 77°K, the conductivity
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almost disappears. Exposure to
light raises the conductivity and
the crystal remains conductive
when the light is removed, indi-
cating current storage. The amount
of current varies with the amount
of optical stimulation.

The mechanism is different in
the thermally stimulated crystals.
The energy seems to be released
when holes become freed and re-
combine with trapped electrons.

After optical stimulation, emis-
sion is directional and localized.
Thermally stimulated crystals glow
more uniformly but give up their
energy after only a few taps, Lit-
ton and Park report.

Pick a color. The researchers
think that injection laser diodes
could be made to emit any color,
from infrared to ultraviolet, by
making the lasers of II-VI semicon-
ductor crystals doped with various
alkali metals. A negative-resistance
characteristic—the property that
helps lasing in gallium arsenide—
has been observed in cadmium sul-
fide crystals doped with both so-
dium and lithium and is expected
in sodium-doped zinc oxide.

Negative-resistance crystals can
also be made to oscillate at prede-
termined frequencies in tuned cir-
cuits, they add, and so could be
used to fabricate oscillators.

Since the energy stored in the
optically stimulated type of crystal
can be converted into light by in-
frared energy, Litton and Park be-
lieve a mosaic of crystals could
serve as an infrared target detector
and image intensifier for the mili-
tary.

Optoelectronics

Storage on a chip

To be sure, books have their place.
But to libraries, Government agen-
cies and virtually anybody who
deals with massive amounts of
printed data, the place that books
take up is just too much. The Army
has decided to do something about
it: it’s awarded a $191,000 contract
to a small Bristol, Conn., company
that has developed a technique for
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storing many holographic images
on a slice of potassium bromide no
bigger or thicker than a 35-milli-
meter piece of film.

If the experimental program is a
success, the crystals may compete
strongly with microfilm gear,
which is widely used in many
data-storage systems.

Picture on command. The con-
tract calls for the company, Car-
son Laboratories, to deliver by next
June a system that can store some
1,020 pages of detailed drawings
and engineering tables on a single
crystal, and on command search for
and display the information, in
sharp detail, and reproduce hard
copies of any of the pictures. What,
in fact, the Army is looking for is
to replace a massive library with a
helium-neon laser, a handful of thin
potassium bromide crystals, a
small real-time, random-access
mechanism for hunting out the de-
sired pages and a conventional dry
photographic system.

The system will be built around
a concept unveiled by Carson last
spring [Electronics, May 30, p. 35].
That system was based on Bragg
angle holography in which an
image-carrying laser beam is fired
at a potassium bromide crystal.
The crystal, of a class of alkali
halides that can be bleached by a
red laser, stores the holograpnhic
imprint of the image on an infini-
tesimally thin layer of the crystal.
The angle the laser hits the surface
of the four-millimeter thick crystal
determines at what layer in its
structure the picture is stored.
Thus, multiple images can be
stored simply by shifting the angle
of incidence. The crystal can only
be bleached—hence store images
—if it’s warmed to about 80°C.
When the crystal is cooled to 0°C,
and an unmodulated laser beam is
fired into it, the stored image is
reconstructed, with hardly a detail
of the original lost.

Hard copy. The military con-
tract, from the Army Missile Com-
mand at Huntsville, Ala., calls for
the system to be able to store
images of pictures as large as 18 by
24 inches. And for the production
of hard copy, Carson will project
the holographic image on light-
sensitive silver paper, a conven-

tional dry photographic process,
explains Richard F. Weeks, Car-
son’s project engineer.

The speed of the unit, says
Weeks, will be limited by the in-
dexing scheme for searching out
the desired information. But gen-
erally, he adds, it will take only a
matter of seconds to fish out and
display the correct engineering ta-
ble or diagram.

Another requirement in the Army
contract is development of a tech-
nique to reproduce the entire
image-laden crystal. Weeks is coy
about disclosing how Carson will
reproduce the crystal—either by
bleaching the images into the crys-
tal one at a time or by some mass-
production process.

For positioning the critical laser
angle, Weeks explains, Carson will
use a mechanical positioning ap-
proach. But eventually, he notes,
“we’ll have to seek a faster, more
accurate electronic  positioning
technique.

Resolution of the reproduced
picture, he says, is no problem.
“We've already achieved a resolu-
tion of 10 line pairs per millimeter
—which is better than that pro-
duced from commercial microfilm
—and we expect to improve on

that.”

Industrial electronics

Light switch

Switching many thousands of volts
with 1,000-volt silicon controlled
rectifiers connected in series is, to
say the least, tricky. If a current
surge doesn’t zap them, reverse
overvoltage will, especially if each
rectifier in the string isn’t trig-
gered on at precisely the same
time.

To overcome the triggering
problem, the Westinghouse Elec-
tric Corp.’s research development
center in Pittsburgh has developed
a silicon switch that is fired not by
an electric signal applied to a gate,
as with a conventional silicon con-
trolled rectifier, but by a beam of
light. The light is guided to the
switch through fiber-optic light
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pipes, resulting not only in the
elimination of complex triggering
circuitry, but also complete isola-
tion between the trigger and load
circuits.

Only two terminals. The light-
activated switch—essentially a
two-terminal device—was devel-
oped by D.R. Muss, Westing-
house’s manager of silicon device
development, and H.E. Suarez, an
engineer in the section. Their
switch differs from ordinary light-
activated scr’s which still use a
third gate terminal.

Three-terminal ~ devices have
been around for more than five
years. However, they’ve been lim-
ited to low current ratings—less
than an ampere—and voltage rat-
ings of only several hundred volts.
These ratings are much too low for
the applications—radar modulators
and  high-power  multikilovolt
power system switching—Westing-
house has in mind.

Muss and Suarez report they
have built a prototype array of
three of the new switches which,
connected in series, has been able
to carry 40 amperes. Each unit has
withstood anywhere from 600 to
800 volts. Equally interesting is
the fact that the Westinghouse re-
searchers are using a gallium ar-
senide diode laser, emitting in the
infrared, as their source of light.
The fiber optics connect the light
to the sensitive areas of the
switches.

Match for a switch. Long-term
reliability is a major reason for
using a diode laser, instead of, for
example, a xenon flash tube. An-
other reason is that the infrared
wavelengths—around 0.9 micron—
lie in the most sensitive, current-
producing range of the silicon. The
combination of the two is almost
an ideal match.

Thus, despite the low light-pro-
ducing efficiency of the diode
source, the over-all efficiency of
the gallium arsenide-silicon system
is about the same as if the high-
intensity light from a xenon flash
tube were used instead; this is
because the xenon lamp emits
most of its light at wavelengths
to which the silicon does not re-
spond.

The unit is able to carry its high
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current because, according to Muss
and Suarez, the light illuminates a
relatively large area of the silicon
under the cathode. The illuminated
area is roughly 10 times greater
than in a normal light-activated
scr. This reduces current density in
the silicon, allowing the unit to
withstand surge currents of 400
amps/microsecond, again about 10
times the safe rating of a conven-
tional scr. Turn-on time is in hun-
dreds of nanoseconds.

More possible. In the future, it
may be possible to raise the cur-
rent-carrying capacity of the switch
to 250 amperes. A single gallium
arsenide diode may even be able
to trigger as many as 100 switches.
This should certainly make them
suitable for converters on high-
voltage d-c¢ power transmission
lines. D-c transmission systems are
coming into increasing prominence
because it actually costs less to
send d-c power over long dis-
tances than a-c. There are no losses
comparable to the inductive and
capacitance losses on an a-c line.

Right now, converters for raising
and lowering the voltage levels use
mercury-vapor tubes. Solid-state
devices, such as scr’s or light-acti-
vated silicon switches could offer
faster control-speed response and
take up considerably less room in
the power station—all at a sharply
lower cost.

Space electronics

Dampening the problem

Reentry blackout has plagued
every flight in the Mercury and
Gemini series. The problem has
been tolerated for these flights,
but as NASA comes closer to the
manned Apollo mission, blackout
becomes increasingly serious.

Of all the proposed techniques
to solve the problem, a rather un-
sophisticated approach that dates
back to the early 1960’s appears
to hold the greatest chance of im-
mediate success. The technique:
spraying water into the hot sheath
of ions that envelopes the craft
and blocks radio signals.

A new series of detailed tests
will begin in March, when the Na-
tional Aeronautics and Space Ad-
ministration will fire a Scout rocket
down the Eastern Test Range. The
project is called RAM, for radio
attenuation measurements. The
missile will be tipped with a spe-
cially designed nose cone that will
contain, among other things, a tank
of water and a 10-gigahertz an-
tenna. As the nose cone reenters
the atmosphere at 28,000 feet per
second the water will be sprayed

ATOMIZED

o WATER

SIGNALS

Spray of water reduces blackout
encountered by spacecraft reentering
the atmosphere

out, clearing a swath through the
sheath.

The nose cone is being assem-
bled at the space agency’s Langley
Research Center, Va., with the help
of the LTV Aerospace Corp., a
subsidiary of Ling-Temco-Vought,
Inc. A second payload will be fired
next October; it will carry such
sensors as a Langmuir probe and
a microwave impedance probe to
take more detailed measurements
of the sheath.

Silence. Blackout occurs when
the great heat radiated by a re-
entering spacecraft turns the at-
mosphere around it into ionized
gases, which is called the plasma
sheath. For the recent Gemini
flights, reentry was at 24,000 feet
per second and the blackouts
lasted only about three or four
minutes. But Apollo spacecraft will
be coming back from the moon at
36,000 feet per second, so it
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will require a shallower approach
angle to reduce speed safely and
the blackouts are expected to range
from seven to 11 minutes. A black-
out of this duration hampers the
ground stations in tracking space-
craft and dispatching recovery
ships and helicopters to the splash-
down point. The problem will be
even more severe for a spacecraft
returning from Mars. It will re-
enter at up to 45,000 feet per sec-
ond.

No easy answer. Laurence F. Gil-
christ, deputy director of NASA’s
electronics and control division,
doubts that the communications
blackout will ever be completely
eliminated. But early tests indicate
the water spray technique may
ease the problem.

Tests with the technique were
held in the early 1960’s, when
ballistic flights of water-carrying
rockets were test fired from Wal-
lops Island, Va. Those flights, with
the nose cone returning through
the atmosphere at 18,000 feet per
second, buoyed space scientists’
hopes that they were on the right
track. Later, similar experiments
were tried on some of the Gemini
flights, with equally optimistic but
inconclusive success.

Preventive medicine. Once the
RAM project is completed Gilchrist
wants to get attenuation experi-
ments on the Apollo Applications
Program, a proposed follow-on to
the manned lunar landing. Thus
Apollo application flights could test
ways of preventing the longer
blackouts expected when manned
spacecraft return from other plan-
ets.

The Air Force is also interested
in learning more about the plasma
sheath and is conducting experi-
ments with missile reentry bodies
using the smaller Trailblazer
rocket. The program consists of
six launches from Wallops Island
to measure the blackout at 17,600
feet per second. The experiments
are being conducted by the Ohio
State University Research Founda-
tion under an $80,000 contract
from the Air Force’s avionics lab-
oratory, Wright-Patterson Air Force
Base, Ohio.

To be sure, other attacks on the
blackout problem are being made.

The one that holds the greatest
promise over the long run is a
plan to use a tracking frequency
of 35 gigahertz [Electronics, April
18, p. 37]. Signals at that frequency
are better able to pierce the ion
sheath than lower-frequency sig-
nals. But the technique faces a
major obstacle. NASA has nearly
completed its conversion to S band
(1,550 to 5,200 megahertz) from C
band (5,000 to 10,900 Mhz). The
major investment in this equip-
ment leaves NASA reluctant to
make yet another switch.

Military electronics

Backseat driver

It’s hardly a secret among compa-
nies designing and building satel-
lite communications systems that
their efforts are handicapped by
conflict and lack of cooperation
within the Government agencies
responsible for particular projects.

Congressional critics have not
been unaware of the growing prob-
lem. As far back as 1962, hearings
conducted by lawmakers produced
urgent pleas for the agencies to
work together more closely. The
most recent hearings, concluded
only two months ago, resulted in
another long list of recommenda-
tions.

The advice of the panel—the
House Military Operations sub-
committee—was most pointed.

It urged a speedup in the appli-
cation of satellites by the Penta-
gon and demanded improved or-
ganization of the various programs,
as well as the expenditure of more
money to facilitate these recom-
mendations. The House group also
pointed out an immediate source
of the troubles, namely equipment
deficiencies, especially at ground
terminals, that are causing delays
in the program.

Hurry it up. The Defense De-
partment was urged to make its
Initial Defense Communications
Satellite system operational as
speedily as possible. The commit-
tee described the situation as “awk-
ward” since the Government has

Electronics | November 14, 1966



already spent $112 million for the
beginnings of such a limited sys-
tem, which provides only two voice
circuits or a handful of Teletype
channels.

The committee is convinced that
the Initial system’'s capacity can
be increased 10 to 20 times with
“very modest cost increases,” and
said this expansion should be im-
plemented “as soon as is practica-
ble.” The Army already has begun
an improvement program on
ground station antennas that will
boost the Initial system’s capacity
from 2 to 11 voice channels by
mid-1967.

Because of the Aug. 26 failure to
launch a second batch of Initial
satellites, the third launching in
the program has been moved up
from March, 1967 to January, 1967.
It will attempt to add eight satel-
lites to the seven communication
repeaters now in near-synchronous
orbit. A fourth launch, also sched-
uled for early 1967, hopefully will
add three more.

Advancement. The Initial system
should be expanded by additional
satellite launches and upgraded by
improved hardware so that it can
be used as an operational systen
until it is replaced in 1970 by the Ad-
vanced Defense Communications
Satellite system now under study,
the committee asserted. Since the
original order for satellites from
Philco-Ford Corp., a subsidiary of
the Ford Motor Co., will be ex-
hausted by the next two shots,
more satellites are needed. And the
Air Force currently is determining
how many more will be procured
for the Initial system.

The committee felt that the Ad-
vanced system should have capac-
ity of at least 100 to 200 voice-
grade circuits. Planning for the
Advanced system has been com-
pleted, and once it is approved by
Defense Secretary Robert McNa-
mara and the Joint Chiefs of Staff,
the Pentagon expects to let con-
tracts to industry in fiscal 1967.

Troubles. Transportable ground
terminal problems are plaguing the
Initial system [Electronics, Sept.
5, p. 30]. The committee called
these deficiencies the “most imme-
diate, pressing problem” of the
Initial system. The terminals will
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The wood duck is protected and so is the new
WJ-2006 backward-wave oscillator for 8—12.4
GHz — featuring both full magnetic and RF shield-
ing! This BWO offers the advantages of easy stor-
age and has no problems with steel decks or other
magnetic materials. And its lower voltage means
less power supply breakdown problems. Similiar
models without RFl shielding can be delivered 1
inches shorter. For narrow frequency band and
low voltage, other models can be made as small
as 2 x 2 x 6 inches. Hunt no further!

Guaranteed Specifications — WJ-2006

Frequency Range 8.0-12.4 GHz
Power Output 50 mW Min.
Helix Voltage Range 425 Ydc Min. —
1600 Vdc Max.
Cathode Current 12 mA Max.
Length (Excluding Connectors) 8 Inches
Cross Section 3 x 3 Inches
Weight 6 Pounds

Meets both MIL-1-26600, Class 1 and MIL-|-6181D

Information in more detail available
from representative in your area,
or from Applications Engineering

WATKINS m JOHNSON

3333 HILLVIEW AVENUE
STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
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Or 37 holes! Or 2—
or 86! With press
brake or punch
... press, Di-Acro Ad-
... justable Punches
and Dies are quickly
“‘ arranged to fit your
, layout exactly. Easy
to repeat a setup.
Use over and over.
Ask for 12-page

COUNT
fokdien . » » TellS
about starter-set

too. See your dis-

tributor or write us.

A Division of Houdaille Industries, Inc.
4311 Eighth Ave., Lake City, Minn. 55041
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not be fully operational until the
beginning of next year and prelimi-
nary system testing will take
months. Some of the technical
problems in Hughes Aircraft Co.’s
AN/MSC-46 station were so con-
sistent that they indicated the pos-
sibility of design defects, the Army
said. Fourteen of the 40-foot an-
tenna stations are being built.

And a 23,000-pound, 18-foot
cloverleaf antenna terminal, the
AN/TSC-54, is also being built for
the Initial system by Radiation,
Inc. The ground station, which was
publicly introduced Nov. 10 in Mel-
bourne, Fla., is also behind sched-
ule and running 40% over cost
expectations. The first model of the
13 stations ordered will be deliv-
ered in April 1967, four months
behind schedule.

Reversing the fallout

Generally the direction of techno-
logical fallout is one way; first the
military or the National Aeronau-
tics and Space Administration de-
velops a process or a concept and
then industry picks it up for civilian
application. But an electronic atom-
izer, recently developed, is an ex-
ception.

The American Petroleum Insti-
tute funded a research program
aimed at replacing the not-too-re-
liable motor-driven pressure noz-
zles on home oil heaters that spray
a thin film of oil into the furnace.
The result was an ultrasonic de-
vice. The institute and the devel-
oper, Arthur D. Little, Inc., of Cam-
bridge, Mass., claim the device is
far superior to the old-fashioned
pressure nozzle.

No sale. But oil furnace produc-
ers haven’t exactly beaten a path to
the institute’s door for the product.
Robert R. Perron, research staff
member at Little, who directed the
work explains: “You can sell re-
liability to a consumer, but it’s
tough to sell reliability to a builder
if it costs him a half-dollar more.”
And it’s the builders who buy most
furnaces.

However, the nonprofit Battelle
Memorial Institute of Columbus,
Ohio, took a look at the product
and decided that if home builders

weren’t interested, maybe the Army
was.

The military was most interested,
and it was especially attracted by
the way the atomizer sprayed the
oil into a furnace—silently. The
atomizer was then redesigned for
use in a portable power supply
whose sound wouldn’t give its lo-
cation away.

What’s being delivered to the
Army Electronic Command at Fort
Monmouth, N.J., is an atomizer,
operated by piezoelectric elements
that vibrates at 100 kilohertz and
produces a flow rate of one-tenth
gallon of fuel oil per hour. The heat
from the burning oil is applied to
thermoelectric materials to produce
100 watts.

On the home front. The develop-
ers haven’t given up hope of sell-
ing the ultrasonic device to the
civilian market and some oil burner
manufacturers still have it under
evaluation.

Perron describes the unit as re-
markably reliable. For example, in
the test it worked for more than
two years, with unfiltered No. 2
fuel oil going through it at one-
half gallon per hour. The atomizer
tips were cycled 4 x 10'2 times at
a stress of 11,000 pounds per square
inch and still were performing sat-
isfactorily at the end of 19,636
hours. In contrast, oil burner noz-
zles burn out every few years and
replacement generally costs $15.

The ultrasonic nozzle feeds oil to
a furnace like this:

A fluid film is spread over the
surface of a piston. The film is
vibrated in a direction normal to
the surface and this causes a grid
of intersecting capillary wavelets
to arise on the surface. The oscil-
latory vibration of the fluid surface
causes the wavelets to increase in
height and steepness until the wave
tips break off and droplets escape.

The atomizer’s piezoelectric
transducers are driven by a vacuum
tube or solid-state phase shift oscil-
lator in which the transducer ca-
pacitance is part of the feedback
circuit, Once the feedback has been
adjusted, the oscillator is locked to
the resonant frequency of the
transducer. Two watts delivered to
the transducer achieves satisfac-
tory atomization.
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Solid state

Satellite transistors

Designers of digital telemetry and
sensing circuits for communication
satellites face a dilemma. They
must keep power dissipation to an
absolute minimum and so require
circuits that operate on microamps
or even nanoamps. Yet circuits
operating at very low current levels
are sensitive to surface ionization
effects. Such effects occur when a
satellite passes through the outer
Van Allen belt. Unwanted leakage
currents result and shifts in other
device parameters—such as turn-
on voltage of a field-effect transis-
tor (FET)—may occur.

Limited to two. At the Northeast
Electronic Research Engineering
Meeting this month A.G. Stanley
of the Massachusetts Institute of
Technology’s Lincoln Laboratory
compared available transistors
with respect to performance under
ionizing radiation. He concluded
that the designer is restricted to
microamp circuits using bipolar
transistors that have a gain below
10, and the p-channel junction
FET’s in the nanoamp range.

Metal oxide semiconductor
(MOS) FET’s are not as radiation
resistant as initially supposed. Un-
der positive gate bias, Stanley
noted electron irradiation up to a
total dose of 10 electrons/centi-
meter> may shift the gate turn-on
voltage by as much as 90 volts in
the negative direction. Positive
space charge generated by the ra-
diation in the oxide induces a nega-
tive charge at the semiconductor
surface which tends to keep a p-
channel device in the off state and
an n-channel device in the on
state, he said.

The effect is enhanced by the
large drift field across the insulat-
ing layer of the MOS device, caus-
ing major shifts in gate turn-on
voltage at total doses as low as
10'2 e/cm?.

The metal nitride semiconductor
(MNS) FET, was discounted by
Stanley because it is not yet avail-
able. But he said it may sharply
reduce the shift in gate turn-on
voltage and reduce the source-

Electronics | November 14, 1966

StereoZoom’
helps Mallory provide

“ZERO DEFECTS”

cells for IMPLANTED
HEART

PACEMAKERS

To meet critical pacemaker requirements, Mallory Battery Company, a
division of P. R. Mallory & Co., Inc. must provide batteries of absolute
reliability over a specified length of time. A unique Certified Cell program
assures “zero defects” output. Every component is tested singly and pre-
selected within tight limits. Fall-outs are discarded. Each shipment is certified
as produced to the highest level of quality under the present state of the art.
To date, no premature failures have been reported.

StereoZoom plays a vital role in the many rigid cell inspections. Contin-
uously variable magnification lets inspectors zoom easily, quickly, through
the widest range of settings to the best one for each visual task. Flat fields
give images of full edge-to-edge clarity and sharpness. Flexibility of mounting
parts and stand allows complete freedom of movement.

StereoZoom can help protect the quality and reliability of your product,
too. There are 24 complete models as well as selected components. Call your
dealer or write for Catalog 31-15, Bausch & Lomb, 99735 Bausch Street,

Rochester, New York 14602,
BAUSCH & LOMB ()
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ANTENNA
and

TOWER
INSULATORS
by LAPP

Lapp insulators support most of the world’s large radio towers, both
self-supporting and guyed masts. Lapp has designed and built base
insulators from 80,000 Ibs. to 9,000,000 Ibs. ultimate strength. Lapp
strain insulators have been made from 1200 |bs. to 620,000 |bs.
ultimate strength. [ Lapp is also a dependable supplier of entrance,
spreader and stand-off insulators for transmission lines. Other Lapp
insulators and our gas filled capacitors are used in transmitters and
coupling networks. [] Difficult insu-
lating problems are welcome here at
Lapp. We've been solving them for
almost a half century. Write Lapp
Radio Specialties Division, Lapp In-
sulator Co., Inc., 211 Sumner St.,
LeRoy, N.Y. 14482,
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drain leakage below a nanoamp.

High tolerance. Junction field-
effect transistors have a higher
tolerance to radiation induced bulk
damage than bipolar transistors
since they are majority carrier de-
vices, Stanley said. However, n-
channel FET’s are not immune
from surface ionization effects.
Upon irradiation, with the gate
junction back biased, the gate cur-
rent increases well above 1 micro-
amp and the drain current shifts,
too. The gate leakage currents of
most p-channel FET’s are less than
1 nanoamp. In n-channel FET’s the
positive space charge generated in
the oxide induces an n-type inver-
sion layer on the surface of the
p-type gate region which generates
the leakage current when the junc-
tion is back biased.

Electronics notes

= Multifunction kick. Five addi-
tions to Texas Instruments Incor-
porated’s line of complex function
digital integrated circuits were an-
nounced last week at the Fall
Joint Computer Conference. The
circuits are even more complex
than the four brought out at the
IEEE Show last spring—empha-
sizing a trend that many observers
had predicted. The big advantage
of cramming more functions into
one package is cost savings, with
reliability an important bonus. TI
estimates a saving of anywhere
from 20% to 40% over simpler
IC’s that would be required to
perform the same functions. Onc
of the new IC’s is a quadruple
fuel adder that adds four 2-bit
numbers. TI says that systems de-
signers can slash costs by 41% by
using this circuit instead of four
single IC adders. Other devices
in the line include counters and
a decoder-driver.

= Money for SRAM. The Air
Force has awarded the Boeing Co.
a contract to develop and build a
short-range missile system. SRAM,
a nuclear missile, will have a range
of about 100 miles. Boeing is re-
ceiving $142.3 million to develop
the system and $93.5 million for
production.
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The Semiconductor Bug.

Our production people didn’t want us to show
our new Unibloc* integrated circuit dual in-line
plastic package on its back like this. They said
it made it look too much like a bug.

We assured them that when designers found out
about the multi-function integrated circuits it con-
tained and the ease of handling this package offers
for production assembly, they wouldn’t hold it
against us.

We knew, too, that when the reliability and

~ whene the priceloss ingrediont i cane!

standards boys found out that it was a solid, single-
piece, pressure-molded bug, er-r-r package, that
offers unusual physical strength for internal leads
and connections, they would come around to our
way of thinking, too.

If you’re interested, we have availability on these
like ants at a picnic . . . complete with MRTL* and
MDTL?* integrated circuits inside. One thing about
the price though — it won’t bug you.

Contact us.

*Trademark of Motorola Inc.

MOTOROLA

Semiconductor Products Inc.

MOTOROLA SEMICONDUCTOR PRODUCTS INC., P. 0. BOX 955, PHOENIX, ARIZ. 85001 (602) 273-6900 TWX 910-951-1334
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Who would have ever thought
this tiny rectifier could start

We, least of all, did . . .

In spite of the fact that the essential feature of a
controlled avalanche rectifier has been a property
of all Unitrode diodes ever built.

In fact, our production of these devices pre-
dated the generalacceptance of the term ““‘controlled
avalanche” by some two years. But we didn’t
start out with theintention of creatinga disturbance.

All we wanted to do was create a diode that
offered high power and surge capability in small
size, stability of electrical parameters throughout

62

life, mechanical ruggedness and stability, and all
unaffected by any environmental testing.

Create is the word. Because, the Unitrode design
did require creation of entirely new manufacturing
methods. So we created. And by creating a com-
pletely new method of bonding silicon to metal and
fusing the junction in a voidless, hard glass sleeve,
we’ve come up with a line of monolithic high
reliability components that beat anything else on
the market.

For instance, we now offer semi-conductors that
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an avalanche?

are roughly 1/100 the size and weight of their
conventional counterparts. With about 20 times
the power overload capacity. And capable of
handling as much energy in the avalanche as in
the forward direction.

We can even guarantee they’ll be completely
unaffected by physical shock, vibration, accelera-
tion, temperature cycling, temperature shock and
long-term temperature exposures. In fact, we can
virtually guarantee that they’ll never fail. Ever.

It’s a good feeling to know your product is right.
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And it’s a good feeling to know that’s why you've
grown 17009, in the last five years.

If your company needs diodes with the unique
characteristics of Unitrode’s, why not get in touch
with us? We’ll be glad to send you complete in-
formation and samples, too.

We're at 580 Pleasant St., Watertown, Mass.
02172. Telephone (617) 926-0404.
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Corning quietly announces




the FP Resistor: new, blue, and flameproof!

Low-power resistors that won’t burn under extreme
overloads will soon be available in 2, 3, 4, 5, 7
and 10 watt ratings. The same sizes and
stability as in the famous CORNING®
LP1 Resistors. Available only from

CORNING
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ONLY HONEYWELL OFFERS

THE SMALLEST
...FASTEST
...MOST POWERFUL
16-BIT 1/C COMPUTER =
AVAILABLE TODAY! =

SPECIFICATION SUMMARY THE NEW u-COMP DDP-516 . . . is

66

being manufactured and delivered today
— complete with an extensive software
package.

Type 16-bit parallel It’s no surprise that the DDP-516 from
binary Honeywell, Camputer Control Division
Console Movable is the most advanced commercial 1/C
Addressing Indirect/indexing compact tco'"'}pt‘l*_']t_e('; you cat'_‘ find tC;]d,ay
. . . . a natural third generation machine
:\:A;crlr;or_r)_/in?;ze ggotz::c';gfo:g;ds from the house tha_t built the first 16-bit
Add 1.82 psecs compact and the first I/C computer.
Single Word SPEED . . . YOU GET 520,000 COMPU-
1/0 Transfer 1.92 psecs TATIONS PER SECOND. Memory pro-
Automatic (Cycle tection and power failure interrupt are
Stealing) 1/0 Over e sta_nqard. High. performance a_rithmetic
Traréter (16-bit words) unit includes high speed multiply (5.28
. usec), divide (10.56 usec) and double
Weight 25’0 lE)s. precision add (2.88 usec). The 4K
Temperature 0°-45°C 4-STORE ICM-40 core memory (expand-
Hardware Index able to 32K) features 960 nanosecond
Register cycle time. This is the same field-proven
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memory used in the DDP-124 |/C
general purpose computer . . . the
same memory unit that’s the favorite
of many systems’ builders.

And that’s not all . . . the DDP-516 is
ideal for on-line real-time applications
because of its unusually flexible 1/0.
Priority interrupt (individually mask-
able) is standard. DMC allows economi-
cal multiplexing of up to 16 devices,
all simultaneously time sharing the 1/0
bus. Megacycle 1/0 rates are duck-soup
for cycle stealing DMA.

DDP-516 HIGH PERFORMANCE HARD-
WARE IS ALL 1/C. p-PAC logic modules
are used throughout. They are packaged
in a 24” x 24” x 38” mainframe that
features front access to both modules
and interwiring. You'll also find that
field expansion and plug-in option addi-
tions are easy because of basic hard-
ware modular construction.
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RELIABILITY SPECIFICATIONS CAN'T
BE TOUCHED. MTBF: about two years
under normal 40-hour week operation.
That’s 1/C for you — and 3C.

SOFTWARE INCLUDES 250 FIELD-
PROVEN PROGRAMS . . ., including a
complete library of subroutines plus
additional software from 3C’s active
users’ group. The compiler is ASA FOR-
TRAN IV. The assembler operates in a
selectable one—or two-pass mode and
features a unique DESECTORIZING
technique that lets you ignore memory
addressing restrictions.

That’s a lot of software. Best of all,
this software kit is ready to use. 3C
delivered more than 125 16-bit com-
puters during the past two years. Since
our 16-bit programs are compatible
with the DDP-516, you get field-proven
software ready to go on line.

Above: DDP-516 with 16K 1/C core memory.

i P el

NS Al

R AN

:

PRICE: $25,000 including total soft-
ware package.

DELIVERY: software immediately, hard-
ware in as few as 90 days. Units are
now being built for use in control ap-
plications, data acquisition, message
communications and laboratory work.

WRITE TODAY! Get our new u-COMP
DDP-516 summary brochure. It gives
you all the facts and it's yours for the
asking. HONEYWELL, Computer Control
Division, Old Connecticut Path, Fram-
ingham, Mass, 01701.

Honeywell

@_COMPUTER CONTROL DIVISION
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Westinghouse warrants to the original
purchaser that it will correct any defect
or defects in workmanship, by repair or
replacement f.o.b. factory, for any sili
con power semiconductor bearing this symbol
during the life of the equipment in which it is orig-
inally installed, provided said device is used with-
in manufacturer's published ratings and applied
in accordance with good engineering practice.
This warranty shall constitute a fulfillment of all
Westinghouse liabilities in respect to said prod-
uots. This warranty is in lieu of all other warranties
expressed or implied. Westinghouse shali not be
liable for any consequential damages.



70% higher surge ratings in 35 to 300 amp thyristors

Use new Westinghouse CBE devices with the Lifetime Guarantee Symbol.

e R g

You'll find the most usable thyristor charac-
teristics in the industry with Westinghouse
CBE-design SCR’s. Surge and it ratings
are up to 70% higher than previous conven-
tional types (see table). This allows optimum
fuse coordination with the intermittent
loads typical of thyristor circuits.

In steady-state situations, these CBE-design
thyristors can be run at higher case
temperatures. You can use smaller, lower-
cost heat sinks with them. Or you can use

them in 17% to 25% higher current
applications with present heat sink designs.

There’s a concrete, sensible reason behind
the higher capabilities of Westinghouse
thyristors. Exclusive CBE design
(Compression-Bonded Encapsulation)
eliminates solder joints. Washer-type
springs join semiconductor elements by
compression alone. With conventional
solder joints gone, the prime cause of
thermal fatigue is eliminated. And thermal

impedance is reduced 30% to 40%. This
gives you the increased surge and current
ratings.

Your Westinghouse distributor has
CBE-design thyristors in both standard and
fast-switching types. And all have the
unique Westinghouse Lifetime Guarantee. *
Call your distributor for immediate delivery.
Or write Westinghouse for complete techni-
cal data. Westinghouse Semiconductor
Division, Youngwood, Pennsylvania.

® UNITS SURGE | FORWARD CURRENT MIN.DV/DT | SWITCHING®
DEVICE {COMPARED HAVE |CURRENT | AMPS@Case | THERMAL | MAX. SPEED
TYPE | SAMECASE SIZE | AMPS TEMP.SHOWN | IMPEDANCE | ¥FB | £xp. to VFB TorF
219 CBE Rating 1200 35@97°C. .35"C/W 1400 | 100Vusec 40usec typ.
Prior Rating 700 28@97°C. 5 C/W 1000 | No Rating No Rating
254 CBE Rating 1600 70@ 82°C. 28°C/W 1400 | 100Vusec 40usec typ.
(2N4361-
2N4378) | Prior Rating 1000 57 @ 82°C. 5 °C/W 1000 | No Rating No Rating
218 CBE Rating 3300 125 @ 88°C. 15°C/W 1400 | 100Vusec(® |40usec typ.
No comp. unit None None None None | None None
220 CBE Rating 4500 175 @83°C. 13°C/wW 1200 50Vusec 50usec typ.
(2N3884-
2N3894) | Prior Rating 3500 150@76°C, 20°C/W 600 | No Rating No Rating
223 CBE Rating 5000 300 .18°C/W 1200 S0Vusec 50usec typ.
Prior Rating 5000 2500 22°C/W 1000 | No Rating No Rating
2191 &
2192 CBE Rating 1200 35@97°C. .35°C/W 1000 | 100Vusec 15 & 20usec max.
Prior Rating 500 23@97°C. 5 “C/W 600 | 100Vusec® | 15usec max.
2541 &
2542 CBE Rating 1400 70 @ 67°C. .28°C/W 1000 | 100Vusec 15 & 20usec max.
Prior Rating 750 70 @ 50°C. 4 °C/W 600 | 100Vusec® | 15usec max.
2181 CBE Rating 3200 125 @ 88°C. \15°C/W 1000 | 100Vusec® |20usec max.
No comp. unit None None None None |None None
2201 CBE Rating 4000 175 @ 80°C. 13°C/wW 1000 50Vusec 25usec max.
No comp. unit None None None None | None None
2231 CBE Rating 4500 300® .18°C/W 1000 5QVusec 30usec max.
No comp. unit None None None None | None None
@ Exponential to .8 VFB @ Has integral heat sink for forced air cooling ® Linearto .8 VFB
@ Those devices above line —standard speed, those below —fast

Wes(mghouse'CBE-deslgn thyristors have surge ratings CBE design eliminates soider, uses spring washers to join
up to 70% higher than previous conventional types. thyristor elements by compression. Result: higher surge, cur-
rent and 1%t ratings.

