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MEASURE TRANSISTOR
FUNCTIONS DIRECTLY
from 25 to 1500 Mc

Type 1607-A Transfer Function and Immittance Bridge, $1925 in USA
Requires generator and detector.

hOb:' '. oey |'Aj‘|«.v [‘Tfey hib; hi67 I“rby hr87
‘,/.O:by :_\3"; e ydfb', )/fe; Yib, Yie, Yrb, Yrey

and all open-circuit impedance parameters.

* The accuracy and wide frequency range of this bridge make it
a natural for the engineering laboratory

ldeal for production-line testing 100; semi-skilled personnel can
operate it easily. For rapid transistor measurements, it can be
set up for direct meter readout of the magnitudes of hg, and hy,..

* Built-in provision for biasing up to 2.5 amperes, with bias
circuits effectively isolated from circuits under measurement.

* Nine different mounts available for commonly used transistors
and tubes — both socket and long-lead mounts for 0.1-inch and
0.2-inch diameter pin circles, tetrode transistor mount, 7-pin
miniature tube mount, etc.

* Operates with very low rf levels on unknown — essential for ac-
curate measurcments of transistors and other nonlinear devices.

* Bridge is completely passive — stability of calibration is de-
pendent only on permanent physical dimensions.

* Versatile: Bridge also measures u, Y21, Yi2, Y1, Yo, ctc, of
tubes; Z11, Zs2, Z21, Zi12, Zni, Y22, Yo1, Yi2, I/ 1y, b1/ g, E2 'Eq,

Rapid vhf-uhf measurements are now possible with new
, . long lead Transistor-Mounts — you no longer have to cut
Ei/E; of networks; R, L, C, Z, and Y of diodes and compo- semiconductor leads. These mounts *‘swallow' the leads,

nents; and Z, Y, and VSWR of coaxial lines. eliminating their effects from the measurement.

GENERAL RADIO COMPANY

—

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673 |

IN EUROPE: Zurich, Switzerland — London, England \ooe & WEST CONCORD, MASSACHUSETTS
— L, (S
— IVERD!
NEW YORK, N. Y., 964-2722 CHICAGO PHILABELPHIA WASHINGTON, 0.C. SYRAGCUSE DALLAS SAN FRANGISCO LOS ANGELES ORLANDO, FLA. CLEVELANOD
(Ridgefield, N. J.) 943-3140 (Oak Park) 848-9400 (F1. Washington) 646-8030 (Rockvitle, Md.) 946-1600 154-9323 FL 7-4031 {Los Aitos) 948-8233 469-6201 425-4671 886-0150
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MEASURE VOLTAGE, FREQUENCY, RESISTANGE
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DY-2010B
Data Acquisition System

T

AKE XY PLOTS

When digital data is more meaningful in graphical form:

You can get an accurate x-y recording of the
data you measure in the time it takes to un-
load a tape from one system and on to another.
Measure with a Dymec 2010 Series Data Ac-
quisition System, and just add the DY-2030
Data Plotting System and DY-2734A Punched
Paper Tape Editor. No other equipment, no in-
termediate steps required, and the total capa-
bility costs less than $22,000.

With any of three DY-2010 systems providing
a recorded output on punched paper tape (but
differing in input capabilities) you can meas-
ure data from up to 200 three-wire sources.
Measurements of dc volts, low-level dc, ac
volts, resistance and frequency are made by
the floated and guarded DY-2401B Integrating
Digital Voltmeter, heart of each versatile 2010

system. Then the data can be played back
immediately on the DY-2030 Plotting System.

The tape editor in the system lets you (1) plot
any channel on punched paper tape against
real time recorded on the tape, (2) plot any
channel on the tape against any other channel
on the same tape, (3) plot any recorded chan-
nel against an internally generated step. Vari-
ables can be plotted in either x or y coordi-
nate, with scale factor set for each, and inde-
pendent of each other.

All of these Dymec systems are fuily specified
and priced, and may be ordered from the cata-
log. And never before have comparable capa-
bilities been available at the price. $10,800
for the DY-2010B, for example, plus as little
as $10,875 for the 2030B with 2734A Editor.

Data Plotting System

Data subject to change without notice. Prices f.o.b. factory.

DY MEC

A DIVISION OF HEWLETT-PACKARD COMPANY
DEPT. E-2, 395 PAGE MILL ROAD, PALO ALTO, CALIF

PHONE (415) 326-1755 TWX 415-492-9363 9406
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with this versatile new hp power amplifier supply!

Use it to drive magnetic cores
ultrasonic transducers
recording galvanometers
servo motors

Precision features derived from premium components
and muitiple feedback techniques make the new hp
467A Power Amplifier Supply a unique instrument of
its type. It's a 10 watt peak power amplifier and, —20
to +-20 volt dc power supply. Features include low dis-
tortion (<0.01%), low drift, and 0.39% gain accuracy.
The chart indicates the excellent frequency response of
this general-purpose solid-state instrument. Other fea-
tures of the 467A include low output impedance, and
protection from short circuits or input overloads to 200
volts peak to peak.

The specs tell most of the story. Relate them to your
task, then get complete information from your hp field
engineer or write Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

€Q =10VRMS

GAIN AT X10

1KC

10KC
FREQUENCY

100KC
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Or to amplify oscillator outputs
to supply dc power

for environmental testing

SPECIFICATIONS

Power amplifier

Voltage gain: fixed steps X1, X2, X5, X10; variable O to 10, resolution
better than 0.1% of full output

Accuracy: +0.3%, dc to 10 kc with load of 40 ohms or greater

Frequency response (fixed steps): +19%, dc to 100 ke, +59%, dc to
1 mc

Output capacity: =20 v peak at 0.5 amp peak

Distortion: <0.01% at 1 kc, <1% at 100 kc, <3% at 1 mc

Input impedance: nominal, 50 K shunted by 100 pf

DC power supply

Voltage range: >+20 v, 10 v, *5v, *2 vy, =1 v; continuously vari-
able vernier between ranges, resolution >0.1% of full output

Current: 0.5 amp

Load regulation: <10 mv for load change from O to 0.5 amp

Line regulation: <10 mv for +10%, change in line voltage

General

Output impedance: nominal 5 milliohms in series with 1 zh

Capacitive load: 0.01 «f or less does not cause instability

Ripple and noise: <5 mv p-p

Current limit: approx. 800 ma

Input-output: front panel, banana terminals for input, output, chassis;
rear panel, BNC terminals for input, output; signal leads may be
floated 200 v dc above chassis

Price: $575

Data subject to change without notice. Price f.0.b. factory.

HEWLETT hp PACKARD

An extra measure of quality

1010

Electronics | February 22, 1965



Electronics

February 22, 1965
Volume 38, Number 4

Page 4 Readers Comment
8 People
10 Meetings
15 Editorial

17 Electronics Newsletter
61 Washington Newsletter

139 New Products

175 New Books

176 Technical Abstracts
183 New Literature

Title R registered

U.S. Patent Office;

© copyright 1965

by McGraw-Hill, inc.
All rights reserved,
including the right to
reproduce the contents
of this publication,

in whole or in part.

Page

Solid state

Circuit design

Circuit design

Advanced technology

Military electronics

Production

43
44
44
45

185
185
186
186

123
126
128
131

76

82

86

90

94

106

Electronics Review

Series war 46 Lowering the bloom
Bank on this 48 A closer look

Autec: progress report 48 Talking on light
Locked laser beams 50 Ranger's sharper eyes
Electronics Abroad

End of the road 187 Buildup

Microwave networks 187 Southern skies
Superconductors 188 NATO scoreboard

$1 million gamble 189 Around the world
Probing the News

Electronics for the ocean depths

Mixed bag makes a multiprocessor

Backtalk from the student is approved behavior
What Pentagon will buy: a preview

Technical Articles
|. Design

New masking techniques for micropower transistors
Conventional methods can’t produce small enough
geometries

R. W. McGinnis and W. D. Roehr, Motorola, Inc.

Impedance matching with nonlinear loads

The right filter can eliminate or exploit harmonics
to improve circuit efficiency

M.B. Covington Jr. and A.l. Sinsky, Bendix Corp.

Designer's casebook

Pulse width converted to pulse sequence; new ways
to improve transistor bias stability; multi's output
duration controlled by input

Il. Applications

Monkeys and microelectronics

Thin-film receiver tied to animal’s head picks up
orders that alter his behavior

william Liben, Johns Hopkins University

Updating the missile range: Part 1 (Cover)

New instrumentation is needed as space exploration
becomes the main concern

John F. Mason, military electronics editor

I1l. Manufacturing

Production tips

Small parts are aligned and assembled by vibration;
oxide-poisoning problem solved by hole in grid cup;
ferris wheel programs insertion of components



Electronics

Editor: Lewis H. Young

Senior editors
Technical: Samue! Weber
News: Kemp Anderson, Jr.

Senior associate editors: John F. Mason, George Sideris

Department editors

Avionics: W.J. Evanzia

Circuit design: Michae! Elia
Communications: Alexander A. McKenzie
Components: Michael F. Tomaino
Industrial electronics: Louis S. Gomolak
Instrumentation: Carl Moskowitz
Manufacturing: George Sideris

Military electronics: John F. Mason

New products: William P. O'Brien

Solid state: Jerome Eimbinder, G.G. Tirellis
Space electronics: Joel A. Strasser

Staff writer: Leon H. Dulberger

Regional editors

Boston: Thomas Maguire, editor; Robin Carlson

Chicago: Cletus M. Wiley, editor; Leslie Krimston

Los Angeles: William B. Wallace, editor; June Long

San Francisco: Laurence D. Shergalis, editor; Mary Jo Jadin
London: Derek Barlow, editor

Copy editors
Howard Rausch, Sally Powell, Stanley Zarowin

Graphic design

Art director: Saul Sussman

Assistant art director: John C. Wright, Jr.
Editorial production: Ann Mella
Production editor: Arthur C. Miller

Editorial secretaries: Claire Benell, Mary D’Angelo, Lynn Emery,
Kay Fontana, Carolyn Michnowicz. Lorraine Rossi, Lorraine Werner

McGraw-Hill news service

Director: John Wilhelm; Atlanta: Fran Ridgeway; Chicago: Bruce Cross;
Cleveland: Arthur Zimmerman; Dallas: Marvin Reid;

Detroit: Donald MacDonald; Los Angeles: Michael Murphy,

Ron Lovell; San Francisco: Margaret Ralston, Ed. Addeo;

Seattle: Ray Bloomberg: Washington: Arthur L. Moore, Glen Bayless,
Charles Gardner, Herbert W. Cheshire, Seth Payne

McGraw-Hill world news service

Bonn: Richard Mikton; Brussels: Arthur Erikson; London: John Shinn;
Mexico City: Wesley Perry; Milan: Bruce Bendow:

Moscow: Donald Winston; Paris: Dan Smith;

Rio de Janeiro: Leslie Warren; Tokyo: Marvin Petal, Charles Cohen

Circulation manager: Hugh J. Quinn
Reprints: T.M. Egan

Publisher: C.C. Randolph
Electronics: February 22, 1965, Vol. 38, No. 4

Printed at 99 North Broadway, Albany, N.Y.
Second class postage paid at Albany, 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¢.

Single copies all other countries $1.50.

Published every other Monday by McGraw.Hill Inc. 330 West 42nd Street,
New York, N.¥.10036. Founder: James H. McGraw. 1860-1948.

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,
subscription orders or complaints to Fulfillment Manager, Electronics,

at the address below. Change of address notices should provide old as well

as new address, including postal zone number if any. 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

Readers Comment

Secret of feedback

To the Editor:

The authors of “Using negative
reactances for independent phase
and attenuation” [Dec. 14, pp. 45,
46] fail to point out that their
“negative impedance converter”
will either saturate or oscillate be-
cause of the positive feedback con-
nection, when built with anv real
amplifier. I am sure readers would
like to know what their secret is.

Thomas V. Saliga
National Aeronautics
and Space Administration
Greenbelt, Md.

® The author replies:

To defend the diagrams in the
article, we go back to basic feed-
back network theorv. Any basic
clectronics text will develop the
fact that a circuit will oscillate
if, and only if, BK is real and equal
to or greater than unity, where K
is the amplifier gain and g is the
feedback gain. In the cases illus-
trated, K is positive and greater
than one, but 8 would be deter-
mined by the source impedance
which may easily be controlled to
vield a 8K product which is stable.

This material is ordinarily intro-
duced in the first electronics course
for an electrical engineer. Our se-
cret is out.

Clarence 1. Jones
Director, Research and Develop-
ment
Alan LW, Frank Corp.
Pittsburgh

Follow that car

To the Editor:

I am puzzled by some aspects of
V. E. Osborne’s article [“Farewell
to free time on city parking me-
ters,” Dec. 28, p. 72].

First, he has estimated the tem-
perature of his infrared source to
be about 300°F. I do not know of
any external part of an automobile
which normally operates at this
temperature at city speeds or less,
and suspect that his sensor is de-
tecting a considerably lower tem-
perature. Probably the detector is
seeing either the rear end of the
exhaust pipe or that part of the

Electronics | February 22, 1965



(Advertisenient)

New Bridge Design
For Safe, Accurate,
Easy Measurement
of ’Lytic Capacitors

B

The Sprague Model 1W2A Capaci-
tance Bridge introduces new, im-
proved tcchnical refinements as well
as restyling for added attractiveness
and ease of operation. Built by ca-
pacitor engineers for capacitor users,
it incorporates the best features of
bridges used for many years in
Sprague laboratories and produc-
tion facilities.

Precision Measurements over Entire
Range from 0 to 120,000 nF

The internal generator of the IW2A
Bridge is a line-driven frequency con-
verter, and detection is obtained from
an internal tuned transistor amplifier-
null detector, whose sensitivity
increases as the balance point is
approached. It has provision for
2-terminal, 3-terminal, and 4-termi-
nal capacitance measurements, which
are essential for accurate measure-
ment . .. + 19, of reading + 10uuF
... of medium, tow, and high capac-
itance values, respectively.

No Damage to Capacitors

The model 1 W2A Capacitance Bridge
will not cause degradation or failure
in electrolytic or low-voltage ceramic
capacitors during test, as is the case
in many conventional bridges and
test circuits. The 120 cycle A-C volt-
age, applied to capacitors under test
from a built-in source, never exceeds
0.5 volt! It is usually unnecessary to
apply d-c polarizing voltage to elec-
trolytic capacitors because of this
safe, low voltage.

Complete Specifications Available
For complete technical data on this
precision instrument, write for Engi-
neering Bulletin 90,010A to Technical
Literature Service, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts.

4SSP-128:63
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Did you know Sprague makes..?

4 )

MAGNETIC
LOGIC DEVICES

Core-diode and core transistor
magnetic shift registers and
magnetic counters for switch-
ing and storage applications in

-
MOLDED

PULSE TRANSFORMERS

Miniature Pulse Transformers
with tough molded cases for
increased protection against
physical damage and severe

\ computer and logic circuitry.

atmospheric conditions.

CIRCLE 277 ON READER SERVICE CARD

NANOSECOND
PULSE TRANSFORMERS

IN TO-5 [
TRANSISTOR CASES

Special design offers dis-
tinct advantages: (1) Mini-
fied size. (2) Welded her-
metic seal. (3) Increased
reliability. (4) Compatibility
with transistor mounting
techniques.

CIRCLE 279 ON READER SERVICE CARD

I

CIRCLE 278 ON READER SERVICE CARD

@METHING NEW INw
COUNTING
TECHNIQUES

PN
Simple yet /
versatile, A&
low-cost W
yet reliable
counters

available for predetermined
(2 to 11) or selectable (5
through 10) counting cycles.

_/
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(-, ™
DYNACOR®
BOBBIN

CORES

(" HERMETICALLY-SEALED

Designed especially for high-speed,
low-power switching up to 100 kc, l
adaptability with conventional tran-
sistor packaging techniques, and
performance under
uanvironmental conditions.

2
TO-5 ENCASED L
SWITCH CORES n

MIL-S-21038 ‘

kel

e

CIRCLE 281 ON READER SERVICE CARD

Series “300" Cores
with logical flux vai-
ues in popular phys-
ical sizes are stocked
in production quanti-
ties for fast delivery.
They're value engi-
neered for quality
with economy!