Available at these Westinghouse electronic distributors:

ALBUQUERQUE, N. M./Kierulff Electronics Corp. 505 268-3901 EL PASO, TEX./Midland Specialty Co. <o 915 533-9555 MT. VIEW, CAL./Elmar Electronics, Inc. .. . 415 961-3611
ATLANTA, GA./Specialty Oist. Co. 404 873-2521 FT. WAYNE, INO./Ft. Wayne Electronics Sup., Inc...... 219 742-4246 MT. VIEW, CAL./Hamilton Electro North 415 961-7000
BALTIMORE, MD./Kann-Ellert Electronics, Inc. 301 889-4242 GARLANO, TEX./Hall-Mark Electronics Corp. 214 276-8531 NEW YORK, N. Y./Milgray Electronics, Inc. 212 989-1600
BALTIMORE. MO./Valley Eiectronics, Inc. 301 668-4900 GREENVILLE, S. C./Gilliam Radio Co., Inc. 803 235-0438 ORLANOO, FLA./Electronic Wholesalers, Inc. 305 841-1550
BINGHAMTON, N. Y./Stack Industrial Electronics ... 607 723-6326 HAMOEN, CONN./Cramer Efectronics, Inc. 203 288-7771 ORLANOO, FLA./Hall-Mark Etectronics Corp. 305 855-4020
BIRMINGHAM, ALA./ACK Semiconductors, Inc. 205 322-0588 HOUSTON, TEX./Hall-Mark Electronics Corp. 713 781-0011 PERTH AMBOY, N. J./Atlas Electronics, Inc. ... 201 HI 2-8000
BOSTON, MASS./Cramer Electronics, tnc. 617 969-7700 HOUSTON, TEX./Lenert Company 713 224-2663 PHILAOELPHIA, PA./Milgray Oelaware Valley, tnc. 215 BA 8-2000
BUFFALO, N. Y./Genesee Radio & Parts Cr, Inc. 716 873-9661 HUNTSVILLE, ALA./Electronic Wholesalers, Inc. .......-205 539-5722 PHOENIX, ARIZ./Kierulff Electronics Corp. .. 602 2737331
CAMDEN, N. J./General Radio Supply Cu., Inc. 609 964-8560 INOIANAPOLIS, INO./Radlo Oistributing Co. 317 637-5571 PITTSBURGH, PA./Cameradio Company 412 391-4000
CHARLESTON, W. VA./Charleston Elec. Sup. Co. 304 346-0321 INGLEW0O0O, CAL./Newark Electronics o213 678-0441 SAN OIEGO, CAL./Hamilton Electro of San Oiego .. 714 279-2421
CHICAGO, ILL.7Avnet Electronics of lllinois 312678-8160 KANSAS CITY, MO./E. C. |. Co. 816 9310829 SAN FRANCISCO, CAL./Fortune Electronics 415 826-8811
CHICAGO, ILL./Semiconductor Specialists, Inc. 312 622-8860 LOS ANGELES, CAL./Hamiiton Electro Sales ... 2138707171 SEATTLE, WASH./Hamiiton Elec. Sales/Pac. N. W. 206 624-5930
CINCINNATI, 0./Sheridan Sales Company 513 761-5432 LOS ANGELES, CAL./K-Tronics 213 685-5888 SEATTLE, WASH./Kierulff Electronics Corp. 206 725-1550
CLEVELANO, 0./Radio & Electronic Parts Corp. 216 881-6060 MILWAUKEE, WIS./Taylor Electric Co. 414 964-4321 ST. LOUIS, MO./E. €. I. Co. 314 647-5505
DALLAS, TEX./The Altair Co. 214 A0 1.5166 MINNEAPOLIS, MINN./Semiconductor Spec., Inc. .. 612 866-3434 ST. LOUIS, MO./Hall-Mark Etectronics Corp. 314 521-3800
DAYTON, 0./John A. Becker Co. 513 224-1071 MINNEAPOLIS, MINN./Harry Starks, Inc. . 612 332-1325 SYRACUSE, N. Y./Cramer Electronics, Inc./Eastern....315 455-6641
DEARBORN, MICH./Semiconductor Spec. 313 2714240 MONTREAL, P. Q./Prelco Electronics Ltd. 389-8051 TORONTO, ONT./Avnet Electronics Ltd. ... .789-2621 789-4685
DENVER, COLO./Electronic Parts Co. 303 266-3755 MOORESTOWN, N. J./Angus, Inc. ... 609 235-1900 WASHINGTON, D.C./Milgray/Washington, Inc. 202 864-6330
DENVER, COLO./Kierulff Electronics Corp. ... 303 825-7033 WESTBURY, L. ., N. Y./Schweber Electronics 516 334.7474

You can be sure if it's Westinghouse

SC-2076-A
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Delegate

your
communication
system
dependability
problem

to us.

If we haven't
already solved it,
we will. That
goes for your
size/weight,
compatibility and
message integrity
problems too.

6 YEARS
NO MISSION FAILURE

ECI's AN/ARC-89(V)
communication system
for SAC Airborne
Command Post has

been operatin
P 9 ELECTRONIC COMMUNICATIONS, INC.

continuously since ST. PETERSBURG DIVISION

February 1961. New To investigate career opportunities in

ECI miniaturized system communications, call or write Mr. Chuck Kelly,
assures an even Professional Placement Office, Electronic
Communications Inc., P.O. Box 12248,

St. Petersburg, Florida 33733.

Telephone (813) 347-1121. (Equal opportunity

greater dependability

as established in
recent USAF tests. employer, M & F.)
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THE DEATH OF

AN AGGRAVATION

Power Qutput

Typica| reflector voltage.
&—— range specification for

(An encouraging note
for those concerned
with the application
of reflex klystrons.)

10 tubes of single type

I |
& Speny

's single reflestor
voltage specification for
10 $ubes of Single type

Y

o 50 100

T
200

'k

Reflector Voltage

All the reflex klystrons in your next
order can have the same reflector
voltage! A remarkable new devel-
opment from Sperry has eliminated
the familiar problem of searching a
wide reflector voltage range for
proper tuning. Tube replacements
can be made in the field with no
adjustments to either tube or
system.

You no longer need a power
supply that can allow for large and
unpredictable reflector voltage
variations. You no longer need a
potentiometer to adjust the reflector
voltage, or the test gear required for
tuning the tube in the field.

Now you simply decide what
reflector voltage you want and tell
us. As the chart above indicates, we

Evaluate Sperry for Value! This
new development comes from
the Sperry Storehouse of Know-
iedge . . . for more than 25
years the outstanding source
of improvements in microwave
tubes. Our inventory is tech-
nology. Draw on it whenever
you need outstanding perform-
ance from klystrons, traveling
wave tubes, or backward wave
oscillators.

SPERRY

DIVISION OFP
SPERRY RAND
CORPORATION

can put the center frequency right
where you want it and deliver the
tube either fixed-tuned or mechan-
ically tunable.

There’s other beneficial fallout
from this concept. Many characteris-
tics, such as modulation sensitivity,
are more uniform from tube to tube.
And, as far as shock and vibration
are concerned, our tubes are state-
of-the-art.

Sperry technology has now per-
fected reflex klystrons that offer the
new single reflector voltage principle
for a variety of applications in X,
U, K and V bands.

Like to know how we do it?
Write for your free copy of a new
technical paper by Sperry’s J. D.
Feehan. It has the details.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives: Cain & Co., Los Angeles, 783-4700; Boston, 665-8600; Arlington Heights, 253-3578; Dallas, 369-2897; Dayton,
228-2433; Eastchester, 337-3445; Philadelphia, 828-3861; San Francisco, 948-6533; Syracuse, 463-0462; Washington, 296-8265; South Amboy,
727-1900; Huntsville, 534-7955; Dade City, 422-3460; Montreal, 844-0089.
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Cable may replace
ailing tropo link
in Southeast Asia

Navy gets ‘no’
on additional
A-6A aircraft

NASA seeks funds
for space workshop
and telescope

Airlines’ satellite
faces delay

Electronics [ November 14, 1966

Washington Newsletter

November 14, 1966

Technical problems with a 450-mile troposcatter communications link
in Southeast Asia reportedly is the reason for the current urgency in lay-
ing an undersea cable between Saigon, South Vietnam and Bangkok,
Thailand. Neither the Philco-Ford Corp., a subsidiary of the Ford Motor
Co., the tropo system builder, nor the military agencies involved would
confirm that the Air Force cable—439L—would replace the Army-oper-
ated tropo link when the cable is completed in April. But officials
acknowledge that the tropo link, operating with parabolic antennas at 2
gigahertz, had been out of service for as much as 10% of the time earlier
this year.

The troposcatter system—longest in Southeast Asia—is a recently
upgraded part of the Integrated Wideband Communications System
[Electronics, Oct. 3, p. 167]. The addition of high-efficiency feed horns,
improved receivers and new low-noise amplifiers should solve the outage
problem, maintains the Philco-Ford Corp. The $26.3 million contract for
building 439L was awarded in March to Page Communications Engi-
neers Inc., a Northrop Corp. subsidiary.

In testimony still classified, Defense Secretary Robert S. McNamara
reportedly told a House Armed Services special investigations subcom-
mittee that the Navy’s request for additional A-6A all-weather aircraft
had to be turned down because avionics producers were too busy to take
on the job.

Although McNamara didn’t name the companies, the major suppliers
of A-6A avionics now include Litton Industries Inc. for the digital com-
puter and inertial navigation system; the Norden division of United Air-
craft Corp. for the Ku-band radar; and the GPL division of General
Precision Inc. for the doppler system. McNamara said the Navy would
have to be satisfied with the A-4F, a plane in which the pilot must make
a visual sighting of the target before dropping his bombs.

The National Aeronautics and Space Administration, pushing ahead to
get the Apollo Applications Program moving, will ask Congress for funds
for initial hardware. The agency is now evaluating some 20 proposals and
will seek money in 1967 for two: a telescope using sophisticated elec-
tronics to be mounted on the Apollo spacecraft to observe the sun, and
an airlock so astronauts can enter a spent stage of the Saturn launch
vehicle to conduct experiments requiring zero gravity. One of the two,
probably the workshop, could fly as early as the fourth manned Apollo
mission late next year.

Despite the enthusiastic response from airlines and the Federal Aviation
Agency for a demonstration satellite to relay very high frequency com-
munications from transoceanic airliners [Electronics, Oct. 3, p. 171],
the current target launch date of late 1968 is beginning to look overly
optimistic.

The early operational use of such a satellite was not supported by any
other nation at the recent Montreal meeting of the International Civil
Aviation Organization. Additionally, a cautious attitude to the Com-
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Second Apollo crew
will search stars
in key experiment

Antimissile system
still a Chinese puzzle

1967 launch date
likely for second
in Intelsat 2 series .

Competition
coming from
Comsat center

74

Washington Newsletter

munications Satellite Corp.’s timetable for putting up Aerocom was urged
by the House Government Operations Committee in a recent report.
It recommended that the FAA work closely with the National Aeronautics
and Space Administration to gain more knowledge and information before
contracting for the prototype system.

Vhf tests will be conducted next year on the space agency’s Applica-
tions Technology Satellite.

Space agency officials call one of the 16 experiments scheduled for the
second Apollo flight the most complicated electronics test ever flown in
a manned United States spacecraft.

The astronauts who fly the mission, planned for next summer, will
have aboard four proportional counters to measure low-energy X-rays
from stellar sources. The crew will have to maneuver the spacecraft to
align the counters with the desired stars. The first Apollo launch, recently
rescheduled from early December to mid-January, will have 11 experi-
ments on board.

Despite China’s successful test of a medium-range nuclear missile last
month, the outlook remains dim that the fiscal 1968 budget will include
funds to deploy the Nike-X antimissile system [Electronics, Oct. 3, p. 76].
Pentagon planners are examining a stripped-down version of Nike-X to
counter any Red Chinese threat. It would be much less expensive than a
full-scale antimissile system.

Failure of the apogee motor to put the Communications Satellite Corp.’s
Intelsat 2 satellite into stationary orbit over the Pacific Ocean last month
has caused the postponement of the second satellite launch in the series
from Nov. 23 until early next year. But Comsat is hopeful that the satellite
launched Oct. 26, and now in a 12-hour elliptical orbit, will be able to
relay eight to 10 hours of commercial traffic daily between Hawaii and
the United States.

The satellite’s primary job was to provide six channels for the space
agency’s Apollo communications network—something it won’t be able
to do. Comsat’s delay in providing these circuits, however, is not
expected to affect any Apollo mission schedules.

Preliminary data on last month’s launch indicates the satellite’s apogee
engine was subjected to much colder temperatures than the design
specifications called for. If this is confirmed in ground tests to be con-
ducted at Hughes Aircraft Co., the satellite builder, protective shielding
will be installed on the remaining three satellites.

It won’t be operating until 1968, but producers of satellite equipment are
already worrying about competition from the Communications Satellite
Corps $10-million research center. Comsat recently picked a site in
Maryland, about 30 miles from Washington, and announced that it was
seeking a top man from industry to head the new center.

A highly placed Comsat official gave the industry cause for concern
when he said that the corporation will build some flight hardware and
that he wouldn’t rule out satellites. The center will work on ground
station equipment and may build terminals for operational use.
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What solvent
meets“white room”
standards for
rocket fuel
systems?

Liquidometer says:

[FRECKN
Precision
Cleaning Agent.

Liquidometer Aerospace Division of
Simmonds Precision Products, Inc., in
Long Island City, N. Y., maintains one
of the world’s most efficient “white
rooms”’ to insure the microscopicclean-
liness of their rocket fuel sensing de-
vices. That’s because the slightest par-
ticle of metal, organic residue or other
contaminant could endanger the success
of space missions. And that’s why the
solvent used to clean these critical com-
ponents is FREON Precision Cleaning
Agent.
FREONisaselectivesolvent—itcleans
without affecting commonly used ma-
terials of construction. Its low surface
tension penetrates the smallest pores
and crevices. Itshigh density floats away
all particulate matter. Its excellent sta-
bility permits reuse after recovery by
simpledistillationandfiltration. FREON
isnonflammable,and unlike many other
solvents, relatively nontoxic. Special ex-
haust systems are rarely needed.
Whether or not you clean to “white
room” standards, chances are you can
clean better, faster and at lower cost
with a FREON solvent. For more infor-
mation, write DuPont Co., Room 4344,
Wilmington, Delaware 19898. (In Eu-
rope, write Du Pont de Ne- v
mours International S.A., B
FREON Products Division, 81 FREON
Route de I’Aire, CH 1211 Ge-
neva 24, Switzerland.)

Better Things for Better Living
through Chemistry

A6,y 3. par.of.
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You need only half the space to get

76

low, constant contact resistance

r/ ;
...the new subminiature
Mercury-Wetted Contact Relay § o
for PCB Mounting N

Actual Size
1% long 17/ wide .400” high

greater switching density than ever before
possible with mercury-wetted contacts

Here’s why you’ll specify
CLARE TYPE HGSR

* SENSITIVE
20 mw bi-stable, 40mw single side stable

* HIGH SPEED
1.0 ms nominal operate time at max coil powet

#* LONG LIFE
More than 20 x 10° operations at rated load

#* LOW, CONSTANT CONTACT RESISTANCE
20 milliohms max contact circuit resistance
...stable within =2 milliohms over relay life

* POSITIVE ON-OFF SWITCHING
No contact bounce, minimum contact noise generation

#* CHOICE OF CONTACTS
Form C or Form D
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Now you can design around the same con-
sistent and dependable characteristics pro-
vided by the CLARE Type HGSM Relay
—in half the size! That means you can fit
the Type HGSR into modern electronic sys-
tems, getting mercury-wetted contact relay
action on printed ecircuit boards.

The Type HGSR will give you complete
freedom from contact bounce and chatter,
with input-output isolation and high speed
which qualify it as an excellent input buffer
to solid state circuitry. Or, if you need high
power gain as an output device from solid
state systems, the Type HGSR will give you
gain up to 5000.

As scanner contacts in checkout systems,

ne sensttivity, long life, and
{ mercury-wetted contact relays

the Type HGSR can withstand hi-pot volt-
age of 1000 vac, with 1500 vac offered on
special-order. Constant contact resistance
(within + 2 milliohms of initial value over
20-billion operation life) is extremely impor-
tant in critical measuring circuits. For tape
transport read-write head switching, the
Type HGSR offers the remarkable combina-
tion of high speed and low contact noise
generation without false signaling due to
contact bounce or chatter.

Get the full story on the Clare Type HGSR,
and you’ll discover new opportunities for
high-reliability ecircuits, handling low level
to 100 va, ac or de, for over 20 billion opera-

tions without derating.

CHOOSE THE PCB RELAY YOU NEED FROM CLARE’'S COMPLETE LINE

§ amp, not switched

not switched

(Note 2)

Inrush load (avg)
10 ms 20 amp 20 amp 50 amp
10 sec 4 amp 4 amp 10 amp
100 sec 2 amp 2 amp 5 amp
Clreliirireaiitincd ¢imat) 20 millichms 20 millichms 35 millichms

Variation less than + 2 millichms from initial value over 20 x 109 operations
(Independent of current or voltage)

NOTES:
2. Measured at 6 vdc, 100 ma.

3. Depending on number of contacts.

1. Except for very light loads such as thermocouples and strain gauges, contacts must be
protected by a resistor-capacitor suppression circuit.
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Clare also offers
Mercury-Wetted
Contact Relays for
wired assemblies...

withothercomponents

Series Series Series Series Series Series ¢ :
as well as in printed
10000 50000 10000 50000 1000 5000 circuit board
Dimensions . - ¥ Y assemblies, combined
(lxw;h) 1%6" x 14, " x 400 2" X %" x 625 3% X% X"
mounted on pcb’s
Ceiiag® (ide 1) 1FormD | 1FormC | 1FormD | 1FormC [182FormD|182FormC| 18&2FormD | supplied by Clare or
gliap Cptit) customer. See Clare
Ratings 5amp,500v, | Manual 201D.
Switsbedload (max) 2 amp, 500 v, 100 va 2 amp, 500 v, 100 va 250 va
Carry load (max) 5 amp, not switched 10 amp,

For complete data,
write Group 11N8
C.P.CLARE & CO.
3101 Pratt Boulevard

Operating voltage Up to 90 vde Up to 90 vdc Up to 90 vdc Chicago. Illinois 60645
Operate time 1.2 ms single side stable As low as
(nom) at max 1.0ms 10ms 1.0 ms bi-stable 24 ms
coil power (Note 3) (Note 3)
Sensitivity 20 mw either winding of | 20 mw either winding of 25 mw
Bi-stable double wound coil double wound coil (Note 3) As low as CLARE
550 mw ®
Single Side Stable 40 mw single wound coil, | 40 mw single wound coil, 115 mw (Note 3)
80 mw either winding 80 mw either winding ( Note 3)
of double wound coil of double wound coil

relays and related control components
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If you think

you've seen

low-priced
multi-function

plastic dual in-line
integrated circuits. . .




MRTL* — MC700P Series

A 3-Input Gate (MC715P)
uad 2-lnput Gate (MC717P)

K Flip-Flop (MC790P)
3-Input Gate (MC792P)
g 3-Input Gate (MC793P)
uffer (MC798P)

CALL YOUR MOTOROLA DISTRIBUTOR
RIGHT NOW!

MOTOROLA Semiconductors
~ whene the priceless ingredient & cane!

Circle 79 on reader service card
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.. Think again.

One-999 1000-4999

$1.00
1.08
1.00
1.08
1.35
1.08
1.08
1.35
1.08
2.00
1.20
1.20
135
1.08

1.55
3.00
1.65
1.35
1.65

1.65
3.00
1.65

1.15
2.25
1.25
1.00

225
1.25
2.25
1.25
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crisp, classic
Horizon Line?
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G et

trim, built-in
Horizon Line?

Built-in or front-mounted, General
Electric HORIZON LINE® panel
meters add quiet sophistication that
accents, never dominates your elec-
tronic equipment. Check these dis-
tinctive HORIZON LINE features:
smart, low-profile; clean, soft line;
fine-precision markings. All ratings
are available in 212", 3%", and 4%2".

distinctive
Big Look?

—
40 80 g

20 kvt 10

oY Yo,

\'-\ ,I",

(4
D-C AMPERES 120
SENERAL (05 ELECTMIC

Add bold, exciting, truly distinctive
styling to your electronic equipment
with General Electric BIG LOOK®
panel meters. Panelboards take on
added flair with such BIG LOOK fea-
tures as . . . big, bold numerals,
uncluttered display, tapered pointer,
stylish shape, plus many others. All
ratings are available in 11", 21",
312", 42",
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Besides saving you valuable panel
space, General Electric slim-line
Type 185 EDGEWISE panel meters
add exceptional styling and read-
ability to your electronic equipment.
These 2%” Type 185 EDGEWISE
panel meters can be mounted in-
dividually or in space-saving clusters
of two, three, or more. All ratings
are available for vertical or horizon-
tal mounting, with or without bezels.

smart, slim
edgewise?

i
LTy

13 100

5 50
DC VOLTS

®
IR RN AR

1 25 § 50 13 100

style-matched
time meters?

2]

110

GENERAL (B)) ELECTRIC

NP221874 J

o

Distinctive BIG LOOK styling is yours
with General Electric BIG LOOK
elapsed time meters. These “look-
alike” time meters combine to give
your equipment uniformity and
beauty. G-E elapsed time meters
measure either hours or minutes
with or without a reset knob. All
ratings are available in 2%2” and 3%2".

bright, bold
meter relay?

Add years ahead BIG LOOK styling
to your equipment with General
Electric Type 195 contactless meter
relays, featuring a totally new, solid-
state, light-sensitive switch for the
uitimate in control simplicity and
readability. “Piggyback’” control
modules make for faster, easier in-
stallation. Companion pyrometers
are also offered. All ratings are avail-
able in three sizes (215", 312", 41%")
with single or double setpoints.

You can get it...from General Electric’s full line

And, of course, General Electric’s full line of panel meters is unmatched for accuracy and reli-
ability. They're as near as your dependable G-E electronic distributor or sales office. You get
fast delivery, too. For free descriptive bulletins describing G.E.'s full line of panel meters, write

General Electric Co., Section 592-25A,
Schenectady, New York 12305.

GENERAL &3 ELECTRIC
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To put it in writing...

look to the great family of

— Bbrush recorders.

No matter what your direct writing recording requirements, look to Brush for
the optimum answer. There's the famous Mark 200° series of modular systems
plus a complete line of high-performance portable and general purpose
recorders. All built by Brush to give you the best written records in the world.

—brush Recorder Mark 200° Series

Al Solid State « Series 1707
Position-Feedback Controlled

The Series 1707 line is-a new generation of Brush
Mark200-RecorderSystem combining the advantages
of all solid state electronics with modularconstruction
and a flexibility in application never before achieved.
The result is a totally new concept in instrument
design which allows any system to be tailored to
specific requirements by selection from a broad range
of “building block’ subsystems.

Choice of Penmotors

{Mark 200 accommodates any 4; Mark 240 accommodates any 2)

80 mm Dual

40 mm

Choice of Input Preamplifiers

s ™S 3 0b600
] -5 a'eal
P BS B

- . uru»(hc’j
-§'=°:ﬂ.§,
o R e 2
a %9088 00
—.-.-;:“--_,-.

Pushbutton attenuator
(Series 4100)

82

it e

8-channel!
“Multimarker”

Yo guvy)PF

13333368 ¢
] Rotary attenuator
z (Series 4100 & 4400)

» Plug-in modules
FE (Series 4200)

All Solid State Recorder « Mark 240

Paosition-Feedback Controlled

This versatile, high accuracy
direct writing recorder is a
complete, self-contained sys-
tem designed for a very wide
range of applications where
resolution and precision in
measurement are required. it
may be mounted vertically or
horizontally in standard 19“
racks to RETMA specifications,
or in Brush racks, or bench-

top cabinets,

Mark 200

Mark 240

No. of Channels

Choice of

2 to 8-40 mm ch.
1to0 4-80 mm ch.
8 to 32-event ch.

Choice of

2 to 4-40 mm ch.
1to 2-80 mm ch.
8 to 16-event ch.

(ALL ALIKE, OR IN COMBINATION)

Penmotor type

Position feedback

Position feedback

Writing method

Pressurized ink

Pressurized ink

Trace presentation Rectilinear Rectilinear

Chart speeds 0.05,0.1,0.2, 0.5 0.05, 0.1, 0.2, 0.5,
12,5, 10, 20, 50 1, 2,5, 10, 20, 50
100, 200mm/sec. 100, 200mm /sec,

Chart capacity 5007 275’

Frequency response
40mm penmotors

—__80mm penmotors _|

Linearity

§5 cps full scale;
30 cps full scale;

55 cps full scale;

1% % full scale

30 cps full scale; —
14 % full scale =

Configuration

Vertical or horizontal oscillograph |

Input characteristics

Depends on preamplifier used

Chaice of Input
preamplifiers

(High gain, very high

gain, strain, servo and

converter types)

4- or 8-channel
4100 SERIES (50mV, 50K)
o pushbutton attenuator
o rotary attenuator
4400 SERIES (1mV, 1 meg)
© without calibrated

2er0 suppression
o with calibrated zero suppression
PLUG-IN MODULES
4200 SERIES
Coupling preamps (50mV, 50K)
« without zero suppression
e with zero suppression
Medium gain (ImV, 1 meg)
High gain (100 microvolts, 1 meg)
e without zero suppression
e with zero suppression
Very high gain 100K

(1 microvolt, 1 meg)
® without zero suppression
e with zero suppression
Strain-gage (carrier)
Phase-sens. demodulator
Hi-voltage (1000VDC off-ground)
Fteguency deviation converters
e 50 cps
e 60 cps
* 400 cps
AC watts converter
AC volits to DC volts

AC amps to DC volts

Mounts in apy position

Depends on preamplifier used

PLUG-IN. MODULES
4200 SERIES
Coupling preamps (50mV, 50K)
e without zero suppression
* with zero suppression
Medium gain (ImV, 1 meg)
High gain (100 microvolts, 1 meg)
o without zero suppression
e with zero suppression
Very high gain 100K

(1 microvoit, 1 meg)
o without zero suppressiofn
e with zero suppression
Strain-gage (carrier)
Phase-sens. demodulator
Hi-voltage (1000VDC off-ground)
Frequency deviation converters
® 50 cps
* 60 cps
* 400 cps
AC watts converter
AC volts to DC voits
AC amps to DC volts
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Siesen

Mark 842 Hi-torque Penmotor Recorder
Highly versatile pressure-thermal rectilinear
writing system. See list of ‘'plug-in’' preampli-
fiers on facing page.

Mark 280 Dual 80mm Position

Feedback Penmotor Recorder

Portable dual channel system with
rectilinear forced-fluid writing.
#Double-width” 80 mm channels.

Mark 2300
Lightbeam Oscillograph

Application possibilities of this ver-
satile portable recorder are almost
unlimited. Simple incandescent
light-source is fail-safe.

< Mark 10 Potentiometric
Strip Chart Recorder

New 10" strip chart recorder. All
solid state, even the ink! Light-
weight, simple to use, amazingly
versatile, Ten chart speeds, variable
gain, broad electrical range. Ideal

for lab and general purpose require-
ments.
Mark 280 Mark 842 Mark ) Mark 10 Mark 2300
No. Channels
Analog 2 2 2 1 1to16
Event 2 standard 1 standard 2 standard 1 (accessory)
Channel width 80mm 40mm 40mm 10” 6"
Peamotor type Position feedback [Hi-torque d'Arsonval Potentiometric Lightbeam galvo
d'Arsonval
Writing method Pressurized inky |Pressure- Capillary ink “Solid-state” Tungstent
thermal wax-base lightbeam
Trace presentation |Rectilinear Rectilinear Curvilinear Rectilinear Rectilinear
Chart speeds 0.05, 0.1, 0.2 0.05, 0.1, 0.2, 1,5, 25, 1,2,5,10, 02,04,1,2,
05,1,2,5, 0.5,1,2,5, 125mm/sec 20 in./min, §, 10, 25 and
10, 20, 50, 100, 10, 20, 50, 1,2,5,10, 50 ips, plus above
200mm/sec 100, 200mm/sec 20 in./hr. speeds + 100
Frequency response |35cps full scale 75cps full scale |35cps full scale 1cps full scale Depends on galvo
{80mm) (40mm) (40mm) (10 inches) selected —to
2500 cps
Linearity % % tull scale 14 % full scale |29 full scale 0.2% full scale 2% full scale
Input

characteristics

0.5mv/div; 1 meg
constant;
floating

Interchangeable
preamps (see
listing at

left)

10mv/div; 5 meg |50 microvolts/ Varies with

single-ended; div; 1 meg, galvo selected;
10 meg balanced | constant; also impedance 100K
potentiometric floating with
Brush galvo
amplifier

*Total cnart width
{Patent pending

Write for Literature or, for Application Assistance, Contact Your
Brush Factory Branch aor Representative.

Brush Instruments Division, Clevite Corporation, 37th and Perkins,
Cleveland, Ohio 44114,

Sales, service and warehousing centers at Boston, New York, Washington,
Orlando, Cleveland, Detroit, Chicago, Denver, Ho_usto‘n. Los Angeles, San
Francisco, and Seattle; engineering representatives in all key locations.
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Mark Il Portable Recorder

Lightweight, highly versatile—acomplete
dual channel recording system. Anyone
can plugitin, putitin writing anywhere!

,

U

008006666’
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Brush Operations Monitors
30-100-150 channel models

For on-off, go/no-go or other two-state
operations, Pulsed writing, with built-in
electronic switching. Complete with self-
contained power supply and provision
for internal mounting of interchangeable
decadeboards forelectronicinputswitch-
ing in a variety of input modes,

CLEVITE

——brush INSTRUMENTS DIVISION
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NEW LOW PRICES

High Voltage Silicon
Power Transistors

DTS 411 DTS 413 DTS 423
DTS 410 (300v., 3.5a) (400v,, 2.0a) (400v., 3.5a)
(200v., 3.5a) Were $5.75 ea.,, Were $6.50 ea., Were $7.16 ea.,
$1.95 each* now $3.15 ea.* now $3.95 ea.* now $4.95 ea.*
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We just lowered

the cost

of lowering the cost
of high-energy circuits.

From now on, the cost-cutting advantages of Delco
NPN high voltage silicon power transistors cost even
less. Look over the new low prices on the opposite
page.

You can use these transistors in applications ranging
from large screen video deflection and line operated
class A audio output to high voltage, high efliciency
regulators, converters and (VLF) amplifiers.

By using Delco high voltage silicon power transistors,
you can reduce the number and complexity of input,
output and filtering components. Fewer components
mean lower assembly cost, shorter assembly time.
There’s less chance for breakdown—lower mainte-
nance costs. Circuitry can be more compact, lighter
and easier to keep cool.

*Prices shown are for quantities of 1,000 or more.

FIELD UNION, NEW JERSEY** DETROIT, MICHIGAN SANTA MONICA, CALIF.**

SALES Box 1018 Chestnut Station 57 Harper Avenue 726 Santa Monica Blvd.
(201) 687-3770 (313) 873-6560 (213) 393-1465

OFFICES SYRACUSE, NEW YORK CHICAGO, ILLINOIS** General Sales Office:

1054 James Street 5151 N. Harlem Avenue 700 E. Firmin, Kokomo, Ind,

(315) 472-2668 (312) 775-5411 (317) 459-2175

**Office includes fieid lab and resident engineer for applications assistance
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These NPN silicon transistors are fabricated by our
unique Delco 3-D process that provides high voltage
protection, high frequency response and low satura-
tion resistance. Each is packaged in a solid copper
coldweld Delco TO3 case for low thermal resistance.
Inside, they are ruggedly mounted to withstand
mechanical and thermal shock due to special bonding
of the emitter to base contacts.

Contact your nearest Delco sales office or distributor
for complete data, application assistance or immediate
delivery.

| heE Min Power
TYPE | Veeo l (Vscufs") ‘ e, VC@E s Diss
{
200V |

DTS 410 | 200V ok 35A 10@ 2.5A 80W
DTS 411 | 300v (33?:) 3.5A 10@ 258 | 100W
DTS 413 400v (3;?[“’) 2.0A 15@ 1.0 75W

| 325V '
DTs 423 | 400V A 3.5A 10 @ 2.5A | 100W

GM

MARK OF EXCELLENCE

DELCO RADIO

Division of General Motors, Kokomo, Indiana
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CERAMAG" FERRITE PARTS ARE CONSISTENT

Stackpole offers over 30 grades of Ceramag® material. More
are being developed continually. 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, deflection yokes
and rectangular solids. Special tooling is also available.

Stackpole is a name long associated with guality 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
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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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HOP GOSTS

DESIGN LIMIT GURVES PROVIDED IN SIGNETIGS SE400J
OERIES SPEG SHEETS LET YOU GHOP GOSTS OF DESIGN.

Signetics goes farther than anyone
ever has before to anticipate techni-
cal questions and provide meaning-
ful written design data. In addition
to worst case figures, Signetics
SE400J series data sheets provide
System Design Limit Curves. These
allow a designer to predict readily
how a specific system design will
function under conditions other than

worst case. With such information
at hand, the hidden costs of design
—extensive in-house characteriza-
tion, and lengthy specification nego-
tiations — are eliminated. Operative
designs can be made with a mini-
mum of meetings and phone calls.
As efficient as their data sheets, the
SE400J series require 40% to 70%
less power than comparable devices

while maintaining equal or greater
speed and noise immunity. Ideal in
aerospace applications where high
density packaging and the ability to
drive high capacitances are impor-
tant, the series features a dual 5MHz
Binary Element operating on less
than 9mW per flip-flop, and includes
a Dual NAND Gate, Dual Driver-
Buffer and a Quad NAND Gate.

Please send me your unique data sheets on the SE400J series.

SIGNETIGS

INTEGRATED

Name

Company

Address City
State Zip

GIRGUITS

Mail to: Signetics, 811 E. Arques Ave., Sunnyvale, California

A SUBSIDIARY OF CORNING GLASS WORKS

Electronics | November 14, 1966
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Great moments in quality control!

——

Harry Farquardt has a unique id

why not try 3M Brand Inert Liquids
for testing electronic components—
and discovers the perfect test bath.

Harry wasn’t sure what he’d fish out of the beaker.
What he found was that 3M Inert Fluorochemical
Liquids have all the properties of the ideal test bath.

For example, the fluorochemical liquids are
completely inert. And compatible. They have no*
effect on sensitive parts or materials.

These fluids have high dielectric strengths, foo.
There’s never any harmful arcing, when testing a
part under electrical stress.

For another thing, the fluids drain clean. Tested
components dry almost instantly. There's never a
residue. Never a need for cleaning the part

after the bath.

And, finally, the inert liquids offer a wide
temperature range. So you can use the same liquids
in both high and low temperature tests.

Go ahead. Profit from Harry Farquardt’s discovery:
Investigate the use of 3M Brand Inert Fluorochemical
Liquids in your quality control testing.

Chemical Divisiaon Bmm
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Once in a blue moon you’ll find a superior solid-state S-Band transmitter with high
reliability, superior performance, small volume and light weight. One that's compatible
with both SGLS and Unified S-Band systems. One that's built by specialists in RF
equipment, a true telemetry house fully experienced in S-Band operations.

Well, Vector has this superior UHF transmitter in stock.

One model is the Vector TWB-1167 wide-band transmitter, for frequency range 2200-2300 MHz, frequency stable to =0.002%, with
5 watts output. With a negative grid tube amplifier, it delivers 10 to 25 watts at S-Band. Vector's complete range of RF equipment
includes VHF, L- and S-Band transmitters, Beacon transmitters, modulators, power amplifiers and airborne command receivers for all
aerospace environments including high radiation. For more information, call or write Vector, (215) 355-2700.

Vector DIVISION OF UNITED A'TQJRCRAFT CORPORATION

SOUTHAMPTON, PENNSYLVANIA

v“'
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When it comes to electrical tapes, Mystik is king!

Circle 90 on reader service card

No doubt about it, Mystik leads the field in special-purpose tapes.
Our extensive line of top quality products are perfect for hundreds
of applications ranging from conventional industrial uses to the more
sophisticated demands of the space age.

Mystik tapes are made in a wide range of materials including
paper, plastic, cloth and glass cloth as well as many types of films
and foils. They provide physical and performance characteristics of
every description and are suitable for binding, shielding, strapping
and insulating. Mystik pioneered tapes with heat-resistant silicone
adhesives that grip like a vise even when exposed to high tempera-
tures. Other new tapes are continually being developed to keep pace
with the needs of the rapidly-expanding electrical industry.

We’ll gladly prove our right to the “crown’’. Our local distributor
will assist you in selecting the right tape for your application. He’s
in theYellow Pages under ““Tape”’ or write
The Borden Chemical Co., Mystik Tape o~ h) BORDEN
Div., 1700 Winnetka Ave., Northfield, Ill. g CH E MIC Al.
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We call them Microstacks®. They are
being used in the lunar excursion mod-
ule of the Apollo program, the Agena
satellite, and the Minuteman missile.
They take tough temperature require-
ments in stride. Memory cores remain
stable over a wide temperature range.
They can take a beating too. They're
not built like conventional memory
stacks. The “X" and “Y" axis of all the
memory planes are continuously wired,
then assembled in a folded array. This

design, which we originated, eliminates
more than 80% of the solder joints and
reduces size and weight. Stacks are
ultra-reliable when packaged to meet Mil
Spec shock, vibration, humidity, and
other extreme-environment conditions.

When specifications caill for a new
core, or stack configuration, nobody can
match Indiana General's design, devel-
opment, and production capabilities.
We make and sell more ferrite memory
cores than anyone in the world. In fact,

we invented them. Many of our competi-
tors are licensees.

If you have a military application for a
high-reliability, low-power, miniaturized
memory stack we'd like to send you our
new Microstack Bulletin. Write to Mr.
Thomas Loucas, Manager of Sales,
Indiana General Corporation, Elec-
tronics Division/Memory Products,
Keasbey, New Jersey.

INDIANA GENERAL E=3

Our memory stacks play it cool
when Mil Specs make Fhings hot.

COPYRIGHT 1966, INDIANA GENERAL CORPORATION



What's different about OFHC® brand copper?

Its immunity to hydrogen embrittlement

Susceptibility of conventional high-conductivity
copper to embrittlement when brazed or welded in
a hydrogen atmosphere results from oxygen in the
copper. Unconventional OFHC® brand copper is im-
mune. OFHC is oxygen-free, 99.99+% pure copper.
There's no oxygen to unite with hot hydrogen to
form pockets of water vapor. Thus, its structure is
not disrupted. The metal can't become brittle and
lose its strength. [] Freedom from hydrogen em-
brittlement plus high conductivity (averaging
101.6% IACS) is only one of the combinations of
unconventional properties OFHC develops from its
exceptional purity. Other practical advantages over
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conventional coppers include OFHC's ductility and
impact strength. [] The full story of OFHC’s immu-
nity to hydrogen embrittlement is given in OFHC
Technical Bulletin H. Request your free copy today.
It may open up fabricating possibilities you thought
closed—until now.

AMERICAN METAL CLIMAX,INC.

Oxygen-Free Copper Products Group
1270 Avenue of the Americas, New York, N. Y. 10020

These two unretouched photographs of
rectifier stud mounting bases made of
conventional electrolytic tough pitch copper
(ETP) on the left and OFHC® brand copper
on the right, both of which were heated in
hydrogen to simulate brazing, tell the story of
hydrogen embrittlement at a glance. The
ETP stud shows blistering, symptomatic of a
disrupted, brittle structure. The smoothness
of the stud made of OFHC is evidence of

its sound structure.

OFHC" brand copper...
the different copper

Electronics | November 14, 1966




new disciplines in DG

take the models that are “PARTNERS IN POWER”

Two independent Constant Voltage/Constant Current supplies in one 32" high package

Harrison Division now offers a wide selection of all-silicon, dual

output DC power supplies —two 0.01% regulated supplies in l DC VOLTS DC AMPS ‘ MODEL | PRICE
one compact package, each with independent and separately | S i e Al )
adjustable output. Use the two halves as positive and negative ¥ 1 [
sources, or for completely separate functions, or combined in Series | J 7'§ '05 = | __625_1_A Al 3;455
or Parallel for higher voltage or current. [ 020 03 62538 | 445
Two four-position multiple range meters permit setting the full —_ e it T e
scale voltmeter and ammeter values at either 100% or 10% of [ 040 0-1.5 6255A J. 445.
nominal output rating (approx.). Circuitry and meters are foolproof = - —
— no danger of burnout for any DC output combined with any | 0-60 01 | 6257A | 445,
meter range! ——— | T - el
Other dual power supply combinations with higher and lower | 0100 0-75 j. 62588 | 445,
output ratings can be achieved by combining two half-rack width N | Y P | GRS T
supplies. 0-20/0-40 0-.6/0.3 62058 L 235.*
Remote Progr ing and Sensing * All Models Conform to RFI *Model 62058 is only one half-rack width, and features current limiting
Spec MIL-1-6181D » ’ov"vol,uge Protection "Crowbar” Optional instead g: constant current operation. Each output has two selectable output
Avuto-Series, —Tracking, —Parallel » Front ond Reor Output Ter- ranges. Also available at $195 with two standard V/A meters.

minals » No Overshoot on Turn-On/Off or AC Power Removal

HEWLETT

PACKARD \Bp' HARRISON
Contact your nearest Hewlett-Packard Sales Office for full specifications D I VISI O N

100 Locust Ave., Berkeley Heights, New Jersey 07922 TELEPHONE 201 - 464-1234 twx 710-984-7972 HioA
Circle 93 on reader service card
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ore, plane or

stack problems?

Take ’em to the experts.

Us.

Core? Construction? Format? Hos-
tile environment? Whatever your
problem, we've probably seen—
and solved—it before. If not, Fer-
roxcube experts Wwill always find
the shortest path to the right an-
swer. For instance —

Application: Core memory stack
for real-time display system in
ship-board fire control computer.
Problem: Hostile thermal environ-
ment, critically limited space re-
strictions.

Solution: Single-area, double mat-
ted printed-circuit board construc-
tion; bus-wire bridging to allow
air-flow cooling of 30-mil wide tem-
perature range cores.

Application: Core memory stack
for navigational guidance comput-
er in commercial avionics system.
Problem: Mil-reliability at commer-
cial prices; NDRO operation; vol-
ume reproducibility.

Solution: Single-area, single-mat-
ted plane, plastic laminated termi-
nal frame construction; bootstrap
patterns with 30-mil cores on ex-
tremely tight centers.

FERROXCUBE
CORPORATION
OF AMERICA
Saugerties, New York Boston Chicago
914-246-2811 617-899-3110 312-261-7880

94
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214-255-0441

Application: Low cost core memory
stack for state-of-the-art commer-
cial-computer main memory.

Problem: High speed, low noise,
high output uniformity, repairabil-
ity, expandability, 650 ns cycle
time, ease of access and interface.

Solution: 2%D organization;
planar construction to offer lowest
cost and convenient access; 20-
mil cores; stack mounted diode
modules.

Application: Core memory stack
for guidance computer in missile-
borne avionics package.

Problem: Extremely hostile me-
chanical and thermal environ-
ments, critical space limitations.
Solution: Continuously-wired,

folded-stack construction; wide

Dallas Los Angeles

213-837-1484

Minneapolis
612-888-4681

New York Area
201-267-5888

temperature range cores wired
using novel shock and vibration
damping techniques.

What's your problem? Cores? We
pioneered them. We have 20-, 30-
and 50-mil cores in both standard
and wide temperature range types
covering a broad spectrum of
switching and drive current param-
eters. Planes and stacks? We use
a wide variety of printed circuit
board or laminated frame-strip con-
struction techniques, 2%D, 3D or
linear select. Cost? We meet and
lick this problem every day. It's
part of being the experts.

Want more information? Write for
Bulletins 6005 & 6006.

Ferroxcube @

Phoenix
602-265-1792

Philadelphia
215-927-6262
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Washington, D.C,
703-893-4900



Introducing
the most versatile
vidicon camera
ever built -
Cohu’s new 3200 series!

IT'S A CCTV CAMERA - completely self-con- IT'S A BROADCAST CAMERA, TOO! Add a
tained. Just add a single coaxial cable to any “mounts-in-minutes” 5-inch viewfinder and the
video monitor and it's ready to operate. Want Cohu 3200 is ideal for studio, education, or
high resolution? Plug in one of four optional remote applications. An optional film chain
integrated-circuit sync generator boards for adapter further enhances its versatility and
525-, 729-, 873-, or 945-line scan patterns. provides all necessary remote controls.

For prices, delivery and full details, contact
Cohu engineering representatives in major
cities throughout the United States and Canada.

ELECTRONICS, INc  Box623

San Diego, California 92112
Rl
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Kay 1500 Sweep
& Marker Generator

TYPICAL PLUG-INS

Model Center Freqg. Sweep Width
P-141 20 Hz-200 KHz 20 Hz-20 KHz
P-142 35 Hz-600 KHz 20 Hz-20 KHz
P-130 100 Hz-2 MHz 200 Hz-2 MHz
P-152 10 KHz-20 MHz 10 KHz-:20 MHz
P-855 2-32 MHz 5 Hz-800 KHz
P-856 10-120 MHz 10 Hz-1 MHz
P-860 2-220 MHz 10 KHz-30 MHz
P-867 220-470 MHz 20 KHz-70 MHz
P1-123 100-1000 MHz 5 KHz-Octave

ANY SINGLE OCTAVE

Freq. Marker

PM-7631 6 Pulse & Ext.
PM-7632 6 Pulse & Ext.
PM-932 30 Pulse
PM-861 6 Harmonic and CW Osc.

herh
KAVELECTI!IG COMPANY

Pine Brook, N, J. 07058 « (201) 227-2000 ¢ TWX: 710-734-4347
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frequency-marker

B VOLTAGE CONTROLLED OSCILLATORS

8 MARKERS
Pulse
RF Turn-off
Harmonic
CW Birdie

8 SWEEP

0.2 to 60 cps

Log and Linear
External Input
Manual Control

The basic rack contains a variable, sawtooth
sweep generator,

a fast-acting AGC,
control and output

circuits, RF output circuits with
precision attenuators, a calibrated
output meter, an accurate RF
detector, and carefully regu-

lated power supplies.

Pulse-Type Markers

_

Harmonic (or Comb) Birdie Markers

Undetected Turn-0ff Markers

Electronics | November 14, 1966



Do it your way

Crimp, solder, weld, wrap ... name your method!

If you have to live with solid wire, you can spot
weld or make wrap-type terminations. If the ap-
plication calls for stranded wire, soldering or
crimping may be more your speed. Better yet,
make TERMI-POINT* clip applications using
either solid or stranded wire. This new technique
lets you cut, strip and terminate the conductor—
all in one convenient operation—to make gas-
tight, easily serviced post connections.

Here is real back end versatility in a printed circuit
connector that's way out front in performance.
Select any one of five terminating methods. Any
way you wire it, our two-piece blade-type con-
nector gives you all these precision engineered
features:

staked down half, clinched to the board, mini-
mizes warpage

gold over nickel plated contacts prevent oxide
creep

Electronics | November 14, 1966

low porosity of contact plating assured by
AMP's exclusive X-ray measurement
three areas of contact provide maximum
redundancy
staggered cavity arrangement offers high den-
sity potential
Available in 17, 23, 29, 35, 41 and 47 positions
—for 1/16in. and 3/32 in. boards
Write today for complete details on this two-piece
connector to fit your particular termination re-
quirements.

#Trademark of AMP INCORPORATED

| e e~y i e e b
= = INDUSTRIAL}
i | SALES |
| INCORPORATED | pivision |
| Harrisburg, Pennsylvania ! JI

A-MP* products and i ing ist; are ble through subsidiary ies in;
Australia ® Canada e England e France o Hoiland e Italy & Japan e Mexico ¢ West Germany
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This AE Type 44 Rotary Stepping Switch

Thrives on Solitude.

So do all the rest of our hermetically sealed
stepping switches. That’s because we build
switches so they can’t bind, never overthrow.

Most of the secret’s in our stepping mechan-
ism, We don’t use a pawl stop block.Instead, we
use a unique ‘‘free-floating”’ pawl—with a set
of stopping teeth on the end of the armature.

This way, the armature not only steps the
wiper or cam assembly to the next position—it

98 Circle 98 on reader service card

alsolocks the rotor in the correct position.Over-
throw is impossible. So is pawl wear and bind
against a pawl stop block—even at low tem-
peratures.

Where can you use these sealed switches?
Almost anywhere. Some people take them out
in the desert or down to the
bottom of the ocean. Others
fly them above 40,000 feet,
where the mean temperature
is —55 degrees Centigrade.
You might want them for a
particularly dusty location
in your shop.

How can you use reliable,
versatile rotary stepping
switches ? There’s a lot of
helpful design information in our Circular
#1698, It’s yours for the asking. Just write the
Director, Relay Control Equipment Sales,
Automatic Electric Company, Northlake,
Illinois 60164.

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GT&E
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WORLD’S LARGEST SELLING
AND WORLD’S NEWEST

Hand Size v-o-m's

000000000 s00000O0OROOOES

MODEL 310-C
INTERNALLY smnun

/"‘\

p:musA

size V-O-M's, 1. Fully enclosed lever range switch
2. 15,000 Ohms per volt AC

(20,000 O/V DC same as 310)
20,000 OHMS PER VOLT DC; 5,000 AC (310)—15,000 AC (310-C). 3. Reversing switch for DC measure-

ments

1 HAND SIZE AND LIGHTWEIGHT, but with the features of full- 310-C PLUS FEATURES

range settings. The first miniature V-O-M's with this exclusive MODELS 100 AND 100-C

feature for quick, fool-proof selection of all ranges. Gaiiprehensive esh sela: Madsl 18
includes: Model 310 V-O-M, Model 10

SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields. Clamp-on Ammeter Adapter; Model

3 EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and

FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 101 Line Separator; Model 379 Leather
Case; Model 311 leads. ($73.50 Value

probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA- s
- \ ¥ eparate Unit Purchase Price.),
TYPE JACKS—positive connection and long life. MODEL 100—U.S.A. User Net. .$70.00

Model 310—%$40.00 Model 310-C— $50.00 Model 369 Leather Case—~$3.50 ¢ MODEL 100-C —
Same as above, but

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE with Model 310-C.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHI0

USES UNLIMITED: FIELD ENGINEERS * ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN ¢« ELECTRICAL
CONTRACTORS ¢ FACTORY MAINTENANCE MEN * ELECTRONIC TECHNICIANS « HOME OWNERS, HOBBYISTS
THE WORLD'S MOST COMPLETE LINE OF V:O-M's *» AVAILABLE FROM YOUR TRIPLETT DISTRIBUTOR’'S STOCK
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New solid-state relay
with adjustable set point

It has no moving parts, no relay contacts. Available in seven voltage
ranges from 0-1 to 0-500 volts; in ten current ranges from 0-100 p.a to
0-1 amp. Temperature ranges on special order from 0-750°F to 0-3000°F,
Call your Weston distributor or write Weston Instruments, Inc.,

614 Frelinghuysen Avenue, Newark, New Jersey 07114.

Features:

e Response—200 milliseconds
e Load rating—1 amp at 117 volts, 50-60 Hz about 25°C
o Input resistance—100 ohms for 100pa range * Yoltage breakdown—500 volts a-c

e Accuracy—+ 2% under reference conditions  ® Common mode rejection—250 volts d-c maximum
(temperature effects in accordance % Cocutaiiniig

o External temperature influence 1% for £10°C

; e 320° scale
‘foth ASA C39"7) e Mounts in 3" hole; front panel, 3%4" x 34"
o Repeatability—0.5% typical e Neon pilot light
e Operating temperature range—0-50°C o Terminal strip connector
e Power—117 volts +10%, 50-60 Hz

WESTO N . prime source for precision...since 1888

100
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For space and weight savings
in SaturnV countdown system...
it's flexible circuitry.

For utmost reliability...
it's flexible circuitry
insulated withTEFLON® FEP FILM.

Flexible circuitry is an important improvement for the National Aero-

nautics and Space Administration’'s Saturn V countdown system. It

weighs less. Takes up less space. [s easier to assemble and maintain.
To obtain these advantages—and at the same time to meet

the stringent reliability requirements in the countdown system

—Electro-Mechanisms chose TEFLON FEP film for the insuiation.
This film offers unsurpassed dielectric properties, reliability over a

wide temperature range, non-flammability and high tear resistance.

Du Pont TEFLON resins have long been known as the most reliable

of all insulating materials. Du Pont’s TEFLON FEP film permits

total encapsulation of flexible printed circuitry by

heat sealing, bonding or cementing. It is transparent

for quality control. It can be soldered. For your next

high-reliability design, consider the advantages of

TEFLON FEP film. Send for full information on

properties and applications. Write: Du Pont

Company, Room 4675A, Wilmington,

Delaware 19898.

TEFLON®FEP FILM
...Anew dimension in TEFLON

Lravey-rere
Better Things for Better Living | e
o o « through Chemistry i
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Send us a small sample, at least one
foot, of the coaxial cable you're using
and tell us what you're using it for. Then we’ll
install the Burndy crimp removable coax contact
that'll do the job best. Guaranteed.

A tough job? Not really.

Remember, crimp removable contacts began
at Burndy. As a result Burndy offers the most
complete line of coaxial connectors for standard,
miniature and sub-miniature coaxial cables. And

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES:
CANADA: Scarboro, Ontario / ENGLAND: St. Helens, Lancs. / BELGIUM: Mechelen / MexicO: Naucalpan de Juarez / BRAZIL: Sao Paulo / JAPAN: Tokyo / Sales Offices in Other Major Cities w7

102
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¥ they're available for all rectangular,
rack and panel and terminal block
configurations.

Send your sample along to Mr. M. Elkind, Prod-
uct Manager, Burndy, Norwalk, Conn. He'll see
that the job is done and returned quickly. You'll
receive our latest coax connector catalog, too.

S BURNDY

NORWALK, CONNECTICUT

Electronics | November 14, 1966



Adlake Mercury Wetted Relay — Application Data

Capacitance of Adlake
Mercury Wetted Contact Relays
Applicable for Low Signal Applications

Typical Capgcntance in Picofarads — Graphs Abbreviation COMM.
illustrate typical capacitance values for Adlake stands for the Combina-
AWCA-16000 series relays. Fig. I is for un- tion of the Armature and
shielded relays.Fig. 2: Electro-statically shielded moorm_allthIo%%d Contact.
switch brought out to a separate pin. Fig. 3: Nbr'm.—'jlytoe SR AfEgiaRion, gor

: 5 ; A pen Contact; where-
Electro-statically shielded switch with case and as the symbol # is the mean
shield tied together at a common pin. Interelec-  average for the 5 relays. Graphs
trode capacitance across contacts of a bare are k""iﬂ"ab'e W‘tgt('j'ec’ Sty'e; of
switch, without external wires, is less than 1.0 ate Nelpuny Mpitech e elals

/ upon request, (Please state wiring con-
picofarad. figuration.)

|Awea 16011-S —3°-% "| AWCA 16016 15,7 |AWCA 16018

Fig. 2 : Fig. 3

T
t

w

CAPACITANCE IN PICOFARADS

;

o

!

I

I
Siissisiiiiniinfi

i

)

i 8585202 snasasanssasesssars) HHHH N THT HH B R T
3 L] 5 (RELAY TEST NUMBER) 9 15 (RELAY TEST NUI

Data was obtained using a Booton Electronics Corporation Capacitance Bridge, Model 75-A-S8 at 1MH;

Backed by sound research and disciplined engineering, Adlake applies developing it. For prompt, personal and knowledgeable attention to
the industry’s broadest line of mercury displacement and mercury your relay needs, contact the one source that is the complete source
wetted relays to the creative solution of design circuit problems. in the mercury relay field. Contact Adlake today for catalog and
However unique or special your application, Adlake can assist you in further information.

THE ADAMS & WESTLAKE COMPANY

o e Dept. 2116, Elkhart, Indiana, U.S.A. 46514 « (AC 219) 264-1141

TRANSPORTATION EQUIPMENT o ARCHITECTURAL PRODUCTS e MERCURY RELAYS o DOORS AND ENTRANCES e CONTRACT MANUFACTURING
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Recording and controlling versatility,

with accuracy to 40 cps—

proven in 2 years
of field applications!

DURANT
UNISYSTEM

HI-SPEED COUNTING CONTROL

On thousands of applications, under a
wide range of operating conditions,
these count/control systems are de-
livering the high accuracy required for
electrical, electronic recording and
controlling.

Is yours a batching application?
Solid or liquid flow control? Produc-

MANUFACTURINGE

tion control? Testing? One of the many
Unisystem models available can meet
your specific needs. They provide se-
quential counting, single and multiple
level predetermining, repeat cycle pre-
determining, remote electrical readout,
data storage and more — all at low
cost. Functions which also can be
used in processing. converting, scal-
ing, printing and manufacturing of
all types.

MILWAUKEE, WISCONSIN

|
|
|
|

COMPANY

The “heart” of the Durant Unisys-
tem is our unique Unipulser, a single-
decade, high speed electromechanical
counter — and our Uniset 10-step
selector switch for fast, push-button
settings. Its available with a choice of
number of digits and type of mount-
ing. Catalog 90 tells the complete
Unisystem story. Write Durant Manu-
facturing Company, 612 N. Cass
Street, Milwaukee, Wisconsin 53201.

Life of Unisystem is not subject to
hours of usage. Accumulated data is
retained even if power fails,

In Europe: Durant (Europa) N. V. Barneveld, Netherlands
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Cinch gives you
the tail stability
you need for
programmed
wire wrapping-—
in a miniature p.c. connector

C.

A. Tail stability is provided
by the comb contact con-
struction which permits
force fit through the insu-
lator.

e/

B. Gap uniformity is
achieved through preload-
ing contact against insu-
lator stop.

e ————

C. Contact pressure is
independent of P-C board
insertion depth because
of contact profile.

Cinch has combined cantilevered contact reliability with .025” square
tail wrapping speed. This new Cinch high contact density printed
circuit board connector can be wired at a rate of up to 750 net wires per
hour with a Gardner-Denver automatic wire wrap machine. This is
more than 159 faster than for .045” square tail connectors.

This new connector uses a comb contact assembly which provides the
gap uniformity of preloaded cantilever construction and contact pressure
which is independent of printed circuit board insertion depth. Contacts
are on .125” centers. Construction combines minimum insertion force
with maximum contact pressure.

The connector is especially suited for programmed automatic wire
wrap applications and is particularly well designed for use with the
latest packaging techniques, particularly the dense packaging currently
being developed for electronic data processing equipment. For cost
reduction in volume applications the precision contacts can be selectively
gold plated. This Cinch developed technique substantially reduces the
amount of gold required, resulting in lower connector costs.

These precision tooled comb contacts are precisely and automatically
preloaded with insertion of the comb into the insulator. The true tip
location in the required position for automatic wrapping equipment is
assured by the comb assembly technique. This technique employs a
force fit to the insulator, assuring rigid, exact positioning. Cinch also
manufactures .045" square tail rectangular terminal and other wire wrap
terminated printed circuit board connectors suitable for use with the
automatic wire wrap equipment manufactured by Gardner-Denver.

For additional information, write to Cinch Manufacturing Company,
CM6619 1026 S. Homan Avenue, Chicago, Illinois 6062}.

CINCH

DIVISION OF UNITED-CARR
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106

there are ordinary seals

...and then there’s MCCoy

The seal gets special attention at MCCoy—
100%, inspection against temperature, alti-
tude, vibration and shock. Only a perma-
nent, hermetic seal can guarantee frequency
stability and reliability for quality crystals.
Our new Cleanseal process uses high pres-
sures to flow metal enclosures together in
a heatless “weld” that’s more leak resistant
than the metal itself. Heating distortion and

possible internal contamination by solder
flux are eliminated. Cleanseal crystals have
withstood 5000 cycles, 30 G’s vibration, and
8000 G’s, 0.5 millisecond pulse shock test-
ing. Glass crystals are vacuum sealed by
flame or induction heating. MSCoy has the
nation’s most complete line of quality high
and low frequency crystals. For full details,
write for our new product catalog.

MCcCOY ELECTRONICS COMPANY

aoivision o OAK ELECTRO/NETICS &cee

MT, HOLLY SPRINGS, PA. 17085

Circle 106 on reader service card
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(W famiy
of medium-
DOwer
silicon 1P
transistors
packs BIG
performance
at mass
production
prices

Here's A Typical Value: RCA 40458

N

Veeo (SUS)
Vc[ SHIM

........150 MHz min,

min. at 300
min. at 100
max. at 300 m

Dissipation: 2 W at 75°C Gase Temp.

only 47¢"

il

Hermetically sealed
ina metal case

now examine the entire family of value-packed industrial types

RCA 2N3241A Silicon Epitaxial Planar Transistor Family Characteristics

2N3241A 2N3242A 2N4074 40397 40398 40399 40400 40458
BYceo 25 40 40 25 25 18 18 40 max. volts
hee 100-300
10V, 10mA 100-200 125300 75-300 165-600 75-300 165-600 75-300 (50 min. @ 300mA}
tr typ. 175 175 80 80 80 80 80 150 min. MHz

0.25 at 0.3 at 0.3at 0.25 at 0.25 at 0.2 at 0.2 at 0.3 at
IsATL 200mA I | 300mAl; | 300mAlc | 200mAlc | 200mAlc | 100mAlc | 100mA I 300mA I mazvolls
‘Ircnrl-olnsomA 75 75 > - - - Iy 75 max. nanoseconds
Dissipation**
at 25°C Ambient 05 0.5 0.5 05 0.5 0.5 0.5 05 max. watts
Ie “’“ir‘,‘:d by “’“‘},erd by | 03 0.2 0.2 0.2 0.2 10 max. amperes
Price* $0.44 $0.50 $0.44 $0.40 $0.36 $0.33 $0.30 $0.47
*In quantities of 1,000 and up. **All types available with integral heat radiator for 1 watt dissipation at T, = 25°C. Add 4¢ per unit for these versions.

The new RCA 2N3241A family of NPN epitaxial
planar transistors, designed for amplifier and switch-
ing service in audio and video frequency ranges, is
as versatile as it is reliable. Applications include
« relay drivers ¢ video amplifiers « high current
audio drivers * saturated switches « TV deflection
drivers + medium power audio output amplifiers.
All devices offer exceptionally low leakage, low sat-
uration voltages, and high minimum beta. Check
the chart for specifications...and note the low prices!

See your RCA Distributor for his price and delivery

RCA Electronic Components ‘and Devices

| The Most Trusted Name in Electronics
®

Double the 25°C free air dissipation capability
from % watt to 1 watt by specifying integral heat
radiator versions of the devices listed above.

You won't find another family of medium-power
silicon transistors with so much performance, at so
little cost, available immediately in production
quantities. Call vour local RCA Field Office for
complete information. For technical data shects
write: RCA Commercial Engineering, Section
EN11-2A, Harrison, N.J. 07029,
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1ISOPLYS — Isolated-output power sup-
plies for bridge circuits. Units offer
less than 5u volt noise to ground,
when used with a 350 ohm transducer.
4QC and 4QP Series with Standard
Voltage Adjustment. Small, all silicon
transistor regulated power supplies.
Output voltage adjustable about +=10%
from nominal voltage. The C units are
chassis mounting type with solder ter-
minals on rear panel. The P units are
horizontal plug-in  modules retained
normally in rack-mounted 6-slot front-
panel-access housings for system use.
Units have outputs from 1 volt @ 200
ma to 100 volts @ 16 ma. Regulation:
.02%, T.C.: 01%/°F, Ripple: less than
.005%. Remote sensing on all units.
Write for Bulletin 86-1064E.

ISOPLYS—A4TM Series. Small lower
cost germanium transistor regulated
power supplies. Isolation includes
1pf intercircuit capacitance and
20pf shunt capacitance. Output
voltage is adjustable approximately
-+10% of the nominal voltage with
outputs of 5 volts @ 150 ma to 50
volts @ 40 ma. Units are stud
mounting with solder terminals also
on the base. Normally furnished
with a slip-over ventilated shieid.
Has small mounting base area for
chassis installation, 1% x 2.
2%,
TC.: .02%/°F, Ripple: 1 mv or
.01% rms. Write for Bulletin 92-

Height is 6v%. Regulation:

1164E.

ISOLATED REFERENCE SUPPLIES—A4R.
Small multistage compensated zener
reference voltage or power source.
Units offer intercircuit capacitance of
Jpf and shunt capacitance of 20pf.
Excelient line, temperature, and time
stability. Available in outputs of 6.2V,
8.4V, 9.0V, and 11.7V and other volt-
ages to customer specifications. For
floating potentiometers, retransmitting
slide wires, wide range zero controls,
bias, battery replacements and many
other voltage reference applications.
Available in mumetal cans for reduced
magnetic disturbance. Write for Bulle-
tin 66-363E.

ISOFORMERS — Isolation trans-
formers. A4X and A25X Series.
Small 4 and 25 watt high iso-
lation transformers. Secondary
winding and shield have a very
high degree of conductive and
capacitive isolation from pri-
mary and case (ground or pri-
mary common), Units offer line
isolation of .05pf and ground
isolation of 15pf. Output volt-
ages from 6.3V to 150 on the
4 watt models and to 600V on
the 25 watt models. Standard
input at 117 VAC 50-60 cps.
Other inputs from 6.3 VAC to
234 VAC available. Write for
Bull. 89-1064E. MODELS AVAIL-
ABLE UP TO 1 KVA OUTPUT
POWER.

BRIDGE SIGNAL CONDITIONING
UNITS — Models BSC-4168B and
BSC-416C designed to condition
and prepare an electrical signal
from various strain sensitive re-
sistance transducers. Incorpo-
rates ELCOR 4 to 16 voit, 75 ma
highly isolated low noise power
supply. All variable controls,
balance, voltage, span, and cali-
brafion are ten turn, high reso-
lution, and low TC potentiom-
eters. Usable with either 4, 6,
or 8 wire systems. Convenient
test and remote control fea-
tures. Write for Bull. 80-764E,

CURRENT NANOAMMETERS
AND INTEGRATORS—For use
with nuclear particle accel-
erators, this unit monitors
and integrates direct current
on twelve ranges from 1 x
10°A to 3 x 10°A or 1
x 10%A t0 3 x 107'° Amp.
Current may be either 4+ or
—. Internal calibration for
all tweive ranges. Remote
control capabilities built in.

Aﬂﬂ"ﬂﬂ"ﬂ"s Power modules for use with: Bridge circuits, ungrounded nver 250 ;r:tsigmterff?i?l;gt?t)ﬂtmtrongu}g:

amplifiers, traveling wave tubes, screen rooms . . .

for use as: Servo refer- tegrating interval, 280 hours,

ences, floating bias, direct couplmg, ground loop decoupling, slide wire power Ismaleﬂ Puwer and low drift, .01% per

5upply, battery substitutes.

hour. Has digital read-out,

Muuules Ava"ame and electrical outputs for re-
% Power supplies with their entire output circuitry highly isolated corders. Write for Bulletins

conductively and capacitively from ground (case) and ac input. For dc
excited devices that must be well isolated from direct local connec-

equivalent.

108 Circle 108 on reader service card

36-1261E & 73-1063E.

Write or see your local
tion to ground, case, chassis, or system common. True battery &ese”tat've for ful

catalog information
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RCA

Announces
the NEW 3N1238

(MOS) FET for

VHFapplications

features: olow feedback capacitance (0.2 pF max,) o high power
gain (18 dB typ.at 200 MHz) o high forward transconductance
(5,000 umho min.) o low noise (4 dB typ.at 200 MHz) o low cross-

modulation distortion o a hermetically sealed metal case

*Price in quantities of 1,000 and up

RCA’s 3N128 N-channel, depletion type, MOS field-effect
transistor is now available in production quantities for com-
munications and industrial applications. This new insulated
gate MOS transistor exhibits (1) extremely low gate-leakage
current (0.1 pA typ.) which permits stable operation over
wide temperature ranges, (2) feedback capacitance sub-
stantially lower than that of conventional junction-gate
devices, and (3) extremely high input resistance of 10
ohms typ.

The RCA 3N128 simplifies your designs because you can
use conventional electron-tube type biasing techniques. In

addition, the drain current exhibits a negative temperature
coefficient which makes thermal runaway virtually impos-
sible. These attributes, combined with a large signal-han-
dling capability and low cross-modulation distortion, make
the 3N128 MOS a “must” for critical front-end designs.

Call your RCA Field Representative for complete techni-
cal information, price and delivery on the new 3N128 (MOS)
FET. For Application Note AN-3193, or for a technical data
sheet, write RCA Electronic Components and Devices, Com-
mercial Engineering, SectionEN11-2B,Harrison, N.]. 07029,
SEE YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY

RCA Electronic Components and Devices

@ The Most Trusted Name in Electronics
i o) Ve VA <a)
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November 14, 1966 | Highlights of this issue

Technical Articles

Topology reduces
design drudgery:
page 112

IC's in action, part 2
Trends and trade offs:
page 128

Avalanche transistors drive
laser diodes hard and fast:
page 137

Sony tries to be first,
or at least different:
page 155

In theory, complex computations for the analysis of passive
networks are fine, but in practice they can tie up engineers
for days, particularly if there are more than three independent
loops in the network. With a graphic approach, the engineer
does not have to calculate the determinants and cofactors.
Instead, he uses graphs, edges, vertices and trees to determine
these elements by inspection.

In the sccond part of this series, written for the user of
integrated circuits, the compromises that must be made
between design goals and practical realities are examined.
The engineer finds that he must temper his design not only
by the performance limitations of the circuits but also by
such factors as realistic lead times for new circuits.

One weakness of injection laser rangefinders has been the
circuit to drive the laser. What’s needed, of course, is a
circuit that produces pulses of extremely short duration and
fast rise time. Using the driving circuit described in this
article, an engineer can design a rangefinder that is more
accurate than conventional radar equipment.

Among Japanese electronics companies—
and electronics firms elsewhere in the world
too—Sony has the reputation for building
good electronic consumer products and for
aggressively developing unusual new prod-
ucts. Its product development philosophy is
simple: the product is the thing. Some of
Sony’s more interesting designs are exam-
ined closely in this article. For the cover,
photographer Richard Saunders lined up a variety of Sony’s
products from the home video tape recorder to tiny tv.

Coming
November 28

~<—Circle 110 on reader service card

= Design automation series
How computers aid the design process
Numerical circuit analysis

= Predicting transistor reliability
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Design theory

Topology cuts design drudgery

Graphs, edges, vertices and trees are some of the terms
of the new language of a topological technique of network analysis
that eliminates time-consuming mesh and node calculations

By S.P. Chan

University of Santa Clara, Santa Clara, Calif.

In theory, complex calculations for the analysis of
passive networks are fine, but what works in the
classroom often is impractical on the job—particu-
larly when more than three independent loops or
nodes are involved. As the circuit grows more com-
plex, calculations for the determinants and co-
factors in mesh or node analysis become tedious,
time-consuming and more prone to human error.
It makes sense to try something less cumbersome in
the engineering department. Now the engineer can
turn to topological or graphic techniques as a short-
cut in analyzing networks.

With the graphic approach, the engineer does not
have to calculate the determinants and cofactors;
instead he obtains them by inspection. I{e merely
replaces all impedance elements in a network by
line segments and then obtains a complete analysis
of the network by following a simple sequence of
steps.

Compared with conventional methods, the top-
ological technique is faster, simpler and includes
a simple check to tell the engineer if he is on the
right track. The results are the same but topological
methods offer some bonuses:

» The analysis results in a graphic display of the
admittances at various parts of the network.