3

ELECTRONIC MODULES TO
CUSTOMER REQUIREMENTS

where “specials” are continually being
developed and produced with countiess
variations in electrical characteristics and
¥mechanical configurations.

Custom packaging
is no novelty at
Sprague'’s Special
Products Division,

CIRCLE 282 ON READER SERVICE CARD

For application engineering as-
sistance (without obligation, of
course) on any of the above prod-
ucts, write or call the Special
Products Division, Sprague Electric
Company, 35 Union Street, North
Adams, Massachusetts,

4SSP-111:63 R4
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SPRAGUE

THE MARK OF RELIABILITY

“Sprague’ and ‘@’ are tegistered trademarks of the Sprague Electric Co.

5



EXTRALYTIC

i | EXTENDED
TEMPERATURE
RANGE

"} | ALUMINUM 'LYTIC

CAPACITORS

® Voltage ratings to 150 vdc, unlike
other so-called “wide temperature range”
aluminum electrolytics with compromise
voltage ratings only to 60 volts.

® Capacitance stability over entire
temperature range. Even at —55 C,
capacitance drop is very small.

® Operating and shelf life comparable
to or better than that of foil tantalum
capacitors.

® Less expensive than foil tantalum
capacitors, yet meet electrical require-
ments of proposed military specification
MIL-C-39018.

® Smaller and lighter than tantalum
capacitors in equivalent capacitance
values and voltage ratings.

For complete technical data,
write for Engineering Bulletin 3455
to the Technical Literature Service,
Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 01248

45c-0

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and *(2)’ are registered trademarks of the Sprague Etectric Co.
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radiator which is visible through
the front grill,

If the radiator is his IR source,
then there may be some trouble
with reliable triggering in cold
weather. Furthermore, air-cooled
rear engines are available in cars
now, and such cars may have IR
outputs incompatible with his
meter reset unit.

I am also puzzled by his objec-
tion to photoelectric units because
pranksters can reset them with a
flashlight. A similar objection ap-
plies to his unit. Somebody could
wave a cigarette in front of his
parking meter to reset it.

What is needed is a sensor which
specifically requires the presence
of a ton or so of metal, and yet is
not awkward to use nor subject to
prankish resetting.

One way to do this might be to
place a pair of drive and sense
loops several feet across heneath
the parking area. The sense coil
should form a square figure 8 with
reversed windings in the two halves
of the 8, and the drive coil a square
0 about it. With such a pattern,
the total electromagnetic coupling
between the drive and sense loops
depends on the difference in
amount of magnetically permeable
material present over the two
halves of the sense coil, and so
would conveniently respond to the
entry and departure of cars.

This drive-sense pair could be
made part of the feedback loop of
a marginal low-frequency oscil-
lator, which would go into oscilla-
tion if there were magnetic asym-
metry over the sense coil—the situ-
ation that would occur when the car
entcred or left the parking space.
Its output could drive circuitry sim-
ilar to that which Mr. Oshorne used
for his two-transistor IR detector.
The loops could be laid in narrow
slots inexpensively circular-sawed
into the pavement and covered
with tar, so the total cost would
not be prohibitive.

This is the kind of situation
which engineers doing commercial
work rather than military design
may have to deal with more com-
monly in the future, as electronics
moves further into social matters.
Often the problem will involve not
merely the a priori physical situa-
tion, but a more complicated ques-
tion involving legal credibility, re-
sistance to tampering, etc. What

may be a perfectly valid solution
to the first problem may fail in its
relation to a social and legal struc-
ture.

Frederick V. Kantor
Consultant
New York

* The author replies:

Measured temperature on engine
block, muffler and exhaust exceeds
300 degrees F. Radiator averages
175. The sensor detects the block
or the radiator. Air-cooled rear en-
gines, however, might not be de-
tected.

A discussion of false triggering
with a photocell or infrared device
is relative, through the cigarette
false-triggering is far less likely. No
convictions would be attempted if
a violator alibied.

I would like to stress that the
program in Whittier was simply
an experiment and not an attack on
motorists.

W. E. Osborne

A Replacement

To the Editor:

In my article “Very low frequen-
cies are going back to work” [Jan.
11, p. 80], some of the superscripts
were misplaced in a few equations.

The expression

Rin = Rin? should read R,, =
Ryn?® and al® should read R,I?

The equation for multiple resist-
ance should be:

Rm = Ra + Rbn_g = Rc
and the equation for downlead re-
sistance is

R =R+ Ryn—!+ R

J. C. Walter
Potomac River Naval Command
Washington

Help wanted

To the Editor:

I am preparing a tri-service his-
tory on the development of tactical
military  communications.  Your
readers possess a wealth of in-
formation in this field. Any data.
recollections, or suggestions of
written and graphic sources will
be greatly appreciated, acknowl
edged, and credited where applic-
able. Information concerning de-
velopments and events prior to
1920 is particularly desired.

David L. Woods
1245 Via Del Mar
Winter Park, Fla.
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slash semiconductor testing costs

with
@ faster programming — simplified digital
switching

® absolute device protection — program-
mable clamps and limiters

o individually programmable test times-—
50 miillisecs to 5 secs

® more accurate testing —0.5% accuracy

The Model 658 Transistor/Diode Test System
provides: digit-switch programming from 1 nano-
amp to 2 amps with readout from 0.3 nanoamp;
d-c and pulse testing; tests in any random se-
quence. The 658 is expandable up to 48 tests.
Testing modules fit in a separate drawer holding
eight units; rack enclosures are available. Using
digit-switches you can read test results directly.
With the 658, you get socket control—shortest
Jead lengths from device to test circuit. Test
sockets are interchangeable. You cannot find a

more flexible, economical system.

write for information

TEXAS INSTRUMENTS

I NCORPORATED

P. O, BOX 66027 HOUSTON, TEXAS 77006
7 RUE VERSONNEX GENEVA, SWITZERLAND

INDUSTRIAL
PRODUCTS
GROUP

705
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OPEN FRAME
PRINTED CIRCUIT
TRANSFORMER

MICROTRAN

forindustrial applications
with military quality
at commercial pricing

Wherever and whenever critical performance is demanded,
Microtran is on the job. Our roster of noteworthy programs
include Polaris, Apollo and Minuteman. For assurance of the
ultimate in reliability and confidence of perfect performance...
call Microtran to do its part.

NEW Industrial Grade Miniature Printed Circuit Transformer o Specifically
designed for transistorized Control.and Instrumentation applications e
Molded-in terminals provide fixed mounting centers usually found only in
expensive molded transformers e Size 7" x 1” x 1”. Weight: 1 oz.

Immediate delivery from distributors

145 E.Mineola Ave.,Valley Stream,N.Y, (516) LO 1-6050 « TWX:516-593-2685
NEW WESTERN PLANT: MICROTRAN WEST, GARDENA, CALIF

Write for detailed catalog
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People

On the wall of Rear Adm. Ignatius
J. (Pete) Galantin’s Pentagon office
hangs a picture of the admiral and
the late Presi-

dent Kennedy.

The two are

awaiting a Po-

laris missile test

firing. Look

closcly. The ad-

miral’s fingers

are crossed.

The test was
a success, but it wasn’t Tuck. As
Director of Special Projects, Galan-
tin directed the research, develop-
ment and production program for
the Polaris and the deep-sub-
mergence systems project. He
brought to the job a firsthand
knowledge of submarines; in World
War II he commanded one in the
Pacific and earned a Navy Cross
and three Silver Stars.

Electronics companies will soon
be hearing more of Galantin. On
March 1, he moves up to vice ad-
miral and takes over as Chief of
Naval Material, & post in which
he will boss the Navy’s $10-hillion-
a-year spending program. Clue for
contractors: send the admiral an
apple. He keeps a refrigerator full
of them in his office, eats one a day.

The man bchind Honeywell, Inc.’s
new H-20 process-control computer
system is S.D. (Toby) Harper, a
former lieuten-

ant commander

in the British

Navy  who s

now a United

States citizen.

In 1962, Harper
urged Honey-
well to develop
a small, cfficient,
fast computer for process control.
The first H-20 came off the produc-
tion line recently.

Harper became familiar with
computers while working on elec-
tronic telephone exchanges for the
British post office. In 1957, Honey-
well brought him to the U.S.,
where he served as project man-
ager of the H-800 and helped to
design the Datamatic 1000. He is
now director of engineering for
Honeywell’s Special Systems divi-
sion, which devcloped the H-20.
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High Energy Physics
and Machlett
High Power Electron Tubes

-—

> ou

*

.-
L 4
-

% .
P BRSBTS W GEE s W W W
N "

| PN
L AT
PR - - -~
o aen ves e dlie - W o comer
.
p e 000t
-

s % oo

-
.
o
" -

e
¢ .
- e,
e
R

-
.

A
-

.
LN

an s wWen 4e o Wem o O

£

o ¢ 5 whe m w w—i"

*

WA B e AN W Jo..c -~—n b
- L

-

% “ seor e
s o monan sums WePa® on o wmw
-
'

!
l
:
i
¥

L
- ’.
e -
-,
VT s vy

.
>

X o+
it s b tmon conn

»e

4
;.
u‘:;! -
- *
we ,
-
Avvm
N\
-

- High energy physics, as represented
“ by this “hydrogen bubble chamber"”
¢ photo and Machlett’s high power
electron tubes, have had a'long
- association in the nation’s foremost
Particle Accelerators—helping to accelerate
protons from the early cyclotron
(22 million electron volts) to the modern
synchrotron (33 biltion electron volts).
Reasons for this long association lie in the
performance reliability of Machlett tubes,
and reflect continued confidence in the
capability of the Machlett organization.
Whether you require high power/high
voltage triodes or tetrodes, UHF planar
triodes, X-ray tubes, vidicons, or you need
assistance in research or design develop-
ment, write: The Machlett Laboratories, Inc.,
Springdale, Conn. 06879. An Affiliate of

Raytheon Company.

ELECTRON TUBE SPECIALIST
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Best way to check
* coaxial-cahle
 attenuation, return loss
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JERROLD
CABLE

TEST SET
model 1900

£5,8500°

For fast and extremely accurate quantitative
measurements of return loss (VSWR), nom-
inal impedance, and attenuation in coaxial
cables, you should have a Jerrold Cable
Test Set. The Model 1900 is a complete
rack-mounted and enclosed unit consisting
of a Model 900-B Sweep Signal Generator,
Model FD-33 Comparator, Model AV-50R
Attenuator, Model SCA-213C-5BR Ampli-
fier, two RF Bridges (Models KSBV-5B and
KSBV-57B), a set of miscellaneous attenu-
ator pads, standard terminations, cable set,
jacks, and plugs. The oscilloscope and the
Moseley-type translator illustrated here are
optional, as are a Model SD-8A Slow-Speed
Sweep Driver. )

In addition to its capabilities in checking
coaxial cable, the Model 1900 Test Set is of
course an ideal means of testing impedance,
gain, attepuation, and VSWR of all elec-
tronic components.

Write for complete technical literature.

JERROLD

ELECTRONICS
InCanada: Jerrold Electronics, 60 Wingold Ave., Toronto 19, Ont.
Export: Rocke International, 13 E. 40th St., New York 10016

SWEEP GENERATORS « PRECISION ATTENUATORS
AMPLIFIERS « COMPARATORS

JERROLD ELECTRONICS

Industrial Products Division
Philadelphia, Pa. 19132
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Meetings

Electromagnetic Compatibility Spring
Conference, SAE; Orlando, Fla.,
Feb. 23-24.

Electronics Standards Committee F-1
Meeting, ASTM; Sheraton Park Hotel,
Washington, Feb. 23-24.

Training Conference on Department of
Defense Project 60, ASQC; Hotel
Westward Ho, Phoenix, Mar. 6.

Particle Accelerator Conference, AlP,
NSG/IEEE, NBS, USAEC; Shoreham
Hotel, Washington, Mar. 10-12.

EIA Spring Conference, EIA; Statler
Hilton Hotel, Washington, Mar. 16-19.

ISA National Conference on
Instrumentation for the Iron and Steel
Industry, ISA; Pick-Roosevelt Hotel,
Pittsburgh, Mar. 17-19.

Management Conference on Operations
Research, Systems Engineering

and Electronic Data Processing,
University of Pennsylvania,
Philadelphia, Mar. 17-19.

Society of Broadcast Engineers Annual
Meeting, SBE; Shoreham Hotel,
Washington, Mar. 21.

IEEE International Convention, IEEE;
N.Y. Coliseum and New York Hilton
Hotel, New York, Mar. 22-25.

Society of Motion Picture and
Television Engineers Semiannual
Conference and Exhibit,

SMPTE; Ambassador Hotel,

Los Angeles, Mar. 28-Apr. 2.

Association of Electronic Manufacturers
National Convention, AEM, Inc.; New
York Hilton Hotel, New York, Mar. 29-
Apr. 1.

Electron Beam Annual Symposium,
Pennsylvania State University, Alloyd
Corp.; Pennsylvania State University,
University Park, Pa., Mar. 31-Apr. 2.

Electronic Parts Distributors Show,
Electronic Industry Show Corp.,

New York Hilton and Americana Hotels,
New York, Mar. 31-Apr. 4.

IEEE Seminar on Space Vehicle
Reliability, IEEE; Airport Marina Hotel,
Los Angeles, Apr. 2,

National Packaging Exposition, AMA;
McCormick Place, Chicago, Apr. 5-8.

IEEE Lectures on Microelectronics,
Chicago Section of IEEE; Chicago Lane
Technical Institute, Chicago, Apr. 5,
12, 19, 26.

Cleveland Electronics Conference,
"leveland Electronics Conference, Inc.,
IEEE, I1SA, CPS, Western Reserve
University, Case Institute of

Technology; Cleveland Public
Auditorium, Cleveland, Apr. 6-8.

Conference on Impact of
Batch-Fabrication on Future
Computers, PGEC/IEEE; Thunderbird
Hotel, Los Angeles, Apr. 6-8.

Airlines Electronic Engineering
Committee General Session, AEEC of
ALCAC; Eden Roc Hotel, Miami Beach
Apr. 7-9.

IEEE Region 3 Meeting,
Robert E. Lee Hotel,
Winston-Salem, N.C., Apr. 7-9.

Electronic Components International
Exhibition, FNIE, SDSA, Parc des
Expositions (Fair Grounds),

Paris, Apr. 8-13.

IEEE Region Six Annual Conference,
Las Vegas Convention Center, Las
Vegas, Apr. 13-15.

Telemetering National Conference,
AlAA, IEEE, ISA; Shamrock-Hilton Hotel,
Houston, Tex., Apr. 13-15.

Specialists Conference on Thin Film
Action Devices, G-ED/IEEE, NASA;
Johns Hopkins University, Baitimore,
Apr. 14-15.

Numerical Control Society Annual
Meeting and Technical Conference,
NCS; La Salle Hotel, Chicago,

Apr. 21-23.

Society of American Value Engineers
National Convention, SAVE;
Statler-Hilton Hotel, Boston, Apr. 21-23.

Anti-Missile Research Advisory Council
Meeting, IDA; institute for Defense
Analyses, Arlington, Va., Apr. 26-30.

Rocky Mountain Bioengineering Annual
Symposium, IEEE, USAF Acad.,
Fitzsimmons Gen. Hospital, et al;
Brown Palace Hotel, Denver, May 3-4.

Packaging Industry Annual Conference,
IEEE; Milwaukee Inn, Milwaukee, Wis.,
May 4-6.

Call for papers

Northeast Electronics Research and
Engineering Meeting (NEREM
'65), NEREM: War Memorial Au-
ditorium, Prudential Center. Bos-
ton. Nov. 3-5. June 30 is deadline
for submitting both 600-1,000 word
condensed version of paper in
triplicate and 35-40 word abstract
to Franklin H. Blecher, Boston Sec-
tion, IEEE, 313 Washington St.,
Newton, Mass. 02158,
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" A Fluke’65 Pacesetter is a solid state differential
voltmeter which has twice the range, ten times the
sensitivity, weighs half as much, works from plug or
rechargeable battery, costs about the same, and
holds the same classic quality as every vacuum tube
Fluke Meter ever built. Here are two new ones. Write

Series 871 DC Differential Voltmeters and 873 AC/DC Differential
Voltmeters are available in both line and combination line and
rechargeable battery powered models. DC and AC accuracies are 0.03%,

for details. Call your Fluke rep for a demonstration.
and 0.29%, of input, respectively. Range is 0 to 1100 V. Full scale null

sensitivity is 1 millivolt. Reference is stable to better than 50 PPM per year.