= All existing feedback loops become immedi-

The author

Since receiving his Ph.D from

the University of Illinois in

1963, S. Park Chan has been
teaching at the University of
Santa Clara. Chan was the
principal investigator of a

National Science Foundation
research project on the topological
applications to switching
networks.
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Bridged-T network, N, with impedance Z; as a load
represents a one-port configuration driven by a
voltage source, E. Replacing all impedances

with line segments forms graph of network N.

ately apparent.

= Visual inspection conveniently provides values
of transmittance and input and output impedance,
and quickly evaluates effects of disturbances and
variations of network parameters.

s The method adapts easily to computer-aided
analysis of simple or complex networks.

Defining topology terms

Before demonstrating an actual topological anal-
ysis, it is necessary to define the terms in the tech-
nique. with the help of bridged-T network shown
above. The network is loaded by impedance Z;, and
has four nodes (V;, Vo, V3, and V,) and five
branches (Z,, Zs, Z3, Z4 and Z;). The voltage E
represents the source.

If each of the five branches is replaced by a line
segment while retaining the four nodes, a graph, G,
of the network results as shown above. Such a
representation is known as a graph of the network,
N, and each of the five line segments is called an
edge of the graph. Each edge corresponds to a
branch in the network. For the graph shown, the
edges are e, ey, ¢4, €4, and e;. Each of the nodes ..
in the network, N, corresponds to a vertex in the

Electronics | November 14, 1966



graph, G. Thus, V,, V., V3, and V, are the vertices
of the graph. The number of edges connected to a
given vertex is called the degree of the vertex. For
example, vertex V; has a degree of 3 since three
edges connect to it. Likewise, vertex V, has a
degree of 2, V, has a degree of 3 and V, has a
degree of 2.

The graph can be divided into a number of sub-
graphs, G.. If G; does not contain all the edges of
the graph, G, it is called a proper subgraph of G.
In the diagram, edges es, es and e; would be one
subgraph, in this case called a loop-set because it
forms a closed loop. Two other types of subgraphs
are the path-set and the tree. A path-set consists
of a group of edges that link one vertex to another
without repeating an edge; e;, e; and e» represents
one path-set because it connects vertex V, to V.
A tree is a connected subgraph that contains all
the vertices of G but does not form any closed
loops. One possible tree contains edges e, e» and
e;. Two other trees of G are e., e; and e; and ey, €3
and e;.

By subdividing the graph further it is possible to
form a 2-tree. A 2-tree of G consists of two uncon-
nected subgraphs that do not contain loops, but
when connected contain all the vertices of G. Such
a 2-tree can be formed with edges e, and e, or e
and e;. Note that a 2-tree is obtained by removing
one of the edges from the tree. The tree-admittance
product for the tree e;, e3 and e, is Y,Y;Ys, and is
obtained by multiplying the admittances of the
tree edges. The 2-tree admittance product of the
2-tree e» and es is Y»Ys.

Network functions

Before the topological technique can be demon-
strated a few basic network formulas must be
established. To explore the relationships, the engi-
neer should consider the representation of a net-
work, N, with n independent nodes as shown at top.
Node 1’ is the reference or datum node. Voltages
Vi, Va, . .. V, (which are functions of the complex
frequency variable s) are the node voltages, V;, Vo,
...V, (which are functions of time, t) between the
n nodes and the reference node 1’ with the plus
polarity at the n nodes. Nodal analysis yields the
n-independent current equations, written here in
matrix form:

Y Miiaes Xin V. I,
Yo Y. Yu Vo= )
Ynl Y:‘.! DR Ynn Vn ‘]n

or, in abbreviated matrix notation,

where [Y,] is the node admittance matrix, [V,] the
n-vector (defined as a column matrix of order nx1)
of the node voltage transforms, and [I,] the n-vec-
tor of the transforms of the known current sources.

The engineer usually is concerned with two
types of networks, the one-port and two-port. For
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Independent nodes, n in all, schematically represents
a general network N. Node 1’ represents
the reference or datum node.

— |

i NETWORK

—i-1

Passive one-port network with zero-initial conditions
and a current source driver helps derive the driving-
point impedance and admittance functions.

the one-port network he generally wants to know
the input impedance, Z4(s) or input admittance
Ya(s). From the matrix of equation 1 expressions
for Za(s) and Ya(s) result in

Vl All

Zu(s) = 1~ = 2 3)
and
1 A
Y6 = < a, @

respectively.

Equations 3 and 4 show that both Z,(s) and
Ya(s) can be expressed in terms of the determinant
of Y., A, and its (1,1) cofactor, A,,. The engincer
will recall that the cofactor Aj is obtained by
striking out the jth column and kth row of the
determinant, A, and solving for the remaining
determinant. Thus, A;; is determined by striking
out column one and row one from A and solving
the remainder.

Next, consider a passive two-port network driven
by two current generators I, and I, at ports 1
and 2 respectively [see top p. 114]. Here the engi-
neer is usually concerned with the Z open-circuit
or Y short-circuit parameters. These are defined
from a two-port analysis as follows:

_ v _ A "
i = e Sl (5a)
R ) A — Ay
in = i - = A (5b)
. Vi ] A‘ll e A2’! =
Z)2 = % 2 = A (5¢)
Y _ An 4 -}z'fz' = PATY
Zop = I; e = A (5d)
113



I1=ng

Vo
‘|' Igp= I,
X P,
Passive two-port network, driven by two current generators I; =1,="-1I,
derives expressions for the Z and Y parameters.
I] Zao ‘VQ 2, (Y)
Yu = = (58) Zogo = s (8@)
Vi Voo A, 2 V (Y)
I e And, the short-circuit parameters for a passive
Yo = V - (5f)  two-port network without mutual inductances are:
i V0=0 Z
W,
I i i =0 (8d)
i e = 4 Su
Yie Vo = A, (5g)
=
W I' (A \Nr > D
il Zy Yl = Yo = = T ~ T (88)
Vor = 7 = (5h) S
VO 'V~—0 Az ’
’ Wi,
where ies = S (Sf)
Ly, Ly, Ly, Ly, “u
A, = /JIL /122 il /112 /121
The preceed lsl sduationes «am e nelitel PN
" t]e> ptuce]e( ”.]glnol(‘fli iqua ll S o Eenre .er. V(Y) = sum of all tree admittance products of
P ]01)(? Oglu’f‘ ﬁ e] s g l)y' t]e > _O“{m‘i‘tf all the trees of a network, N.
A = the sum of all the tree admittance products W, (Y) = sum of the 2-tree admittance prod-

for a network, N, where a tree admittance product
is defined as the product of the admittances of
all the branches of the tree.

Aj; = the sum of all the 2-tree admittance prod-
ucts of a network, N, with each 2-tree term formed
from a two-part subgraph containing node j in one
subgraph and node 1’ in the other.

Aj; = the sum of all 2-tree admittance products
of a network N with each 2-tree term formed from
a two-part subgraph containing nodes i and j in
one comnected subgraph and the reference node
1" in the other.

For convenience, equations 3 and 4 can be re-
written as:

e WV(&(;[) (©)
and,
L YY)
Wy @

Similarly, equations 5a through 5g can be rewritten
to cxpress the open-circuit parameters of a passive

two-port network without mutual inductances.
These are:
. \V!.l’ (Y’) &
Zy = V (Y) (8‘]')
W rr Y - W ')I ’ Y
s s S 12,1 2 ( zfi(y) 12,12 ( _)_ (Sb)
114

ucts of all the 2-trees with node 1 in one part and
node 1’ in the other part. These 2-trees are the
same as the set of all the trees of a modified net-
work obtained by shorting node 1 to node 17 of
the original network.

W..(Y) = sum of the 2-tree admittance prod-
ucts of all the 2-trees with nodc 2 in one part
and node 2’ in the other part. These 2-trees are
the same as the sct of all the trees of a modified
network obtained by shorting node 2 to node 2’
of the original network.

Wi (YY) = sum of the 2-tree admittance prod-
ucts of all the 2-treces of the network with each
2-tree having one part containing vertices 1 and 2,
and the other part containing vertices 17 and 2"

| y I
1 f Y, Y
11/ 2 3|| o ’
T : LA} ] i
v 4h 5? % Ys
1
I I !
(B v | 4
LG - 1

Hlustration of the topological technique shows passive
one-port network with zero-initial conditions used in
example 1. Graph of the one-port network is formed by
replacing the impedance values with line segments and
their appropriate admittance values.
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Wi 12(Y) = sum of the 2-tree admittance prod-
ucts of all the 2-trees of the network, N, with each
92-tree having one part containing vertices 1 and 2/,
and the other part containing vertices 1’ and 2.

3U = sum of all 3-tree admittance products of
the network, N, for the following four combinations
of 3-trees:

= A subgraph with vertices 1 and 2’ in one part,
vertex 2 in a second part and vertex 1’ in a third.

s A subgraph with vertices 1’ and 2’ in one part,
vertex 1 in a second part and vertex 2 in a third.

= A subgraph with vertices 1 and 2 in one part,
vertex 2’ in a second part and vertex 1’ in a third.

s A subgraph with vertices 1’ and 2 in one part,
vertex 1 in a second part, and vertex 2" in a third.
A 3-tree of a graph G is a proper subgraph of G
consisting of three unconnected subgraphs without
loops that, when the subgraphs are connected, con-
tain all vertices of G.

Analyzing networks by topology

With the basic relationships and definitions
established, the examples that follow will help ex-
plain how to analyze networks by topology:

Example 1. Obtain the driving-point impedance
Z4(s) and its reciprocal Yq(s) for the passive one-
port shown at bottom left of page 114.

In accordance with equations 3 and 4 or 6 and
7, the problem is to determine both A and a,,.

Step 1. To find A, draw the graph of the network
by replacing each element with an appropriate line
segment that represents the admittance of that
branch as shown at bottom right of page 114.

Step 2. Form all tree admittance products for
the network by inspecting the trees of the graph.
These are shown in table 1.

Step 3. Form A by summing all the tree admit-
tance products. Thus,

A = 5/24+25%/54+1/12+5s/15+

1/20+1/6+2s/15+1/60s
= 28?/54-78/104+3/104+1/60s

Step 4. To find A,, short vertex 1 to 1’ and obtain
a new graph of the network, called G;;” as shown
in table 2 on page 116.

Step 5. Form all 2-trec admittance products of
N by obtaining the set of all tree admittance prod-
ucts of G;,” as shown in table 2.

Step 6. Form A;; by summing all the 2-tree
admittance products. Thus,

Ay = 28*+s/3+s/5+2s/34+1/2+

2s/5+1/12s+1/20s
= 2s?4-8s/54+1/24-2/15s

Step 7. Form Y4(s) and Zy(s) as defined in equa-
tions 3 and 4. Hence,

A (28%/547s/10+3/10-41/60s)
Ay (2s2+8s/5+1/2+2/15s)
(AT H42°+ 185+ 1)
(120s+96s%+30s+8)
and Za(s) = 1/Ya(s).

When the same example is done by the conven-

Yu(s)
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Table 1: Graph of network N in example 1

Y= jugs

Y= 25

TREES OF NETWORK N

1'
Sose
L] Y, 2 3
Ya
v
Y3
] 3 3
Y
Y5 |
i
Y 2
1 : 3
T4 %
1'
Y3
1 3|
Yz |
Ya
1'
L A
| Y3
2 |
] 3
Y5

A 1/R=1/3
Y4 : 1/ij=1/4S

Y5 = 1/5

TREE — ADMITTANCE PRODUCTS

Yy Yo Yg={s)(25) (Yas) = s/2

Yy Y, Yg= (s)(2s) (h5)= 25 %5

Y, Y3 %= (s )30 (5) = s/15

Y, Y, Yo=(s)(Vas)(¥s) = /20

Y, YaYq: (25)(Y3) (Jas)= Ve

Y, Yo Yg = (25)(V3) (/5) = 25715

¥ Y, Y5 = 3)(as) (V51 = 605
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Table 2: G,,- formed by shorting vertices 1 and 1’

Y3
Y| = ij, =S
3 Y2= 2s
Y3= I/3
ettt
Y5 Y4_ ij /45
Yg = s

—_
~

d2-TREES OF NETWORK 2-TREE ADMITTANCE PRODUCTS

N
&
w

YYo= (s)(2s) = 252

-

2 % 3
VY3 = (s)(3) =54
Y
Ny
2 3
\ Yy Ys = (s)(/5) = S
Y5 175 5) 5
1,1
|4 —— | e
2 Y 3
Y2Y3=(25)(\/3) = 2%/5
1,1
2 Y2 3

Yo Vo= (25)(a )= Yy

)
&
[Z}

YaYs= (25)(15) = 25/5

\]

Y3 ¥q = U/3)(Yas) = Va4

Yy Y5 = (Yasi¥s) = Vags

s< n |
E
& B
&
PE |
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tional mesh or node technique, a set of equations
must be formed for each loop or node. Then a
matrix is formed for the network and much mathe-
matical calculation is required to obtain the result
for Zy(s) and Yu(s). As a comparison to the topo-
logical approach consider the same network anal-
yzed by node equations. Thus,

Step 1. Formn the node equation for the network.

3s41 . 1, <
]|=< q;_ >\]— SV;),—‘ 3 \

- v f 128+ ,

0= s V,+< I V. 25\

P X 2% v2+<3°s,+8> \
3 15

Step 2. Form the matrix equation for the results
of step 1. Hence,

[ 3s+1 - & 1 _\._ ﬂ“
. 3 3 I
L 2s ¥ =] 0
48
- ; —92 <30‘:5+8> va 0
b : o Al Ul Al
1 2 3

1 ] 30s+8\ | .,
~3 s < 15 )3

Step 3. Expanding and simplifying,

_ (24s* 4+ 42¢2 4 185 + 1)
0 60s

Step 4. Evaluate the (1,1")cofactor of i, by
expanding the A determinant with column 1 and
row 1’ deleted. Thus,

A

128> 4+ 1
< e ) —2s
All i
30s + 8
—2s ~ 15
1208 + 968* + 305 + 8
- 60s

Step 5. Form Z,(s) and Y,(s) from equations 3
and 4. Hence,

Toa(s) = An' _ 1208° + 968> + 30s + 8
ST AT 245 4 4287 4+ 185 + 1
and
A 3 o
Tl = _ 248® + 428 4+ 185 + 1

Ay 1208 + 96s? + 30s + 8

which agrees with the result obtained previously.
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For a network of more than three loops or nodes
expansion by minors would have been required
for the matrix. This would require an enormous
amount of tedious calculation.

Example 2. Obtain the Z-impedance parameters
for the two-port ladder network shown below with
topological techniques. The Z-impedance para-
meters are defined by equations 5a through 5d or
equations 8a through 8c.

Step 1. Draw graph G for the two-port network
as shown below.

Step 2. Form all tree combinations for the graph
as in table 3.

Step 3. Form V(Y) by summing all tree ad-
mittance products of the graph G. Thus,

V(Y) - Y|Y2Y3Y4Y6 -+ YlY'.'Y:sY.'.Yﬁ +

Y, Y.Y. YsYe + Y Y3Y. Y, Y,
= 58 GiG;G,Gs (C; + Cs) +
s? GlG(;CgC5 (G3 + Gq)

Step 4. Short vertex 1 to 1’ to obtain the graph
Ci,» shown in table 4 on page 118.

Step 5. Form W, . (Y) by summing all the tree
admittance products for the trees of graph G,,.
Thus,

va'(Y) - YlstaYe + YlY:sYaYa + YIY-AYr.Ye
+ Y. Y;Y, Y6 + YoV, YeY, + Y.Y, Yo Y,
+ Y.Y3Y, Y,
= GIG3G4G6 + s [C{,Gﬁ (G|G3 + G|G4
+ G3Gi) + GaGiGeCol
+ 82 C.CiGe (Gs + G))

Step 6. Short vertex 2 to 2’ of graph G to form
graph Gs.., as shown in table 5 on page 118.

Step 7. Form Wz (Y) by summing all tree ad-
mittance products for the trees of graph Gzs.. Thus.
W22 (Y) = YiYoYsY, + Vi YoY3Ys + Y Y2 YiYs

+ Y|Y2‘,4Y5 + YIY-2Y4Y6
+ YIY3Y4"5 + YIY'3Y4Y6
= 8[GiG; (G,C; + GC2 + GiGs)
-+ (G|GunC2)l
+ 82 G,C.Cs (G:s + G4)
+ GiG3G4Ge

Step 8. To obtain Wjz,;-2(Y) form the set of all
2-trees of G that includes vertices 1 and 2 in one
subgraph and 1’ and 2’ in another as shown at
top page 118, The only such set for the graph G
contains edges e, es and e; in one subgraph and
e, in the other. Thus, W2 1.,-=Y,Y:Y.Y¢

Step 9. To obtain W2 .+(Y) form the set of all
2-trees of graph G that contain vertices 1 and 2’ in
one subgraph and 1’ and 2 in another subgraph.

Ry R3 Re Y, Y, Y,
l—fvw——'vavww—z sl 3 3 % o
Y Y,
==C oG 2 5
& 2 T 5 A
' AL 2 3 2
Rq

Passive two-port network and its graph aid examination
of the ladder network. Graph is formed by replacing

all impedance values with line segments and appropriate
admittance values.
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Table 3: G of the two-port network in example 2

ey dlisss
‘ Y‘ 3 Y3 4 Ys 2 Yl - Rl - G‘
- > Yo=5Cp
1
Y= — =G
3" R 3
Y2 Ys " i
Ya= R, =G4
Ya Y;= sCq
ne 1
= Y6= -R_S = Gs
TREES OF G TREE-ADMITTANCE PRODUCTS

Y 3 Y3 4 Y 2

Y YiYoY3Y4 Yg = s Gy G36,G4C

" Y5 Y YaY3Y5 Yg = 576, 6365 C,Cy
al
-
3 n 3 4 Yo 2
Y. \¢ _ .2
2 5 Yi¥o¥q Y5 = 526, 6,65C,Cs

Y, "
5 Y, Y3Y4 Y5 Yg = § G, 636, GgCs

For this example such a set does not exist. Thus,
Wisye = 0.

Step 10. Form the Z-impedance parameters as
defined by equations 8a through 8c and substitute
their admittance value. Hence,

2y = G1G;GGe + 5 [C:sGe (GIGs + GG, + GiGa)

4+ GO0 + LG (Gs + Go)
8 G1G3G4Ge (C2+4-Cs) +82 GiG6CeCs (Ga+Gy)
Ziz2 = I =

_ GiG:GGe

"8 G1G3G.Gs (Ca+Cs) +5% GiGCoCs (Ga+Ga)
S [G1G3 (Gqu+GﬁC2+ Gqu) & (GlGdGGC2)]

S - __+S2 G,C.Cs (G3+Gy) +GLG"‘C'4C,"'6
2= G1GGuGo (CatCs) +58 G1GeCaCs (Gs+G)

Example 3. For the two-port ladder network of
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Table 4: New graph G,,. formed by shorting 1to 1’ Table 5: G, formed by shorting vertices 2 te 2’

Y1 = 6y
) Y3 4 Yo 2 Yy = 61 1 Yq 3 Y3 4
L, Yp = sC-
Yz = SCZ
Y3=6 Yz = 63
Y Y2 s Ay Y, Ys A
Yq = G4 Y4 = G4
Y5 = sCsg Y,
] 1 ° 2 ‘ Y5 = SC5
11 Y, 2 Ye = Gg 1 2,2
Ye = Gg
TREES OF G4y TREE~ ADMITTANCE PRODUCTS TREES OF Gg2' TREE-ADMITTANCE PRODUCTS
3 Y3 ﬂ Ye g 1 Y5 3 Y3 4
Y Y) Y3 Y Yg = Gy 63646 Y Y| YpY3Y4 = 5 6;6364C;
Y4 4 Y4
1€ 2 1 2,2
3 Y3 4 Yo 2 { Yy 3 Y3 4
% Ys Y Y3Y¥s Y6 = s 6y 636 Cs Y 5 Yy Yp Vs Yg = 5261 63C,Cs
4
1 E’ ? 2,2
) 4 Y 2 i W 3 ¥ 4
—e P &
K Ys Y, Y4 Y5 Yg = 5 6,646 Cs % Yy Yz Y3 Yg = 56y 6366C2
Ya
(i 2 i 2,2
3 Y3 4 Y 2 I v 3 4
4 2 3
Y Y, ¥y ¥ Yg = s 63646 Cz 2 s Y| Yo Yg Y5 = 526164CoCs
Y4 Y4
1 2 1 2,2
3 Y3y 4 Yg 2 1 vy, 3_ 4
Yz Y5 Yz Y3 Y5 YG = 526365 C2C5 YZ 6 Y| Yz Y4 YG s G|G4GGC2
Y4
X 2 22"
3 4 Yo 2 1. % 3 3 4
1 *r———o -—- -+
Y2 L Y2YqY¥s g = 526,65C,Co Ys Y1 Y3 Yq Y5 = 5 616364Cs
Ya q_4Y4 )
(B 2 1 2,2
3 Y 4 Yg 2 1 Y% 3 Y3 4
Ys Y3Y4Y5Yg= s 636,04Cs Y| Yy Y3Ya Y6 = 61G6364Gs
Y4 Y4
vig 2’ t 22
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example 2 calculate the Y short-circuit parameters.

Since the Y parameters are defined by equations
8d through 8f, the only term remaining uncalcu-
lated is = U.

Step 1. To calculate 3 U the engineer must form
the 3-tree admittance products of the network
by forming the following subgraph combinations:

= All three-part subgraphs with vertices 1 and 2
in one part, vertex 2 in a second part and vertex
1’ in a third part. For this example there is only
one such subgraph.

= All three-part subgraphs with vertices 1 and 2
in one part, vertex 2’ in a second part and vertex 1’
in the third part. For this example there is only
one such subgraph.

= All three-part subgraphs with vertex 1 in one
part, vertex 2’ in a second part and vertices 1’ and
2 in a third part. For this example there is only one
such subgraph.

= All three-part subgraphs with vertex 1 in one
part, vertex 2 in a second part and vertices 2’ and
1" in a third part. For this example there are nine
such subgraphs.

All four groups are illustrated in table 6.

Step 2. Form XU by summing all 3-tree ad-
mittance products. Thus,

(£}

®

{ o Ya

o2

The only 2-tree of the two-port network with one part
containing nodes 1 and 2, and the other nodes 1’ and 2'.

U = Y.V,Y, + Y, Y;Y; + Y\ Y. Y 4+ Y Y, Y5
+ Y. Y Yo + Yo YsYe + YoYoYs
+ Y.Y3Ye + Yo Yo Y5 + YoV, Yo
+ Y3Y4Y5 + Y’3Y4Y6
Step 3. Form the Y parameters using equations
8d through 8f—which can easily be performed.
Example 4. For the network shown at top page
120 ﬁnd V(Y), W1_1' (Y), \'Vl‘_‘_]'r_»' (Y), \K’]Q'_l'g (Y),
W, (Y), and 32U, with topological techniques.
Step 1. Draw the graph of the network, by re-
placing each element with a line segment that rep-
resents the admittance of the element as shown
at top page 120.
Step 2. To calculate V(Y), obtain the set of all
tree admittance products for the network by in-
specting the trees of the graph. For this network

Table 6: The 3-trees of the two-port ladder network of example 2

$t v,z 3 1, 4 2 f % 85 Y3 a f = 1 3 Y 4 Y, 2
ad ’ L ] *>— - *- — [ ] ¥ \ 4 ]
Ys Y2
® ® .' [ ]
1- 2! 1! 2 1! 20
{a) Yy Y35 = 5G4 63Cs (8 Yy Y3Yg = 61 636¢ (c) Y2Y3Y4=56364C2
1 v 3 vy 4 2 1 Yy, 3 4 2 1 vy 3 4 Yg 2
. —' ° —' o
¥s
Ya Ya Ys
—— S—e®
1I 2. 1' 2' 1' 2'
Y1Y3Y4= G4 G364 Yy YqY5% 561 G4Cs Y1Y4Yg:=61G46¢
T 3 v & 2z | 1 3 v o4 2 | i 3 2 2
] ”_ﬂ .- [ ] L ] -] [ ]
Y2 Y2 Ys Y2 Ys
) Yq Ya
1’ 2' e 2' 1’ 2'
Y2Y3Y4 = 56364C2 Y2Y3Yg 2 5263 CaCs Y2Y4Ys = SzG4 Ca2Cs
4 = = e B - =
i. 3 Y¢ 2 | 1 3 Y3 4 Yg 3 1 3 Y3 4 .2
Y2 ’ Ys
Ys Ya Yaq
4 2 1 2' i 2'
(D) Y2Y4Yg= 5G4 G C2 Y3 Y4 Y " 636466 ¥3Y4Y5256364C5
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1% .

2 ¢ Y4 4 Ys 2

A passive two-port network and its graph
used for example 4.

only one tree exists. It is formed with edges e,, €.,
€3, €4 and es. Thus, the tree admittance product is
the product of all admittances for these edges,

V(Y) = Y|Y-,;Y3Y4Yr,

Step 3. To find W, ,(Y) short circuit vertex 1 to
1" and obtain a new graph of the network, called
Gy,- as shown in table 7.

Step 4. To evaluate W, (Y) sum all of the tree
admittance products found in table 7. Thus,

\Vl,l'(Y) == YIY'_'YRY." + Y1Y2Y4Y5 + Y‘_'Y3Y4Y5

Step 5. To find W..(Y), short circuit vertex 2
to 2° and obtain a new graph G.. as shown in
table 8.

Step 6. To evaluate W..(Y) sum all of the tree
admittance products found in table 8. Thus,

\V-_;_;g'(Y) = \’]Y:YSY.; + Y}Y2Y4Y5 + Y]Y;{Y;Y;,

Table 7: Graph G,,- for the network of example 4

Step 7. To obtain Wys,12(Y) form the set of all
2-trees of G that includes vertices 1 and 2 in one
subgraph, and 1’ and 2’ in another subgraph. Thus,

Wi e{Y) = Y, YaY, Y5

Step 8. To obtain Wiy ;.o(Y) form the set of all
2-trees of G that includes vertices 1 and 2’ in one
subgraph, and 1’ and 2 in another subgraph. For
this example there is no such subgraph. Thus,

Wia oY) =0

Step 9. To find XU, examine the 3-trees of G
for the combinations:

= All three-part subgraphs with vertices 1 and 2
in one part, vertex 2 in a second part and vertex 1’
in a third part. There is one such set for this ex-
ample.

= All three-part subgraphs with vertices 1’ and 2’
in one part, vertex 1 in a second part and vertex 2
in the third part. There are two such sets for this
example.

= All three-part subgraphs with vertex 1 and 2
in one part, vertex 2’ in a second part and vertex 1’
in a third part. There are two such sets for this
example.

* All three-part subgraphs with vertex 1’ and 2
in one part, vertex 1 in a second part and vertex 2’
in a third part. There is one such set for this
example.

Table 8: Graph G,.. for the network of example 4

3 Yo 2 ] Y
—— g *-—
¥ Y,
Yq Ys Ya
fir er T
TREES OF G, TREE~ADMITTANCE PRODUCTS TREES OF G5 TREE-ADMITTANCE PRODUCTS
3 Y2 2 1 v 3
— e k.—‘1
Y Y, Y, Ya Y, Y,
Ys 12 %% A\ Y, V, 3 Y, ]
Ys Y3 l
if Y ? 4 g
) Y, 2 1 Yy 3
Y
i v O9v% Y2 Y, Y, ¥4 Y5
Yaq Y5 Y3 Ys
i » v 4 22
3 Y2 2 1 v 3
)y ————— - - ——
Y, y % W%y v, Y VsV, ¥
\ Y5 Ys Ys
Ay 4 ¢ q EX-

120
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Table 9: All 3-tree combinations for the network of example 4

1 Y 3 2
i 1 S 1. 3 Y2 E
Y3 Y3
° Ys . - Y4 3
a ¥ 4 2 o 4 2
' Yy 3 2 1 3 Y2 2
- Py ° 4
Ys Ys Ys Y5

ﬂ1 4 2 { 4 ot
{ Yy o Yo 2 1 Yy 3 Yo 2

b . i — ~ = * [
] ) T )
0 s 2 1 4 >

These are shown in table 9. Thus, XU is formed
by summing all 3-tree admittance products of G.
U = Y1Y3Y5 +Y1Y4Y5 + Y:Y.|Yr. +
Y.Y.Ys + Y YaYy + YaYsYy
With the data thus obtained, both the Z and Y
parameters can be formed.

Making sure you're right

Since each tree, or 2-tree, is obtained by inspec-
tion, it is quite possible that a tree may be omitted
simply because of an oversight. How can the engi-
neer be sure that all the trees, or 2-trees, have been
included? The answer: by a systematic method of
listing the trees and 2-trces when topological
formulas are applied. One such method follows:

Since the number of edges, e, in a tree of a
connected graph with v vertices is v—1, the upper
boundary of the total number of trees T,, can be
determined with C(e, v—1), where C(e, v—1) is
the combination of e objects taken v—1 at a time.
Thus, T. = C(e, v — 1) But, from algebra,

e!

v-—Dle—v+1!
where, for any positive integer k,

k! =kk-1D(%k-2)...21

Thus, if all the C(e, v—1) terms are listed by
forming all the possible combinations of e edges
taken v—1 at a time and all loops of the graph
are subtracted from these C(e, v—1) terms,

T,=C(e, v—1) minus all loop combinations

For example, consider the one-port network and
its graph on page 114. This graph has five edges

Cl,v—1)=

Electronics | November 14, 1966

and three vertices. There are 10 possible com-
binations of edges since

5 ! 5.4.3.2'1 "

CEA=STE 91 ~o2-veg

Listing the edge combinations systematically
yields: 123, 124, 125, 134, 135, 145, 234, 235, 245
and 345. But, by inspection of the graph, the com-
binations 123 and 245 form loops and therefore
are not trees. Subtracting these two from the 10
possible combinations leaves eight trees of G.
The ability to check the topological analysis
can be programed into a computer. Computers are
used in topological network analysis, but the future
success of the technique depends on cutting the
time below that required by conventional tech-
niques. This, in turn depends on having a simple
tree-finding algorithm. And many investigators
have, in recent years, conducted much success-
ful research in developing network algorithms for
the computer. Their contributions have been in
finding topological formulas for active networks.

Bibliography

Percival, R.H., "Solution of Passive Electrical Networks by
Means of Mathematical Trees,” Journal of the Institute

of Electrical Engineers, London Vol. 100, Part (i,

May 1953, pp. 143-150.

Mayeda, W. and S. Seshu, “'Topological Formulas for
Network Functions,” University of 1llinois Bulletin, Vo!. 55,
No. 23, Nov. 1957.

Seshu, S. and M. B. Reed, "Linear Graphs and Electrical
Networks' Addison & Wesley, 1961.

Chan, S. P. "Introductory Topological Analysis of
Electrical Networks,” to be published by Holt, Rinehart &
Winston in 1967.

121



Circuit design

Designer’s casebook

Frequency-modulated output
from low-cost unijunction

By Gary M. Nickus

RDF West, Westminster, Calif.

A frequency-modulated pulse generator that has
many applications in industrial control can be built
for less than $3 with a unijunction transistor. The
generator is designed for synchronizing two proc-
esses or test instruments.

Operation of the generator depends on the in-
trinsic standoff ratio, n, of the unijunction. When
the voltage on the emitter of the unijunction tran-
sistor reaches a value of nVy;p, a negative resistance
is established between the emitter and base of Q,,
causing capacitor C, to discharge through resistor
R:. Thus, a positive pulse is produced.

Transistor Q, is an emitter follower that supplies
a potential Vy,;; to transistor Q.. Without an input
signal, Vi, is 16 volts d-c. With an input signal,
E.., however, Vs is amplitude modulated, centered
around 16 volts d-c; and Vg causes the output
signal, E,,, to be frequency modulated. An increase
in the voltage at the base of Q, raises Vyg, and
as Vyy, goes up, the period between pulses at Ry
also increases. The modulating signal E;, can have
any waveshape. The amplitude of E;, determines
the amount that the period of E, changes; the

+Vee

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.

modulation frequency sets the rate at which E,
changes.

The period T between pulses with no input signal
can be varied by changing the values of R, and
C;. The period may be calculated from

T »= [VBB ’VCC] RC In (l l—ll)

With the values shown, the period is 10—* sec-
onds. Periods longer than 1 second can be obtained
bv increasing Cs, but for values greater than 10
microfarads, additional resistance of 1 ohm per uf
should Dbe inserted between points A and B to
protect the emitter of the unijunction transistor.

The amplitude of E, will vary with the size of
C,, ranging from 2 volts peak to peak when C;
equals 0.001 pf to 10 volts at 3 uf.

Tuning fork drives
portable frequency standard

By Stuart V. Scheffel

Scheffe! Electronics, Santa Barbara, Calif.

Replacing the pulse transformer in a blocking oscil-
lator with a tuning fork produces an accurate 400-
hertz portable frequency standard. The simple, bat-

24 v dc

Frequency-modulated output voltage results when modulated waveshape Vys is produced by Q..
The period of the output is controlied by Vss and is directly proportional to it.
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TUNING FORK
400 hz
4
i $5.6k |pick- DRIVE
— 3v S ggm coiL
T OUTPUT
400 hz
iy Sl
TI2N335 Ov
1.5k
-] s
S T47u

Tuning fork replaces the pulse transformer in a
blocking oscillator and converts the circuit into
a portable frequency standard that generates a
square wave at the resonant frequency of the fork.

tery-powered circuit is ideal for checking out servo
control systems in military equipment.

When switch S is closed, the transistor conducts
and current flows through the drive coil of the
tuning fork. The drive coil is a small electromagnet
located near the top of the space between the wide
steel tines. Once energized, the drive coil attracts
both tines, starting fork vibration.

Another small electromagnet, the pickup coil, is
monnted directly beneath the drive coil. As the
tines vibrate they alternately increase and decrease
the magnetic permeability of the pickup coil’s core,
increasing the permeability to a maximum when the
tines are closest together and decreasing it to a
minimum when the tines are farthest apart. The
changes in permeability cause the magnetic field
to expand and contract. When the field cuts across
the windings of the pickup coil, a voltage is gener-
ated. An expanding flux field generates a positive
voltage, a contracting flux field induces a negative
signal.

At the start the positive signals increase the
forward bias of the transistor when applied to the
base. A larger surge of current flows through the
drive coil, causing a larger deflection of the tines.
The longer excursion of the tines brings them closer
to the core of the pickup coil on their inward swing.
When the tines are close to the core wider varia-
tions in the extent of the flux field are developed,
inducing voltages of greater positive amplitude.
These voltages arc again applied to the base. This
regenerative cycle quickly drives the transistor into
saturation on positive swings of the pickup coil
signal.

When the fork reaches mechanical resonance—
about 15 seconds after the switch closes—the
pickup coil signal is a slightly clipped sine wave
with an amplitude of 1.2 volts peak to peak. The

47-kilohm resistor is placed in parallel with the
pickup coil to improve the shape of the negative
half-cycle of the sine wave, insuring a symmetrical
output signal. The 1.2-volt peak-to-peak pickup
coil voltage is larger than the base bias of 0.54
volt: therefore, the transistor is driven into satura-
tion on positive voltage swings and is cut off on
negative excursions. The resulting output signal is
a crisp square-wave with a peak-to-peak amplitude
of 7 volts with a frequency stabilized at 400 hz.
Because the circuit is self-contained and bunilt
with rugged components it is well suited for use
in a portable field instrument. A breadboard version
of the circuit oscillated for 39 hours on two AA
cells. The tuning fork is a Varo Model 6250L-400.

Diode bias replaces batteries
in logarithmic converter

By R.K. Nisbett

ITT Federal Laboratories,
San Fernando, Calif.

A converter circuit designed for data compression
produces an output voltage proportional to the
logarithm of an a-c¢ input over a 36-decibel range.
Bias provided by a single diode replaces the bias
batteries usually needed in an a-c logarithmic
converter.