FLUKE » Box 7428, Seattle, Washington 98133 « Phone: (206) 776-1171 » TWX: (910) 449-2850

Model 871AB DC Differential Voltmeter
Model 873AB AC/DC Differential Voltmeter
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For transparent protection of electronic
components and systems. specify Sylgard® 182
resin . . . a colorless, solventless silicone. De-
signed for potting, embedding or encapsulating
electronice circuits, it is applied as a low viscosity
fluid . . . cures without exotherm . . . forms a
resilient embedment that permits visual inspec-
tion. When necessary 1o repair circuits. Sylgard
182 resin can be cut away . . . replaced with new
material after repair. Tensile strength from 800
1o 1000 psi and long service life at temperaturcs
of ~065 10 200 C assure circuit integrity.

CIRCLE 290 ON READER-SERVICE CARD

Designed specifically to meet the require-
ments of MIL-I-8660A. Dow Corning® 4 com-
pound retains its grease-like consistency and
clectrical properties over the broad temperature
range of —60 1o 200 C (=70 to 400F) . . . won't
dry out or harden. Used as a dielectric seal for
connectors. terminations . . . in many applica-
tions to protect against moisture. Dow Corning 4
compound seals out corrosion and corona, in-
creases surface resistivity of plastic parts. Can
be applied to metals, ceramics, plastics, rubber,
other insulating materials.

CIRCLE 291 ON READER-SERVICE CARD
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New silicone molding compound
makes solid packaging practical

Dow Corning® 306 molding compound pro-
vides a durable, dimensionally stable.void-free
package for electronic components and
modules that is moisture resistant . . . assures
component reliability. This new encapsulant,
designed for transfer molding. has a useful
temperature range of —65 to 250 C for 1000

hours or more.

Components and connections within cordwood
modules for example. are completely pro-
teeted . . . withstand the severe mechanical
shock and vibration of high “G” forces. And
modules are repairable! Expensive modules
can be salvaged by removing Dow Corning 306

with outstanding radiation resistance, this
encapsulant shields components {rom tough
environments. And. it is available in a range
of colors for color coding.

When transfer molded in multiple cavity
molds. this new packaging material lends
itself to high speed production with extremely

low rejection rales ... parts release easily
and cleanly from the mold . . . are exceptionally
casy to deflash ... all factors which reduce

costs. For low cost production of high relia-
bility systems in a package that offers maxi-
mum  environmental protection, investigate
Dow Corning 306 molding compound.

molding compound with a suitable solvent, 5.8

making needed repairs and remolding. ;. SF

Other features of Dow Corning 306 molding 2 = soF

compound that add up to component reliability : g e THERMAL EXPANSION
include: low dielectric losses at high fre- 2§ s2p CHARACTERISTICS

quencies and at high operating temperatures ::oasf R
... high “Q"" is maintained. Heat distortion 5o

point above 450 C (842 F) means leads stay 3.0 1 1 1 1 1

—60 0 60 To0 140 200
Temperature *C

CIRCLE 289 ON READER-SERVICE CARD

sealed during soldering. Self-extinguishing,

We'll be pleased to forward
full information on these and
other materials that aid reli-
ability and performance. For
details or prompt technical
assistance write to Dept. 3914,

DOW CORNING

Electronic Products Division,

Dow Corning Corporation,
48641.

For a free sample. write on

Heat shrinkable silicone rubber tubing can
save time and labor where quick and easy
fabricatton of a close fitting dielectric covering
for splices. leads. or components is required.

Midland. Michigan

Use it for connector bhoots . . . cable break-outs company letterhead describ-
. .. in hundreds of applications. Silastie® 1410

i e = : ing your application . . . or
tubing is supplied in an expanded form. When gy 4pphies 0

heated to 300 F or higher. shrinks to Y2 diameter.
Shrinkage in length is less than 5%. Standard
tubing of Silastic 1410 rubber is available in a
variety of diameters and in lengths up to 20 feet.

CIRCLE 292 ON READER-SERVICE CARD
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phone for the name of the
Dow Corning representative

n your area.

13



o - = DUAL [RiDR——,
LY TYPE 78-024 @ © 0C BaL ]
i POSITION

NO NVERT
VARIABLE
VOLTS/DIV
=3 2 3=

PULL
§ 5\ Xig

20 . "
S ocH1 o ;
BC AC OND CH2 S 4 '
: r\ BEAM SHT ,
£ FINDER
NORM KRVERT Q ottt e |
VARIABLE N g i
g 5
a0y o SRR N |
=N |
® 0C BAL
4D " POSITION
& 6
N = e 2
¢ FAIRCHILD T CUFTON, N9, U s.A“

EVERY SCOPE EXCEPT FAIRCHILD HAS NOW DEPRECIATED A BIT

New all solid state dual trace plug-in gives Fairchild scopes
100 mc bandwidth and 10 mv/cm sensitivity.

IMES 32pf

T ——————————

Fairchild has just extended the capabilities of Series 765 oscilloscopes to new ground. Now
these scopes—alone—meet the higher bandwidth and sensitivity demands of so many present-
day applications. Every Series 765 scope, old or new, becomes an even more versatile instru-
ment than ever. And all solid state design affords size, weight and reliability advantages
no tube scope can match. Another first from Fairchild . . . a solid state scope that fully out-
performs tube scopes in all specifications. A new dual trace plug-in—Type 79-02A—provides
full 100 mc bandwidth with sensitivity of 10 mv/cm. This combination of bandwidth and
sensitivity is unique; no other direct-reading scope available today can approach it.

Let the Fairchild field engineer show you how you can update your precision instruments with new
generation Fairchild scopes. Call your local Fairchild field engineer for a demonstration in your
laboratory or ask him for application assistance and detailed specifications. Write Fairchild Scientific
Instrument Dept., 750 Bloomfield Ave., Clifton, N. J.

| S S S ——
FAIRCHILD
[ ——— e T

DU MONT LABORATORIES
SCIENTIFIC INSTRUMENT DEPARTMENT

*Technological Obsolescence
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Editorial

Bridging a
technical gulf

Every electronics man who ever considered
moving into medical electronics has come up
against the same prickly problem: how to
blend his technical resources with the physi-
cian’s biological expertise.

One approach to this has worked so well at the
Dow Corning Corp., a manufacturer of silicon
metal and silicone fluids and materials, that the
company has established a medical products divi-
sion whose sales goal is $3 million this year even
though the division is only three years old. Al-
though Dow Corning’s interest has been primarily
in materials for surgical use—sponge, tubing,
heart valves and fluids—the same idea and con-
cepts can be applied by an electronics company.
And the nicest part of the plan is that it doesn’t
take a lot of money.

In 1959 Dow Corning—which is jointly owned
by the Dow Chemical Co. and the Corning Glass
Works—established a tiny organization called the
Center for Aid to Medical Research. It consisted
of two chemists and half a secretary. Its job was
to answer medical doctors’ requests for clinical
information about any Dow Corning product.

This simple organization has been received en-
thusiastically by the medical profession. It has
already handled 10,000 letters from doctors, and
receives an average of one medical visitor a day
at its offices in Midland, Mich. Its staff, expanded
to four chemists and two secretaries, gives about
90 talks a year to medical groups to describe suc-
cessful medical applications of the company’s
products.

Why the success? Dow Corning has filled a
void. Medical rescarchers tell us that gencrally
they find industry is not very helpful. A young
doctor doing medical research at the University
of Michigan explained the kind of dilemma he runs
into: “Some time ago, we needed an oscillator for
a device to stimulate the bladder. Where do you
go to find out about such an oscillator?”

The doctor doesn’t want to get involved with
a lot of electronic equipment. All he really wants
is a place to go where he can get information in

a form he can understand and use. Even the re-
searchers admit they are nearly illiterate when it
comes to reading most electronics catalogs, reports
and articles.

If vou examine the center’s operation, you find
some specific things to do and to avoid. Dow
Corning has always operated the facility as an
information center, not a business for profit. When
the center started producing business, the com-
pany protected it from the taint of commercialism
by establishing the separate medical products
division.

Secondly, to be as useful as possible, the
center has been staffed with first-rate technical
people. Doctors are demanding, but they have
proven to be the best promoters of the center.
Silas A. Braley, the young chemist who heads the
center, said. “We get a lot of attention because
one doctor can give another doctor a specific
name and address to write to for help.”

Thirdly, the center’s chemists have worked dili-
gently to learn medical language. They use med-
ical dictionaries and spend as much time as pos-
sible talking with doctors. Like any profession,
medicine has developed a jargon of its own that’s
practically a foreign language. One example of a
term that often causes trouble is “compatibility.”
To some medical men the word means the blood
will dissolve a substance. To others, it means the
human body does not react with the material. Dow
Corning’s center avoids such ambiguous words
unless it defines them.

Although establishing such an information cen-
ter appears to be an casy way for a company to
earn a reputation in medical electronics, it’s not
as simple as it seems. The doctors want service
and they want it fast. But the worst pitfalls are
legal ones. For example, if you work with a medi-
cal researcher to develop an electronic instru-
ment, who owns the patents? A company has to
do a lot of compromising, and may have to buy
rights to devices it helped to develop. Or the med-
jcal researcher may not want to get involved in
legal matters and may prevent patenting the de-
vice by publishing a description of it.

And an electronics company can be held liable
or deleterious effects of medical experimentation
with its products.

Whether you as an engineer or your company
has a future in medical electrbnics can be an-
swered only by experience. Braley warns that
starting such an information center is necessarily
a gamble.

Is anybody in the electronics industry willing
to gamble?
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TOGETHERNESS

#OTOR
Leone
LS ILL w

ROTOR RATE
A great motor... \WACHOMETR

a great tach...

make a great motor tachometer

Small: .75" diam x 1.241" length
T/): 90,000 rad/sec?

Look at these parameters in a ‘‘synchro size'' size 8 output 3\”1000 rpm
full drag cup motor rate tachometer. o
We chose a Clifton motor with good torque (.275 in- Nulls: .015V max
0z), low power consumption (3 watts/phase) and high Power consump <3W/phase

acceleration (120,000 rad/sec?), and added a tachom-
eter with exceptionally high output for length. Com-
bining them produced a tachometer with the lowest
inertia in the industry for the size, output and torque.

One further ingredient was added. This component
(and our whole, new line of servo motors and tachom-
eters) is produced by a quality-minded company Clifton Precision Products, Divisionof Litton Industries,
deeply experienced in the design and manufacture of Clifton Heights, Pa., Colorado Springs, Colo.

CI)I)C CLIFTON =rooucrs L'E
DIVISION OF LITTON INDUSTRIES
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rotating components. Look to CLIFTON for leadership
in the servo motor and tachometer fieid.




EIA sees gains
from plane deal

Low-cost
core memory

Fairchild enters
microwave market

Computer-sharing
goes commercial

Electronics Newsletter

February 22, 1965

The decisions by Great Britain and Australia to buy a total of $1 billion
worth of warplanes and other military equipment from the United States
could open a $175 million market for the U.S. electronics industry.

Although British companies are expected to try to fill the order for
much of the radar and communications gear on the planes, the Pentagon
believes U.S. electronics concerns will be getting sizable orders [see
story on p. 185]. The dollar figure came from the Electronic Industries
Association.

The U.S. and Britain also have agreed to expand their existing program
of cooperation in defense research and development. Among the areas of
joint exploration being considered: antisubmarine warfare, Army field
communications, tactical air defense, and vertical- and steep-takeoff and
landing aircraft.

A low-cost mass core memory introduced by the Ferroxcube Corp. may
shake up the computer industry. Ferroxcube’s Megabit 53-13 offers com-
puter makers memory modules of five-million bit capacity and 12-micro-
second cycle time for 1% to 2 cents a bit—10% to 25% less than compar-
able memories, according to the company.

Ferroxcube will try to sell the memory to competitors of the Interna-
tional Business Machines Corp., whose Series 360 models use large core
stores at prices previously considered unbeatable, except in high produc-
tion.

The company received much technical and financial assistance from
the U.S. Philips Trust, which is linked to the giant Dutch electronics
concern, Philips Gloeilampenfabrieken N.V. Ferroxcube ascribed its low
price to development of automatic core-threading machinery and a
unique circuit technique that eliminates 30% of the semiconductor driv-
ing circuitry usually required in core memories.

A new microwave transistor marks the entry of the Fairchild Semicon-
ductor division of the Fairchild Camera & Instrument Co. into the
high-performance microwave transistor market. Fairchild’s new micro-
wave group has introduced a planar epitaxial silicon transistor capable
of an output of 1 watt at 1 gigacycle—about double that of commercially
available power transistors.

Called the MT1038, the transistor has a guaranteed efficiency of 40%
and is designed to operate as both an oscillator and a large signal very
high frequency or ultrahigh frequency Class C amplifier.

Computer time-sharing, a technique previously limited to military and
academic research projects, is going commercial in the Boston area.
Keydata Corp., Cambridge, Mass., a subsidiary of Charles W. Adams
Associates, Inc., is offering engineering and business subscribers immedi-
ate and direct access to a computer center through teletypewnriters set up
at subscribers’ plants.

The first computing center is equipped with a Digital Equipment Corp.

17



Sylvania planning
push in monolithics

Brief laser action
attained chemically

Beam hits satellite
950 miles away

Addenda

18

Electronics Newsletter

PDP-6. Keydata, believed to be the first company to offer such a commer-
cial service, plans additional centers in New York and other cities.

Getting ready to challenge the leaders of the integrated-circuit market
is Sylvania Electric Products, Inc., a subsidiary of the General Telephone
& Electronics Corp. The company has developed a full line of logic
circuits; now, it’s spending several million dollars to expand production
facilities at Woburn, Mass. Batteries of automated stitch bonders, flatpack
sealers and other high-speed production machines are being installed in
the plant. The production goal is 1.2 million circuits a year.

Two University of California scientists have succeeded in obtaining laser
action directly from a chemical reaction.

Jerome V.V. Kasper and G.C. Pimentel recorded coherent infrared
radiation when a mixture of hydrogen and chlorine was exploded by flash
photolysis. The resulting hydrogen chloride showed five inverted rota-
tional-vibrational pairs, which gave coherent radiation at about 3.8
microns. Action lasted 15 to 20 microseconds, Kasper reported, and
reached a peak power of about 10 watts.

Irwin Wieder, a researcher of the Interphase Corp. in Palo Alto, Calif.,
has been working in the same area with an oxygen and acetylene mixture.
He notes that one advantage of using a chemical reaction for the laser
medium was the possibility of utilizing the infrared as well as the visible
and ultraviolet portions of the spectrum.

Wieder said the chemical laser has vast potential because it’s light and
easy to handle. Some reactive systems may also be able to provide con-
tinuous actions, he added.

After several failures, Air Force researchers finally succeeded in bouncing
a laser beam off the Explorer 22 satellite. The experiment’s success sup-
ported hopes that the system could be used for geodetic work—measuring
distances between points on the earth for mapmaking [Electronics, Jan.
11, 1965, p. 42].

Sharpshooting scientists at the Air Force Cambridge Research Labora-
tory in Bedford, Mass., “hit” the 950-mile-high satellite three times in the
past month. Other teams around the country haven'’t yet reported results.

The Columbia Broadcasting System will be one of the first United States
customers for Philips’ new Plumbicon television cameras. The Dutch
company’s U.S.-based unit, North American Philips, Inc., is setting up
production schedules for both black-and-white and color cameras. . . .
In Sweden, electronics dealer Johan Uno Norman was sentenced to 10
months in jail [Electronics, Jan. 11, p. 210]. He was found guilty of trying
to obtain military electronics secrets for the Soviet Union.

... The Hoffman Electronics Corp. is placing on the market a solar cell
priced at $5.95. . . . The Communications Satellite Corp. has bowed to
the FCC and will throw the development and production of a 24-satellite
defense communications network open to competition rather than give a
sole source order to the Hughes Aircraft Co.