In all logarithmic conversion amplifiers, the log-
arithm is obtained by passing the signal through
a diode biased in the region where its impedance

+24v
1ﬂk£ gh
< <€ 422k
g" 47pf
1
Xy g PO | (a-c GrRouND)
\d —
L | -
OUTPUT
261k 3 SR
9 > 348k
2N760
330 == ALL DIODES GEIN3068
: — ALL RESISTORS 1%
INPUT Sl

220pf
T

Diode D, biases converting diodes D, and D, whose
impedances vary logarithmically with a-c current.
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is proportional to the logarithm of its current. This
circuit has two converting diodes of opposite po-
larities. So, logarithmic compression of both the
positive and negative portions of the amplified
a-c waveform takes place as they pass through
the 47-microfarad capacitor to a-c ground.

Diode DD; shunts nearly all of the quiescent
collector current past diodes D, and D.. In addi-
tion, it provides each of them with the required
0.15-volt forward bias, keeping them in the logari-
thmic portion of the operating curve. Ordinarily
this bias is supplied by a floating battery and a
network of adjustable resistors. The rest of the
circuit operates as a conventional common emitter
amplifier. The range of input signals that the cir-
cuit can handle is limited only by the linear operat-
ing range of the converting diodes. The curves
shown above are a plot of the input (normalized to
O db) against the output voltage and show that
the circuit is linear within =1 db over an input
range of 36 db. The range can be increased to 40
db by increasing the d-c supply voltage and the
size of shunting resistor R,. This reduces the effect
of a-c impedance to ground of the d-c power supply.

Compensation is required to reduce changes in
voltage across the junctions of diodes D, and D.

at elevated temperatures. Resistor R. has a nega-
tive temperature coefficient which increases the
current flow through D, and D.. To force more
current through the diodes at higher temperatures,
R, has a positive temperature coeflicient. If an
additional diode voltage boost is needed, a positive
thermal coefficient resistor of 10 ohms may be
placed in the a-c¢ ground circuit between the con-
version diodes and the 47-uf capacitor. Without
compensation, the output voltage was found to
decrease at a rate of 0.8 millivolt root mean square
per degree centigrade.

Light-sensitive FET

By Bruce R. Smith

Marshall Laboratories, Burlington, Mass.

Incident light saturates field effect transistor Q,
shown below, and turns off npn transistor Q. to
provide a positive output voltage. When the light
source is removed, Q, remains on due to a gate cir-
cuit which feeds back the positive output to Q,.
Thus, a latching function is provided which is use-
ful for such applications as an clectronic garage-
door opener, a smoke or fume detector or a warning
mechanism in a paper or steel mill where a break
in the sheets might require stoppage of the flow
operation. The circuit is also suitable in star track-
ers, because of its high voltage gain (more than
100,000) and sensitivity (as great as 0.1 foot-
candle).

The circuit has good noise immunity because of
the diodes in the emitter and base of Q.. Addi-
tional diodes in the emitter circuit will increase the
noise immunity in the reset and turn-on lines. Reset
is accomplished by a positive pulse at the reset
terminal greater than the combined voltage drops
of diode D., the base-to-emitter junction of Q. and

220k

220k

-12v +2v RESET

High voltage gain, good noise immunity and sensitivity
are available from this arrangement. Transistor Q,

is a light-sensitive field effect that triggers a

positive output voltage when light is applied.
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that produced across diode D;.

A modified version of the circuit appears at the
right. Here, Q. has been replaced by a pnp tran-
sistor. In this configuration, both Q, and Q. are
normally off, and thus the circuit will not draw
power until activated.

When light is applied, Q; saturates Qz and pro-
vides a positive potential, as before. This potential
is fed back to the gate circuit of Q, to provide the
hold potential,

Note that the anode of diode Dy is connected
directly to the gate to couple to the reset pulse
and prevent positive excursions greater than 0.7
volt from appearing in the gate circuit. This version
does not have as much noise immunity as the
npn circuit.

+6v
OUTPUT
270
Q2
2N3677
IN914
t ~2v RESET
04
390k 1N914
-6V =

By using a pnp transistor for Q. instead of an npn, the
circuit remains in an off state until activated by the
light source. Thus, no power is dissipated by the
circuit. Noise immunity for this arrangement is poor.

Unijunction memory
stores until readout

By R.G. Malm

Westinghouse Electric Corp., Baltimore

A unijunction transistor can provide a simple and
inexpensive memory circuit if destruction of in-
formation during readout is permitted. Storage
times from 5 to 10 minutes can be readily obtained
if the quality of the storage capacitor is high and
the leakage of the transistor is low.

To store the information, a voltage greater than

+V,,
S
2N491
Vin g
- [}
Vb1
c R

I ——1

V1 but less than V), 4 4V,, is applied to capacitor
C. The intrinsic ratio % is a parameter of the tran-
sistor and varies from 0.56 to 0.68 for this unijunc-
tion. Thus, the emitter-base junction remains re-
verse biased. When switch S is opened, V,, drops
until the emitter-base junction is forward biased;
at which time the voltage across C, which is the
negative of the normal work-function voltage,
appears across resistor R,. Capacitor C then dis-
charges through R, and switch S can then be
closed, resetting the memory.

To detect the presence of a voltage on C, the
d-¢c component, V,,;, must be subtracted from the
output V,. Without a voltage on C no output is
produced, as shown in the accompanying wave-
forms.

Ov

Several minutes of storage time can be obtained with the unijunction transistor in this circuit.
Waveforms are a plot of output voltage, V., versus time. In the top waveform, with switch
closed, the spike above V., initiates storage action. Bottom waveform, with switch open,

shows O volts across C and no output voltage is produced.
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Reference sheet

Nomograph finds output voltage error

Chart quickly evaluates performance of operational

amplifiers from specified gain and offset parameters

By Ed Schuck

Rosemount Engineering Co., Minneapolis, Minn.

The design and performance of op-
erational amplifiers can be con-
veniently evaluated with the nomo-
graph on the facing page. It relates
voltage gain, offset voltage and cur-
rent and input impedance to output
crror. Although based on a simple
voltage amplifier, its application
can be extended to integrators, dif-
ferentiators or other specific types
of operational amplifiers by appro-
priate characterization of imped-
ances Z; and Z,, as shown in the
equivalent circuit below.

The standard parameters shown
in the equivalent circuit are the
input impedance Ry, offset voltage
+E, ., offset current I,y and volt-
age gain A,. They are usually speci-
fied by the manufacturer.

Offset voltage and current rep-

Equivalent circuit for an operational
ampilifier including internal
impedence R,, and offset voltage and
current, E.re and lore, respectively.
For a specific operational circuit,
such as a voltage amplifier or
integrator, substitute the proper
values for impedances Z, and Z..
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resent small, undesired signals gen-
erated externally by the amplifier
and appear at its input. They can
never be perfectly biased away,
except at one moment in time,
under one particular set of condi-
tions. Output error represents the
amount of deviation between ex-
pected and actual output.

By summing the currents that
enter or leave node 1, using Kirch-
hoff’s current law, an expression
for the output voltage can be found
in terms of the circuit parameters.
Thus:

(Fu~B) , (+Eye— E)
Z| Rin
* Lo = ——(—Eo‘%+ E,) (1)
2
But,
Eouc = EoAv (2)

And, when equation 2 is substi-
tuted into equation 1 an expression
for E,. is derived. Hence:

_Erin Z2
Z,

Zy Eou , Loula | (3)
[1 = Rin Ein = Ein ]
AP T
[1 al “]]
Equation 3 is in the form that re-
lates E,: to the constants A, B and

C and the external impedances Z,
and Zg.

Eout =

—Ei.Z: 1=C
SR T (s M B
! 1

1- B

where,

C = the ofiset term =
Eo{{Zl Io!{Zl
I{in:Ein = Ein

A = the voltage gain = A,
B = the feedback gain =
1

Te T
[Zl + Rin + 1]

Therefore, the error equation may
be represented as:

Percent of reading error = 100

[1 [ m ]J "

A nomograph based on equation
5 evaluates the performance of an
operational amplifier quickly and
accurately.

Using the nomograph

For this example the impedances
of Z, and Z; were chosen as re-
sistances R, and Re respectively.
The values were chosen so that
R. = 10 R,, thus, if no error were
present E,,; would be 10 volts for
an E;, of 1 volt. The manufactur-
er’'s data provided the following
information regarding the internal
parameters of the operational am-
plifier:
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l{in = 100,000

Eor = + 1 millivolt

1,i+ = + 0.01 microampere
A, = 50,000

It is desired to design an opera-
tional amplifier that has a percent
error of 0.02. It is first necessary
to evaluate the percent error for
the given parameter values.

Step 1: Calculate the values for

C and AB.
e == '{ofle X Lot Zy
Ri‘nEin Ein

- |_71 X 107 X 10+
| 100 X 10° X 1

0.01 X 10~ X 10 X 103}
it AT O |

=2 X 10
= A, = 50,000

B
|z

1+ Joox10° T 10x10°

[ 100x10° 100><103i|
- 1/12
AB = 50,000X1/12 = 4.5X 107

Step 2: Locate the point 2 x 10—*
on the C scale of the nomograph.

Step 3: Locate the point 4.15 x
10 on the AB scale.

Step 4: With a straight edge con-
nect the points selected in steps 2
and 3.

Step 5: Read the percent error
on the center scale. For this exam-
ple the percent output error is
0.045%. Therefore, if E;, = 1 volt,
E... — 10.0045 volts. Note that this
percent error is not within the de-
sired range.

Step 6: To determine the range,

Ry
R
10k 2
hoﬂh = 100k

+Ey

—Eour
TV I

When impedances Z, and Z. are
resistances of 10 and 100 kilohms,
respectively, this circuit functions

as a straightforward voltage amplifier.
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Nomograph relating gain, offset and percent of reading error

©
E50k 100k
- 20k

L
- 10k

et e

OPEN LOOP VOLTAGE GAIN - AB

-1k

magnitude and sign of the offset
term that would provide the re-
quired accuracy of 0.02%, connect
the point 4.15 x 10* on the AB
scale to the point -4-0.02% on the
center scale by a line extending to
the C scale and read the resulting
offset term, which is —0.4 x 10—%.
This is the upper limit of the off-
set range.

Step 7: To determine the lower
limit, connect the point 4.15 x 10?
on the AB scale to the point of
—0.02% on the center scale and
read the resulting offset term on
the C scale, which is —4.4 x 10—
Thus, the offset term C must be
within the range

—04X104<C£—44X10*

The amount of offset correction
required is obtained by solving the
following equation for E.y using
the limits of C found from the
nomograph:

—~—0.10 —1x1073
3
- —0.08 3
= — —8x10~%
- —0.06 -
- —0.04 — —6x10—4
= =
- —0.02 5
— - —ax10~4
= o 4
= L =
= 3
= |[+o0.02 o | —2x10~4
& (R% =
w — CCE) s
- =
~_(+0.04 b
< "|< 2N = :—0
+| ~ S E
= +0.0~6\ g =
s I \\\o -
z |-+o0.08 N +2x1074
= | =
Pt -
s L =
2 +0.10 S
= P :—+4x1o"‘
S |+o0.12 -
(1 [
Wb -
¥ |+o0.14 - +6x10"%
- +0.16 3
= — +8x10—4
- —0.18 -
L +0.20 — +1x1073
v/ 2=,
C=p| R, =L
4in in
Substitution of the C wvalues

yields:
—1.4 < Ey < ~ 5.4 millivolts

Thus, if E, is compensated be-
tween these values while maintain-
ing the same offset current as be-
fore, the required accuracy of
0.02% can be achieved. Note that
the nomograph scales may be
changed if necessary by multiply-
ing scale, AB, by a constant N and
dividing the other two scales by
the same constant.

Since the offset current and volt-
age are inherent in the manufac-
turer’s design, the user has no con-
trol over them. If he cannot find
another operational amplifier with
the values desired, the designer
must adjust the values of Z, and
Z. to achieve the required accuracy.
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Integrated electronics

Integrated circuits in action: part Il
Trends and trade offs

While the designer of integrated circuit equipment is attempting
to pick an approach and develop guidelines for using IC’s, the

ground rules covering costs and performance continue to change

By Donald Christiansen

Senior associate editor

The single factor in the design of integrated cir-
cuit equipment that can be varied without affect-
ing others has yet to be pinned down. Perhaps it
is the color one paints the cabinet. The designer
attempting to refine the performance of his IC
cquipment by seeking a little more gain, a little
more speed or a little less volume often feels he’s
got hold of a wineskin—when he presses in one
spot it bulges in several others.

Furthermore, since the demarcation between the
1C and the equipment in which it is used is shift-
ing, the development of rules and relationships to
guide designers is a difficult task. Among those
factors that affect the big picture are availability
and logistics as well as performance demands im-
posed by the equipment specifications.

Meeting the trade off challenge thus poses some
of the most difficult questions the IC user will face.

Typical of the trends generated by the use of
IC’s are those illustrated on page 131: decreased
material and labor costs, reduced bulk, simplified
maintenance and shifting engineering work loads.
Frequently encountered trade offs are illustrated
on page 133: power vs frequency, spares require-
ments vs module complexity, numbers of pins vs
equipment reliability, package size and packaging
techniques vs volume, and system partitioning vs
cost.

When, where and how many?

Foremost in the selection of IC’s for a piece of
electronic gear is the number of circuits required.
Engincers at the Sperry Information and Commu-
nications division of the Sperry Rand Corp. exam-
ine what they term a yield-to-cost ratio, a figure of
merit that is particularly sensitive to the number
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of ICs needed but previously unavailable.

In the yield are savings resulting from reduced
cost of materials, size, weight and power require-
ments. Also considered to be part of the yield are
increases in value of the system that result from
increased reliability and performance. On the debit
side of the ledger, Sperry lists additional engineer-
ing labor and vendor start-up costs.

Equipment delivery date can'be a strong factor
in the choice of IC concept. History, if not reason,
teaches that schedules always deteriorate and
Sperry engineers say that long lead times needed
for special IC’s are no exception. Therefore, prob-
able delivery delays must be chalked up as a cost
in the yield-cost ratio.

Sperry used the yield-cost ratio as a guide in
selecting both digital and linear IC’s for the micro-
electronic conversion of its passive-active detec-
tion and location (Padloc) sonar system (passive
search and active echo ranging). For the logic in
the bulk-delay and shift-register correlator the en-
gineers chose a modified form of standard direct
coupled transistor logic (DCTL). Only 3 different
IC’s were required: a dual NOR gate, a J-K flip-
flop, and a buffer element.

In the linear data processing subsystem, a basic
monolithic differential amplifier was chosen. It is
used with thin film feedback circuits. A low noise
version was required for the preamplifier circuit,
and that was achieved through a minor masking
change.

Buffer and clipper functions are accomplished
using a single IC and appropriate separate feed-
back components. Sperry elected to go with dis-
crete component voltage regulators, since only 10
regulator cards were required in the entire system.
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l. How trends affect decisions

Switching to IC’s is more like trying to jump
aboard a fast train than onto the proverbial band-
wagon. One IC user complains that the art will
not hold still. Decisions valid today are obsolete
tomorrow and one often must guess and gamble.

When Interstate Electronics Corp., a subsidiary
of the Interstate Engineering Corp., Anaheim,
Calif., considered the design for its 1010 medium
scale computer, it decided to use monolithic IC’s
wherever possible. But since the 1010 is a com-
mercial general purpose computer that must com-
pete with machines like the IBM 1800, SDC 1700
and the Sigma 2—now dominating the market—
cost is a major factor. One way Interstate trimmed
costs was to specify standard circuits.

Although some of the circuits were not standard
at the time of design, the firm had assurances from
the vendor that they would become standard and
that Interstate would benefit from a price reduc-
tion. Designers at Interstate took the gamble and
won.

Engineers at Sperry were vexed by similar uncer-
tainties in the linear or analog area, which they
note is even more fluid than the digital arca. The
display console for the Padloc system houses con-
ventional crt electronics and unique analog func-
tions such as servo and write amplifiers.

Although most of these circuits could be realized
in IC form, Sperry elected to forego that route
in favor of conventional electronics. Present costs,
they noted, could not justify IC’s at the time of
design. The need for designing one-of-a-kind cir-
cuits would tie up too many engineers for too long
and leave small hope for an immediate return
on the investment.

Another course that was considered and rejected
was to digitalize as many circuits as possible, but
since the microelectronic Padloc was a conversion
from a discrete component version, the engineer-
ing was already done for those portions of the
equipment that would not be converted to IC’s.
Finally, any gamble on devices that were not on
the immediate horizon was impractical for one-of-
a-kind applications in a system destined for ship-
board use, where a purchase of more than 200 sys-
tems is rare.

Designers who pick a winner from the wide
choice of standard IC’s may benefit from reduced
prices “down the road,” brought about by volume
purchasing of the devices by competitors, too. For
example, one large IC maker estimates that 80%
of new logic designs are being implemented in
transistor-transistor logic (TTL), which suggests
that price and performance competition among
vendors of TTL will become bitter.

Can it be had?

Availability is unquestionably one of the most
important influences on the designer’s choice of
IC’s and IC packages, says Ralph Baer, chief en-
gineer, equipment design, of Sanders Associates,
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Nashua, N.H. Five years ago the choice was sim-
ple, he notes. “It was either resistor-capacitor-
transistor logic (Texas Instruments Incorporated
Series 51) or direct coupled transistor logic (Fair-
child’s Micrologic)—there were no other serious
contenders.” And IC packages and packaging tech-
niques were, he recalls, in “just about the same ab-
original state.” Today the designer can select from
among a variety of logic schemes—both saturating
and nonsaturating—and packages.

How design decisions are tempered by time can
be seen in this example: In 1963 Sanders undertook
to redesign and repackage a rack-size airborne
digital computer that had been built with discrete
components. The computer had to be shrunk to a
volume of less than 1.5 cubic feet. Sanders’ engi-
neers leaned on their previous experience with
DTL and RTL, then opted for DTL for a number
of reasons—among them better noise margins,
lower can-count, and good availability.

Sanders’ packaging engineers then decided to
mount no more than 14 DTL flatpacks on one small
plug-in multilayer printed circuit card. Each flat-
pack had 10 leads. The small p-c card was selected
for reasons that in 1963 were entirely valid:
parallel-gap welded IC’s were not easily replace-
able, making the card throwaway, and cost for a
mil spec IC averaged $15-$20, yielding the required
throwaway cost of under several hundred dollars.

Modules of this small size are usually best organ-
ized into general purpose categories such as shift
registers, multiple gate cards and line driver cards
—much like their predecessor discrete component
cards. Advantages of this arrangement are well
known: standardization and off-the-shelf availabil-
ity. The chief disadvantage stems from the com-
plexity of the back panel wiring. Since airborne
equipment cannot accept the weight and volume
of a complex harness, multilayer p-c boards were
used. Twenty plug-in cards were interconnected
by a 5-layer p-c board.

Today’s approach

The small card approach, Sanders’ engincers
note, puts the burden on interconnections, and
motherboard costs go up disproportionately with
the number of layers. If the redesign of the air-
borne computer were to be attempted by Sanders
today, an alternate approach based on a large sub-
system, special purpose card would be used.

The large subsystem card would mount, say, 30
to 200 IC’s. The approach is made feasible by the
availability of 14-lead flatpacks and the reflow
solder technique of attaching IC’s so they can be
replaced if necessary. Also, IC prices have dropped
so that an entire board can be replaced at small
cost.

Sanders sums up benefits of the large cards as
follows: complete subsystems on one card mean
fewer input-output connections—cards do not
become pin-limited. In contrast, the smaller gen-
eral-purpose cards often carry just a few IC’s since
they use up all the available pins. This is particu-
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larly serious in the case of multiple gate cards.
With large cards, system reliability, a function of
total pin interconnections, is boosted. Motherboard
wiring is simplified; costs are reduced and relia-
bility improved. Most systems in Sanders’ experi-
ence can be interconnected using 2 or, at the most,
3-layer motherboards. Special 2-layer boards devel-
oped by Sanders (and for sale to competitors)
permit unrestricted throughboard connections, and
are easier and less expensive to lay out than con-
ventional 2-sided boards. Finally, when connections
are made all on one board the wiring runs can be
made very short. Combined with higher speed IC's,
system speeds can be boosted.

Most military and commercial digital systems
now being designed by Sanders use the large card
concept. A typical card from a second generation
data processor has 50 flatpacks per card, pretinned
land areas and solder pads for IC lead attachment
and card connector attachment, respectively. As
the number of IC’s per card increases, the likelihood
of repeating cards within a system decreases, and
as a result the percentage of the total system repre-
sented by spare cards increases, as shown in the
curve on page 133.

Not all systems designers have settled on the
large card concept. The Martin Co., a division of
the Martin Marietta Corp., for one, has elected to
produce computers with a versatile single inte-
grated circuit plug-in module [Electronics, Oct. 17,
p. 68]. How the module approach selected affects
system reliability is shown in the table on page 133,
compiled by Jack Staller of Svlvania Electronic
Systems division.

Hidden factors

Repercussions from the use of IC’s are some-
times unexpected. Often overlooked in the cost of
owning equipment containing large quantities of
IC’s is the logistic advantage of simpler main-
tenance and troubleshooting procedures, and the
cost saving resulting from the need to order, stock,
and release and keep records on fewer parts.
Indeed, the system manufacturer benefits in the
same way from simplified parts bookkeeping.

Higher parts densities in IC equipment virtually
exclude the performance of maintenance at simple
levels of system complexity. Larger modules are
replaced in order to keep equipment operating.
And these modules are often so complex that they
are truly throwaway—field repair is virtually im-
possible, and maintenance depot repair is difficult
and costly. With the improvement in module
reliability afforded by the use of 1C’s, the mainte-
nance organization as we know it today may atro-
phy; good maintenance technicians may become
hard to find. On the other hand, even the high
reliability levels achieved thus far in IC gear
(0.0007% /1,000 hours for Minuteman) are insuffi-
aient for some applications, such as longtime deep
space probes, and observers believe that the best
saswer is self-diagnosis and self-repair of this
equipment.
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Il. The trade off tightrope

The alternative devices available to the designer
are well known. Among them are monolithic semi-
conductor integrated circuits, thick film circuits
with semiconductor chips added, thin film circuits
with chips added, and modifications and combina-
tions of all. One difficulty in selecting an approach
is that as the art is refined in each area, some
phases progress more rapidly than others. Tech-
niques that once held an advantage, say in cost or
in tolerances, may be downgraded. The objective
designer must be ready to switch his allegiance:
standing by a favorite method on an emotional
basis can be disastrous.

A case in point, notes film-circuit expert Jerry
Selvin, of Sylvania’s Electronic Systems division,
Waltham, Mass., is the changing picture in thin
versus thick films. Sylvania, a subsidiary of Gen-
eral Telephone & Electronics Corp., has jettisoned
most of the thin film equipment used over the past
several years in favor of semiautomatic and auto-
matic methods for production of screened ceramic
IC’s. Such circuits, Selvin says, can be produced
by Sylvania at costs as low as one-fifth that of the
cost of vacuum deposited thin film circuits—and
he emphasizes, with fabrication equipment consid-
erably less complex and costly than that used by
IBM for its thick film System 360 computer circuits.

No ideal technique

At this point in integrated electronics history,
purists who say that the best integrated circuit
is one produced by a single technique must be
reluctantly labeled dreamers. A practical all-thin
film, all-thick film or all semiconductor IC has
not been developed. The monolithic 1C perhaps
comes closest, but even it requires a technique
such as aluminum deposition to make appropriate
interconnections between elements.

The battle of the techniques, most realists admit,
is largely an artificial one and was born of the
prejudices of device manufacturers and nourished
by technical publicists and trade press writers
seeking to glamorize a technology that does not
require glamorizing.

Nevertheless, it can be recognized that films are
more appropriate than monolithic IC’s for some
applications, and vice versa. It must also be recog-
nized that, largely because the silicon monolithic
IC is essentially self-contained, it is often looked at
first when the designer considers IC’s. He thinks
of films and hybrid techniques as auxiliary meth-
ods when the silicon IC cannot do the job.

Monolithic silicon circuits

Many industry observers rank the semiconductor
IC with the tube and the transistor in importance
to the electronics industry. The National Aero-
nautics and Space administration is backing its
belief that 80% of space systems electronics will
consist of IC’s by 1972, and that most will be
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The name game: a clarification of terms

The label “integrated circuit” has been criticized as
ambiguous while “microcircuit” and “microelec-
tronics” have been called inapt as terms for inte-
grated circuits and the IC art.

Recently the Institute of Electrical and Electronics
Engineers approved ‘“‘integrated electronics” as a
generic term, defining it as “that portion of elec-
tronic art and technology in which the interdepen-
dence of material, device, circuit and system-design
consideration is especially significant; more speci-
fically, that portion of the art dealing with inte-
grated circuits.”

The rationale for discarding ‘‘microelectronics’
and “microcircuits” is that thev imply smali size,
which may be of only secondarv importance in
some cases. Nevertheless, ‘“microelectronics” will
probably die hard since it has gained wide accept-
ance. As a descriptive term to blanket the broad art
that sometimes includes very small—but not inte-
grated—devices, as well as IC’s, it seems hard to
beat.

Electronics magazine will generally use the IEEE
terminologyv, reserving “‘microelectronics” as an ex-
ception to the rule when it seems appropriate.

Definitions for IC's . . .

Two or more elements inseparably associated on,
or within, a substrate to form an electrical network
or circuit is a broad definition for an integrated cir-
cuit. But more exact definitions of IC’s and their
parts avoid ambiguity.

= Monolithic IC has a single semiconductor body,
such as silicon ervstal as its substrate.

= Thin film IC is composed of elements {ormed
by thin films— usually less than a micron thick—
deposited on a substrate by techniques such as
vacuum evaporation. The elements aren’t necessarily
passive.

s Thick film IC is similar to thin film IC except
that the films are formed by a process such as
sereen printing and are much thicker than deposited
films.

= Hybrid thin film or thick film IC has devices—
typically transistors, diodes or monolithic 1C’s—
added to the basic film IC.

s Multichip IC is an assembly of semiconductor
device chips joined within a common package by
jumper wires or by an interconnection pattern on the
substrate or header. Strictly speaking, a device that
also has passive elements formed directly on the sub-
strate is not a multichip IC, but rather a hybrid IC.

= Functional electronic block has often been used
as another way of saving monolithic IC, but it
should be reserved for monolithic IC’s whose ele-
ments are difficult or impossible to identify, or
whose functions can’t be pinpointed to a specific
area of the device.

.. . and for IC elements

= Element is the smallest identifiable part of an
IC, such as a single transistor, diode, resistor, capa-
citor or inductor.

= Device is a unit that can’t function if its parts
are separated. Integrated circuits, as well as com-
ponents like transistors, are devices.

s Active element or device is one that exhibits
gain. Strictly speaking, transistors—and sometimes
tubes—are the active elements of IC’s, but diodes
are traditionally classified as active devices.

= Passive elements and devices are those that
aren’t active; for example a film resistor in a hvbrid
IC or a diffused resistor in a monolithic IC.
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monolithic silicon devices, with a major study
project.

At its Electronics Research Center, Cambridge,
Mass., NASA is building and equipping a facility
called Predict which will be used to fabricate
silicon integrated circuits for its studies.

As NASA sums it up, the attributes of silicon
IC’s are low cost as a result of batch processing,
reliability stemming from processing simplicity,
and the ability to fabricate a variety of integrated
devices merely by varying photographic patterns.
Also, NASA cites the relatively small number of
different materials required; fewer materials sug-
gest higher reliability. Some circuits, for example,
need only silicon, silicon oxide, aluminum and gold.

Many of the interconnections which were the
system designer’s responsibility in the days of
discrete component systems have been absorbed
by the integrated circuit—resulting in a system’s
greater inherent reliability. According to one engi-
neer at Sperry, it becomes the designer’s task to
retain within the system the improvements in per-
formance and reliability that the IC offers him.

Today, many IC’s, particularly those in flatpacks,
require exotic packaging technology. The density
of interconnections has reached the point where
manual handling is difficult, if not impossible. Also,
power density is higher even though power dis-
sipation is less per element, Sperry designers point
out. The incompatibility of achievable element
densities and present interconnection technology
is spotlighted by the knowledge that Sperry’s Uni-
vac designers could build a complex thin film mem-
ory in an inch-cube, but they wouldn’t be able to
make the one million connections to the cube that
would be needed—and the problem of heat re-
moval has not even been considered.

The limitations of monolithic circuits are pretty
well known. Tolerances on individual elements bet-
ter than 20% are difficult to achieve, and some-
times tolerances are much worse. It is possible to
fabricate diffused resistors above 100 kilohms, but
device manufacturers are reluctant to include re-
sistors having a total value of 50 kilohms in stand-
ard IC’s; they’d prefer to do without them
altogether if possible. Likewise, IC makers feel
reasonably comfortable with capacitors of about 25
picofarads, but they begin to rebel at 50 picofarads
and insist that 100 picofarads is a shameful waste
of valuable silicon into which several transistors
could have been built.

Metal oxide semiconductor

Metal oxide semiconductors (MOS) will compete
with monolithic silicon IC’s in some areas, but are
expected by the experts to offer cost rather than
performance advantages. Present speeds are in the
1-2 Mhz range, two or three orders of magnitude
below the theoretical limit. Chief advantages are
expected to be in medium speed, large, complex
arrays. The MOS transistor can be used as a resis-
tor having values up to 200 kilohms. Since resistivi-
ties are as high as 200,000 ohms per square, MOS

Electronics | November 14, 1966



Power and packaging determine IC choices

Power-frequency trade off
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Approximate performance envelopes for monolithic
integrated circuits and thick film and thin film hybrid
circuits show that hybrid IC’s with attached active
devices are needed for higher power and frequency.

How partitioning affects equipment reliability

Spares are a function of module complexity
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As more IC’'s are crammed in a module, the types of spare
modules needed rises. Dotted line represents a general
purpose computer containing about 3,600 IC's. Curve
reflects experience at Sylvania Electronic Systems.

Module Smallest replaceable unit (SRU) | Total Failure rates System| System

approach size in No. of | No. of connecting | Per Tn % in MTBF | failures
no. of SRU’s SRU types| PIns SRU back back Hours | Per year
IC’s wiring | wiring

Single assembly | 3689 1, 1 580 14.904 0.000 — 6710 1,306

Large card 119 31 26 5,199 0.4867 0.070 0.46 6598 1.328

Small card 9 410 15 21,900 0.0388 1.1385| 6.7 5865 1.494

Individually

pluggable 1 3689 15 44,848 0.0040| 4.558 | 23.6 5178 1.692

Larger modules and fewer friction-type connector pins increase system refiability.
The large, 119-1C card represents Sylvania’s MSP-24 computer. Values for other sizes
are extrapolated. Minuteman device and interconnection reliability is assumed.

The impact of IC packages and packaging

Type

of package
Dual in-line
TO-5

4 x 14 Flat

“Plugged in

14 x 14 Flatpack

Packages
per sq. in.
3.2
6.3
7.0

10.3

pack

““Stacked arrays

Packages
per cu. in.
12
23
47*-107%*
69%-154**

*At the subsystem level

Type of as a percentage
packaging of total volume*
1-Sided PC Board 1.3
2-Sided PC Board 2-6
Volumetric (3-D) 5.25

Volume of IC's

Best-case packaging densities for four types of IC packages, assuming clearances are minimum and flatpacks
in stacked arrays are in contact. Sylvania’s findings on volumetric efficiencies are shown at the right.
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6,400

Poor computer sub-
system partitioning can
wipe out cost advan-
tages gained at the
logic engineering stage.
In Autonetics study,
based on IC's containing
similar repetitive
elements, subsystem
cost bottoms at about
250 elements. If the
50,000-element system
were partitioned at a 40
element per module
level, (dotted line) it
would match cost of the
optimized 100,000-
element system.
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Selection of integrated circuit types is guided by process capability

Monolithic Thin film Thick film
Bipolar Metal oxide Evaporated Sputtered Screen
Integrated Silicon Silicon thin tantalum printed
circuits film thin film thick film
Reliability and low cost Good line good line low cost
long life simple design definition definition simple production
low cost high density high reliability high reliability techniques
high density resistivities to high precision high precision by | amenable to
Advantages low weight 20 kilohm/Q3 wide choice of anodizing production of
standardization amenable to materials interconnections
amenable to high redundant permit 1:1 trans- resistivities of
production design lation from 1-20 kilohm/[]
direct coupling discrete com- capacitance of
avoids ponent design 500-500,000
capacitors amenable to pro- pf/sq. in.
symmetrical duction of inter- high power
switching connections capability
capabilities
Power-frequency limited frequency| active devices active devices active devices
product capability must be added must be added must be added
high development exhibit unique specialized pro- trimming required
Limitations cost failure modes duction pro- for close
loose tolerances Jow sheet cesses needed tolerances
diffused resistivi- resistivity high voltage
ties are 100- production coefficient
200 ohms/[ procedures can nonlinear
be complex temperature
characteristic

resistors can offer savings in area usage over dif-
fused resistors.

Multichips

A compromise art used early in the history of
IC’s was the so-called chip and wire technique.
This concept, in which several silicon chips, each
containing relatively few elements, are connected
within a single package, got around the problem of
low IC yields. It helped get equipment built with
IC’s fast, and familiarized designers with IC’s.

In some cases, the better isolation between ele-
ments that this multichip technique afforded re-
sulted in higher circuit performance. Though fewer
simple multichip circuits are built today, the con-
cept has not necessarily reached the end of its life-
span. For example, C.F. O'Donnell, vice-president
of Autonetics, points out that even with large-scale
integration, the multichip approach can be used.
Autonetics is a division of North American Avia-
tion, Inc. As a monolithic array of IC’s gets bigger,
O’Donnell notes, yields decrease. One way around
low yield is to use discretionary wiring in which
only the good circuits in a wafer are connected by
a unique wiring pattern. But in O’Donnell’s view,
discretionary wiring is the wrong way to go. He
suggests that arrays should contain only those de-
vices that represent economical yields. In other
words, if X number of devices cannot be sawed
from a single wafer with a high probability that
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they’ll all be good, then the designer is trying to get
too many devices in the single chip. If necessary,
smaller arrays can be joined as multichips.

The multichip approach has already been scaled
up and refined for military avionics projects.

Thick films and thin films

While the silicon IC versus film circuit con-
troversy may be a battle of paper tigers, the thick
versus thin film contest has drawn real blood. In
many cases the two techniques can do the same
job, albeit by different routes.

S.M. Stuhlbarg, manager of Raytheon’s micro-
electronics facility at Bedford Laboratories, Bed-
ford, Mass., gives some rules of thumb. Stuhlbarg
says highly complex, close tolerance analog appli-
cations requiring extremely good resistor stability
call for thin film hybrid IC’s. On the other hand,
he notes, when hybrid IC’s are needed in high pro-
duction quantities, and when a large number of
different circuit types are required, thick films may
be the better route. Furthermore, Stuhlbarg indi-
cates, the major need of a systems manufacturer
may determine which facility he sets up; if he re-
quires just a few complex analog IC’s it may not
pay to set up a thin film lab—he can buy them from
outside suppliers.

Proponents of the thick film process emphasize
its applicability to high volume use at relatively low
cost. Several years ago, when rumors leaked
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through IBM’s tight security that the computer
giant was experimenting with thick films, sceptics
scoffed at the suggestion that a “gross” technique
used to put decorative designs on china could also
be used to produce circuits accurate enough to
compete with thin films. Yet the technique had al-
ready been used to make resistor networks and
micromodule components, and IBM turned it into
a highly accurate automated process for building
hybrid IC’s with the power required by high-speed
computers, at a time when IC’s were still a risk in
terms of performance and availability.