Electronics | February 22, 1965
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Sylvania announces the industry’s
first hot carrier millimeter diode

The hot carrier phenomenon occurs when
the temperature of the current carriers
exceeds that of the lattice of atoms
through which they flow. In conventional
devices, the current carrier temperature
is equal to the lattice temperature. Previ-
ously unexploited, the hot carrier princi-
ple is now beginning to be extended into
non-bulk semiconductors.

Over a bandwidth of 60-80 Gc, Syl-
vania's newest diode has a minimum
sensitivity of —40 dbm. min. On special
order its sensitivity can be optimized
at specific frequencies within this range.

This unusual performance is an im-
portant characteristic of Sylvania’'s
D-5298 millimeter diode, the first com-
mercially available diode based on the

VOLTAGE OUTPUT vs POWER INPUT
millivolts as a function of load resistance.
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hot carrier principle. Because of mate-
rials, techniques and the nonrectifica-
tion phenomenon, this device is less
susceptible to electrical overioading
than previously available millimeter de-
tectors.

Another advantage that suits this new
diode to radio astronomy and power
monitor detector usage is its excellent
performance at extreme temperature
ranges.

Outwardly similar to other available
devices, this newest millimeter diode is
offered in a lightweight aluminum inte-
grated package. As a result of this, no
holder is needed to put the device to
work, e.g., its face becomes the wave-
guide mounting flange.

TANGENTIAL SIGNAL SENSITIVITY (TSS)
vs. FREQUENCY
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(in capsule )

display systems —new readout tech-
niques for the fastest information-proc-
essing systems...

color television—specifics on a new
25" rectangular member of the color
bright 85 picture tube series...

silicon power rectifiers—a fui ine
of medium-power devices, ideal where
space or weight are at a premium...

cathode ray tuhes—a mite-sized
low-power heater-cathode assembly that
suits CRT’s for transistorized uses...

readout tuhes —an expanded line of
gas-glow alpha-numeric indicator tubes
for information displays...

diodes andrectifiers —tne industry's
broadest line for commercial, computer,
military and entertainment applications.

microwave diodes—a miliimeter di-
ode based on the hot carrier principle,
for radio astronomy and power monitor
detector use...

...all in this issue of IDEAS, Syivania's
new publication for component and cir-
cuit designers.

"




...a new capability

“single-plane” automatic display systems:
uniquely Sylvania, uniquely flexible

With the information-processing revolution, the role of auto-
matic electronic displays has grown increasingly large. Several
readout approaches, each with its own advantages, have been
offered to the industry. The original equipment manufacturer is
left with the choice of which system best fills his need within a
reasonable cost-performance ratio.

Sylvania’s approach to this problem was to settle on the two
basic methods which offer the strongest advantages. Both
types keep pace with the fastest information-processing sys-
tems and, at the same time, they offer good solutions wherever
cost-performance ratio is a consideration.

Both methods are fully electronic, combining high-speed
translating circuits with the most reliable electronic readout
devices. Together the translators and readouts can even display
numeric and alphanumeric information faster than the human
eye can absorb.

The systems are based on the familiar techniques of solid-
state electroluminescence (EL) and reliable gas-glow tubes.
Both are extremely fast and have proven long life. But, by
making available two highly-efficient display devices, Sylvania
can meet virtually any readout requirement.

Basic Sylvania display systems include a converter which
receives the input information from a computer, teletypewriter,
data link, punched tape, typewriter — or other information
source. From the converter, the information is instantaneously
translated into the required multisegment code, passed through
holding circuits so that it stays displayed once it is set up, and
then used to drive the EL or gas-giow tube readouts.

Both EL and gas-glow tubes use a format of 7 to 14 seg-
ments to make the 10 numerals, the 26 letters of the Roman
alphabet, and other special symbols. Additional segments can
be added for special symbolic alphabets.

Electroluminescent panels are produced in a wide variety of
sizes, ranging from %" high to 6” or more. Gas-glow tubes are
made in character heights of 3", 1%”, 134” and 2%”. Unlike
other types of electronic readout in which characters are
stacked, both Sylvania readouts are single-plane displays which
are legible from substantial distances. The characters can be
clearly seen, without viewing error, from almost any angle.

The EL panel produces a green light which closely matches
the response curve of the human eye. The gas-glow display pro-
duces a bright orange-red color, readable at a good distance in
normal light. Yellow and ruby red are also available in gas-glow.

Sylvania offers a wide choice of methods for switching the
display segments, and for translating input information into the
14-segment code. The choice of switching and translating cir-
cuits depends on the source of the input information, how fast
the display must be updated, what kind of power is available,
and other considerations such as available space and cost.

Transistor switching circuits are used with gas-glow displays.
Silicon controlied rectifiers or reed-relay switches are used with
either type of display. Very efficient switching matrixes of elec-
troluminescent-photoconductive materials, incandescent lamps
plus photoconductive gates, or nonlinear-resistance switching
matrixes have been successfully used to translate and switch
for EL displays. They also can be used for gas-glow readouts.

BLOCK DIAGRAM OF BASIC SYLVANIA DISPLAY SYSTEM.

Teletype,
Computer,
Or Other
Serial Input Gas-Glow
¥ Readout
Serial-To-
Parallel o
Converter
3
TRANSLATOR Switch
(Input Code To and Hold
14-Segment Code) Circuits
Punched ‘
6.7, 8-Bit | 12Pe
Parallel { Typewriter -
Codes
Manual
Switches
Electro-
Control IS luminescent
Circuits j-Clear Readout
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new color bright 85
picture tube means a bright
future for 25" color tv

Since Sylvania’s announcement in
mid-1964 of a revolutionary new

color picture tube with a long list of
advantages, the company has made the
color bright 85® tube available in

three models with more to come. The
three: a 19” rectangular 90° tube, a

21" round 70° type, the 25" rectangular
90° model. General information on

the last-mentioned tube, available now
in a free Sylvania brochure, ET-2951,

is summarized here.

The rectangular 25" color bright 85 tube
has all the advantages of the other
types in the series—among them:
increased monochrome brightness,
naturai reds, superior contrast, more
vivid images, the best color registration
yet.

The tube itself, Sylvania's Type
RE25BP22, has a picture measuring
19.875” x 15.575" in either color or
black and white. Its three electrostatic-
focus color guns, spaced 120 degrees
apart, work in a 295 square-inch
minimum assured projected area. The
guns' axes are tilted toward the tube’'s
axis to assure the three beams’
convergence at the shadow mask.
Internal magnetic poles govern each
beam's radial convergence and also give
supplemental control to the beams
horizontally.

The shadow mask and aluminized
screen are an assembly on the inner
surface of the tube’s spherical filter
glass faceplate. The mask is spherical
metal with graded holes.

The 3-color, phosphor dot screen is
actually a tight pattern of minute dots
arrayed in triangular groupings. Each
group is made up of individual green-,
blue- and red-emitting dots aligned with
a corresponding hole in the shadow
mask.

The big differences in all color bright 85
tubes are due chiefly to the new
red-emitting phosphor, europium-
activated yttrium vanadate, as well as
Sylvania’s unique “dusting’” process
for screening the tube's face-plate.
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highlight in Sylvania's medium power silicon rectifier line:

more power in a D0-5 package

3.250

n\

(T

\

.203 DIA
HOLE

.687

— 233 |<—

temperature.

.140 DIA
1.187 f 875
.656 MAX
»’ .625 DIA
- - T —
.171 DIA HOLES
AT 120° .450
MAX
~s T W .687 HEX
N
.450 \
430 1.625 DIA 1/4—28 UNF
: 1032 UNF | .~ THREAD
4~ THREAD .438
JEDEC DO-4 PACKAGE ~ y JEDEC DO-5 PACK \GE
25F
3-6-12 AMPERE LINES (D0-4) THE 25 AND 35 AMPERE LINES ARE ALSO 25-35-50 AMPERE LINES (D0-5)
STUD-MOUNTED AVAILABLE WITH FLANGE-MOUNTING STUD-MOUNTED
Thermal [ Thermal Thermal
Resistance Resistance Resistance
Per Watt Per Watt | Per Watt
Between | Between Between
X Junction Junction Junction
Current Rating and Base { Current Rating and Base Current Rating and Base
3 Amp 3 amperes at 150°C and 1.5 25 Amp 25 amperes at 140°C and 10 25 Amp 25 amperes at 140°C and 10
amperes at 175°C case 4°C amperes at 170°C case 1°C amperes at 170°C case 1°C
temperature. temperature. temperature.
6 Amp 6 amperes at 150°C and 3 35 Amp 35 amperes at 140°C and 15 35 Amp 35 amperes at 140°C and 15
amperes at 175°C case 4°C amperes at 170°C case 1°C amperes at 170°C case 1°C
temperature. temperature. temperature.
12 Amp 12 amperes at 150°C and 6 ‘ 50 Amp 50 amperes at 140°C and 15
amperes at 175°C case 2°C amperes at 170°C case 1°C

temperature.

Sylvania’'s medium-power silicon rectifiers are ideal for applica-
tions where space or weight are at a premium. These devices
are designed to fit the broadest variety of rectifying needs.

An added advantage is that Sylvania offers a 50 amp line in
the DO-5, a package which is usually limited to 35 amps in
competitive lines.

Among the general characteristics of Sylvania silicon power
rectifiers in the 3-50 ampere line are:

— reliable operation up to 175°C case temperatures
— reverse current to 10 ma peak at rated PRV

— junction temperatures to 190°C maximum

Complete reliability is assured through hermetic sealing and
100% inspection, including an X-ray check of junction con-
tacts, a surge test, reverse current test and a dynamic oscillo-
scope reverse check for flutter, drift and hysteresis. All units in
this group are immediately available in either positive or nega-
tive bases.

There are over 500 types to choose from in Sylvania’s com-
plete line with current ratings from 3 to 450 amps and ranging
up to 1200 volts.
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Because of a mite-sized device, Sylvania
now has the broadest line of compact,
lightweight CRT’s. These tubes are used
primarily in transistorized designs call-
ing for portability, ruggedness and op-
erating efficiency. The device that makes
these characteristics possibleis a unique
low-drain heater-cathode assembly that
consumes less than 6 percent the power
requirements of conventional cathode
ray tubes. The assembly is adaptable to
virtually any Sylvania industrial or mili-
tary CRT.

Even with a 1.5-volt heater rating and
140 ma current rating the assembly’s
performance compares with that of con-
ventional 6.3-volt, 600 ma heater-
cathode assemblies. Since ratings are
this low, equipment temperatures are
cooler, thereby giving longer service life.

As for size, the low power heater

cathode is just .050" in diameter and
.011” thick, a result of Sylvania research
and development in power metallurgy
and tube technology. Compared with the
conventional type, the low power as-
sembly has an external radiating surface
of .0054 square inches versus .136" a
ratio of 25:1.

B

Tubes in this low heater power line
show a remarkably low drain on battery
supplies. For example, a No. 6 cell oper-
ating two hours a day provides between
350 and 400 hours of life. Even an or-

CIRCLE NUMBER 304

CRT operates 400 hours on a number 6 battery cell

dinary ‘“flashlight”’ D battery will give 15
hours of life.

Here are some of the tubes where this
very low heater power is a standard
feature:

SC-3511, SC-3551, and SC-3802: elec-
trostatic focus and deflection CRT’s with
very high deflection sensitivity. Each
uses helical-resistor post-deflection ac-
celeration to achieve high writing rate
and freedom from pattern distortion.

3BGP1l: a compact, rectangular direct
view oscilloscope tube for portable
oscilloscope and radar use. 1%” x 3"
direct viewed with electrostatic focus
and deflection.

3BMP: a 3” direct viewed tube with
round glass screen and flat faceplate.
Electrostatic deflection and focus with
post-deflection acceleration.

ey

A
”
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a caret for readout system designers

Virtually any readout application can be ideally
filled with Sylvania gas-glow indicator tubes. With
bright, red-orange characters measuring %, 1%,
13% and 2% inches, Sylvania's line includes the
most popular sizes available.

One of the big advantages of the gas-ionization
readout is its excellent legibility. Sylvania’s gas-
glow tubes read easily under a variety of ambient
lighting conditions and at relatively long dis-
tances. (The SY-1303, a tube with 2%" characters,
provides clear readout at 100 feet in normal am-
bient light.) Other important factors affecting
readability are brightness and viewing angle.
These tubes average more than 160 foot lamberts
in intensity and can be read from a wide 150°
viewing angle. And there is also the advantage of
single-plane viewing which eliminates the criss-
crossing wires common to some other readouts.

The 3" indicator tube is available in the nu-
meric model. All other sizes are supplied in either
numeric or alphanumeric models. The aipha-

v

numeric tube has a single anode and 15 metallic
cathodes. In addition to displaying letters A
through Z and numerals O through 9, it offers
another feature in the cathode at the base of the
viewing area which lights to form a caret. This
caret can represent any special symbol, such as
an eighth of a point on a stock quotation board
or an on-time signal at an airport.

With its 170-volt DC operation, the displayed
characters are controlled by changing segment
potential by 50 volts to meet the 12v dropout re-
quirement, an operation that can easily be done
with transistors. A binary (hold) circuit can be
provided by combining switching stages with a
second transistor.

Main uses include almost all information dis-
plays of a changing nature. This includes teach-
ing machines, remote controlled meter gauges,
silent paging systems, and scoreboards. Many
more applications are being found as the display
field continues to develop.
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Design engineers, faced with the problem of specifying a variety of\
diodes and rectifiers into a single circuit or series of circuits, usually
have to go to a number of vendors to make their selections. This
results in lost design time, consultation with multiple sources and
availability problems. And it occasionally means basic differences in
product design continuity between separate manufacturers.

The widest range of forward conduction currents, breakdown volt-
ages, leakage currents, switching speeds, capacitances, temperatures
and power dissipation capabilities is now available from one single

- source. Sylvania, producer of the first commercial diode, has the

y vanla o ers industry’s broadest line of diodes and rectifiers for commercial, com-
puter, military and entertainment applications. Stringent quality

control methods and precision manufacturing techniques assure

the i“d“Stry’s broadeSt parameter uniformity and lot-to-lot reliability.

DF 2 Germanium Point Contact in the DO-7 Package.

[ ]

Applications: General purpose and computer use; Radio or video detector;
I"e o Varistor

Typical Power Rating—80 mw

Temperature Range: —55°C to +90°C

[ ] ugn
dIOdes and r Typical Characteristics: Forward Current @ 1 V—5 to 25 ma
Reverse Voltage—10 to BO V s Reverse Resistance—500K ohms
Speed—.5-4 nanoseconds ¢ Junction Capacitance—1to 2 pf. @ 0V

DF 4 Silicon Point Contact in the Large Solder Seal Package.

Applications: UHF Frequency Mixer up to 1000 MC
Temperature Range: —55° to +100°C
Typical Characteristics: Forward Current @ .5 V—10 ma
Reverse Current @ .5 V—50ua s Overall Noise Factor—12 to 15 Db

DF 5 Germanium Gold Bond in the DO-7 Package.
Applications: General purpose high conduction and medium speed switching.
Typical Power Rating—80 mw
Temperature Range: —55° to 4-90°C
Typical Characteristics: Forward Current @ .8 V—100 ma
Reverse Voltage—10-125V = Reverse Resistance—2 megohms
Speed—40-500 nanoseconds * Junction Capacitance—. to2pf. @ 0V

DF 7 Silicon Alloy Junction in the DO-7 Package.

Applications: Audio and chromatic detector, Stabistor, clamp and
variable capacitors

Typical Power Rating—250 milliwatts

Temperature Range: —65° to 4+200°C

Typical Characteristics: Forward Current @ 1 V—100 ma
Breakdown Voltages—200 V « Reverse Currents—2 to 50 nanoamps

DF 8

High voltage switch version of DF 7—incorporates switching speeds of .1 to
1 usec with higher reverse currents.

DF 22 Silicon Epitaxial Planar in the DO-7 Package.

Applications: High conduction, fast switching such as logic circuits,
high frequency detectors, clippers and choppers.

Typical Power Rating: 300 milliwatts

Temperature Range: —65° to +175°C

Typical Characteristics: Forward Current @ 1 V—100 ma
Reverse Voltages—50-120 V » Reverse Currents—10-50 nanoamps
Speed—3-10 nanoseconds ¢ Junction Capacitance—1to2pf. @ OV

DF 23 Silicon Alloy Junction in .200"” Diameter Epoxy Package.
Applications: Rectifier—medium power.
Typical Power Rating: 750 milliwatts
Temperature Range: —55° to +150°C
Typical Characteristics: Forward Current @ .9 V—750 ma
Reverse Voltages—to 1000 V
DF 24
Same as DF-4 except in the DO-7 Package.
DF 26 Silicon Diffused Junction in .150” Diameter All Glass Package.
Applications: Rectifier—medium power.
Typica! Power Rating: 1 watt @ 100°C
Temperature Range: —55° to 4-200°C
Typical Characteristics: Forward Current @ 1 V—1.0 A
Reverse Voltages—to 1500 V
DF 27
Same as DF-26 except in .200” Diameter Epoxy Package with temperature
range up to 150°C.
DF 28
Same as DF-22 except whiskerless construction in microminiature (.060” dia.)
glass package with power dissipation capabilities to 500 mw.

l
.
\
a

APPLICATION CHART (with suggested types)
HIGH TEMPERATURE OPERATION  LOW TEMPERATURE OPERATION
150-200°C T0 +90°C

GENERAL PURPOSE Silicon Alloy Junction, IN459 Germanium Point Contact, IN191

HIGH CONDUCTANCE Silicon Alloy Junction, IN459A Germanium Gold 8ond, IN100
Silicon Diffused Junction, IN645 Germanium Gold Bond, IN270

HIGH CONDUCTANCE

MEDIUM SWITCH  Silicon Alloy Junction, IN629 Germanium Gold Bond, IN276
HIGH CONDUCTANCE

FAST SWITCH Silicon Epitaxial Planar, IN3731
RECTIFICATION Silicon Diffused Junction, IN2071A
UHF Silicon Point Contact

IN82A 4 IN82AG
VARIABLE CAPACITOR Silicon Alloy Junction, IN3182
CIRCLE NUMBER 306 STABISTOR Silicon Alloy Junction, IN816




transistor types, ad infinitum!

Ever get suspicious that transistor data books are getting fatter simply
because of “Specs-manship’’? There have been few actual breakthroughs in
the history of transistors; yet we're all aware that literally thousands of
type numbers are registered and advertised.

New devices with true problem-solving value are few and far between.
Many such nuggets become lost to the active designer since the time
available for his evaluation of glamorous-looking data sheets and the
weeding of the wheat from the chaff is never sufficient to assure him he
can search them out.

When the designer does note a transistor specification with value-plus
features, his job has really just begun. Other questions need answering:

Can the supplier produce the device in sufficient volume for the designer’s
program need? Can the supplier provide the user with the stability of

characteristics essential to meet specific operating and environmental

L]
tra“S‘Stors conditions of the application? This kind of information is seldom offered in
data sheets and ads.

To get answers, the designer must further complicate his plight by
spending valuable time with the possible vendors. The designer knows full
well the inherent danger in planning ahead without assurance on all details.

Yet such new device developments, designed to solve a circuit designer’s
need, do become available and are supportable.

Here’s a case in point of one such device that was designed to be a
problem-solver, and did indeed prove itself—the 1.0 Gc minimum fy Silicon
Planar Epitaxial Transistor, type 2N2784. Its design merits are clear cut:

1. Much improved gain bandwidth (typ. 1.3 Gc¢) and storage time

(typ. 4.0) Nsec)

2. Low-level amplifier (typ. Hee of 50 at 200 A Ic)

3. Micropower requirements

4. Built-in quality
The 2N2784 is the prime specification for a line that has been in
continually increasing production since its announcement at the March, 1963
IRE meeting. Sylvania production experience has established the type as a
sound product objective. This has resulted in ready availability of sample
or production quantities from distributor and factory at realistic prices (e.g.,
$3.25 for 1000 to 4999 units). The designer can be assured this unit is
quite producible with stabilized distributions!

As a result our 2N2784 has won a place in several hi-reliability aerospace
programs on the merits of its performance and reliability. Extensive reliability
data has been accumulated for this product.

This sample of Sylvania’s development, production and reliability team effort
on the 2N2784 illustrates Sylvania's policy of helping solve designers' needs
through a coordinated device program, from device concept to consumer
in-plant acceptance of the product.

We’d be happy to send you more data on the 2N2784. Just call your Sylvania
sales engineer or circle the number indicated below on the reader service card. M
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new marketing group formed

The designer of electronic systems can now specify a world of microwave device, readout device and special component lines.

products from a diversified, fully equipped single source. Information on any Electronic Component Group product

All Sylvania electronic components have been placed into can be gotten quickly and completely from any of its sales
a single marketing organization, the Electronic Components offices. Every office is staffed with sales engineers fully quali-
Group. In effect, the move combines into one team all of the fied to advise you on your problem. You are invited to contact
company's capabilities in its extensive semiconductor, tube, any of the offices listed below.

SALES OFFICES

BALTIMORE DETROIT MASSACHUSETTS SYRACUSE
31 Allegheny Avenue 7800 Intervale Ave. Wakefield Office Building 5700 West Genesee Street
Towson 4, Maryland 21204  Detroit, Michigan 48238 North Avenue Camillus, New York 13031
301-823-2550 313-933-8765 Wakefield, Mass. 01880 315-672-3111
. 617-245-7263
FLORIDA PHILADELPHIA
2001 North Cornell Avenue 1520 Edgewater Drive, Calmar Bldg. MINNEAPOLIS 4700 Parkside Avenue
gﬂlezlrose Par; Illinois 60160 Orlando, Florida 32804 fﬁiie'i-p':ﬁ:"a?:‘"nsggﬁ 3 Philadelphia 31, Penna. 19131
-379-2525 305-241-9681 : ’ 4/

41-968 612-332-6583 215-477-5000
DALLAS FORT WAYNE NEW YORK SAN FRANCISCO
100 Fordyce Street 4740 Coldwater Road 1000 Huyler Street 1811 Adrian Road
Dallas, Texas 75207 Fort Wayne, Indiana 46805 Teterboro, New Jersey 07602 Burlingame, California 94010
214-741-4836 219-483-1145 201-288-9484 415-697-3500
DAYTON LOS ANGELES NEW YORK—UPSTATE: WASHINGTON, D.C.
333 West First Street 6505 East Gayhart Street Johnson Street 1120 Connecticut Avenue, N.W.
Dayton, Ohio 45402 Los Angeles, California Seneca Falls, New York 13148 Washington, D.C. 20036
513-223-6227 213-723-5371 315-568-5881 202-337-6600

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS FIEZE

NEW CAPABILITIES IN: ELECTRONIC TUBES * SEMICONDUCTORS + MICROWAVE DEVICES + SPECIAL COMPONENTS + DISPLAY DEVICES

W

NAME _
TITLE
HOT LINE INQUIRY SERVICE
COMPANY___
Need information in a hurry?
ADDRESS Clip the card and mail it. Be
sure to fill in all information re-
CITY STATE quested. We’ll rush you full par-

ticulars on any item indicated.

You can also get information
using the publication’'s card
elsewhere in this issue. Use of
the card shown here will sim-
plify handling and save time.

Circle Numbers Corresponding to Product item

300 301 302 303 304
305 306 307
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In 1964 alone, 546 new and
expanded plants paced North Carolina’s industrial growth.
What's here for you?

Growth, like Good Government, is a habit in North population centers without sharing their problems.
Carolina. Companies thrive here because the busi- These are some of the reasons North Carolina has
ness climate is right. They find people who work led the Southeast in industrial growth in the past
hard. A string of 20 Industrial Education Centers decade. There’s more you should investigate. Write
that turn out willing workers Governor Dan K. Moore,

trained to employer specifi- T State Capitol, Raleigh, for an
cations—at no expense to w industrial information pack-
industry. All the advantages age . . . free (and confiden-
of being close to the nation’s OAROLI”A tial) of course.

WHERE GOOD GOVERNMENT IS A HABIT
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Is it true that the Heinemann Series AM12 is the most popular OEM-type magnetic
circuit breaker on the market?

Electronics | February 22




Not anymore.

You're looking at three reasons why. Our new Series JA breaker line.

The new Heinemann JA breaker is one-third smaller and lighter than the AM12.

It is much easier to install (there are no square panel cuts to make).

It is more attractively packaged (note the white handles and the snap-on color caps).
Yet it is available with all the same features and options.

And it carries the same five-year guarantee.

There is one hitch, though. The JA’s top current rating is 20 amps, not 50.

But then we’re not charging as much for it either.

(For detailed specifications, write for Bulletin 3350. First edition now on press.) Hememaﬂﬂ Elﬂﬂtl‘m cﬂmﬂany

2600 Brunswick Pike, Trenton, N. J. 08602
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? '[.ruly' the CH’CUI'& designer can literally “‘throw away: the bOOk” when designing
trangstor circuits using Motorola's new high voltage smcon epltaxsal annular transis-
i tor : series — at least as far as previous voltage hmttatlons are concerned.
“.'!"-“,,0 I A new series of Motorola silicon annular transustors fabricated using special
O ‘techniques for achieving high voltage. performance offers devices with collector-
emitter voltages (BV¢) up to 175 vorts 'y wuth no sacrifice in saturation, gain, or
high frequency performance! .7 :
Note that these other key performance values are equal to or exceed those of

ordinary low-voltage devnces .
m 0.4-volt Saturaho‘n Vo]tage — lower than most non-epitaxial silicon transistors

(2

e ! now available!

o‘j’:v - n h, — 100 "to 300 @ 50 mA — Comparable to any!

F: L 200:m¢ Galn bandwidth Product — True high frequency performance!

. New applrcatlons for these devices are virtually unlimited. For example, they're
ldeal fOr your high-speed video amplifier designs. Or, for high-voltage core driving
crrcuits’ . . high-voltage regulators . . . or even for operating directly from line volt-

A"age sources — eliminating expensive transformers entirely!

. See how these advanced Motorola transistors fit into your future designs. Call

ouY nearest Motorola representative today for complete details. For NPN polarity

devices, specify Motorola annular types 2N3498 thru 2N3501 — for PNP types, specify

.. 2N3494-7 & 2N3634-7 silicon annular transistors. Or write: Motorola Semiconductor

#eProducts Inc., Dept. TIC, Box 955, Phoenix, Arizona 85001.
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Annular_.;Tr'a'r‘_isistors Break The High Yoltage Barrier

140-Volt Peak-To-Peak Output Video Amplifier

. . . Using new high-voltage annular transistors!

CRT

!

2N3501
Signal
Input o »
From
Dectector
Bias Supply

OU DESIGN TRANSISTOR CIRCUITS!

|

+150 Vdc

ot — e ne

|

BOTH PNP and NPN TYPES AVAILABLE

NPN

le
2N3499 2N3501
(2N1613)
TYPE J J
J
25 50 75 100 125 150
Vcefvotts]

CHARACTERISTIC TYPE MIN. MAX, [UNIT CHARACTERISTIC TYPE MIN. |[MAX. [UNIT CHARACTERISTIC TYPE MIN. [MAX. [UNIT
. Collector-Emitter Breakdown
Cotlector-Emitter Breakdown Voltage (BVceo) 2N3634 35 {140 | — | vdc { Collector-Emitter Breakdown
Voltage* (BVceo) 2N3494 ‘96 | B0 | — |Vdc (lc = 10mA) 2N3636 37 |175 = Voitage* (BVceo) 2N3498-99 |100 — |vde
le = 10mAdc, 1s =0 2N3495 97 (120 | — =) = i —
( ] ) | I5c Forward canent (lc = 10mAdc, ls = 0) 2N3500,01 | 150
Transfer Ratio (hee) 2N3634 736 40 -
bC Forward (?urrent (lc = 0.1 mAdc, Vce — 10Vdc) 2N3635./37 | 80 | — Collector Saturation Voltage* (Veeian) vde
Tralnsfer Ratio (hre) ’ (le = 1mAdc, Vce = 10Vdc) ZNJSJA;JG 43 — (fe = 10mAdc, ls = 1mAdc) All Types — | 0.2
(lc = 100 uAdc, Vee = 10Vdc) AllTypes | 35 | — 2N3635/37 | 90 | — (le = S0mAde, s — 5 mAdc All Type 0
= , Is = s — .25
(le = 1mAdc, Vee = 10Vdc) AlfTypes | 40 | — (o = TR, U = HOER) g:g:;‘ﬁ; 1:2 = I : ?
5 - E
(lc = 10 mAdc, Vee = 10 Vdc) All Types | 40 | - (lc = 50 mAdc, Yce = 10Vdc) 2N3634736 | 50 [150 DC Forward Current Transfer
(:c = 50 mAdc, Vee = 10Vdc) All Types 40 | - 2N3635/37 (100 300 Ratio* (hee) 2N3498/500 | 20 | —
(Ic = 100 mAdc, Ve = 10Vdc) 2N3494/96 | 35 | —~ (lc = 150 mAdc, Ver = 10Vdc) ;:g:g;ﬁ; gg - (lc = 0.1mAdc, Vee = 10Vdc) 2N3499/501 | 35 | —
Collector Saturation Voltage (Vcenat) | 2N3494/96 | — 0.3 [Vdr Collecter Saturation vell w ) va (3= AL, U= L) ;:;:::?:gf :: N
ollector Saturation Voltage (Vcepat) c -
le = 10mAdc, hv = 1 mAdc 2N3495 97 | — [0.35
( ' ) ::c = ég m:gc. :- ;m:gc) gg (lc = 150 mAdc, Vce = Vdc) 2N3498/500 | 40 | 120
c= mAdc, e = SmAdc .
Output Capacitance (Con) IN3498°96 | — | 7 |pf . 2N3498/501] 100 JIESC0
{Vcs = 10Vdc, le = 0, f = 100ke) | 2N3495/97 | — 6 Output Capacitance (Cob) pf
(Vee = 20N, f — 100kc) 10 Output Capacitance (Ceb) 2N3498.99 —_ 10 | pf
Current-Gain — Bandwidth Em —— (Ve = 10Vdc, le = 0, f = 100kc) | 2N3500,01 — 8
urrent-Gain — Bandwi
floductt=) 2N3494/96 1200 | — ImC- Nproquct (f,) 2N3634/36 (150 | = |me [ _
(le ="20mAdc, Vce = 10 Vde, (Vee = 30V, lc = 30mAde, Gain-bandwidth Product (f-)
f == 100mc) 2N3495/97 [150 | — f = 100mc) 2N3635/37 (200 | ew {Vce = 20Vdc, Ic = 20mAdc) 150 me

*Pulse width == 300 usec, Duty Cycle = 2%

MOTOROLA Semiconductor Products Inc.
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When you ship outsize cargo by Flying
Tigers, it gets on the plane...easily. There's
no bending, slamming or jamming of cargo
that won't quite fit into side-loading jet
freighters. The reason-Tigers' huge break-
away Swingtail-44. This Tiger swings its
whole tail assembly aside to load two box
car-lengths of cargo straight in.

That's a BIG part of the story, true. But
perhaps the most crucial chapters are those
devoted to Tiger service. And those chap-
ters read like this:

B Skyroad Air/Rail/Truck System
(Or: How to Ship Anything Anywhere
In One Package, With Only One Bill)

Circle 32 on reader service card
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HOW CAN THE OTHERS GIVE YOU GOOD SERVICE...

WHEN THEY CAN'T EVEN GET IT ON THEIR PLANE?

Expedited Door-to-Door Pickup & Delivery
Scheduled Service

Non-Stop Overnight Service

Two-Way Radio Trucks

Teletype Advance Manifest System
Many Late Night Flights

W Specialized Experience

Each chapter has details that make your
problems no problem at ali. Main theme of
our whole story—truly fanatic personalized
service.

What's your story? We'd like to hear it, word
for word. Why not call and tell it to us?

f"\‘
14
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30-gage computer wire for miniaturization of circuits has
tough new insulation. The material: KYNAR™ — Pennsalt
vinylidene fluoride plastic. Even in 5-mil wall thickness,
KYNAR affords exceptional mechanical strength and cut-
through resistance. Wire insulated with KYNAR is available
in long lengths ... goes smoothly through automatic wire-
wrap machines...cuts and strips cleanly, bends readily,
doesn’t stretch, stays put when formed.