Today IBM and others are building circuits that
contain components as accurate as 1% achieved
by trimming them after they’re formed. Thick film
circuits contain screened-on conductors, resistors
and capacitors atop a ceramic substrate. Selvin of
Sylvania boasts of resistors in the megohm range,
and of power-handling capability of 20 watts per
square inch at 125 degrees C. Capacitors in the
hundreds of picofarads are possible, he says, and
capacitance per square inch exceeds that of tan-
talum thin film circuits [Electronics, Oct. 17, 1966,
p. 72] which is generally given as 1.0 microfarad
per square inch. Breakdown voltage of capacitors
can exceed 4 times that of tantalum film capacitors,
which are rated at about 25 volts, Selvin claims.

Objectors to thick films suggest that circuits just
as small and reliable can be made using micro-
miniature discrete components. Yet the appeal of
thick films is quite obviously that they avoid many
of the one-by-one interconnections needed with dis-
crete components. And it seems likely that thick
film hybrid IC’s in the near future will contain
just as many silicon IC’s as transistors.

Thin films smaller

Thin film boosters claim that thin film hybrid
IC’s can be significantly smaller than their discrete
component counterparts, though they might cost
more, particularly in moderate quantities.

Resistances up to a megohm can be fabricated
by vacuum deposition and up to 1.5 megohms by
sputtered tantalum methods. Yet makers of vacuum
deposited circuits are likely to suggest that the line
be held at 20 kilohms. A 50-kilohm resistor gobbles
up a lot of area. Tolerances on resistors before
trimming are about *=20%, and on capacitors are
about *=10%.

In the case of tantalum circuits, resistors are ad-
justed and stabilized by anodizing at above 300
degrees C. Resistance is monitored during anodiz-
ing; when high precision is needed, values can be
brought to within *=0.02%. Sheet resistivity for
the tantalum circuitry ranges from about 50 to 500
ohms per square. Power dissipation for the tanta-
lum film circuits is above 4.5 watts per square
centimeter.

Both thick and thin films offer the possibility of
a one-to-one conversion from discrete component
circuits—and therefore may be favored by design-
ers faced with short equipment delivery times or
beginners who have little experience with mono-
lithic silicon IC’s. Films have an obvious role in
circuits requiring high value, high power resistors.

The table at the left compares IC’s. The values
given are a cross section of industry opinion, not
the maximum values that can be achieved by exotic
processes or at the expense of another parameter,
such as temperature stability or reliability.

Guidelines for selection of IC's

While cost and performance are widely recog-
nized as criteria for evaluating alternative equip-
ment designs, they are not much good to the
designer who has to pick the best IC’s for his
project. They are too general. Instead, suggests
C.F. O’Donnell, vice-president of research and en-
gineering for the Autonetics division of North
American Aviation, Inc., the designer can assess the
suitability of IC’s by examining three areas—
design, fabrication and field use—and asking him-
self the following questions:

Design

= How good is the basic IC?

s Does it provide the wanted function (mini-
mum volume, weight, power, cost)?

= Is there a good possibility that it can be pro-
duced more cheaply and that performance can be
improved with time and usage?

» Is it versatile—can it be used many times or
in a variety of ways in the equipment?

= Will it survive in operating environments?

= Will it function over the required temperature
range and meet shock, vibration and radiation re-
quirements?

« Will it satisfy interface tolerances (input and
output signal levels and impedance matching).

Fabrication

®» Does the IC lend itself to automated handling
and package assembly?

s Does it facilitate easy testing at both subsys-
tem and system levels?

» [s the cost of related tooling and special test
equipment prohibitive?

» Is availability and delivery of the IC’s good?

w Can the devices be easily and reliably inter-
connected?

s Can meaningful, manageable specifications be
written to characterize the IC?

» Are the IC’s interchangeable with similar de-
vices from alternate sources?

Field use

» Can faults be easily located?

s How simple is the maintenance problem—
particularly from the standpoint of stocking and
handling spares?

= How good is operating reliability?

» Is operation availability (low down time) of
equipment adequate?

= Does the IC approach considered lend itself
to the use of redundancy, self-diagnosis and/or
self repair of the equipment?
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You made us
what we are

today...

a brand-new Division of Union Carbide.

Thanks to you, our various electronics businesses
have grown so well that we have gathered them to-
gether and created the Electronics Division of Union
Carbide. This puts us in a better position than ever
to fill your growing needs for:

Solid tantalum and foil-film capacitors...transis-
tors, modular and integrated circuits, and other
solid state devices ... single crystals and
crystal products...lasers and related equip-
ment . .. fuel cells.

As well as new products in various stages

UNION
CARBIDE

of research and development, all aimed at advanced
requirements on the frontiers of electronics—all
backed by the technology of Union Carbide.

Why are we telling you this?

Because we wanted you to know that we’re serious
about being in electronics. And so that you can re-
alize that our diverse activities are now under more
unified control.

After all, your orders did it for us.

Union Carbide Corporation, Electronics
Division, 270 Park Avenue, New York 10017.

ELECTRONICS

136 Circle 136 on reader service card
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Solid state

Avalanche transistors drive
laser diodes hard and fast

Pulser circuit in injection lasers produces

short, high-current pulses for high resolution radar

By Herman E. Brown and Robert A. Bond,

University of Texas, Austin

and James C. Bloomquist,

Eglin Air Force Base, Fla.

Among the men who experiment with lasers, the
high-intensity, extremely narrow light beam emitted
by the injection laser offers great promise in ranging
applications. In fact, they reason, ranging equip-
ment built with the laser diode ought to be more
accurate than a conventional radar. So far, realizing
such a range finder has been slowed by the lack
of a suitable driving circuit for the laser. The resolu-
tion of a laser range finder depends on the maxi-
mum repetition rate, the rise time and the length
of the laser driving pulses and these, in turn, de-
pend on how efficiently excess heat is removed from
the laser diode.
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A pulser circuit, specifically designed to drive
gallium-arsenide laser diodes, produces high-cur-
rent pulses of extremely short duration and fast rise
time. Its secret: using the avalanche mode of opera-
tion in silicon epitaxial annular transistors.

If high enough voltage is applied to the collector,
avalanche multiplication of carriers will occur in
the depletion region.! The transistor becomes a
low-resistance, fast electronic switch, capable of
providing short duration, high-current pulses.

Good quality laser diodes operating at room
temperature require about 75 to 100 amperes of
driving current to exceed the lasing threshold.

An array of three laser diodes
with lenses and pulsers seen from
the front (left) and back. Each
section of the array, clearly
indicated in the front view,
generates 10 to 15 watts peak
power through the entire system.
The unit is less than 3 inches in
length and 1 inch in depth and
width.
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Typically, the better diodes will radiate about 10
to 15 watts of peak power when pulsed with 150
to 200 amperes.

Since the diodes do not have sufficient area to
dissipate the heat, to prevent burnout of the diode
the lasing device must be pulsed instead of run
continuously. At the same time, pulsing has to be
carefully regulated or the power rating of the diode
will be exceeded, destroying the semiconductor.
Current pulses are kept as short as 50 to 100 nano-
seconds to prevent such damage.

How pulse length affects resolution can be deter-
mined by the rule of thumb that a 2-nsec duration
is equivalent to about 1 foot in range. In a standard
radar system, rise times are in the order of 50 to
100 nsec. In the laser system, by contrast, rise
times are only about 10 nsec and measurements are
to within ==2.5 feet.

The circuit below pulses room-temperature GaAs
laser diodes continuously at rates up to 10 kilo-
hertz, or up to 100 khz provided the duty cycle

(ratio of on-time to total cycle time) does not ex-
ceed that for continuous operation. Pulse length
is about 60 nsec with peak currents approaching
200 amperes, depending upon the circuit’s in-
ductance and the potential that charges the col-
lector capacitors.

Transistors act as switches

In operation, the 0.01-microfarad capacitors are
charged to the applied potential through the 100-
ohm resistors and the charging diode D;. The four
parallel npn transistors operate in the avalanche
mode and act as switches, opening and closing at
the applied trigger rate. When a 5-volt trigger pulse
is applied to each transistor base, the base-to-
emitter and base-to-collector junctions break down,
producing a collector-to-emitter short circuit. When
breakdown occurs, the collector capacitors dis-
charge their stored energy through the laser diode.
With the transistors in the avalanche mode, the
total circuit impedance is less than 1 ohin.

—10vdc

0 TO + 100vd-c ADJUSTABLE

0 TO + 200vd-c ADJUSTABLE

270%

1.0 I —L]. 0.05
g 001
s ’ e
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___l Q2
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100 : 001
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{+5v PULSE) 1€ L
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] 2
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t— o ——y
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_}——DIODE
‘ @‘_ﬂ H2A514 GE
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M
1200 |
‘ 4
»—-{ Q4
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1200 g
v ALL TRANSISTORS 2N3507
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Laser diode pulser circuit with 0.01-microfarad collector capacitors are charged to potential of 150 volts
through the 100-ohm load resistances and the charging diode, D:.. Collector capacitors discharge their
stored energy through the laser diode during the avalanche breakdown of transistors Q. through Qs.
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Typical current pulses reach a peak within 10
nanoseconds and last 50 nsec at a pulse rate of 45 khz.
Expanded waveforms B and C show pulse in detail.

In each collector capacitor the stored energy
E = 1/2CV? where V is the applied voltage. If
the applied voltage is 150 volts, the energy will be
approximately 10—* joules. Dissipation of this
energy in 10-7 second produces a peak power of
about 1,000 watts. Since there are four parallel cir-
cuits, the total peak power will be about 4,000
watts. Efficiency of high-quality laser diodes at
room temperature is about 0.3% and the beam
output is about 12 watts.

The laser diode must be protected from damage
caused by a shorted transistor or collector capacitor.
This is accomplished by placing the laser diode
in series with the collector capacitors and by
paralleling it with a fast charging diode, D,. If
one or more of the pulser transistors are shorted,
the d-c supply current does not pass through the
laser diode. If any collector capacitors become
shorted, the charging diode, which is forward
biased, protects the laser diode. _

Emitter follower, Q,, is also operated in the
avalanche mode to obtain the desirable fast rise
time of 10 nsec and the low driving impedance for
the laser pulser.

Qi is placed in the avalanche mode by applying
a positive 3-volt input pulse and adjusting the
collector potential until a stable avalanche condition
is obtained. The emitter load resistance is adjusted
by paralleling 2.7-ohm, Y3-watt resistors until the
required 3-volt trigger pulse is obtained.

D-c breakdown key parameter

Since high peak current requires relatively high
collector voltage, the most important transistor
parameter for Q. through Qs is the d-c breakdown
voltage from the collector to emitter (BVgex). A
10% larger breakdown voltage can be obtained with
the Motorola 2N3507 transistor by reverse biasing
the emitter-to-base junction. After considerable
study this transistor was selected for three reasons:

e It avalanches at a relatively high voltage—
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usually 140 volts, but can be as high as 190 volts.

* It has a low failure rate under maximum operat-
ing conditions.

= And it requires no heat sink when operated
below 10 khz because the TO-5 transistor case
dissipates heat adequately.

The pulse circuit is difficult to construct pri-
marily because inductance must be minimized. A
small amount of wire in the circuit contributes a
fairly large amount of inductive reactances when
50- to 100-nsec pulses with 10-nsec rise times are
generated. The best way to reduce the inductance
and still obtain up to 200 amperes peak current
is to keep the current path very short. A complete
pulser can be constructed with a volume less than
Ya-cubic inch. Careful location of the components
restricts the effective current path to less than %
inch. Typical current pulses generated by the
pulser are shown at the left.

The photo on page 137 shows an array of three
laser diodes assembled with collimating lenses and
a pulser circuit for each diode. The three diodes
are aligned so that their beams are parallel; how-
ever, they can be spread into a divergent beam for
less intensity but wider coverage.
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Amperex announces the ATF-401...

the operational amplifier made possible
by our special production-line methods
and thin film/LID circuit technology...

IF THIS ™" DOESN'T
HYBRID LINEAR IC’S,

ATF-401 OP AMP QUICK REFERENCE DATA
VOLTAGE GAIN

(open loop, R, = 6k)............. 50,000 min
FREQUENCY FOR UNITY GAIN...2 MHz min
RATED OUTPUT...... = 11V @ = 22 mA min

INPUT NOISE (Rijy = 1k)......... .5 4V max
INPUT VOLTAGE
(O] =/ ==Y 5 [IURESE—— ciieieo... 10 MV max
(externally adjustable to zero)
TEMPERATURE DRIFT.... ... 10 uV/°c max
INPUT CURRENT
OFFSET . ooy ooman w50, [NA MaX
TEMPERATURE DRIFT....... .2 nA/%°c max
INPUT IMPEDANCE
DIFFERENTIAL ............ 200 kilohms min
COMMON MODE ......... 10 megohms min

POWER REQUIREMENTS
OPERATING (underload) %15V, = 7 mA max
SHORT CIRCUIT CURRENT == 20 mA max
DIMENSIONS. ... .. .80 x .80 x .25 inches

ATF-401 OP AMP BEFORE ENCAPSULATION




MAKE THE GASE FOR

NOTHING WILL!

The ATF-401 is a thin film, linear, hybrid IC offering the best combination of price,
size and performance of any monolithic, discrete or hybrid op amp now available

Hybrid circuit technology, given
its biggest boost in years by the in-
troduction of Amperex LIDS last
March, takes another leap forward
with the introduction of the solid
state ATF-401, the first commercially
available linear hybrid integrated
circuit employing LID technology.

Using LIDS and the advanced
micro-circuit design and production
technology developed at Amperex
during the past several years, we are
now able to produce large volume
runs of all kinds of hybrid IC devices,
both as off-the-shelf items and as
custom production circuits to meet
your special system requirements.
Combining the advantage of discrete-
component circuitry (performance)
with the advantage of monolithic IC’s
(low cost), Amperex hybrids, made
with Amperex LIDS offer high per-
formance at low cost, plus the third
big bonus—small size.

The ATF-401 at $29.00 each, in
hundred lots, outperforms many dis-
crete op amps and without exception
any monolithic op amp available.
Further, since the ATF-401 is fully
frequency-compensated it requires
no external circuitry which would
increase its effective size.

Take a look at these specifications:

® Open loop gain 50,000 (min)
® Full output to 10 KHz
® Gain bandwidth product of 2 mHz
® Temperature drift of only
10uV/°C and 2 nA/°C
Long term stability of 25 yV/day
Maximum noise contribution of
5 pV referred to input
® Common mode rejection ratio
of 80 db (min)
® Complete short-circuit protection
of all terminals
® All this in a small package
less than 0.15 cubic inches

The ATF-401 is ideally suited for
signal conditioning amplifiers, test
equipment, control systems, AC and
DC comparators, servo amplifiers
and all instrumentation, computing
and control applications where low-
cost, small size, long life and low
power consumption are of prime im-
portance.

LIDS (Leadless
Inverted Devices)
are the micro-
electronic
packages for
semiconductors
that permit
mechanized
production of
hybrid integrated
circuits.

|

2

-

Write for additional data on the
ATF-401 and for details on how
Amperex can serve your custom
hybrid IC requirements: Amperex
Electronic Corporation, Semicon-
ductor and Receiving Tube Div.,
Dept. 371, Slatersville, R. I. 02876.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS
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Current dividers convert digital
signals into analog voltages

A constant current repeatedly halved according to the
digits of a binary number drives an amplifier whose

output analog voltage is proportional to the input digital signal

By Herman Schmid

General Electric Co., Johnson City, N.Y.

A digital-to-analog converter in a single integrated
circuit package is now feasible. The new technique
employs active current dividers and does not de-
pend on precision resistors as do conventional
digital-to-analog conversion techniques.

A 10-bit prototype, built with discrete compo-
nents, provides an accuracy of better than +0.05%
of full scale at room temperature and better than
+0.125% from 0 to 75°C. It will also work, at re-
duced accuracy, over the full military temperature
range of —55° to --125°C.

The new device also exhibits superior dynamic
performance, offers significant reductions in size
and weight, and will cost much less when built in
quantities. The new converter thus helps to satisfy
a growing need for simpler and smaller interface
circuits between integrated digital control circuits
and analog sensors and controls.

With present technology, a six-bit converter can
be built as a single monolithic device. Converters
with higher resolution can be made by putting the
additional divider stages on a separate chip, with
provision for external trimming resistors. As the
technology improves, more stages in a single mono-

The author

Herman Schmid, of GE's avionics
control business section, has
applied for a patent on the new
digital-to-analog converter. He has
designed analog computing circuits
since receiving his bachelor's degree
in Germany in 1950. He also has

a master's degree from Syracuse
University.
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lithic package should be possible.

Most digital-to-analog converters now in use em-
ploy either the weighted resistor technique at top
right or the resistor ladder technique at center
right! The performance of both designs depends
directly on the resistors’ precision and on the ac-
curacy of the transistor voltage switches. Building
good transistor voltage switches as monolithic in-
tegrated circuits is difficult, and building mono-
lithic IC’s that incorporate precision resistors is not
practical at present.

Conventional converters present several prob-
lems, even when built with discrete components.
For example, a 10-bit weighted-resistor converter
requires resistors with magnitudes ranging from 1
kilohm to 1 megohm. The higher-value resistors are
bulky and expensive, and the lower values present
an intolerable load to the analog voltage switch.
The resistor ladder network overcomes these prob-
lems, but it requires twice the number of switches
like the one at bottom right; this causes a significant
increase in complexity and cost. Finally, the refer-
ence voltage supply must not only produce precise
voltages, but must also drive half the number of
switching transistors. This heavy load cannot be
underestimated, especially when several converters
share the same reference supply.

Dividing the current

The new design for a digital-to-analog converter
is basically a series of cascaded current dividers
each of which has two outputs as shown on page
144. One output is the current source for the next
divider in the cascade; the other is gated to the
output amplifier or to ground, depending on the
state of a switch controlled by the binary digit to
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Weighted resistor digital-to-analog converter is a conventional design that requires precision resistors with a
wide range of values.
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Resistor ladder network, another conventional converter, requires precision resistors
and an extra set of solid state voltage switches, shown in color.
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mgUTAL ov _r Series analog voltage switch used in some conventional
2 digital-to-analog converters. The two transistors and
1’ the multiplicity of power supplies make it expensive
and inconvenient for systems using IC's. The circuitry
—6v in black merely switches the transistor shown in color.
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Cascaded current dividers, shown in color, provide a series of successively halved currents that are added
at the input of an amplifier in accordance with the digits of a binary number. The amplifier's analog

output is then proportional to the digital input.

be converted. Cascading a number of these current
dividers repeatedly halves the constant current into
a number of currents having magnitudes propor-
tional to %, Y4, %, . . .%e".

If any one of these currents were connected
separately to the summing point, the output of the
operational amplifier would generate a voltage pro-
portional to that current which, in turn, would
produce a current of the same magnitude but with
opposite sign through the feedback resistor R.
Thus the sum of the currents flowing to the sum-
ming point would be zero. Likewise when combi-
nations of these binary current components are
connected to the summing point, according to the
digits of a binary number, an output voltage will
be produced which is directly proportional to that
number.

The key to the design is an emitter-coupled dif-
ferential amplifier, whose transistors are closely
matched, and whose base electrodes are returned
to the same potential, thus making the collector
currents equal. If in addition the ratio of collector
current to base current—the g—is very high, then
the collector currents are very nearly equal to the
individual emitter currents.

The amplifier becomes a binary current divider,
shown on the opposite page, if the two emitters are
connected to a constant current source, the two
bases to a single bias voltage source, and the two
collectors through resistors to current sinks.

The ratio of the collector currents of the basic
current divider is:

ICI
Ice

= KAV

AVgye is the difference between the two base-emit-
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ter voltages and k is a semiconductor constant;
1/k equals 26 millivolts. If AVyg is 2.6 millivolts,
the ratio Iei/Ice is 1.11, which means that one of
the collector currents is 11% greater than the other,
or the two currents vary =5.5% with respect to a
nominal value and *275% with respect to the
constant-current generator, which puts out twice
the nominal current. Actually the maximum experi-
mental mismatch between I¢; and I with respect
to the constant-current source is less than =2%
measured in 12 differential amplifiers.

In the panel opposite, the ratio of the d-¢ am-
plification factor a;/as is shown to be close to
unity for a 10% difference in 8, and therefore, does
not significantly affect the collector current match.

Better division

The simple differential amplifier’s basic division
capability can be improved in various ways. The
simplest way is to insert two matched resistors into
the emitter leads, as shown below, thus correcting
any initial difference in I.. Experimenting with the

Rg

I 1
= Ig ‘ % Iz =2

Resistors added to the emitter leads in the
basic current divider improve its accuracy.
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Analyzing the current divider

The relationship between the collector currents
Icy and Ice, as a function of the amplification fac-
tors a1, a», and the base-to-emitter voltages Vgg;,
Veez for the circuit below, can be derived from
the basic equation relating the emitter diode volt-
age and diode current:

Iz = 1, e aVpe/kt) (1)
and
kt 1g
Vsg = lo (2)
q B,
where Ig = the emitter current
I, = the diode reverse-saturation current

q = the electron charge in coulombs
k = the Boltzmann constant
t = the temperature in degrees Kelvin

t is about 0.026 volts at room temperature.

Equation 1 may be written for the emitter cur-
rents Ig; and Ig» of both transistors of the differ-
ential amplifier. Then, dividing Ig; by Ig: gives the
ratio:

1 To; € (aVpe/Ki®
i _ o ¥ ®)
Ig Tg2 € (aVpe/ket)
If the transistors are identical and on one chip,
then k; = k2 approximately; equation 3 reduces to:
1
IEI — 01 (4)
Ig Toe

This means that the ratio of the emitter currents
in the differential amplifier equals the ratio of the
diode reverse-saturation currents.

The latter can be expressed in terms of AVge =

Vee:r — Vaee bv writing equation 2 for two tran-
sistors and subtracting Vagz from Vgg::
k|t IE] klt IE2

v — Ve = lo lo 5

BE1 BE2 q 4 I, q g T )
If k; = ks, equation 5 reduces to:
! | TR O

AVBE = (l\t (]) log e (6)
IE2 101

However, Vi is alwavs defined in terms of a fixed

emitter current; therefore in equations 1 and 2, I
can be considered constant. Therefore [g; = Ig» and:

Vee = (kt/q) log Im (M)
01

Solving equation 7 for Ig2/Io; gives:
L _ € (adV /kt) (8)
I,

Substituting equation 8 into equation 4 gives
A

= ¢ (@A Vyp/ke) (9)

Ie

The relation between the collector currents I¢y and
Ic2 can be expressed with equation 9 by using the
approximation I¢ = alg

Ica/Ior = (an/as) ® € 92 Vae/kV (10)

However, if both transistors in a pair have a ratio
of collector to base current (8) over 100, and equal
within 10%, the o will be matched to better than
1%. Then ai/a: is approximately unity, so that
equation 10 reduces to

= ¢ (@dVglkY

(11)

Ica/Ica

The ratio of Icz/Ic: is thus an exponential function
of the difference in Vgg. If Vyg = 2.6 mv and kt/q
(12)

= 26 mv then I¢2/Ic; = ! ~ 1.11.

+Vvg

Current-divider circuit that forms the basis
of the new digital-to-analog converter. An
improvement on this circuit is shown on page 144.

circuit in the figure showed that resistors of 500 to
800 ohms in the emitter leads corrected collector-
current differences to within 0.01% of full scale.
The magnitude of the collector current is also
important. With transistor d-c¢ gains less than infi-
nite, the base current will have a finite value that
contributes to the emitter current. Transistors with
B greater than 500 at 25°C and greater than 100 at
lower temperature are now available. Since B is
the ratio of collector current to base current, the
base current is between 0.2% and 1% of the collec-
tor current, or the collector current is 0.2% to 1%

Electronics | November 14, 1966

less than the emitter current.

The loss of current to the base can be overcome
in several ways. One way is to replace the individ-
ual transistors with Darlington transistor pairs. A
simpler approach, less desirable in quantity pro-
duction. is to increase the collector currents by
connecting a large resistance between the collector
and the negative bias.

A discrete prototype

A 10-bit prototype digital-to-analog converter
was built from discrete components to verify the
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Prototype converter built with discrete components. Except for a few of the
resistors, all components can be duplicated in a monolithic integrated circuit.

design. The schematic of the prototype is shown
on the opposite page and a photograph is above.
The device comprises one operational amplifier, 10
current switches, 10 current dividers (in the tinted
area), a constant-current generator, and a bias volt-
age supply.

A A 709 integrated-circuit amplifier made by
the Fairchild Semiconductor division of the Fair-
child Camera & Instrument Corp. adds the currents
and converts the sum to voltage. The feedback
resistor of 2.5 kilohms provides a maximum output
of 10 volts with a maximum input of 4 milliamperes.
This low feedback impedance prevents excessive
drift over the large temperature range.

The current switches are simple diode gates as
shown on page 148. The anode of diode D, is
connected to the summing point, the potential of
which is always zero, and the anode of diode D,
brings in the digital signal. The input signal swing
is between —1 volt for a logical 1 and +1 volt for
a logical 0.

When the input is at —1 volt, diode D, is for-
ward-biased, diode D. is reverse-biased, and the
current from the divider flows into the amplifier
summing point.

When the input is at +1 volt, diode D; is for-
ward-biased, diode D, is reverse-biased, and the
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current from the divider flows into the source of the
digital input.

Switching problems

Although this switch is simple, it has certain
drawbacks. One hindrance is that one diode or the
other is always reverse-biased. The leakage current,
which Hlows in this reverse-biased condition, sub-
tracts from the signal current. Therefore, the cir-
cuit requires diodes that have low leakage, espe-
cially at high temperature.

A second drawback is that conventional logic
circuits do not necessarily swing between —1 volt
and 41 volt. Either the input signals must pass
through level shifters, or the summing point poten-
tial must somehow be established between the
logical 1 and 0 levels.

The transistor base electrodes of each differen-
tial amplifier must be connected to a low-imped-
ance voltage source whose potential is halfway be-
tween the collector and the emitter potential. A
string of diodes provides these bias voltages con-
veniently. Two diodes are placed between succes-
sive differential transistors in the lower significant
stages, providing a potential drop of about 1.4
volts; three diodes, giving 2.1 volts, are placed in
the two most significant stages. The -current
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Ten-bit digital-to-analog converter uses cascaded current dividers (tinted area).
The trim resistors compensate for current drawn off by the transistor bases.
The string of diodes at the right provide bias voltages for the successive bases.

through the diodes can vary widely, because the
value of the bias voltages provided by the diodes
is not critical.

Compensating resistors

As shown above in the schematic of the proto-
type, only the four highest-order dividers of the
ten need emitter resistors to make them more
accurate, and bypass resistors to compensate for
the base currents. These emitter resistors would
have to be mounted externally for a monolithic
converter. However, as better current dividers are
built, fewer stages will require emitter resistors.
Instead of the base-current compensating resistors
in the discrete-component prototype, Darlington
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pairs would be used in a monolithic converter,
since transistors are easier to implement than large
resistors. Lower values of emitter resistors could
have been used in the third and fourth divider
stages, since they need not be as accurate as the
high-order stages.

However, it was more convenient to make all
emitter resistors the same. The actual value of
these resistors is not critical, but they should be
matched within the precision of the respective
divider stage. That is, if the over-all precision of
the converter is 0.1%, then the first stage must
be precise to within 0.05%, the second stage to
0.1%, the third stage to 0.2%, and so on, doubling
the percentage each time. After the first few stages
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Series-shunt analog current switch that steers current
toward or away from the summing node at the input to
the amplifier. Only the two diodes are necessary; there
are no transistors or extra power connections.

the precision can be very low without affecting
the output appreciably.

The resistors in the collector circuits of the
differential amplifiers make the voltage on the left-
hand collectors approximately equal to that on the
right-hand collectors. The tolerance of these re-
sistors is very broad. The prototype contains =5%
discrete resistors, only because they were readily
available. The right-hand collector voltage is, except
in the least significant stage, the voltage on the
emitter of the previous stage, which is 0.7 volt—
the potential drop across one diode—below the
bias voltage connected to the base electrodes.

The constant current generator in the prototype
has another differential amplifier to amplify the
difference between the voltage across the zener
diode and the voltage across the resistors Ry and
R.. This amplified difference, which is the voltage
between the two collectors of transistors Q; and
Q., is connected across the base-emitter junction
of Q,, which operates as a series regulator in the
main current path. In an IC the constant-current
generator could be built either as a separate hybrid
circuit or together with the most significant con-
verter stages. The constant-current generator re-
places the constant-voltage source that conventional
digital-to-analog converters require.

The digital-to-analog converter can be used
in either unipolar or bipolar mode. In unipolar
mode, a digital input of all (’s gives an analog
output of 0 volts; an all I’s input gives an output
of +10 volts; and an input 1000. . .000 corresponds
to a +5 volt output. In bBipolar mode, these inputs
would provide outputs of —5, 45 and 0 volts re-
spectively.

For bipolar outputs, a 5K resistor connected
between the summing point and a +10 volt refer-
ence will provide a 2 milliampere bias current. This
bias current will maintain the output swing between

5 and +5 volts.

High score in test

The performance of the new digital-to-analog
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converter depends on the quality of the differ-
ential amplifiers and other components or on the
number of compensations or corrections provided.

All static accuracy tests have been performed
on the laboratory model on page 146, which is a
complete digital-to-analog converter.

In the single-digit test, where each digit is
actuated separately, the static accuracy for any
of the 10 digits was better than =0.02% of full
scale at 250°C, +0.06% from 0°C to 125°C, and
—0.25% from 0°C to —55°C.

For any arbitrary combination of digital inputs,
the static accuracy was *+0.05% of full scale at
25°C, *0.125% from 0°C to 75°C, +0.5% from
~+25°C to +125°C, and —1% from 0°C to —355°C.

The largest error occurs at the lowest tempera-
ture, where the transistor amplification factors are
the lowest. A significant error also occurs at high
temperatures, where the leakage of the current-
switching diodes is severe. Darlington pairs in the
higher significant stages and low-leakage diodes
in all the current switches would reduce these large
errors at the extreme temperatures. At room tem-
perature, the repeatability of the device is excellent
—within +0.02% of full scale.

The constant current generator, the bias voltage
supply, and the current. dividers operate only stati-
cally—that is, they do not vary when the digital
signal changes. Therefore they do not require the
capability of fast switching. Since fast-switching
diodes are readily available, the operational ampli-
fier is the only speed-limiting device.

While dynamic tests so far have not been per-
formed, the dynamic performance of this digital-to-
analog converter is undoubtedly greatly superior
to that of conventional converters.

A single-chip package?

The degree to which implementation with mono-
lithic circuits is possible is still questionable. With
the present state of the art, a 6-bit digital-to-analog
converter in a single monolithic package is possible.
A 10-bit converter could be made with a second
integrated circuit containing four additional con-
verter stages, connected between the current gener-
ator and the most significant stage of the 6-bit
device. The transistor emitter leads of these addi-
tional current dividers must be accessible to permit
connecting precisely matched resistors into the
emitter circuits of each differential amplifier for im-
proved accuracy. The chips can merely be put into
a film-resistor network, resulting in a hybrid inte-
grated circuit.

As the technique of manufacturing matched
monolithic differential amplifiers improves, and as
fewer stages require compensation by external re-
sistors, more current divider stages can be included
on a single chip.

Reference

1. A.K. Susskind, Notes on analog-digital conversion techniques,
The Technology Press, Massachusetts Institute of Technology,
1957.
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New miniature tantalum
capacitor for microcircuits

The Mallory TUR is a miniature
solid electrolyte tantalum capacitor
designed for use with integrated
circuits, thin film and other micro-
electronie circuits. It is supplied un-
encapsulated to provide extremely
small size per rating. It is intended
for use with microcircuits where it
will be encapsulated after assembly.

The TUR has a new configuration
which provides maximum capacity
per unit volume. It’s a square chip,
only .225” to .325” square, and
.04” to .170” thick depending on
rating. It is supplied with an elec-
trically insulating coating on the
positive side of the case, so it can be
stacked or placed directly on the
circuit chip or board prior to en-
capsulation. When properly pre-
dried and encapsulated, it withstands
MIL environments.

CV (capacity x voltage) product is
extremely high. Ratings range from

47 mfd.,, 6 VDC to 15 mid., 50
VDC. Temperature rating is —55°C
to +85°C, de-rated linearly to 23
voltage at 125°C. DC leakage is
low. Three configurations keyed
to lead position are available. Stand-
ard unitsarepolarized ;non-polarized
units on special order. Leads are
gold-plated ribbons, can be welded
or soldered.

DIMENSIONS
Sase | AMax. | BMax. | CMax.
A 225 225 040
B 225 225 050
c 225 225 060
D 225 225 075
E 225 225 110
F 325 325 060
6 325 325 075
H 325 325 110
J 325 325 125
K 325 325 170

CIRCLE 511 ON READER SERVICE CARD

Reducing costs
with Mallory
packaged rectifier
circuits

You can save both on component
costs and on assembly costs, with
Mallory rectifier packages. Each of
thesefactory-connected circuits costs
less than what you would pay for
an equivalent number of separate
rectifiers. The four-rectifier bridge
package costs less than four sepa-
rate rectifiers, and the full-wave
and doubler packages cost less than
a pair of rectifiers.

Savings in assembly come {rom
reduction in number of soldered
connections which you need to make

. one less on a doubler or full-wave
circuit, two less on a bridge. You
can figure it out for your own
conditions, but here's a typical
analysis., At a labor rate of $1.60
per hour, the saving is about $300
per 25,000 doubler packages, or
$600 per 25,000 bridge packages.
Extra reliability due to fewer sol-
der joints is a plus value.

Cold-case encapsulated circuits in-
clude Type FW full wave bridge,
Type VB voltage doubler, Type CT
full-wave center tap with either
positive or negative polarity . . . all
rated for 100°C, in PRV values
from 50 to 600 volts. Bridge cir-
cuits, Type FWZ, are also supplied
with an integral, factory-connected
zener diode across DC output ter-
minals; all standard zener voltage
ratings are available in this con-
figuration.

CIRCLE 512 ON READER SERVICE CARD
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Improved heavy-duty performance
now provided by Mallory Alkaline Batteries

Recent refinements in Mallory
Alkaline Batteries increase their
ability to deliver long life at higher
values of current drain, and further
improve their advantage over con-
ventional zinc-carbon batteries both
in service dependability and cost
per hour.

This added capability is the result
of new internal construction which
increases the effective anode area
in relation to cell volume. Internal
impedance of the cell is reduced,
particularly at low temperatures.
At T70°F ambient, the Mallory
alkaline system delivers up to 7
times more hours of service on
continuous heavy drain than ordi-
nary batteries (see chart). At 32°F,
the improvement in performance
is even better.

o

VOLTAGE
N

0.8

Added refinements in case and seal
construction have also been made
to insure reliability of the seal under
even the most severe vibration.

DISCHARGE AT 250 MILLIAMPS. 70°F
|

3 gr__,
1
!

|
| r
—— MALLORY
ALKALINE

HOURS

Mallory Alkaline Batteries with the
new construction are available in a
broad range of standard cell con-
figurations.

CIRCLE 513 ON READER SERVICE CARD

Circuit breaker-switch now
available on Mallory controls

The OCB breaker-switch eliminates
the need for a separate circuit
breaker by combining overload pro-
tection and line switch into a
single, compact unit. It’s an extra
convenience idea for television and
stereo equipment, for instruments
and any products which require
overload breakers under 5 amperes.

To reset the breaker after it trips,
you simply turn the switch back to
OFF, then to ON. You cannot hold
the breaker closed against an
overload.

Holding current is factory-set to
your specifications; standard range
is 1.25 to 1.9 amperes, with special
models available up to 5 amperes.

Diagrams show operation of breaker mechanism:
atleft, in MAKE position; atright, in BREAK position,
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OCB breaker switch attached to vol-
ume control.

Break current is 509 higher than
holding current. The OCB switch
will withstand a 109 overload for
4 hours at 65°C ambient. It will
take a 50 ampere surge, peaking in
1.6 millisec and decaying to normal
in 3 millisec, without opening or
being damaged.