Write for information and the nomes of leading manufacturers who sup-
ply wire insulated with KYNAR. Plastics Department, Pennsalt Chemicals
Corporation, 3 Penn Center, Philadelphia, Pa. 19102.

Kynar...a fluoroplastic that’s tough! {pENNSALT®
*KYNAR is a registered trademark of Pennsalt Chemicals Corporation. g

CHEMICALS ® EQUIPMENT
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... S0 that you may improve your harnesses
-« « While you save money, too!

“Improve’ is the guide-word of the elec-
tronies field —but has your harness operation
kept pace? If you could improve your harness
product—and save money at the same {ime—
wouldn’t you be interested? Where do you go
for help in achieving this desirable situation?
To Gudebrod —there is no comparable source
for such help in the industry. That's why
management at the Gudebrod Electronic
Division is offering to make a Consultant’s
Report on your harness department oper-
ation. With self-interest they believe that
improving the state of the art in the industry
will improve their own business atmosphere.
So—why not take advantage of Gudebrod’s
wealth of tape engineering experience and
knowledge—there is no cost or obligation
attached to it!

STANDARDS

To improve your standards specifications,
Gudebrod can suggest tapes for high or low
temperature use, for fungistatic qualities, for
burnproof features, for vacuum use, as well as
for material specifications and for tensile
strength. The more than 200 types of flat tape
in the Gudebrod line are specially designed,
not only to meet various specifications but to
facilitate the tying operation. Production
quantities of tape especially for your use can
be made if necessary. With this intimate
knowledge of lacing tape, the recommenda-
tions contained in the Gudebrod Consultant’s
Report will help your Standards Engineer—
to improve your product and to save money.

METHODS )
In designing lacing tapes to meet various
specifications, the Gudebrod research and de-

12 SOUTH 12th STREET,

\*@y

velopment operations have kept in mind the
basic idea of producing tapes that ‘‘tie them-
selves.”’ The originator of the flat braided tape
which did so much to improve wire harnessing
and at the same time tremendously increase
the safety factor for workers, Gudebrod con-
tinues to pioneer in the use of better mate-
rials, and 1n a closer regard for specifications.
Taking advantage of the ‘‘tie-ability” of
Gudebrod tapes i1s important to your Meth-
ods Engineer. The recommendations con-
tained in the Gudebrod Consultant’s Report
will help your Methods Engineer to improve
your product and save money.

Implementing the requirements of the Speci-
fications and Methods Engineers in econom-
ical operation is the problem of the Production
Engineer. Gudebrod can show how to use the
Cable-Lacer, how to take advantage of dis-
pensing packages, cut lengths, special rigs and
other labor speeding and easing means.
Whether your harness work is custom or pro-
duction there are ways of improving your
operations that may not have oceurred to you
—that’s why the recommendations contained
in the Gudebrod Consultant’s Report will
help your Production Engineer—in improving
your product—in saving money.

SURVEY AND CONSULTANT’S REPORT
—FREE

Here is all you have to do—write or phone
Gudebrod. At your convenience a Gudebrod
representative will complete a survey working
with your Standards, Methods and Produc-
tion Engineers. This will be reviewed by
engineers at the Gudebrod Home Office.
Written recommendations will be prepared
and sent to you. There will be absolutely no
cost or obligation. Why not get your Con-
sultant’s Report under way-—get in touch
with Gudebrod today.

UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

e Torn - Pirias

PHILADELPHIA,

PENNSYLVANIA 19107

Area Code 215, WA 2-1122
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VYour
graphite
look like
theese?

Even the best specialty graphite
grades like the one shown in the
200x magnification on your left have
a coarse, porous, non-uniform struc-
ture. This cheese-like body won't
stand up to an oxidizing atmosphere
or to close tolerance machining.
That’s why the photomicrograph at your right is im-
portant news for those concerned with glass-to-metal
seals, metal molds, crucibles, epitaxial heaters, etc. It
shows the result of an exciting breakthrough in conven-
tional production technology...New Poco Graphites.
A wide selection of these new graphites is now avail-
able from Poco Graphite Incorporated, a subsidiary of

36 Circle 36 on reader service card

The Pure Oil Company.

The composition of Poco graphite
is unlike any other. It is virtually
isotropic, with a density as high as
1.88 gm/cm’. It can be machined
to within 0.0001 inch, and its re-
sistance to oxidation far surpasses
ites.

These advantages add up to important savings through
longer useful life in applications that require superior
graphite grades.

For detailed information, address your inquiry to: Poco
Graphite, Inc., P. O. Box 6118, Dallas, Texas 75222, Area
code 214-BR6-7111, ext. 751.

Poco Graphite ..o

A subsidiary of The Pure Qil Company
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.045" square tail hermaphroditic connectors™ with the
TAIL STABILITY you need

F Rn M FOR AUTOMATIC WIRE WRAPPING
c I N c H *Intermateable with Elco’s products sold under Elco’s trademark VARICON

\

The outstanding reliability and popularity of ‘;"
Cinch’s hermaphroditic printed circuit connectors*

has stemmed from the fork-like design of the
engaging or mating section of the contact. Now
CINCH has improved on the terminating

section, to assure the rigidity and stability required
for programmed wire wrapping. The entire
contact provides a single one-piece thickness
construction for optimum durability

and performance.

The contacts are available individually in bulk
for mounting in P.C. boards or in molded
insulator as shown.

Complete technical and application data
on these new Cinch connectors is given
in our Bulletin PBM.66, available from your
local Cinch sales office or by writing to
Cinch Manufacturing Company,

1026 South Homan Avenue,
Chicago, Illinois 60624.

*Manufactured under license agreement with Elco Corporation

CINCH

CM-6501 DIVISION OF UNITED-CARR
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MICRO SWITCH Precision Switches

{ nonevwel |

8 pushbutton
units in 3 colors

30 switch units with wide selection
of operating characteristics
contact arrangements and circuitry.

3 facenuts
with optional seal

New Series 6 modular components are making it
practical to custom-build pushbutton switches on
a growing variety of jobs—both small and large.

Pushbutton units, buttons, facenuts, and
switching units are all off-the-shelf items. They
may be assembled in hundreds of different com-
binations—all without special tools.

Series 6 offers a wide array of operating char-
acteristics. Either momentary or alternate con-
tacts. Enclosed snap-action switch units for dry
circuit or heavy-duty power requirements. Switch
units available with 1, 2, 3, or 4-pole double-

HONEYWELL PRESENTS % I SCIENCE ALL STARS * SUNDAYS 5:00 E.S.T.

throw, and 2-circuit double break. Optional coil-
equipped modules provide magnetic detent with
remote release of contacts. Optional sealing face-
nut seals panel-to-bushing, bushing-to-button.
Modules are easy to assemble without special
tools.

For information call a MICRO SWITCH Branch
Office or Distributor (see Yellow Pages). Or write
for Data Sheet 233.

MICRO SWITCH

FREEPORT, ILLINOIS 61033
A DIVISION OF HONEYWELL

IN CANAOA: HONEYWELL CONTROLS LIMITEOD. TORONTO 17. ONTARIO

HONEYWELL

SEE OUR EXHIBIT IEEE SHOW, NEW YORK, MARCH 22-26

HONEYWELL INTERNATIONAL—SALES 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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The Long Awaited Breakthrough in EDP

Via Magne“c "‘0“ oxides The rapidly developing science of Electronic

Data Processing has received an impetus of explosive significance through the stepped-up use

of magnetic iron oxide coated cards.
Handling mass storage and retrieval of voluminous data and utilizing advanced random

access techniques, in some cases the cost per 10,000 alpha-numerical characters has been
driven down to as low as one-tenth of their former costs!

Engineering the ‘packing density’ of the data into radically tighter MINERALS
units on the cards has brought EDP within the pocketbook range of pIGMENTS
scores of companies not previously in the ‘live prospect’ class.

Pfizer , as a major supplier of magnetic iron oxides congratu- 8’ METALS
lates the EDP industry for its enterprise. Pfizer for its part will DIVISION CHAS. PFIZER & CO. INC.
continue to provide the chemical purity and uniform magnetic prop-
erties that make their product a standard of reliability. @

Yes — Pfizer stands ready and willing to dispense all pertinent, . ;5

plid ) . : .75, 235 East 42 t
technical information. Write Department 75 P Rew York ?%N.\Ed S
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Put your data in the form most useful to you

Reliable Sanborn instrumentation puts
your data in the form most useful to you,
with minimum set-up time and simple,
straightforward operating control. Only a
few of the many possible functions and
versatile variations of these compatible in-
struments are shown here — for measure-
ment and data handling applications in sci-

entific and industrial research, production
and environmental testing, quality control,

communications,
control.

telemetry and process

To translate and signal-condition vari-
ables, Sanborn makes a wide range of
compact, low-cost linear motion, velocity,
pressure and force transducers of the dif-
ferential transformer type . . . wideband
and narrow band dc data amplifiers with
floating inputs isolated from floating out-
puts . . . and individual signal conditioners,

for use in Sanborn systems or as unit ampli-
fiers to drive scopes, meters, etc., in general
purpose dc, carrier, phase-sensitive demodu-
lator, logarithmic, high gain, freqaency
meter, frequency deviation and accelerom-
eter types.

To get clear, permanent proof of dc to
150 cps test or measurement results in
graphic, analog form — with rectangular
coordinate traces of 4 cvcles/mm resolution
even at small amplitudes — Sanborn thes-
mal writing oscillographs give you complete
freedom of choice in number of channels,
signal conditioning flexibility, packaging and
price. Wide choice of plug-in signal condi-
tioners equip any channel to your specific
inputs . . . or when individual-channel flexi-
bility is not needed (e.g., up to 8 channels
of strain gage or low level DC signals),
systems can be equipped with low cost 8-

amplifier-channel modules on a single chas-
sis. Systems range from portable 100 mm
wide chart single-channel models to 6- and
8-channel systems with all-solid-state plug-
in signal conditioners. Most have response
range from dc to 150 cps within 3 db, at
10 div p-p. Max. sensitivity depends on
signal conditioner used, can be as high as
1 uv/div. Two chart speeds in 1-channel
systems, four in dual-channel systems, nine
in 4- to 8-channel systems (all electrically
controlled, except dual-channel systems).

For immediate readout of dc to 5 kc
signals, high frequency optical oscillographs
provide up to 25 channels of precise traces
on 8” ultraviolet-sensitive charts, with one
set of galvanometers. Choice of four types
of 8-channel amplifier modules allows re-
cording sensitivities from 500 uv/inch to
500 mv/inch; optional plug-in permits sys-
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tem to drive 3900 Series tape recorders;
front panel controls position traces any-
where on chart without mechanical posi-
tioning of galvanometer; traces may overlap

and occupy full chart width. Paper loading . .

in normal room light, full development a
few seconds after exposure, permanency by
chemical fixing if desired, and nine paper
speeds from 0.25 to 100 inches/sec are

additional features of these new 4500 Series . . .

optical oscillographs. Complete 8-channel
systems from $6950.

To store data from dc to 250 kc in its or-
iginal electrical form and play it back with
the time base expanded or compressed by
ratios as high as 32:1 — on a scope, graphic
recorder or numerical readout — new 3900
Series Tape Systems offer IRIG-compatible
instrumentation performance at substantial
savings. System prices from $8900 (7-chan-

nel) to $13,370 (14-channel). All have
unique new H-P transport of simple design
with high, maintenance-free reliability . . .
6 electrical speceds with no capstan change
. 40 db or better S/N ratio, 0.2% p-p
flutter (0-1 kc, 30 & 60 ips) . . . all-solid-
state plug-in electronics, with record and
reproduce amplifiers on the same cards . . .
integral footage counter accurate to 99.95%
easy snap-on reel loading . . . console,
rack or portable case housing. Bandwidths
available are (at 60 ips) Direct: 100-100,000
cps. Std., 100-250,000 cps Wideband; FM:
0-10,000 cps Std., 0-20,000 cps Wideband.
Low-cost 4-channel '53” tape systems also
available with different transport, same elec-
tronics, portable case packaging.

To display variables under investigation
—in analog or numerical form — Sanborn
760 Scries scopes present up to eight bril-
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liant traces simultaneously on a long-persis-
tence 17” screen, allow positioning and
amplitude adjustment of individual traces ...
and compact new S601A Numerical Read-
out displays three 0.6”-high illuminated
numerals and decimal point in each of four
channels, with adjustable sampling rate,
flashing decimal point for rate display, and
capability of driving H-P 562A Digital
Recorder for print-out.

Call your local Hewlett-Packard Sales
Engineer for specifications and expert ap-
plication help on any of these Sanborn
instruments, or write: Hewlett-Packard,
Sanborn Division, 175 Wyman Street,
Walthan, Muauss. 02154

HEWLETT =
PACKARD

'SANBORN
DIVISION
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50% more display area

plus
added By

IO ZONTAIDISELAYS NS

capabilities [ Y 6 0.

for the PreEre
same price

But to hear the complete story, call
your Tektronix Field Engineer. He will
know if a Type 545B offers the best
solution to your measurement problem,
o clllo c If the Type 5458 appears to be the

s s ope answer, try it. Use it in your own
application—with one of your letter-
series plug-ins or one of the new

spectrum analyzer or dual-trace
plug-in units.

IMPROVE

The Type 5458 is an improved version of the Type 545A, which has proved itself
of great service to a multitude of laboratories and industries throughout the years

Type 545B Oscilloscope

and has been considered a standard by which other oscilloscopes can be judged. (without plug-ins) . . . . . . .. $1550
Type L-20 Spectrum Analyzer
Plug-in Unit . . ... . $1995
I lug-i it ad bili !
Internal no-parallax plus plug-in unit adaptability !
Hluminated|fratigtle accepts one of 17 letter-series plug-ins :‘;-g};t_q :“
Bright 6-cm by 10-cm 1 RigFo plug

for differential, multi-trace, sampling,
other laboratory applications, or

2 accepts one of many new spectrum ana-
lyzer plug-ins (L-10A, L-20, L-30, others)
for frequency-based displays, or

display area

Small spot size,
uniform focus
Fixed-tuned delay <

line .
Tri T BEVEN accepts one of 2 new dual-trace plug-ins Rack Mount Model Type RM545B . . $1650
sgn[g\;ﬂg::ermg e 3 (1A1 or 1A2) for 50 mv/cm at dc-to0-33 Mc Type 1A2 Dual-Trace Plug-In Unit . $ 325
s Del —with the Type 1A1 also offering 5 mv/cm Type 1A1 Dual-Trace Plug-in Unit . $ 600
P R at dc-to-23 Mc dual-trace, and approxi- 0 00 Lge IR I GAC)
: glngle ?Awee‘?f mately 500 uv/cm at 2 cps-to-14 Mc,
weep Magnifier ; o
. R Tektronix, Inc.

P. 0. BOX 500 « BEAVERTON, OREGON 97005 « Telex: 036-691
TWX 503-291.6805 + Phone. {Area Code 503) 644-0161 « Cable:

i i i TEKTRONIX - OVERSEAS OISTRIBUTORS IN OVER 30 COUNTRIES,
Price at $1550 is the same as the Type 545A and includes two probes, 7EKTRONIX FIELO OFFICES in principal ciles in United States.
Full field-engineering services bhack up every instrument, CosticeotenE o
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Computers

Series war

Computer makers are losing sleep,
and small wonder.

Into the bitterly contested data-
processing arena, Honeywell, Inc.,
introduced this month still another
series of computers, intended to
battle the International Business
Machines Corp.’s System 360, an-
nounced last April, and the Radio
Corp. of America’s Spectra 70, un-
veiled in December.

Even as Honeywell exccutives in
Boston boarded a New York-bound
plane to unveil their new line, IBM
public relations men rushed out an
announcement of still another ma-
chine, the IBM 1130, taking some
of the play from the Honeywell
debut.

Series oriented. Honeywell’s new
series confirms the trend that has
been developing ever since IBM
introduced the 360. To compete, a
company has to have a series of
computers whose capabilities range
from small to powerful and whose
programing is mutually compatible.
Said Walter Finke, president of
Honeywell’s Electronic Data Proc-
essing division, “It’s no longer a
one-machine business. You need a
line to respond to the nceds of the
marketplace.”

As if to underline that statement,
on the same day, General Precision,
Inc., announced it was out of the
commercial computer business.
The company had built the small-
scale LGP-30 and 21 and the mec-
dium-scale RPC 4000.

Take your pick. To cover both
small and large users, Honeywell
has five basic machines in Series
200:

= H-120, a small-scale computer
whose rental starts at $860 per
month. Cycle time is three micro-
seconds.

= H-200, a machinc introduced
15 months ago, which served as a

model for the other machines. Hon-
eywell has already delivered about
200 of these. It leases for $1,325 a
month.

s H-1200, a management infor-
mation or rcal-time system, whose
rental starts at $2,200 per month.

s H-2200, a large-volume data
processor that is a redesigned ver-
sion of the H-2200 Honeywell in-
troduced last year. This later de-
sign can communicate with other
computers and can operate eight
picces of peripheral cquipment
simultaneously while computing.
Rental begins at $3,550 per month.

s H-4200, the most powerful ma-
chine in the line, which can handle
16 input-output operations simul-
tancously. Leasing costs range
from $9,500 to $26,500 per month.

claims, are slightly more powerful
and cost slightly less than IBM
counterparts, though it is hard to
compare model for model. For ex-
ample, the H-200 falls between the
models 30 and 40 of the System
360; it is more powerful than the
model 30 but less powerful than
model 40.

RCA, on the other hand, has
taken dead aim at IBM’s replace-
ment market. Its Spectra 70 series
was altered so a user can pull out
an IBM 360 and replace it with an
RCA machine with no change in
programing or operation.

Microcircuits: two views. IBM
has dcsigned hybrid microelectron-
ics into every machine in the Sys-
tem 360 series. Honeywell’s direc-
tor of engincering, Charles ]J.

Computer Series 200 is introduced by Honeywell's Electronic Data Processing
division president, Walter Finke, and Claude H. Smith, marketing vice president.

Optional features. Honeywell’s
new series will make a dent in the
sales of some of its older machines,
particularly the H-1800. Still, Hon-
eywell thinks some users whose
main application is scientific prob-
lem-solving will continue to buy
the H-300. To keep costs of the
Series 200 machines low, Honey-
well offers certain features pri-
marily of use to the scientific users
—Ilike floating point arithmetic—as
options only on machines bigger
than the H-1200.

Honeywell will assault the IBM
fortress on a line of performance
per dollar, Series 200 machines, it

Michaels, believes it is economical
at this time to use microcircuits
only in the higgest machine. So the
H-4200 will have some silicon
monolithic circuits in the main
processor—about 7,000 of them. In
a few places where high power
would burn out monolithic devices
—like the driver circuits for x-y
memory—Honeywell will use hy-
brid microelectronics.

The company is negotiating with
several concerns to supply inte-
grated circuits. Only Honeywell’s
own semiconductor division, which
offers a line of low-power inte-
grated circuits, has been definitely
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excluded. In fact, Honeywell’s pres-
ident James Binger concedes that
the company had quietly dropped
its line of integrated circuits two
months ago to concentrate on
power transistors. Honeywell has
decided to make its own hybrids.

One hole in the Honeywell Series
200 is mass memory. There is none,
but Finke promises that a line
would be announced in March.

IBM’s newest. Honeywell’s plans
to bill the H-120 as the cheapest
honest-to-God computer on the
market were dealt a fatal blow by
IBM’s announcement of the 1130
computing system. It will start
leasing at $695 a month, $165 less
than the H-120, and is the first IBM
compnter to rent for less than
$1,000 per month.

Although it will use the same hy-
brid microcircuits as the machines
in the System 360 series, the 1130
is not part of the series. It is a ma-
chine designed primarily for scien-
tific problem-solving. One com-
puter man put it in the same
general class as IBM’s current 1620
machine, but the new one is 20
times faster and costs about half
as much.

Instrumentation

Bank on this

A New York bank advertises that
vou have a friend at the Chase
Manhattan: but the day may come
when he won’t even speak to you.
Why? Because he has no heart,
only semiconductors.

A Miami manufacturer, Milgo
Electronic Corp., has developed an
automatic bank teller that accepts
coins. checks and hills ($1. $5, $10
and $20) but rejects counterfeits,
and gives vou a receipt—all with
onlv a few whirrs and clicks.
Called the Lectro-Teller, it will be
installed this fall in banks in seven
Southern states.

For deposits only. \Vith Lectro-
Teller, banking is strictly a one-
way proposition, and the way is
“in.” The machines will accept de-
posits, but won’t cash your check.

A depositor places bills in a slot,
one at a time. The machine scans
the bill and indicates its denomina-
tion on a viewing screen. If the
depositor agrees that the number
is correct, he presses the “deposit”
button, and activates a conveyor
belt that carries the bill inside. A
separate slot is provided for coins.
Bills and coins are recorded auto-
matically on the deposit sheet; the
customer must enter the checks.

Sealed in plastic. \WWhen the de-
positor presses the “transaction
completed” button, the cash and
checks, and a copy of the deposit
slip, are sandwiched between two
sheets of plastic and sealed. The
package continues by conveyor belt
to a storage compartment, where
bank personnel can pick it up at
the end of the day.

It’s all done with 105 semicon-
ductor devices—30 silicon gate
turn-off switches, 25 photoconduc-
tive cells and 50 transistors. Banks

Deposit |
Station |

W

Banking by machine is provided by
electronic device called Lectro-Teller.

will be able to lease the equipment
at $125 per month or buy it for
$3,500.

A modified version of the Lectro-
Teller may be used in self-service
gas stations in California later this
year. It will accept paper moncey
(in advance), shut off the gas pump
when the tank is full, and then pro-
vide change.

What, no stamps? Still another
version is planned for supermar-
kets. This one will accept cash

payments for utility bills, validate
the bill and issue a receipt. Banks
may eventually install deposit sta-
tions in supermarkets, too.

Military electronics

Autec: progress report

Big strides will be taken this spring
and summer toward developing the
Navy’s $125-million natural deep-
water laboratory in the British-
owned Bahamas [Electronics. April
6, 1964, pp. 106-109]. The elec-
tronics industry will start bidding
soon on some major sections of
the Atlantic Undersea Test and
Evaluation Center (Autec). which
is scheduled to be operational in
mid-1966.

Autec is being built off the east-
ern edge of Andros Island in a
unique natural trough, called the
Tongue of the Ocean, that is 100
miles long, 20 miles wide and 6.000
fect deep. The center is being de-
signed to test and evaluate equip-
ment and techniques for undersea
warfare.

Acoustic equipment. Within
weeks, industry will be invited to
bid on a data-processing system
for the acoustics range to analvze
the noise produced by ships and
submarines. The signature of these
controlled noises, compared with
fish noises and others that naturally
occur in the ocean, could indicate
how to keep submarines quict and
to camouflage unavoidable noise.

Although the components will
be off-the-shelf cquipment, the
complete, integrated system will
probably have to be tailored for
the Navy. The contract will be
awarded by the Navy Purchasing
Office; manager of the project will
be the David Taylor Model Basin.

The Bureau of Ships will award
a contract shortly for the installa-
tion of hard cable to connect a
terminal dolphin—an ocean plat-
form built on pilings—to the main
data-processing area on shore.

The acoustics range is one of
three Autec ranges. The others are
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Map of Autec, the Navy’s $125-million project in the Bahamas designed to test
and evaluate equipment and techniques for undersea warfare.

for testing sonar and weapons.
Sonar calibration. Early in
March, the Bureau of Ships will
award a six-month study contract
for a fixed sonar calibration range.
Although the contract will be rela-
tively small, electronics companies
are eager for the job because they
hope to get the inside track on
the large contract to supply the
hardware later. The equipment or-
der probably won’t be awarded
until after the first of the year. The
Navy Underwater Sound Labora-
tory will manage the project.
Weapons range. This summer,
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the first hydrophone system will be
installed in the weapons range.
Underwater cables will carry sig-
nals from a decp-water hydrophone
array to a shallow reef, where less
expensive cable will run above the
surface to the tracking stations.
The final leg, connecting the sys-
tem to the main base, will be mi-
crowave,

The range will include a launch
platform and five tracking stations;
four more tracking stations will
eventually be added, some on shore
and others on platforms in shallow
water,

Initially, the deep-water range
will be about 35 miles long and 5
miles wide; later it will he ex-
panded to 70 by 10 miles for testing
more advanced weapons. The range
will be used to study weapons
launched underwater, on the sur-
face and from the air.

The prime contractor for this
part of Autec is the Federal Labo-
ratories division of the Interna-
tional Telephone & Telegraph
Corp. The Bureau of Naval
Weapons is project manager.

Communications

Locked laser beams

The possibility of practical com-
munication by laser beams moved
a step closer when scientists at
Bell Telephone Laboratorics suc-
ceeded in synchronizing, for the
first time, the phase of oscillations
of two separate helium-neon lasers.

The feat is roughly comparable
to constructing a radio receiver that
stays tuned to the desired program
once the dial has been set ap-
proximately to the frequency of the
broadcasting station. It isn’t just a
matter of constructing a very sta-
ble receiver, but one that follows
every slight variation of the trans-
mitter.

Part of the problem is the high
frequency at which the laser works
—5 x 10" cycles per second, com-
pared with a representative broad-
cast station’s 7.8 x 10 cycles per
second. When frequencies must be
accurately matched, their difference
is measured in phase—any differ-
ence in the time at which the sine
waves of frequency start. The ex-
perimental lasers are matched to a
third of a degree of phase.

Control loop. Two lasers are set
up side by side with the output
beam from the uncontrolled laser
reflected at right angles towards a
multiplier phototube. However,
part of the uncontrolled output is
deflected by a half-silvered mirror
along a line parallel to the original
direction. Another part passes
through and impinges on the photo-
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Interference rings are formed when two laser beams are at the
same frequency at a constant phase difference. John Rodda,
left, and Louis Enloe of Bell Telephone Laboratories
developed the method of locking two beams in phase.

multiplier surface. Output from the
controlled laser is also deflected
at right angles by the half-mirror
and likewise falls upon the photo-
tube. Output from the phototube
is fed through a low-pass filter
to the transducer that changes the
frequency of the controlled laser.
The piezoelectric transducer ex-
pands or contracts, moving a mir-
ror at one end of the optical resona-
tor to produce a slight frequency
change in the desired direction.

More control possible. Phase
lock has heen maintained even
when the uncontrolled laser fre-
quency changed +30 megacycles
and the heam was reduced by 50
decibels. This control could be ex-
tended to a wider frequency by
inserting an amplifier in the feed-
back loop.

Scientists at Bell Labs, a re-
search subsidiary of the American
Telephone & Telegraph Co., ex-
plain that locking the beams will
enable them to use homodyne de-
tection in future communications
svstems. This technique doubles
the signal-to-noise ratio and pro-
vides other simplifications.

Although initial experiments re-
quired a vault with a shock-

mounted concrete table, the cir-
cuits have heen so improved
already that the wvault has now
heen discarded.

The experiment was carried on
by Louis H. Enloe and Jobn L.
Rodda. They believe they have a
good chance of developing a meas-
uring set that will permit exact
determination of laser amplitude
to about 0.1 db and phase to about
one degree. Present techniques al-
low measuring amplitude to within
about 3 db and phase to within
roughly 45 degrecs.

Advanced technology

Lowering the bloom

When the Marlboro man lights up
on television, his ohvious satisfac-
tion isn’t shared by the cameraman.
In fact, the sudden glare of the
match is a signal that the camera
is going to need some quick ad-
justment to overcome the effects of
“blooming,” or washout of picture
detail, caused by the sudden in-
crease in light intensity.

Blooming has caused trouble
where illumination varies rapidly
and the tv camera must handle a
wide range of light intensities.
Typical situations include viewing
a star field, tracking a missile’s re-
entry against a dark sky, making
day-and-night Dbattleficld surveil-
lance, broadcasting news or sports
events and monitoring industrial
processes.

Beam control. Two General Elec-
tric Co. researchers, Edward G.
Nielsen and S. Peter Stranddorf,
have developed an automatic beam
control system that appears to solve
this problem. With their system,
a camera chain can adapt instan-
taneously to a wide range of light
intensities without the attention of
an operator.

In tv camera tubes, the image
is represented by a pattern of elec-
tronic charges built up on a target
element. An clectron heam scans
the target, typically 30 times a sec-
ond, and reads out the information
and simultaneously erases the
charge in preparation for the next
image. If the heam’s current den-
sity is too low, it may not com-
pletely erasc the charge in arecas
of the target representing high
light levels. On subscquent scans,
the charge spills over adjacent
areas and washes the picture. Al-
though the beam current can he
adjusted manually to compensate
for the washout effect in one area
of the picture, too great an in-
crease can causc a loss of shading,
so that the picture has too much
contrast.

The GE automatic beam control
consists of analog computer logic
that samples the output signal from
the camera tube and establishes a
reference voltage that is a measure
of the instantancous charge on the
target. This voltage is then used
to adjust the beam continuously to
accomplish complete erasure. The
adjustment takes less than 200
nanoseconds.

The key feature of the control
circuit, GE engineers say, is the
ability to use the vidco signal itself
as a measure of the instantaneous
target charge. This requires a high
degrec of system stability and pre-
cise regulation of voltages.

Circle 47 on reader service card—>



1/4 rack and 1/2 rack models Non-metered models available

" LRA-1 $60.00

LRA-2 $25.00

(
J

Minimum bench width Flush chassis mounting Rack adapters

LAMBDA LH line offers maximum flexibility
All-silicon ¥/4 ana 12 rack
Multi-Current-Rated power supplies

® LH series models available up to 60 VDC, up ® Regulation—.015% or 1 MV (line or load)

to 9 amps in 14 & 1/2 rack models. ® Ripple—250 microvolts rms. 1MV P-P
® Meets RFl Spec.— Mil-1-16910. ® AC Input — 105-135 VAC, 45-480 CPS.
® Modular-Subrack design for bench, chassis /4 rack: LH 118, 121, 124, 127—5%¢” x 4%s" x 15%¢"
and rack use. 1/, rack: LH 119, 122, 125, 128—5%5" x 8%" x 15%¢"
Voltage CURRENT RANGE AT AMBIENT OF: (1)
Model Range 30°C 50°C 60°C 71°C Price (2)
LH 118 0-10vDC 0-4.0A 0-3.5A 0-2.9A 0.2.3A $175.00
LH 119 0-10vDC 0-9.0A 0-8.0A 0-6.9A 0-5.8A $289.00
LH 121 0-20vDC 0-2.4A 0-2.2A 0-1.8A 0-1.5A $159.00
LH 122 0-20vDC 0-5.7A 0-4.7A 0-4.0A 0-3.3A $260.00
T LH 124 0-40-vDC 0-1.3A 0-1.1A 0-0.9A 0-0.7A $154.00
I LH 125 0-45-VDC 0-3.0A 0-'2.7A 0-2.3A 0-1.9A -$269.00
i LH 127 0-60VDC 0-0.9A ) 0-0.7A 0-0.6A 0-0.5A $184.00
i LH 128 0-60VDC 0-2.4A 0-2.1A 0-1.8A 0-1.5A $315.00
B8 GLTPUT Vonsse emuiate tor o onage range.  (2) Prices are for nonmetored To-the. Pice. For nommatersd: coaco ot
;ci)gsls. add suffix (S) to model number and subtract $5.00 from the non-metered
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Improved Ilatitudes. The GE
beam control increases by a factor
of 1,000 the latitude (range of
brightness above and below the
average in the scene that the
camera can accommodate) of a
conventional tv camera chain. Niel-
sen believes that an improvement
by another factor of 10 is possible
through refinements in the circuit.

The system is being adapted for
military and space applications and
is being incorporated in a tele-
scope-mounted camera for use at
an astronomical observatory. Al-
though the first effort has been with
image orthicon camera chains, GE
is engaged in a major program to
extend the technique to infrared
vidicons and other camera systems.

A closer look

A field ion microscope, which can
perceive objects as small as 2 to 3
angstroms across, has hitherto been
available only as a custom-built
model. Now the Materials Research
Corp. has made one commercially
available. It costs $15,000—about
half the price of an electron micro-
scope, which has a 5- to 10-ang-
strom limit.