The OCB is supplied attached to
standard Mallory volume controls
as a rotary on-off switch, or can be
supplied as a separate breaker
switch. As a combination control-
switch-breaker, it offers savings in
total component and assembly cost.

CIRCLE 514 ON READER SERVICE CARD
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Computer replaces calculator
for a few dollars more.

TI makes 1t happen.

Packard Instrument Company wanted
to build and market a liquid scintillation
spectrometer that would perform its
own data reduction and computation,

That meant an on-line computer to
replace the calculator on current models.

But there was a problem. Cost.

The solution? Texas Instruments in-
tegrated circuits.

Using 9 types of TI Series 73 and
Series 74 monolithic integrated circuits,
Packard developed the Tri-Carb® Liq-
uid Scintillation Spectrometer System
complete with a built-in computer at a
cost just slightly higher than previous

models with calculators. The ICs saved
25% on assembly alone by combining a
number of circuit functions on a tiny
silicon chip about the size of a pinhead.
For example: the full decade counters
...Series 74 TTL circuits.. . . contain the
equivalent of 65 to 75 individual com-
ponents or 11 circuit functions. And
with only 13 IC boards required, the
computer was small enough to be built
right into the equipment. It was half
the size ... one third the cost...
of Packard’s estimate for a conven-
tional system.

Now scientists no longer have to use

a separate computer facility for such
critical computations as net counts per
minute, channels ratio, net external
standardization ratio, etc. There's no
waiting for raw data to be converted
into computer language, waiting for
computer time, travelling to another
location to use the computer.

Texas Instruments helped Packard
build additional functions into their
cquipment yet save time, money and
space. How about you? ICs could be the
answer to your problems. Write Box
5012, Dallas, Texas or circle reader
card No. 501.

@ Texas Instruments makes it happen in industry.

How to save time and money testing
ICs and circuit modules

Today’s complex integrated circuits
and electronic sub-assemblies require
sophisticated testing. Now, there's a
single TI system that combines two key
capabilities. One, to test many ICs or
circuit modules rapidly. The second, to
administer a large number of different
tests to each IC or circuit module. It’s
the TI 553 Dynamic Tester. The 553
performs tests under actual conditions
experienced in use, giving more valid
and reliable data for quality assurance,
incoming inspection, yield and other
necessary production information.

You can reduce
test time and cost
by using the 553.
Combining it with
a TI test controller
adds the ability to
store any number
of different programs
for any of your ICs or cir-
cuit modules, using core or disc memory.

Programs are transmitted directly to
the 553, and in a closed-loop arrange-
ment test results are stored by the
controller. This allows re-programming
on command at any time for any one
of the stored test routines, coupled
with immediate access to the stored
test results.

For more information about the 553
Dynamic Tester contact Texas Instru-
ments in Houston or circle reader serv-
ice No. 500.

Johnson automated control systems
go solid state
with TI transistors

The Johnson Service Company has
gone solid state in their new T-6000 dig-
ital control centers for buildings and
industrial complexes. Result: major
advances over first-generation
equipment using elec-
tro-mechanical step-
ping switches, relays,
vacuum tubes and me-
chanical linkages.

The T-6000 is used for centralized
monitoring of building temperature, hu-
midity, air flow, smoke and fire hazards
and all vital points essential to total
building operation. Highly automated,
it directs attention to off-normal condi-
tions only.

At its heart are TI transistors—low
cost switching devices backed by years
of use in industrial applications and
over 60 million hours of reliability
data.

When Johnson Service switched
to solid state: size was reduced by 80%
(the original systems were as much as 70
feet long!)...speed was greatly increased
(500 check points can be scanned in just
six seconds as compared to 13 minutes
with the previous system)...installation
costs were drastically cut...reliability
was improved...capacity was increased
... versatility was extended.

If you’re considering going solid state
like Johnson Service, the place to start
is at Texas Instruments. Start now by
circling reader card No. 502 for full
information.

TEXAS INSTRUMENTS
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100

INT. OR EXT. PULSE MODULATION’

4

2.3 TO 7.0 GH=z

dB ATTENUATOR

IMMEDIATE DELIVERY

WMOER 33000 "Nl“m Lo U Y e
16.€ e '
b

FROM STOCK
$6,600

OUTPUT POWER METER

TYPE SLRC

SHF POWER SIGNAL GENERATOR

FEATURES

= Single Tuning Range: 2.3 to 7.0
GHz

= High Output Power: IIOOmW to 3W

154
’

s Can Be Synchronized

m Built-ln Output Attenuator: 0 to
100 dB

a Built-in Power Meter: —3 to 36
dBm in 4 ranges

® Residual FM: less than 50 kHz

= Residual AM: below —40 dB

Get The Extra Capability,
Greater Reliability, and
Longer Useful Life Of ...

APPLICATIONS

Measure two and four terminal
networks, narrow band resonators,
microwave systems (especially ra-
dar). For antenna ranges: deter-
mine propagation and antenna
characteristics, absorption, and ra-
diation patterns. For use with
stotted lines.

UP TO 3
WATTS OUTPUT

~+—-

7 GHz

The SHF Power Signal Generator,
Type SLRC, covers the wide fre-
quency range of 2.3 GHz to 7.0 GHz
in one band, and features up to a
3 watt output. It is a disc-seal triode
oscillator which can be synchronized,
thereby achieving crystal frequency
stability. This can be accomplished
through the use of R/S Type XUC
Frequency Synthesizer, XME Mixer
and XKG or FDS 30 Synchronizer.
Using a built-in directional coupler,
the output power is indicated on a
panel meter. For lower power levels,
a relative calibration piston attenu-
ator is used. Frequency indication is.
accomplished by a large digital read-
out for easy, direct reading. A cali-
brated antenna (Type HA262/2)
which provides a defined field
strength, is available.

ROHDE & SCHWARZ

111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 e (201) 773-8010

Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany.

Circle 154 on reader service card
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Consumer electronics

Simpler circuits trace
Sony’s path to innovation

Though not first with the transistor, the Japanese

have applied it to consumer electronics with a persistence
and ingenuity that has improved entertainment products.
Circuits and components have been simplified and made
more reliable. Apparently simple circuits perform complex
and sophisticated operations with a minimum of components.
New functions have increased the versatility of products
without adding substantially to their price

By the Products Planning division,
Sony Corp., Tokyo, Japan

and Charles L. Cohen

Tokyo regional editor, Electronics

Sony tries to be first,
or at least different

Ceramic filters edge out
costly i-f transformers

Sensor reverses tape direction
when recording ends

Recorder gain control
eliminates level indicator

Careful sweep design
cuts power drain and cost

Horizontal sweep with
no driver stage

Two-stage gain control
for portable tv set
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Product development

Sony tries to be first,

or at least different

The Japanese company will scrap a consumer product that’s only second best;
it seeks to pioneer while husbanding its limited technical resources

By Charles L. Cohen

Tokyo regional editor

In 1964, engincers at the Sony Corp. of Tokyo built
a prototype of an electronic calculator, but the ma-
chine still sits on a laboratory shelf. It never went
into production because its performance was not
superior to electronic calculators produced by other
manufacturers.

Sony’s harsh rejection of the calculator illustrates
how the company’s. demanding product develop-
ment program works. If a product is not unique
or better, the company will not market it. Masaru
Ibuka, the diminutive engineer who founded Sony
in 1946 and is now its president, insists that Sony
be first with a product—at least in Japan—or offer
one that is radically different from any other on
the market.

His philosophy has kept the company out of
some lucrative markets like the radio battery busi-
ness and plunged it into some unnecessarily diffi-
cult development. For example Sony chose to mar-
ket color television with a Chromatron picture tube
instead of the usual shadow-mask tube so its sets
would be different. But mass producing the Chro-
matron turned out to be far more diflicult than
Sony expected. In setting up the manufacture of
Chromatron Sony could not match the hundreds of
millions of dollars others had put into perfecting
the manufacture of the shadow-mask tube.

The product is success

To founder Ibuka, the product is the thing. He
believes astute product development has been be-
hind the company’s explosive rise from a tiny in-
strument manufacturer operating in a burned-out
store to a major consumer electronics producer
whose radios, tape recorders and television sets are
sold all over the world.

Although Sony boasts a handsome research and
development budget, the major share of the money
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goes for development. Sony does little research,
leaving that activity to Japanese government labor-
atories and universities.

When World War 2 ended, Ibuka set up a small
company to exploit the development talents of a
few engineers. He called his company the Tokyo
Telecommunication Laboratories and started with
one product, a vacuum-tube voltmeter. The com-
pany thrived and branched into professional elec-
tronic equipment for Japan’s broadcasters.

In the early 1950’s, Ibuka recognized that his
still-small company would always be limited so
long as it stayed in the instrument and professional
broadcasting equipment fields. So he decided to
gamble and move into consumer electronics where
the markets were gargantuan and the competition
fierce.

New name and new goals

About the same time Ibuka noticed something
else: the transistor was being exploited widely in
the United States in military applications but no-
body was applying it to consumer products with the
same fervor. Ibuki’s engineers learned semiconduc-
tor technology and the company became the first in
Japan to mass produce transistors. The first ger-
manium units went into a transistor radio and Sony
was on its way.

Once in the consumer business, the company
changed its name to Sony because those four let-
ters are written and pronounced the same every-
where in the world.

With its new name and an aggressive product-
planning program, the company has broadened
its line to include television, audio tape recorders
and a video tape recorder priced for the home.
At the same time it maintained its line of studio
broadcast equipment, expanding it to include a
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video tape recorder and electronic dubbing equip-
ment for movies. In fact, Sony has become synon-
ymous with Japanese consumer products and prod-
uct planning.

For many years the chief product planner was
president Ibuka. Now Sony has grown so large
that one man can no longer create all the com-
pany’s products. Today much of the advanced
planning is done by committee, though on that
committee, Ibuka and executive vice president
Akio Morita exert a greater weight than the other
members.

Sony’s top management consists of a nine-man
board. On it are the president, the executive vice-
president, two senior managing directors and five
managing directors. Ibuka still does much of the
long-range planning; Morita heads up marketing;
one senior managing director directs project plan-
ning and the other production. These nine men
and about 30 department heads lunch together
daily, discussing company problems and reaching
decisions informally as they eat.

Routine product planning is performed by the
product planning division, which decides how
many items to make and the type of product
needed in each line. But its work is subject to regu-
lar review by the nine-man executive board and
the luncheon group.

Something new

It is important to what Sony does in product
planning that its vice president, Morita, a physicist
who joined Ibuka in the early days, heads market-
ing and sales promotion. Morita uses technology
to help sell the company’s image and products.
He tries to create the impression among customers
that Sony is one step ahead today and will be even
farther ahead tomorrow. He also wants customers
to feel that a Sony product has something new in it.

With these concepts in mind Sony has intro-
duced some products that were intended to do
more for the company’s image than its bankroll.

For example, Sony leapfrogged tubed tv when
it introduced transistorized black-and-white re-
ceivers because it built its own semiconductors but
not tubes. Sony did not expect the sale of many
sets because at the time its transistorized set was
too expensive. But many customers looked at the
Sony tv and, impressed, bought a Sony radio.

More recently, when Sony decided to bring out
a new small screen tv receiver, it decided to pro-
duce a 7-inch set with a black picture tube that
would look different. Then Sony advertised it as
the first transistorized 7-inch set in the world
and its black face emphasized the difference. Al-
though Sony capitalized on the promotional effect
of the new design, there were good engineering
considerations behind it. Designers had determined
that from a cost standpoint the 7-inch size was
almost optimum to build. Assembly of smaller sets
was harder because of the size and because the
miniaturized components required were more ex-
pensive. Larger sets cost more because material
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costs rise with set size.

Right now Sony is proudest of the home video
tape recorder it introduced last year to sell for
around $1,000 in the United States. The history
of that development illustrates the philosophy that
Sony tries to follow in product development.

Work first started on audio tape recorders at
the company that was to become Sony in 1949.
Ibuka thought that if audio recording was possi-
ble, then video recording should also be possible.
The company’s engineers proceeded with brute
force methods: they increased tape speed and im-
proved recording head characteristics. By 1953
they recorded a low-grade picture.

Ibuka knew others were working on video re-
cording for broadcasting too: the Radio Corp. of
America, the British Broadcasting Corp. and the
Crosby Research Foundation. But he felt he was
ahead. Then the Ampex Corp. caused a bomb-
shell by introducing a perfected recorder, the
Ampex VR 1000.

A look homeward

Sony was as stunned as anybody. A shocked
Ibuka had to admit that his company was behind
in video recording and had failed to introduce the
world’s first video tape recorder. It was at this
time, however, that the company had decided to
put a new emphasis on consumer goods, so Ibuka
began to think about a video tape recorder for the
home. Since the Ampex machine cost about $50,-
000, Ibuka felt a home recorder would require a
radically different approach. His goal was a ma-
chine that was easier to buy and easier to run,
cheaper, smaller and requiring less maintenance
than the Ampex VR 1000.

The first result was the Sony SV-201, labeled an
industrial video tape recorder because its price was
still well above what Ibuka thought a consumer
might pay. Six or seven were built and one was
shown at the 1962 IRE show. Because it used
mostly orthodox recording techniques—helical
track recording and frequency modulation of the
recording signal—the company president felt the
machine was not good enough. He wanted one
smaller, more compact and cheaper. So, like the
electronic calculator of 1964, it’s still sitting on a
shelf.

But the SV-201 had one Sony innovation that
was to mark all the company’s future professional
recorders: Sony’s 1%-head recording. One head
records all picture material and a second records
the blanking periods which contain synchroniza-
tion information. In the usual 2-head system, each
head records both a picture period and a blanking
period. The advantage of Sony’s system is that the
same head always records and plays back the pic-
ture so the heads needn’t be matched closely.

At the 1963 IRE show, Sony was back with a
new video tape recorder, the PV 100. Deliveries
started in July of that year.

Although the machine was sold to industrial,
medical and education institutions, the price of
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From a ramshackle shed . ..

* - VARG

It was 1947 when Masuru Ibuka, second from left, proudly posed for this picture with three coworkers in front of

the dilapidated building into which he had just moved his fledgiing Tokyo Telecommunications Laboratories. buka
had set up the firm a year earlier on the fifth floor of a bu rned-out department store called Shirokiya. There, his
group was separated from other tenants by a board fence. When the department store owners decided to reopen their
retailing business Ibuka moved to this location.

$11,500 was far beyond a consumer’s reach. But
Sony decided that the machine’s performance
specifications exceeded the needs of home use.
Turning to motion pictures for an analogy, Sony
noted that theaters used 35-mm film because of
the high quality but that consumers used 16-mm
or even 8-mm happily even though the quality of
reproduction was not as good as with the large
size.

For its home recorder, Sony simplified the signal
processing to cut down on electronic components.
It also simplified mechanical construction. The
result was the CV-2000 model which sells for about
$1,000 in the United States. Although the quality
is not as good as obtained with a studio recorder,
or even with the industrial PV 100, it is satisfactory
for the home.

Study in depth

Once committed to developing a product, Sony
digs deeply. To perfect its video tape recorder for
the home, the company’s engineers delved into
the metallurgy of magnetic materials to develop
the company’s own tape, probed the chemistry of
coatings, binders, pigments and paints, studied
the physics of magnetization and electromagnetic
induction to produce a unique recording head and
dissected the field of video recording so they could
evolve a system of skipped fields that is primarily
responsible for the reduction in electronic com-
ponents compared with the number used in studio
equipment.
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Another phase of Sony’s product development
can be seen in the company’s progress with semi-
conductor technology. Sony has introduced a few
products primarily to improve its semiconductor
manufacturing skills. It was the first company to
mass produce transistors commercially in Japan.
It was the first in Japan to put germanium mesa
transistors in consumer products and it was the
first to use silicon transistors the same way. Still,
Sony won’t sell its semiconductors to others. Its
capability is used solely to keep the company’s
products at the forefront of technology and to in-
sure its manufacturing divisions a supply of ad-
vanced devices. Sony thinks the company gets a
competitive edge because it can develop products
without tipping its hand on a new design through
outside orders for special semiconductors.

That means the cost of all the processing devel-
opment is borne by Sony alone. To afford it Sony
sometimes spreads costs broadly over several prod-
ucts and attributes some of the expense to ad-
vertising. When the company introduced its 8-
inch transistorized tv set, the high-voltage devices
in the video output circuit cost $20 to $30 each.
Sony probably lost at least a quarter of a million
dollars on the set. But the company believes ad-
vertising the first transistorized television set
brought in more than enough Sony radio sales
to offset the loss.

Later, when Sony was ready to introduce its 5-
inch screen set, which went into mass production,
it could produce silicon transistors at a low cost
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. . . to a modern manufacturing complex in 20 years

Today, on the same site, |buka’s company, now renamed the Sony Corp., occupies several huge white-faced
buildings in the heart of rebuilt Tokyo. Executive offices are on the top floor; equipment manufacturing and
assembly are on the lower floors of the eight-story buildings. Semiconductor manufacturing is carried on in another
plant at a different location. Sony’s executives can see Mt. Fuji on a clear day, a reminder lhey represent a

Japanese firm even though their constant aim is a world market.

because of its experience making them for the 8-
inch set. At the same time other Japanese manu-
facturers could not compete with Sony because
they did not have Sony’s experience with silicon
transistors.

Germanium still perfornrs

Sony is using more and more silicon devices in
its consumer products, but not to the exclusion
of germanium devices. Its portable radios still have
germanium output transistors even though silicon
ones are used in other stages. That’s because
Sony’s epoxy package cannot dissipate enough
heat. In radios that have direct-coupled audio amp-
lifiers a germanium transistor is used even in a
low-level stage because Sony does not have a suit-
able pnp silicon transistor.

Sometimes the company will stay with older
devices to husband its limited engineering re-
sources. Thus Sony f-m sets have a germanium
mesa transistor even though a silicon device could
be designed and produced for less cost. Instead,
the company designed an improved pnp driver
transistor which has the high degree of linearity
required in high-fidelity amplifiers.

The company’s activity in semiconductor tech-
nology has helped it broaden its product line. For
example, what was learned designing transistors
for deflection circuits in tv sets has led to the
development of linear transistors for high-fidelity
phonographs. The linear amplifier in the vertical
output stage of a tv set requires transistors with
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very linear performance. Similarly the higher power
transistor in the horizontal output stage must have
linear characteristics even though it is operated
as a switch. When turned on, the transistor in the
horizontal output stage is normally saturated with
a high collector current and low collector voltage.
The d-c¢ forward current gain, he., must stay high
or the driving power becomes inconveniently high.
It turned out that a transistor that keeps he from
slumping during saturated operation provides
highly linear current gain throughout the operating
range.

Right after it switched to consumer products,
Sony built its consumer goods to lower quality
standards than its professional gear. This caused
the company considerable grief. The formula, Sony
finally discovered, was to manufacture goods to
the same high quality but to design them to lower
specifications, such as lower frequency response.

On pages 160 to 172, are descriptions of some of
the circuits Sony engineers have designed as
they’ve worked to carry forward the company’s
unusual product development program.

Presented here are some of the interesting cir-
cuits developed by the Sony Corp. None are tech-
nological breakthroughs but all represent innova-
tion. Three are for radios, two for tape recorders
and four for television sets. Each involves at least
one of the design aims of consumer elecironic
products: miniaturization, reduction of cost without
sacrifice of performance or improved performance
with no increase in cost.
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Ceramic filters edge out

costly i-f transformers

New piezoelectric elements eliminate i-f alignment
in production; selectivity is maintained as costs drop

Reducing costs by reducing components is always
a goal in consumer electronics. In intermediate-
frequency sections of several radios, Sony is turn-
ing to ceramic filters instead of tuned-transformer
stages. The result is equivalent, if not superior,
selectivity with a savings in parts of as much as
10%. For example:

= Two ceramic filters—one a double-tuned, three-
terminal element—are used in the model TR-1000,
a 10-transistor multiband portable, list-priced in
the United States at $69.50.

» A single fixed-tuned ceramic filter provides
selectivity equivalent to three transformer-tuned
stages in the $12.95 model 2R-27, an eight-transis-
tor a-m portable.

The ceramic filters not only reduce the parts
cost of the radios but the assembly cost as well.
What's more, the radio in production needs no i-f
alignment because the filters are supplied already
fixed-tuned to their i-f frequency.

In the model TR-1000 the i-f amplifier consists

CLASSICAL LATTICE

JAUMANN FILTER

—
Ece—

EQUIVALENT CIRCUIT CERAMIC FILTER

Classical circuit for a crystal filter is a single-section
lattice with four resonant elements—equivalent to the
Jaumann-connected filter. Selectivity of i-f stage

is obtained with a single Jaumann ceramic filter.
Equivalent circuit of the ceramic filter

element is also shown.

1L

:::lil c
"ol
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of two stages, as in the schematic on page 162.
One filter, tuned at 455 kilohertz, provides emitter-
to-ground bypassing for the first i-f transistor, Q.
The other filter, double-tuned at 455 khz, provides
coupling between the two i-f stages. The over-all
selectivity characteristic of the i-f section of the
radio essentially is the product of the two filter
characteristics. It is equivalent to the selectivity
of an amplifier using two conventional double-
tuned transformers, but at 6% less cost.

Transformer T, between Q. and the second de-
tector diode D, is a small, fixed-tuned unit with an
operating Q of about 10. It is used more for in-
creasing gain by impedance matching than for
improving selectivity.

Piezoelectric elements

The ceramic filters use piezoelectric elements
made of lead-zirconate-titanate, PbZr0;-PbT,0;.
Both are made by Murata Manufacturing Co. from
a new material mass produced with a temperature
coefficient and long-term stability of the same order
of magnitude as in crystal filters.

Both filters are guaranteed within +=2 khz of
their center design frequency. Though a maximum
difference of 4 khz is possible between the two
center frequencies, the much higher selectivity of
the double-tuned filter prevents degrading of the
over-all bandpass characteristic. Differences in
center frequencies also have little effect on the
broadband input and coupling transformers.

The emitter bypass filter, type BF-453A, is a
two-terminal unit with a single, square ceramic
resonator. Enclosed in a small resin case measur-
ing only 0.14 by 0.28 by 0.28 inch, it can be used
as an emitter bypass capacitor because its im-
pedance falls sharply to a minimum at series res-
onance. The filter provides approximately the same
amount of selectivity as a conventional single-
tuned i-f transformer.

The coupling filter, type SF-455D, is also en-
closed in a resin case 0.30 by 0.24 by 0.28 inch.
Selectivity is equivalent to the total provided by a
double-tuned and a single-tuned transformer.

The filter consists of two square resonating ele-
ments, each with an inner and an outer portion.
An external capacitor of about 68 picofarads
couples inner portions to form a double-tuned filter.
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The outer portion of one element connects to
the input terminal; the outer portion of the other
element connects to the output. The third terminal
is a common connecion to the reverse sides of both
of the elements.

Spurious responses are usually a serious prob-
lem in ceramic filters. However, the responses of
the individual elements in the double-tuned filter
are not at integral multiples of the fundamental
frequency. Nor are the elements completely uni-
form or symmetrical. And because the spurious re-
sponse frequencies of the elements do not coincide,
even though their fundamental frequencies are
equal, the spurious responses of the over-all filter
are greatly reduced.

FORWARD AGC

Low-price portable

In the model 2R-27, the 455-khz ceramic filter,
part of a two-stage i-f amplifier, is connccted be-
tween the converter and the first i-f transistor, Q;,
as diagramed below. The Matsushita Electric In-
dustrial Co. marufactures the lead-zirconate-tita-
nate filter.

Resistance-capacitance coupling is used between
the two i-f transistors. However, a small, fixed-
tuned transformer, T., with the low operating Q
of 5 provides the proper impedance transformation
between the i-f stage and the second detector.

The classical circuit for crystal filters is a single-
section lattice, shown on page 160, which can

+9
' AN .
T 1] 150k T2
p 1
1 1
I: :|
200 ]
pf l: Q4 |:
:I 245 uf 25€402 :|
; € —H :: DETECTOR
MIXER CERAMIC FILTER ” AND
,:u " LOW-PASS
ﬁ % FILTER
tl_ 10uf/ _l_ Ll 30uf/
:r 12v T _"[‘10\1
& o
< : : —4 >
20k
M

REVERSFE AGC

Ceramic filter in the intermediate-frequency stage of a fow-cost radio provides selectivity equivalent to three
single-tuned transformer stages. Use of the filter eliminates need for alignment when the radio is in production,
cuts down on the number of components and the assembly time.
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Direct coupling of the audio output stages reduces the zero-signal battery to 5.5 milliamperes, eliminates two
coupling transformers. Audio stages now cost 15% less than when transformers are used.
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Intermediate-frequency amplifier of muitiband portable uses single-tuned ceramic filters for emitter-to-ground
bypassing of first i-f transistor, Q.,, and double-tuned ceramic filter to couple the stages. The amplifier
is designed so that the input transformer is part of the converter module.

also be used with ceramic filters. But for such a
simple radio a circuit with four ceramic resonant
elements would be too expensive. Fortunately, the
four-element lattice can be replaced with an equiv-
alent circuit consisting of a center-tapped trans-
former and just two impedance elements. The cir-
cuit is known as the Jaumann connection, first
developed in Germany in 1932. Sony modifies this
connection still further in its i-f stage, using the
ceramic material as one of the resonating elements
in a Jaumann-connected filter.

The two-terminal ceramic element is in the form
of a 0.2-inch diameter disk contained in a metal can
measuring less than a half inch on a side. It is
combined with a fixed-tuned transformer, T,, and
external capacitors to form the selective circuit.
The resonant frequency of the filter is maintained
within =2 khz of the 455-khz i-f. The difference be-
tween the resonant frequency of T, and that of the
ceramic element is less than 1.7 khz. This close
control means that the selectivity characteristic of
the i-f section is quite symmetrical and distortion
at the second detector caused by unequal cutting
of the sidebands is kept very small. Sufficient ad-
jacent channel attenuation is obtained with no i-f

alignment.

Sony feels that in the future ceramic filters of
this kind, designed with integrated circuits, will
be used in most small radios. A single ceramic ele-
ment, with a minimum of external connections to
the integrated-circuit chip, will yield the selectivity
required. There will be no need for the coupling
transformer T. because sufficient gain will be ob-
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tained merely by adding an extra amplifying tran-
sistor to the chip.

Direct-coupled audio

To cut down on the number of parts in the audio
output stages of this small portable, Sony has
coupled them directly. This not only eliminates two
coupling transformers but also reduces the zero-
signal battery drain to only 5.5 milliamperes. Life
of the 9-volt, multilayer battery is increased by
about 30% over earlier Sony radios. Also, the
transformerless stages cost about 15% less.

The first two stages of the three-stage audio
amplifier, shown on page 161, use a complemen-
tary-symmetry cascade connection and operate
class A. The output stage has a push-pull com-
plementary-symmetry connection and operates
class B.

High stability is achieved by 100% d-c negative
feedback through the 3.6-kilohm resistor from the
output stage to the input stage transistor Q.. Ap-
proximately 12 db of a-c negative feedback adds
to the stability. With the second stage transistor
Q- within the feedback loop, the stabilizing resistor
usually needed in the emitter circuit can be re-
moved. The bypass capacitor is also unnecessary.

The combination of pnp and npn transistors for
Q, and Q- receives sufficient d-c negative feedback
so that variations in the d-c current-amplification
gains of the transistors have little effect on the
over-all performance. The 25C401 silicon transistor
used for Q. has the advantage of amplifying the
audio signal linearly with a zero-signal emitter
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current of only 2 milliamperes. This current flows
through the speaker voice coil, which was specially
designed to carry more than 12 milliamperes d-c
without distortion.

The feedback loop stabilizes the d-c operating
point of the audio output stage.

If a disturbance causes current at D to in-
crease, the voltage at point A will rise and current
I. will increase. This will cause a drop in voltage at
points B, C and D—which suppresses the initial
increase. A variation of this basic circuit is used
in many of Sony’s television sets.

Sensor reverses tape direction

when the recording ends -

Automatic reversing circuit monitors recorded

tracks, eliminating the need to modify tape

With what Sony calls its electronic sensory per-
ception system, the direction of tape travel on a
tape recorder is reversed automatically after the
recorded portion has ended. In the system, de-
signed for four-track stereo recorders, a triggering
signal need not be added to the tape; in fact no
modification of the tape is required at all.

Conventional tape-reversing systems either mod-
ify the tape physically or record on it in some way.
Not only does this involve extra steps in tape pro-
duction, but there is always the chance that the
recording or the tape may be damaged.

Well-known reversing techniques include:

s Adhesive-backed aluminum-foil contacts fast-
ened to the tape to operate a reversing switch.

s Special signals recorded on the tape and addi-
tional circuits in the recorder to reverse the tape
automatically when the signal is sensed.

* Devices to sense the end of the tape when
tension suddenly increases near the end of the reel.

TRACK
BEING — —4 PREAMPLIFIER
PLAYED ANV
R
REVERSE - ATTENUATOR
DIRECTION —s
TRACK 1
SWITCHING
FILTER
ANLIPEWER AMPLIFIER AND
TIME - CONTROL
|
|
DIRECTION- CONTROL DIRECTION-
HOLDING AMPLIFIER CHANGING
CIRCUIT SOLENOID

‘‘Electronic sensory perception’’ system in four-track tape
recorders reverses direction of tape travel automatically by
detecting signals in tracks one and four. When recording
on tape ends, direction-changing solenoid is triggered.
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Instead of these, Sony’s system uses the actual
recording on the tape tracks as its input and au-
tomatically reverses the tape when the recording
signal ceases. An obvious danger in this elemen-
tary approach is that the tape may reverse auto-
matically between musical phrases or in the unre-
corded spaces between diffcrent selections on the
same tape—which average 5 or 6 seconds. Two
precautions are taken.

Recordings from tracks one and four are mixed
to provide a signal whose dropout reverses the tape
automatically. Since the two recordings are inde-
pendent—track one is recorded for forward travel
and track four recorded for return travel and there
is no correlation between them—the statistical
probability that both signals will drop out simul-
taneously is quite small.

In addition, a fixed time delay, T;, of 6 to 10
seconds between the time when the recording ends
and automatic reversal begins virtually eliminates
the danger of reversal during the pause between
recorded parts of the tape.

Another possible source of difficulty is the un-
recorded portion at the beginning of each tape
which averages 10 seconds but may run as long as
15 seconds. This is longer than T, and the recorder
would automatically reverse if the T, delay was
the only protection. So, a direction-holding circuit
with a time delay, Ts, of about 10 seconds is pro-
vided.

This circuit, which is coupled to a manual stop
switch, operates before the T, delay circuit be-
comes effective after the tape is started. Total di-
rection-holding time, Ts, during which the re-
corder will not reverse after start, is about 20
seconds (Ty = T; + Ta).

The direction-holding circuit also operates when
the tape is stopped in the middle. After the tape
starts again the circuit maintains the same tape
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direction as before the tape was stopped.

A block diagram of the electronic sensory per-
ception system is shown in the figure on page 163.
The input signal is a composite of the signals from
tracks one and four of the four-track tape. During
mixing, crosstalk to the channel being reproduced
must be kept more than 50 decibels below the
program material. To achieve this, the track being
reproduced is amplified to 0 db in the preamplifier
and then attenuated in a resistive divider to the
level of the reverse-direction playback head. This
signal is then combined with that from the reverse
track to form the composite signal.

A filter amplifier is used to boost the signal to
the level required by the switching amplifier. It
increases the signal-to-noise ratio by cutting all
frequencies below 200 hz and all frequencies above
2,000 hz with an attenuation of 12 decibels per
octave.

The switching amplifier converts the presence
or absence of recorded signals, that is the presence
or absence of an a-c signal, into a d-c voltage for
controlling direction reversal. After the recorder
has been started, the direction-holding circuit dis-
ables the switching amplifier and prevents it from
producing a direction-reversing signal. However,
when a direction-reversing condition is detected,
the switching amplifier feeds the control amplifier
which operates the reversing solenoid. This control
amplifier may also be operated manually from a
panel switch.

The switching amplifier is composed of transistor
Q,, resistor Ry, and capacitor C,, as shown in the
figure just below. This circuit has three time
constants. The period of the recorded signal is
Tac. The time constant of R, and C, is T;, cor-
responding to the delay in automatic reversal when
the recording ends; the time constant of the col-

lector-to-emitter on resistance of transistor Q; and
capacitor C; is T,". For proper operation of the
recorder, T; should be between 6 and 10 seconds.
It is very much greater than both T,¢ and Ty".

When an a-c signal is impressed on the base of
Q., the transistor conducts during positive half
cycles, discharging C;. On succeeding half cycles
the transistor is cut off and C, starts to charge.
But since T, is much greater than T,¢, the rise in
terminal voltage across C; is imperceptible. Also,
since Ty’ is much smaller than T,, the capacitor
is completely discharged on the following half
cycle. Consequently the collector voltage of tran-
sistor Q, remains at 0 volts as long as there is an
a-c signal impressed upon its base.

At the instant the a-c signal ceases, voltage on
the collector of Q, rises to a predetermined value
during the time interval T,. Trimming resistor R
adjusts the operating voltage level of the control
amplifier for fine adjustment.

The control amplifier is composed of a bistable
flip-flop made up of transistors Qs, Q.’, and an out-
put transistor Q,.

When Q" is off, Q, is also off and no current
flows through the direction-changing solenoid. Un-
der these conditions tape feeds in the forward
direction. If the d-c control signal from the switch-
ing amplifier reaches a high enough level, the stage
of the flip-flop changes so that Q3" and Q, are on.
Current flows in the solenoid and the direction of
the tape reverses.

The flip-flop differs from most others in that the
time constant of Cs, Rg, and R; is long—20 seconds
—and an additional capacitor, C,, is in the circuit.
The long time constant is there so that after the
recorder reverses automatically, it won’t almost
immediately reverse again. This precaution is neces-
sary because the time delay before reversal is 6
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Switching amplifier senses absence of a:c signal
on tape and produces d-c voltage to control
amplifier which actuates direction-reversing
solenoid. Direction-holding amplifier and
switching amplifier time constants prevent tape
from reversing when tape is started up
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and between pauses in recordings.
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to 10 seconds. Thus, after the tape starts going
in the other direction there would still be no signal.

Capacitor C, is added so that when the recorder
is first turned on transistor Q,” will always be off
and tape feed will be in the forward direction.

Transistor Q., with Cs, Ry and switch S,, make
up the direction-holding circuit. Switch S, is
coupled to the stop mechanism of the tape deck
and is closed when the tape is stopped. This con-
nects the base of Q. to the positive power supply
through R;. Transistor Qs is turned fully on, and
capacitor Cs is charged.

When the tape is started, S, is opened. However,
Q- continues conducting during the interval T,
the time constant of C, and R;. After Q. turns off,
the collector voltage of Q, can rise to a predeter-
mined value during the interval of the time con-
stant determined by R, and C,.

During this period of about 20 seconds, the

Recorder gain control
eliminates level indicator

direction-holding feature keeps the system from
reversing the direction of tape travel even if there
is no recorded signal.

Switches Sz and S3’ control direction manually.
Sy” sets the recorder for forward travel, S; for re-
verse. Whether the recorder is set for stop or play,
these switches have the highest priority on opera-
tion. Switches S, and S’ set the mode of automatic-
reverse in this way:

s Position a-a’—forward, reverse, forward, re-
verse—repeated indefinitely.

= Position b-b’—single cycle of forward and re-
verse.

= Position c-¢’—single cycle of reverse and for-
ward.

s Position d-d’—automatic reverse off.

Regardless of the position of switches S» and S.’
manual reversal of the recorder by switches S
and S’ is always possible.

No manual adjustment is required to hold recording level
within 10 decibels for input level changes as high as 30 db

An automatic gain control amplifier used in a
tape recorder maintains the proper recording level
automatically without any kind of manual adjust-
ment. It holds the gain without introducing distor-
tion or noise and without seriously degrading the
dynamic range of the signal.

The circuit has been kept deliberately simple so
that it can be built into even inexpensive recorders.
In the Sonymatic TC-900, which lists in the United
States for $69.50, both the recording-level indicator
and recording level control have been eliminated.
Amplifiers with similar age circuits are used in
other Sony recorders.

The circuit for a typical automatic recording
amplifier, next page, can keep the recording level
constant within 10 db for an input level change of
30 db. The amplifier output is shown as a function
of the input in the figure at the right.

Transistors Qy through Q; in the circuit are am-
plifiers. Diode D; is an agc detector. Transistor Qg
is the agc control transistor.

Collector current of Qg a Sony 2SB38l, is a
linear function of its collector voltage for small
signal amplitudes. Impedance between collector
and emitter, Zgp, of the transistor is thus an approx-
imately ohmic resistance that can be expressed by
the equation:
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Output of automatic gain control amplifier is held
to less than a 10-db change when input level
changes as much as 30 db.

Zog = AVgg/Alc

The value of this impedance is controlled by
varying I,, the base current of the transistor. Zog
is inversely proportional to I,

As the input signal to the recording amplifier
increases, the output also increases. The gain-con-
trol signal, derived by rectifying a portion of the
output signal with Dy, also increases. An increased
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No manual gain adjustment of any kind is needed in Sonymatic TC-900 tape recorder which uses
this automatic gain-controlled amplifier. Agc control transistor Q. acts as variable
shunt impedance at output of amplifier Q. to modify gain of over-all recording amplifier.

control signal impressed on the base of Q, de-
creases its collector impedance Zci. More of the
signal current at the output of Q, is shunted
through Qs and the gain of the recording amplifier
goes down. The output is thus held to a value close
to what it was before the increase in input signal

Attack and recovery

Attack time, T,, and recovery time, Ty, both
illustrated below, are important parameters in these
amplifiers. Attack time is the lag between the in-
stant the input signal level increases and the time
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Pulse response characteristics of recording amplifier
determine how it will react to input level changes.

Attack time, T.—the time it takes the amplifier to resume
gain control after the input signal increases sharply—is
about 0.2 second. Recovery time, Tr—response time

to sharp negative input change—is about 30 seconds.
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the agc circuit has completed gain control. Re-
covery time is the lag between the instant the input
signal decreases and the time the age circuit has
completed adjustment of gain.

Attack time T, is determined by the output re-
sistance of the amplifier and the 500-microfarad
electrolytic capacitor in the base of Q. A short
attack time prevents distortion on initial syllables
when the signal level changes abruptly. It must
not be too fast, however, or short noises and elec-
trical transients may cut the gain too much. Ty,
which varies somewhat with the size of the level
change, is about 0.2 second for an input level
change of 20 db.

Recovery time Ty, determined by the RC com-
ponents in the base of Qg, is comparatively long,
about 30 seconds for a level change of 20 db. When
Tx is long, the agc circuit cannot follow a low-
level signal coming immediately after a large onc.
Sudden gain changes do not occur and variations
in amplitude of the input signal are reproduced
with good fidelity. On the other hand, if Ty is too
long, the agc circuit cannot follow long-period
variations in input level.

The agc circuit has several other advantages:

= Its fast attack time and relatively slow recov-
ery time almost completely eliminate audio-fre-
quency signal components in the age control signal,
removing a source of distortion and noise.

s Comparatively long values of recovery time
prevent a marked decrease in the dynamic range of
the output signal.

= With the long recovery time, periodic micro-
phone noise between phrases—when the input is
zero—is blocked and the noise level of the ampli-
fier itself does not increase.
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Careful sweep design
cuts power drain and cost

Several variations of vertical-sweep circuits reduce

power consumption and number of parts in portable tv sets

The vertical-deflection circuits in several of Sony’s
portable television sets have been redesigned, re-
ducing the number of components in one circuit
and in another cutting down on the power con-
sumption.

In the 7-inch 700U portable a two-transistor
circuit, shown in the schematic below, is used for
vertical deflection. It saves one transistor and its
circuitry compared with the conventional three-
transistor circuit used, for example, in Sony’s 9-
inch 9-51 portable.

In the 4-inch 4-20UW battery-operated portable,
however, more important than cutting the number
of components was reducing the power drain. The
answer was a four-transistor vertical-deflection cir-
cuit shown on the next page. The class B output
stage consists of two complementary transistors in
a single-ended push-pull connection.

In general, vertical-deflection circuitry provides
a repetitive 60-hertz sawtooth current through the
vertical-deflection coil to sweep the electron beam
vertically across the face of the picture tube. Be-
cause the frequency is low, the vertical deflection

coil acts almost as a resistive load. Thus, the output
amplifier driving the coil is linear, usually operating
in class A.

The inductance of the vertical coil cannot be
entirely neglected, however. Because of the induc-
tive component, a peak voltage of 6 to 10 times the
power supply voltage is generated during the ver-
tical-retrace interval. This means that a transistor
with a high reverse-voltage rating is needed in the
output stage.

Blocking oscillator

Transistor Q, in the two-transistor circuit is part
of an emitter-time-constant-type of blocking oscii-
lator. Its switching action periodically discharges
capacitor C;, which is charged through resistor
Ry, to generate the vertical-sawtooth voltage. Out-
put across C, is approximately 2 volts peak-to-peak.
Vertical hold potentiometer VR, adjusts the base
voltage of Q..

The vertical synchronizing signal is injected into
the tertiary winding of the vertical blocking trans-
former, T,. Diode D,, connected in parallel with
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Two-transistor vertical deflection circuit in Sony's 7-inch 700U portable tv set.
A design goal was to reduce the number of components.
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Reduced power drain desired in 4-inch 4-204UW portable, led to design of four-transistor, vertical-deflection circuit.
Output stage has two transistors operated in class B, complementary-symmetry in single-ended push-pull
connection. Peak-to-peak deflection current is 134 ma but d-c current is only 20 ma.

the base winding of T, absorbs the pulse generated
when Q, switches off.

As the value of the time constant of C; and R,
is increased with respect to the vertical sweep
period, the linearity of the generated sawtooth volt-
age improves. But, at the same time, the output
voltage decreases so that the time constant cannot
be made arbitrarily large. Values are usually be-
tween 30 and 100 milliseconds.

The sawtooth wave across C, passes through a
passive network, which includes vertical height
adjustment, VR, and vertical linearity adjustment,
VR, on its way to the base of the vertical output
transistor, Q..

This transistor operates class A and requires
accurate temperature compensation because its out-
put swing is almost equal to the power supply
voltage. Without compensation, the operating point
of the transistor would vary, reducing its linear
operating range. Compensation is provided by phys-
ically attaching a thermistor to the transistor as a
heat sensor. The thermistor compensates both for
changes in ambient and in transistor-junction tem-
perature.

The linearity of the vertical-deflection current is
increased by negative feedback of a signal derived
from the deflection current at the base of transistor
Q.. Complete correction cannot be obtained with
negative feedback without excessive reduction in
gain. Additional correction is provided with a posi-
tive-feedback signal, derived from a secondary
winding on the vertical-deflection choke, L, and
fed to the sawtooth-generating circuit. The total
correction provided by the two feedback circuits
provides a satisfactory linear sawtooth.

If the positive feedback is increased excessively
by making Rz too small, banding results. Banding
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is the failure of the interlaced scanning lines of
successive fields to fall midway between each other.
Adjacent pairs of lines, one from each field, over-
lap to produce a loss of detail in the overlapped
region.

The voltage-dependent resistor connected in par-
allel with the deflection coil protects the vertical-
output transistor by limiting the vertical-retrace
pulse to 50 volts. If the retrace pulse were clamped
at a lower voltage, the retrace interval would be
excessive. Fifty volts is about the lower limit.

Four-transistor circuit

The output stage of the four-transistor vertical
deflection circuit in the 4-inch set uses a pnp and
an npn transistor in a class-B, single-ended push-
pull output circuit, instead of class A as in the
7-inch set. This circuit was designed expressly for
a small set powered by a battery. Although an
extra transistor is needed, power drain is held to
less than half that of the class A circuit, and the
heavy coupling choke is eliminated.

Output transistors Q; and Q, are biased for
class B operation so that collector current is less
than 2 milliamperes in the absence of an input sig-
nal. When a sawtooth from the driver stage is
impressed on the output stage, Q; is driven on
during the negative portion of the input cycle.
Transistor Q; is off. During the positive portion
of the input cycle transistor Q, operates and tran-
sistor Qg is off. The sum of the two currents is the
sawtooth current in the deflection coil.

The circuit must be adjusted so that the two
sawtooths join smoothly if the linearity of the
sweep is to be preserved. During production the
two vertical bias potentiometers are adjusted al-
ternately in a manner similar to the tracking ad-
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justment of a radio. This must be done several
times because the two adjustments interact. Both
a thermistor and a posistor (a thermistor with a
positive temperature coeflicient) are used to main-
tain the adjustment over a wide range of tem-
peratures.

Reverse pulse voltage generated during the re-
trace interval of the deflection current appears as
a forward bias across the collector-base diode of
Q. The pulse is thus clipped at the 10-volt power
supply level

The value of the coupling capacitor to the de-
flection coil is empirically chosen to adjust the
dissipation of the two transistors in proportion to
their power ratings. This is necessary because the
peak currents are not equal and because the two
complementary transistors are not equal in power
dissipating abilities: the pnp transistor can dissi-
pate more power.

With a small enough capacitor, the ratio of volt-
age across the two transistors can be varied and
the ratio of dissipations can be adjusted. Average
current to the output stage of the vertical deflec-
tion amplifier is equal to the average collector
current of Q;. The waveform is approximately tri-
angular, with the on interval about 8 milliseconds
and its average value, including a slight additional
bias of less than 2 ma, ranges from 20 to 22 ma.

Although the 4-inch set requires a peak-to-peak
deflection current of 134 ma, a d-c current of only
about 20 ma is sufficient with this circuit. Power
drain of the output stage is about 20 ma at 10 volts,
or 0.2 watt. If a standard class-A circuit were used
instead of this single-ended push-pull circuit an

Sweep eliminates driver stage

average current of about 70 to 75 ma would be
necessary.

Yoke circuit variations

Sony has developed variations in its vertical de-
flection amplifiers to permit, where possible, use
of fewer components. Normally the deflection yoke
is coupled to the output transistor by connecting
one end of the yoke to ground and coupling the
other end through a capacitor to the collector.
Shunt feed prevents variations in the average cur-
rent from affecting performance.

The circuit shown on page 167 evolved from this
standard method. It has the advantage of eliminat-
ing the coupling capacitor.

In the three-transistor circuit Sony uses, for
example, in its 9-inch set, one end of the deflection
yoke connects directly to the collector of the vertical
output transistor. The other end connects to the
emitter of the vertical driver. Resistive voltage
drops in the collector-emitter circuit balance the
voltage drop through the shunt-feed choke. No
coupling capacitor is needed. However, a 500-micro-
farad capacitor serves as both ground return for
the yoke and as a decoupling capacitor between
the output and preceding stages.

A variation of this circuit is used in the two-
transistor configuration. The voltage drop across
the 120-ohm resistor balances the voltage drop in
the shunt-feed choke. Again, the 500-microfarad
capacitor serves as both ground return and de-
coupling capacitor and the 2-ohm resistor in series
with the capacitor provides a slight amount of
negative feedback.

Two-transistor horizontal deflection circuit in 7-inch portable

television set does the job of three transistors

For its low-priced portable television sets, Sony
has redesigned the horizontal deflection circuitry,
as shown on page 170, to use only two transistors,
eliminating the driver stage. This economical circuit
is used in the 7-inch 700U portable.

A three-transistor circuit normally is used in the
horizontal deflection circuitry of a television set
to sweep the electron beam across the tube’s face.
A blocking oscillator generates the initial sweep
signal. It then goes to a driver stage where it is
amplified and applied to the horizontal output
stage. There it is boosted to the power level re-
quired for driving the horizontal deflection coil.

To restore the gain lost by eliminating the driver
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stage, Sony engineers added a tertiary winding to
the flyback transformer which feeds a positive
signal to the base of transistor Q. through capacitor
C,. In addition, a small forward bias is applied to
the base of transistor Q. through resistor R,. Be-
cause positive feedback is applied, Q- must have
short hole-storage time to avoid introducing un-
desirable delay into the feedback loop.

The flyback transformer is not designed to match
the impedance of the yoke as it usually does in the
tube sets. During the portion of the sweep when
Q. is conducting, the flyback transformer is es-
sentially a choke for parallel feed of collector
current to the transistor. It acts as a transformer
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Driver stage is eliminated in two-transistor horizontal deflection circuit in Sony’s 7-inch 700U tv set.
A tertiary winding on flyback transformer provides a positive feedback signal to base of the

output transistor Q., making up for the lost gain.

during flyback and while the damper diode, SD1A,
handles sweep power. This use of the flyback
transformer minimizes losses.

Boost circuit

Added to the primary winding of the flyback
transformer is a boost diode, shown in the sche-
matic, which helps to increase the supply voltage
to the horizontal output circuit from 12 to 18 volts.
This diode rectifies the a-c derived from the tap
on the flyback transformer, charging the 200 micro-
farad capacitor and increasing the apparent supply
voltage.

Boost is important in battery-operated sets—
normally limited to 12-volt supplies—because the
horizontal output transistor is running close to its
maximum current rating but usually not at its
maximum collector voltage rating.

For a given power-switching capacity, the tran-
sistor price decreases with increasing voltage rating
up to about 300 volts with present Sony production
techniques. For example, Sony uses 300-volt tran-
sistors in line-operated sets which have 24-volt
power supplies, boosted to 36 volts. Peak voltage
on the output transistor, operating from a 12-volt
battery, boosted to 18 volts, is about 110 volts.

Another reason for operating at a boosted volt-
age is that as the supply voltage goes up, the col-
lector-to-emitter voltage drop—about 1 volt in the
circuit here—becomes a smaller fraction of the
supply voltage and efliciency of the circuit goes up.

Peak horizontal deflection energy, Py, in joules,
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required by the CT 480 picture tube in the 7-inch
tv set is approximately 1.8—with units of milli-
henries-peak-to-peak amperes squared—at an anode
potential of 9 kilovolts. Ly, is the deflection yoke
inductance in millihenries and I, is the peak-to-
peak deflection current in amperes. This power ex-
pression is an empirical one, obtained by driving
a deflection coil and measuring the energy needed
for the slight overscan generally built into tv re-
ceivers. Actual inductance and current can be
calculated from the equations:

Pr = 1/3 Lul2,
E,
Ipp = (TH e TR) Ly

where: Ly = yoke inductance in henries

I,, = peak-to-peak deflection current in am-
peres .
Ty = time of one horizontal line in seconds

Tr = horizontal retrace interval in seconds
E., = power supply voltage (including boost)
In the 525-line television system used in the
United States, the horizontal sweep period Ty is
63.5 microseconds, the reciprocal of the 15,750-hertz
horizontal line frequency. The horizontal blanking
interval is about 10 microseconds and it is usual
to keep the retrace interval, Ty, less than this.
However, in transistor television the horizontal
output circuit efficiency can be increased by length-
ening the retrace interval within limits that do not
degrade the picture. Efficieney—is~increased be-
cause, with the longer retrace time, the peak-to-peak
sweep current required is decreased.
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Thus, with a boosted power supply voltage. Eq.
of 18 volts and a 12-microsecond retrace interval
(Ty). the calculated deflection goil inductance Ly
is 240 microhenries and deflection current I, is
3.8 amperes. In the actual circuit, inclusion of the
flyback transformer as well as circuit resistive loss
requires that the values be adjusted to Ly = 220
microhenries and I, = 4 amps.

Collector peak inverse voltage is calculated from
the equation:

. _ 7 [ Tu—=Tg
5= (T

Value of E, calculated from the equation is 122
v peak-to-peak; measured voltage is 110 v.

Switching power requirements in the horizontal
output circuit is consequently I, x E, = 440 VA
peak-to-peak. Approximately 60% to 70% of this
power is handled by the output transistor, with a
damper diode handling the remainder.

Two-stage gain control

for portable tv set

Two transistors handle 50-db range of input
sighals without distortion or overload

Sony has devised a two-transistor automatic gain
control for its portable television receivers with a
control range exceeding 50 decibels, far greater
than obtained in a single stage of conventional
gain-control circuitry. Large input signals are han-
dled without distortion or overload.

One of the transistors, Qs, shown on page 172,
amplifies while the other, Q,, forms a variable im-
pedance in the emitter circuit of Q» and also con-
trols its bias.

The control signal for Q, is derived from the agc
keyer circuit, which is indicated in the schematic.
It is a positive-going signal fed to the base of Q,
through a network consisting of resistor R, and
bypass-capacitor C;.

The equivalent parallel-resistance component,
R, of the collector-to-emitter impedance of Q, is
very sensitive to changes in collector to emitter
voltage Vip;. In the graph of R, as a function of
Vera, with Igp as a parameter, shown on page 172,
if Ij; is held constant and Vg is reduced, R, falls
to a very low value.

At the age start point, R, is less than 70 ohms
and Q, is operating in the saturation region. Col-
lector voltage Vi, is —0.15 volts and base voltage
Vier is —0.3 volts. Since Verr = Veri + Veg,
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The flyback transformer also delivers:

= Anode high-voltage power supply for the 7-inch
picture tube. Anode voltage is +9 kv, current 80
pamps (0.72 w).

= Heater power supply for the 1X2B high-voltage
rectifier. Heater voltage is 1.25 v, heater current is
200 ma (0.25 w).

s Grid-two power supply for the picture tube
and collector power for the video-output amplifier.
Supply voltage is +100 v, total current drain is
6 ma (0.6 w).

= Keying pulse for age (—21 v, peak-to-peak).

= Positive feedback pulse to the horizontal out-
put circuit (—71 v, peak-to-peak).

= Comparison pulse for horizontal afc circuit
(—68 v, peak-to-peak).

These power requirements are all developed hv
the horizontal output transistor so that the power
consumption of the horizontal output stage is ap-
proximately 9.5 watts.

collector-to-base Vgp; is --0.15 volts. Forward col-
lector-to-base voltage brings the very low value
of R,.

Combined transconductance

Resistance component R, increases with increas-
ing negative voltage bias on the collector-to-base
junction and decreasing emitter current. In opera-
tion the collector voltage becomes more negative
and the emitter current decreases as the bias point
of Q, shifts from the agc start point, A, to the agc
stop point, D. Collector impedance R, increases
from less than 70 ohms at A to 33,000 ohms at D,
Transistors Q; and Q: can be viewed as a single
transistor with a combined transconductance, |G,
given by:

1

V() (@)

= base-spreading resistance {100 ohms
for the 25A70)
|Z.| = impedance in emitter eircuit of Q..
It depends alinost completely on
Vee and Ik of Q.
f = frequency of measurement, usually

|Gu| =

B
| Ze

where: ry,,’
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Collector-to-emitter resistance, R,, plotted with the help
of the circuit in the lower right, is very sensitive to
changes in collector-to-emitter voltage, Vce. Resistance
varies from about 70 ohms to 35,000 ohms.
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25 Mhz for i-f amplifiers in Japan.
fab = alpha cutoff frequenecy for common
base connection, typically 100 Mhz
for the 28A70.
a, = value of « at low frequency.
be taken as unity.

When Ig; is —1 ma and |Zg is 100 ohms, the
value of |G| is 10 millimhos. This is the approxi-
mate transconductance at point A. When I, is
—0.1 ma and |Z,| is 35 kilohms then the value of
transconductance has decreased to 28.6 micromhos.
This is the approximate value at point D. This
large decrease in transconductance gives a corre-
spondingly large decrease in gain. The attenuation
ratio can be calculated from the formula for gain:

Ay = (Vo/Vi) = (]Gm| X Ru)

As the operating point of the two-transistor cir-
cuit moves from agc start to agc stop, gain attenua-
tion is about 50 decibels.

Distortion is reduced and overload prevented by
having the bias on the amplifier vary with the level
of the input signal, that is, the bias follows along
the load line of emitter resistor Ro.

The peak value of the input voltage, Vi, is:

ep = v2 (1 + m) X V; (in volts)
where m = the degree of modulation (in per cent)
Vi = root-mean-square input voltage.

If the degree of modulation is taken as 0.4
(40%), and V; as 600 millivolts, then e, is 1.2 volts
by substitution in the equation.

The resistance of R, is calculated from:

R2 - ep,"’A]El
where Alg; is the difference between Ii, at the
agc start point, A, and age stop point, D.

Emitter current Ig, for point A is chosen as 1
ma, and for point D it is 0.1 ma. Substitution of
e,=1.2 volts gives a calculated R, of 1,333 ohms.
Since current gain «p of both transistors is at
least 0.99, Iy and Ige are approximately equal
The collector current of Q. at point A is Ige=
@2lp=~0.98 ma. At point D it is 0.098 ma. Bias,
Vpes, measured from the emitter of Q, to the
base of Q- on the composite transistor consisting
of Q; and Q- is 0.38 volts when there is no input
signal. This bias corresponds to the condition exist-
ing at point A on the curves of R, versus Vg

At point D on these curves, where the collector
current of Q. is about equal to the emitter current
of Q, at 0.1 milliamperes, the bias Vggp has in-
creased to 1.58 volts.

Therefore, even if an input signal V; of 600 mv
rms is applied to Q2 at point D, the transistor has a
high input impedance because of the expanded
linearization and little distortion of the controlled
signal occurs, In production sets, R, is 1,200 ohms,
the nearest standard value to the 1,333 ohms cal-
culated, a vaiue large enough to give the lineariza-
tion desired.

It can

Reprints of this report are available. Use the
reader service card at the back of this issue.

© copyright 1966, Electronics ® A McGraw-Hill Publication
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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 uV/°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 G 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 11mV. sho
that devices with Drift of 60 uV/°C would be in spec. 180°C

$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, CALIFORNI!A « Mail Address: P. 0. Box 1030,
Mountain View, Catifornia ¢« Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex: 34-8416 « REGIONAL OFFICES: Southwest —
Suite 213, 8621 Bellanca Ave., Los Angeles, California 90045, (213) 678-3146 « Northwest-—1300 Terra Bella Ave., Mountain View, California, {415) 968-9241
East—P. 0. Box 2091, Paterson, New Jersey 07509, {201) 696-4747; 60 Broad Hoilow Rd., Mellville L. i. New York, (516) 692-4070; P. 0. Box 366,
Kimberton, Pennsylvania, (215) 885-1755 ¢ Northeast—805 High Street, Weslwood, Massachusetts, (617) 326-6600 ¢ Southeast-—711 Magnolia Avenue,
i Orlando, Florida, {305) 423.5833 « Midwest—650 West Algonquin Road. Des Piaines, tllinois, (312) 439-3250; 3020 Woodlark Lane, St. Paul, Minnesota,
1 (612) 646-1161. « Canada—Deskin Sales, Montreal, Quebec, (514) 384-1420.
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Low fuel
warning

another first for
Ford Motor Company

—the key 1s KEYSTONE
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174 Circle 174 on reader service card

. A red light glows
suddenly on your
¢/ Continental’s in-

strument panel. It
warns you “Low fuel' and
stays bright to keep remind-
ing. Back in the fuel tank a
tiny Keystone thermistor had
closed a warning circuit the
moment your fuel level dropped past &
predetermined limit. O This liquid level
sensor is another industry first for Ford*.
It is yet another application for quality
Keystone thermistors, made for the sensi-
tive detection and measurement of tem-
perature variations from oven heat to the
cold of outer space. Write for literature.
O KEYSTONE CARBON COMPANY,
St. Marys, Pennsylvania 15857

i

*OPTIONAL ON OTHER FORD-BUILT CARS

in versatile Thermistor design

Circle 175 on reader service card—>



NAND logic is old hat.

We’ve invented SDS Natural Logic for our T Series
integrated-circuit modules. It’s a comprehensive
set of gating structures that permit the terms of any
Boolean logic equation to be converted directly
into hardware.

Now you won’t have to manipulate equations to
make them fit the restrictions of NAND or NOR
gates. With Natural Logic the hardware fits the
equations without unnecessary inversions.

With NAND logic you are
stuck with only this, no
matter what the equations

call for. +

Offices in principal cities throughout the world

So you won’t need nearly as many circuits to
build your logic system. Your system will cost you
a lot less. It will be faster and more reliable. It will
be easier to mechanize. And it will take up less
room.

Naturally.

Scientific Data Systems

1649 Seventeenth Street, Santa Monica, California

SDS

With T-Series NATURAL
logic you have all these to
choose from at a lower
price per circuit.

¥

Gate

A 1
B
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Q = A-B AND Gate

A
Q

B Buffered
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Q = A*B + C*D
Buffered AND/OR
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D = A°B + C°D
Inverted AND/OR




Philbrick

Operational
Amplifiers

for comparison shoppers

Compare their pricest

r
Philbrick | Prices of Comparable Models

T
Feature ‘ Model Price A B C D E
Parametric SP2AU

$138. | 3195. e — — o

FET | PP25AU

! $79. $85. | $95 | $75. | $85. | $95.
e geglas
High performance, | PP35AU
high impedance $64. | $ 35 | $ 65. | $85. | $42. —
High performance, ‘ PP45AU
ultra-high speed | $ 89. = $125. =4 $90. —
[ T
General purpose | PP55AU

| $ 15 | § 18. E— $18. | §17. ’ $19
- ' RGAST
General purpose, \ PP55AHU ‘
high speed | $19. | $58 | §95 |$31. |35 | —
General purpose, | PP85AU
high performance | $25. | $26 | $35 |$29. |9$24. | $46.

These Philbrick Operational Amplifiers, which meet more than
709, of all requirements, are available in quantity for immediate
delivery. Conservatively-rated, they never fail to deliver the
promised performance and reliability. Compare Operational Am-
plifiers and we know you’ll concur . . . Philbrick is usually the
lowest priced, always the best value.

tU.S. unit prices from published literature— 9/66

For more information, demonstration units, or engineering as-
sistance, call your nearest Philbrick engineering representative or
Philbrick Researches, Inc.,22 N Allied Drive, Route 128, Dedham,
Massachusetts 02026. Phone (617) 329-1600.

ENGINEERING REPRESENTATIVES — Ala.: Huntsville (205)
536-8393; Ariz.: Phoenix (602) 265-3629; Cal,: Los Angeles (213)
937-0780, Mountain View (415) 969-9020, San Diego (714)
222-1121; Colo.: Denver (303) 733-3701; Conn.: West Hartford
(203) 233-5503, Fairfield County (203) 661-5140; Fla.: Ft.
Lauderdale (305) 564-8000, Ft. Walton Beach (904) 243-6424,
Orlando (305) 425-5505; Ga.: Tucker (404) 939-1674; Ill.:
Chicago (312) 676-1100, (312) 676-1101; Ind.: Indianapolis (317)
356-4249; Md.: Baltimore (301) 727-1999; Mass.: Wakefield
(617) 245-5100; Mich.: Detroit (313) 838-7324; Minn.: Minne-
apolis (612) 545-4481; Mo.: Florissant (314) 831-0015; N.M.:
Albuquerque (505) 268-3941; N.Y.: Buffalo (716) 835-6186,
DeWitt (315) 446-0220, Valley Stream (516) 561-7791; N.C.:
Winston-Salem (919) 725-5384, (919) 725-5385; Ohio: Dayton
(513) 298-9964, Westlake (216) 871-8000; Okla.: Tulsa (918)
627-6199; Pa.: Conshohocken (215) 277-0559, Pittsburgh (412)
371-1231; Tex.: Dallas (214) 526-8316, Houston (713) 781-1441;
Utah: Salt Lake City (801) 466-4924; Va.: Alexandria (703)
836-1800, Newport News (703) 245-8272; Wash.: Seattle (206)
723-3320.

EXPORT: N.Y.: New York (212) 246-2133. Cable TRIL 224326.

CANADA : Quebec: Montreal (514) 482-9750, Ontario: Toronto
(416) 789-4325.

ELECTRONIC ANALOG COMPUTING EQUIPMENT for MODELLING, MEASURING, MANIPULATING and MUCH ELSE

PHILBRICK

176 Circle 176 on reader service card
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6 WEEKS DELIVERY...NEW LOWER PRICES...

due to CTS automated production techniques

4 ; -L-.

and the industry’s biggest output. =wam
Sen"es 500 -

Consider these CTS Cermet Pot characteristics: e whe,
1. 20 @ to 5 megohms resistance range.
2. Greater power/size ratio. (See captions.)
3. The environmental stability & higher wattage rating of wirewound.
4. The wide resistance range & infinite resolution of carbon. Series 550
5. Extremely high temperature capabilities. 2/3at(:'sa@70°c

6. Stability under extreme humidity. - Series 385

11/32" dia.

7. No catastrophic failures. Rl ;Muﬁ 1/8 watt @125°C
For P.C. applications

8. Low noise. Long life.
9. Exceed MIL-R-23285 (Navy) metal film; far exceed MIL-R-94B.

Specify from the broadest line
of thick film controls available.

New low prices begin at $1.35 each in large quantities.

Electronics | November 14, 1966

Series 660
3/8" dia.
1/4 watt @125°C

Series 2-500 ==y v
3/4 " dia. |
1.1/2 watts @85°C

Tandem Series 500

Series 400
1-3/64" dia.
3 watts @85°C

Series 600
1/2" dia.
3/4 watt @85°C

Series 600PC m

1/2" dia. e
3/4 watt @85°C ‘Eg’h
For P.C. applications

. i imo ]
Series 630 © aj'

1/2" dia. I
1/2 watt @85°C

Request Cermet Catalog.

Circle 177 on reader service card
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MIL-T-713 calls for 22% to 32%
wax coafing on LAGING TAPE.

But what really is the right amount
for trouble-free, tight-knot lacing?

GUDEBROD KNOWS. They make yard after
yard after yard exactly right!

- GUDEBROD TAPE cuts harness cnst3/>

Give the sample any comparative test
you want. Let your harness crew try it.
Send it to your fab. It's exactly what
you'll get when you order Gudebrod
tape—everytime

You are often required to lace with tape that meets MIL-T Specs—

with a specified range of wax content. But that's no assurance that GUDEBROD CABLE-LACER

you are using a tape that ties tight, holds tight, that probably won't The first hand tool engineered for wire harnessing.

be rejected—unless, of course, you have Gudebrod Gudelace. Like Handle halds bobbins, feeds tape as needed, =
all Gudebrod Lacing Tapes it's manufactured under strict quality grips tape for knotting. Speeds, eases v
control inciuding the wax coating. Every yard of Gudelace is im- harnessing. Pays for o

pregnated exactly the same, exactly right. You can count on that—and on itself in time saving. -~
speedier, easier, better harnessing. That's where you save real
money. Want to know mare? Get in touch with Gudebrod.

Area Code 215, WA 2-1122

UDEBRDD BROS. SILK CO., INC.

FOUNDED IN 1870

|~ @y,
35 e} <
¢y

12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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American Bosch

uses Allen-Bradley Oriented Ceramic Permanent Magnets...

because of their uniformity in staying within specifications,
and delivery schedules—though tight—are kept!

et o

American Bosch
permanent magnet motors
are used for...

power windows

B Allen-Bradley’s quality control procedures assure
the continuously uniform properties—both electrical
and physical—that are essential to profitable large
volume motor production. The most modern manu-
facturing facilities in the hands of technically experi-
enced craftsmen produce the highest quality, radially
oriented ceramic permanent magnet segments that
are presently available.

Allen-Bradley ceramic permanent magnets can be
furnished for a wide range of motor sizes—from 34"
diameter up to a 10 hp motor rating. They are avail-
able in a variety of types—having different properties
—to satisfy your specific requirements. A-B application
engineers will be happy to consult with you in develop-
ing your dc motors for maximum motor performance.
Allen-Bradley Co., 1316 S. Second St., Milwaukee, Wis.
53204.In Canada: Allen-Bradley Canada Limited. Ex-
port Office: 630 Third Ave., N.Y,, N.Y,, U.S.A. 10017.

68-11-6CE

electric windshield wipers

AU Lodr s

power seats

Properties of typical Allen-Bradley ceramic permanent magnets
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explorer |
explorer IV
tiros
telstar

syncom

ranger VI
ranger Vil
ranger IX
saturn |

surveyor

the most honored resistor
In the Space Program

B Allen-Bradley hot molded resistors were chosen to par-
ticipate in these many history-making space projects for
only one vital reason—a history of proven performance
that dates back for more than a quarter of a century! A
record more conclusive than any testing program could
possibly provide!

The superiority of Allen-Bradley resistors is found in the
exclusive hot molding process. Through the use of com-
pletely automatic machines—developed and used only by
Allen-Bradley—there is obtained such uniformity of char-
acteristics from resistor to resistor, year after year, that the
resistors’ long term performance can be accurately pre-
dicted. Furthermore, no Allen-Bradley hot molded resistor
has ever been found to have failed catastrophically.

The widespread use of the Allen-Bradley hot molded
resistors in these space programs should convince you that
to include this plus value in the equipment which you
produce gives it the mark of ‘“‘extra quality.” Let us tell

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

you more about the complete line of Allen-Bradley elec-
tronic components. Please write for Publication 6024.
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee,
Wis. 53204. In Canada: Allen-Bradley Canada Limited.
Export Office: 630 Third Ave,,N. Y., N.Y. U.S.A. 10017.

TyrE BB t/8 WaATT

HOT MOLDED FIXED RESISTORS are available
in all standard EIA and MIL-R-11 resistance
values and tolerances, plus values above and
below standard limits. Shown actual size.

SR
= -AnD -
TYPE CB 1/4 WATT

TYPE EB 1/2 WATT

MIL TypE RC O5
MILTYPE RC O7

MIL TypE RC 20

\‘b -

TYPE GB 1 WaTT MIL TypE RC 32

Tyre HB 2 WATTS ’= MIL TypPe RC 42

&7-09-6E
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FOR EASIER ROTARY SWITCH SPECIFICATION... TRY THESE: L

| i i
FOR FASTER ROTARY SWITCH DELIVERY ... TRY THESE:

IF YOU DO, you’ll find that Shallcross
Series 1, 2 and 4 precision rotary switch
lines offer:

LOWER TOTAL COST — INITIAL COSTS
ARE NORMALLY LOWER (often 25 per-
cent or more) than those for rotary
switch counterparts claiming comparable
quality. INSTALLATION COSTS ARE RE-
DUCED by easily wired flared terminals
(identified for location) and rugged con-
struction features that virtually elimi-
nate switch damage during harnessing.
MAINTENANCE AND REPLACEMENT
COSTS ARE REDUCED to the vanishing
point by: (1) 50 in/Ib stop strength rat-
ings, (2) multiple contact wipers (for
reliable circuit ““making’’), (3) positive
action long life detents, (4) dust protec-
tion for internal switch parts, and (5)
material-design combinations that re-
duce voltage breakdown and insulation

<—Circle 180 on reader service card

resistance failures. Add these cost
“savers’’ to lower specification costs
(below), and you'll see why Shallcross
has the most economical top quality ro-
tary switch line in the industry — as a
matter of fact, an investigation will prove
that Shallcross switches are often less in
total cost than the lowest priced '‘clip
types.”

OUTSTANDING DRY CIRCUIT SWITCH-
ING — Negligible ‘‘thermals,’ low con-
tact resistances (1-2 milliohms typical
from input to output), and low switching
noise provide ideal dry circuit switching.

EASIER SPECIFICATION — Comprehen-
sive cataloging, reproducible specifica-
tion sheets (for easier drawing creation),
and easily used part number systems
expedite specification.

FASTER DELIVERY — Day-in-day-out
deliveries for standard Shallcross
switches equal any in the industry (eight
distributors stock 1-3 deck ‘‘standards'’
~— production quantities are normally
shipped in two to three weeks).

The best values in quality rotary switch-
ing wear this brand—try them.
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