The field ion microscope oper-
ates near absolute zero and in a
high electrical field, making some
materials unsuitable for observa-
tion. At present, its use is limited
to certain solid-state materials; it
may, for example, provide more
knowledge about semiconductor
grain boundaries and the causes of
metal fatigue. Electron microscopes
have a wider application and can
be used to study living cells.

Four-front attack. The field ion
microscope contains four subsys-
tems: electrical, vacuum, cryogenic
and optical.

The sample to be viewed must
be etched down to a necdle point
a few angstroms wide. It is placed
in an evacuated chamber and
cooled to —258°F, the temperature
of liquid hydrogen. When a high
electrical field (about 100,000 volts
per centimeter), is created, the
ncedle acts as a positive electrode,
and field. evaporation occurs,
“cleaning” foreign ions from the
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surface of the sample. Part of the
electrical field in the chamber is
distorted by the sample, and equi-
potential contours assume the
shape of the sample.

After the “cleaning,” the field is
reduced and a small amount of an
inert carrier gas, such as helium or
neon, is allowed to seep into the
chamber. The electrical field trans-
forms the gas atoms into positive
ions, which are repelled by the
positively charged sample and pro-
pelled against a fluorescent screen.
The image created by the ions that
strike the screen is a magnified pro-
jection of the sample. A vacuum of
10—10 torr is maintained in the sys-
tem so that extraneous ionized par-
ticles will not interfere with the
image projection.

Head of the scope. All four of
the subsystems are built into the
head of the microscope, which is
essentially a liquid hydrogen dewar
on the bottom of which is mounted
a vacuum chamber. The chamber
has six service ports. Three are for
the vacuum system: one each for
the pump, the thermocouple vac-
uum gage, and a micrometer leak
valve to control gas pressure. One
of the remaining three ports has a
phosphor screen and fiber optic
window, where direct contact pho-
tographs can be made. Video tape
recordings can also be made by
attaching an image intensifier to
the fiber optic window. Another
port is for putting in auxiliary ap-
paratus, and the third is the high-
voltage input.

The microscope can also be op-
erated as a field-emission micro-
scope, by reversing polarities in
the high voltage supply.

Space electronics

Talking on light

The National Aeronautics and
Space Administration is still un-
decided as to which Gemini space-
craft will be used to test laser
communication—or whether it will
test it at all during the Gemini
program.

Scientists know they can pack
more information on a laser beam
than on a radio beam; they think
laser communication will be better
through deep space, and they also
believe the beam will be able to
pierce the ion plasma sheath that
surrounds a craft and blocks radio
communication during reentry.

Although the laser test is tenta-
tively slated for Gemini 10’s flight,
the Geminis 7 and 11 are also in
the running. A decision may come
when NASA asscsses the results
of the laser’s first airborne test,
which was scheduled for last
week. In this test, a more prosaic
craft—an F-100 jet at the White
Sands Missile Range—was to be
used in simulated space-to-carth
communications with a system de-
veloped by the International Busi-
ness Machines Corp.

Slaved labor. A NASA FPS-16
tracking radar was to lock onto
the aircraft and aim a slaved op-
tical receiver at it. The ground re-
ceiver consists of a light-collecting
reflector system, a photomultiplier
capable of sensing the laser beam,
and a low-power laser beacon.

The airplane’s laser transmitter
is aimed manually at the ground
beacon. When the beacon is lined
up, the operator starts talking into
a microphone. Circuits in the laser
transmitter modulate the sound
into electrical pulses, which are

NIKE -AJAX
TRACKING
PEDESTAL
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In test of laser space communication,
radar locks onto plane and directs
slaved optical receiver. Operator in
plane aims laser transmitter manually.
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New; increased power, compact size,
with the reliability of glass...

4=amp glass rectifier

—ali~

this small

s=watt glass zener

—ailllps —

this small

Two more firsts from Unitrode

These new units, with hard glass fused to the silicon sur-
face — have the same voidless monolithic construction as
the original Unitrode diodes and zeners of long-proven
performance. Differing only in their slightly larger size,
the new units offer higher power and higher surge capa-
bility with the same controlled avalanche and transient
overload protection of the smaller devices. Unaffected
by all military environmental testing, specified catalogue
parameters are end-of-life limits.

New rectifier types are rated to 4 amps, PIV's from 50 to
800 volts, surges from 60 to 100 amps — all with controlled
avalanche reverse characteristics.

New zeners, with 5 watt continuous ratings, fill the ,
rating gap between 1 watt and 10 watt with low dynamic L j
impedance and low leakage — voltage range is 6.0 to 400
volts. They withstand surges of 200 watts — two to three
times that of conventional stud mounted 10-watt zeners.

Axial leads make mounting a simple task. Write or call . .. .

Unitrode Corporation, 580 Pleasant St., Watertown, Mass. ®

02172. Tel: (617) 926-0404, TWX: (617) 924-5857. U N IT R O D E
Nationwide distribution by Compar. "‘better always/ by design”
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then modulated into pulses of in-
frared light. The technique, called
pulse-frequency modulation, varies
the frequency at which the laser
emits bursts of light in relation to
an incoming information signal.
The pulsed beam is detected on
the ground and converted back
into electrical pulses, which are
then demodulated into sound.

Ranger 8's sharper eyes

Ranger 7 sent back beautifully de-
tailed television pictures of the
moon’s surface, but Ranger 8.
which was scheduled to be fired
about Feb. 20, is expected to pro-
duce even better ones. The reason:
an improved vidicon camera tube.

Radio Corp. of America engi-
neers who designed the cameras
for the spacecraft say the improved
tube provides 100% more sensitiv-
ity and 25% higher resolution than

i"- ;‘ .._lif'"'u

Six television “‘eyes’ peek out of
Ranger. Tube improvements sharpen
its perception of lunar surface.

Ranger 7’s. The camera was ex-
pected to perceive craters about
1% fect in diameter, half the size
of those Ranger 7 saw.

Ninth wave. Two of Ranger 8's
six tv cameras were equipped with
the improved tube. Ranger 9,
slated to be launched about March
19, will carry five of the new tubes.

RCA won’t disclose how it
boosted sensitivity.  But  John
Stumpf, production engincering

manager of vidicons for RCA, says
output has been increased to 20
nanoamperes from 10 nanoamperes
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at 0.4 foot-candle-seconds. Resolu-
tion was stepped up to more than
1,000 lines from about 800 lines.
To achieve this, RCA scientists
installed a finer mesh in the tube
and processed the thermionic
cathode differently.

The finer mesh—1,500 lines per
inch instead of 750—introduces less
noise, thus improving the signal-
to-noise ratio. By changing the
chemical technique of converting
the cathode’s basic carbonates. the
enginecrs obtained a uniform sur-
face, which produced a more con-
centrated, denser bundle of heams.

Lower temperature. A new dark
heater also was added to improve
reliability, boost cfficiency and
lower operating temperatures. The
white heater used in Ranger 7. the
designers  found, wasn’t strong
enough to withstand the on-off
cveles for long periods. The new
device, which boosts emissivity to
6 from 3, is made of rhenium tung-
sten instcad of pure tungsten,
which is more brittle. The new
material, which lasts four times as
long as pure tungsten, is coated
with aluminum oxide impregnated
with tungsten; this provides a more
cfficient transfer of heat to the
cathode. The dark heater operates
200°K cooler with the doubled
emissivity.

Space salvage

An experimental military communi-
cations satellite hitchhiked a ride
into space this month—bhut it got
off at the wrong stop.

The satcellite, a 69-pound package
of eclectronic cquipment, rode up
atop a Titan IIT C and after a few
somersaults and other acrobatics,
incliding repeated stops and starts
to test the Titan’s versatility, was
placed in a 1,500-mile high orbit.
At this point the test satellite was
supposed to be kicked into a highly
elliptical orbit by its self-contained
rocket. But something went wrong.
and the satellite ended up circling
the earth in the same orbit as its
parent Titan rocket—smack in the
middle of the Van Allen belt.

Radiation’s effects. The satcllite’s
planned role in military communi-

cations tests has been washed out.
But the shot is not a complete fail-
ure; scientists now hope to learn
something about how the high ra-
diation belt affects the electronic
equipment  aboard the satellite,
called LES I, for Lincoln Experi-
mental Satellite. The craft, pow-
ered by solar cells, broadcasts in
the X-band (8,000 megacycles). It
was designed and built by the Lin-
coln Laboratory of the Massachu-
setts Institute of Technology.

Enginecrs say they are getting
good-quality telemetry and X-band
signals from LES’ transponder, the
fist all solid-state one in space.

Spinoff. Also working well was
an carth-sensing and antenna-
switching system that was de-
signed to provide directional trans-
mission of signals from a spinning
spacecraft without elaborate sta-
bilization techniques. LES has
eight transmitting horn antennas.
As the craft spins, an electronic
switching system, using optical de-
tectors, shifts the transmitting sig-
nal to the one horn facing the carth.

Still in doubt was the operation
of a magnetic system to prevent
temperature imbalance on the face
of the satellite. LES spins on one
axis only. When one side of a sat-
ellite is pointed to the sun for an
appreciable time, it gets hot, while
the other side gets cold; the severe
imbalance can harm solar cells and
clectronic gear inside the craft.

Twist in space. To overcome this
problem, LES designers connected
solar cell panels at cach end of the
satellite to a set of electromagnetic
coils inside the craft. When the
panels on onc end of the satellite
are exposed to the sun, current
flows to the coils, creating a mag-
netic field. The field interacts with
the carth’s magnetic field and pro-
duces a twisting force which alters
the angle of the spinning satcllite.

LES has 18 squarc panels cov-
cred with solar cells to generate
clectrical power. It operates only in
sunlight.

A command signal from the
ground can turn off the telemetry
transmitter. A timer is supposed to
turn off LES’ power at the end of
two years, so that it will not clutter
up the radio spectrum.
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Why settle for too little
or pay for too much

in a digital voltmeter? | .now you can get

exactly what you need at a
sensible price from KIN TEL

These eight KIN TEL instruments, plus off-the-shelf accessories,
meet every known requirement for digital voltmeters. This means
you no longer have to over- or under-buy. You just select the one
instrument that delivers the exact degree and combination of
speed, accuracy, stability, adaptability, range, and reliability your
particular applications call for.

Militarized Digital Voltmeter (Model 412). Rugged, programmable,
differential input. Auto ranging, displays polarity. Measures AC e
and +=DC potentials between 0.001 and 999.9 volts. Accuracy is
0.019% (of reading) =1 digit for DC, 0.1% of full scale for AC.
Designed to MIL-E-4158A. Ideal for use in automatic systems. ; ,\
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Price, in quantities of five or more: $10,000.
DC Digital Voltmeter (Model 864A). New ! High speed, solid state,

programmable, modular construction. Measures 0.000 to =999.9 4
volts to an accuracy of 0.02¢ of full scale +0.019 of reading

(23°C *1°) or 0.059% of full scale (10°Cto40°C) within approxim-

ately 0.02 second — within 0.005 second when programmed to any e
single range scale. Bidirectionally follows inputs changing as fast
as 10 volts per second on the low range, 100 volts per second on
the 100-volt range, or 1000 volts per second on the high range.
Has electrical outputs for BCD, BCD excess-3, or 10-line parallel
signals which are accessories. Price: From $3180.

AC/DC Digital Voltmeter /Ratiometer (Model 551). New! First to
bring you 5-readings-per-second speed with mercury-wetted relays.
Full 5-digit, measures DC from 0.0000 to +999.99 volts to an
absolute accuracy within 0.005¢¢ of full scale +0.005% of reading,
AC from 30 to 10 kc between 0.0000 and 999.99 volts to an accuracy
within 0.05¢% of full scale 4+0.05% of reading. Ratio accuracy is
0.0059% of full scale +0.001% of reading. Adaptable without modifi-
cation to fit a variety of data-logging systems. Ideal for laboratory
use. Accessories include projection readout, BCD mercury-relay
output, 10-line mercury-relay output, and AC converter. Price
(without optional visual readout) for the basic 5-digit instrument
with buffer register and auto/manual/command range: $1150.

DC Digital Voltmeter and Ratiometer (Model 507D). Measures volt-
ages between *100 microvolts and +1000 volts, ratios hetween
+0.0001:1 and #+999.9:1 with 0.01% (of reading) =*1 digit ac-
curacy. Accessories permit AC/DCand AC/AC ratio measurements.
Stepping switches guaranteed for 2 years. Price: $3835.

DC Digital Voltmeter (Model 501B). Four-digit, fifth-digit over-
ranging. Measures DC between * 100 microvolts and =1000 volts,
with 0.019% (of reading) #*1 digit accuracy. Automatic or program-
mable range; auto polarity. Combines the useful accuracy of a
5-digit voltmeter with the price advantage of a 4-digit voltmeter.
Stepping switches guaranteed for 2 years. Price: $2995.

DC Digital Voltmeter (Model 501BZ). Similar to Model 501B (see
ahove). Circuit is automatically and continually calibrated against
a Zener diode reference source instead of against an unsaturated
mercury-cadmium standard cell. For submarine and other special
environment applications. Price: $3160.

AC/DC Digital Voltmeter (Model 502B). Gives you AC accurvacy
within 0.1% of reading; over-ranging on both AC and DC; auto-
matic ranging and remote (programmabhble) control. Measures
DC between + 100 microvolts and + 1000 volts. AC from 30 cps to
10 kc between 1 millivolt and 1000 volts. Five-digit readout.
Stepping switches guaranteed for 2 years. Price: $4245.

AC/DC Digital Voltmeter (Model 502BZ). Similar to the Model 502B
(see above). Circuit is automatically and continually calibrated
against a Zener diode reference source instead of against an
unsaturated mercury-cadmium standard cell. Price: $4410.

Write for detailed literature or a demonstration of any of these exceptional
Instruments. Representatives in all major cities. All prices FOB, San Diego,
Calif. (Additional export charge.)

Visit our Booth Number 3602 — - A [ =35 .;.,'

- ¢

af IEEE Show, March 22-25 Box 623 | < : o B I
San Diego, California 92112 e e e TS
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Sigmarelayidea of the month.

A simple way to

control a slave relay

accurately at
a predetermined
voltage level.
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Here’s a circuit idea you may be able to use or
adapt to help solve a current design problem. It’s
a close differential relay circuit that operates and
releases a slave relay at a predetermined voltage
level with essentially a zero deadband. One inter-
esting application of this circuit is in the precise
control of a process requiring a particular con-
centration of chemicals. The sensing relay (a
Sigma Series 4) has to respond to the minute out-
put of a conductivity bridge. A four-pole slave
relay (a Sigma Scries 44) controls respectively:
1. flow of the chemical. 2. heating equipment.
3. stirring equipment. 4. indicator lights.

Such a circuit is equally applicable for servo-
control, temperature, pressure, battery charging,
humidity, and salinity controls. It can be used on
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DC or, with rectifiers, on AC. Here’s how it
works:

When the input voltage rises to V1, the pickup
voltage of K1, its NC contact opens, inserting R3
in series with its coil. R3 is chosen so that it will
then cause K1 to drop out. If the input continues
to rise, a voltage V2 will be reached above which
R3 can no longer cause dropout of K1. Thus, if
the input is between V1 and V2, relay K1 will
oscillate at a rate determined by capacitor C1.
The resulting pulses are fed to an integrating ca-
pacitor and relay K2 which provides the final
load contacts.

If you have a relay idea or can show us how to
improve this one, we would like to hear from you.
Your relay idea could be the next one we publish.
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Sigma relay of the month.

new 5 amp.

PDT general ur-
ose relay wit

a 50 pps

response rate.

Here’s a new Sigma relay (Serics 44) you will find particularly ~ Test and compare it with the make you
useful for on-off applications in computer, telephone and control  are now using—free of charge. Just send
equipment and for general purpose usages. It has a load capability ~ for the new Series 44 bulletin and a frec
from low or intermediate levels to 5 amperes, and a 50 pulse per relay redemption certificate. Fill out the
second response rate. certificate and return it to us. Your Sigma

It is a miniature relay yet it carries all loads up to 5 amps more Series 44 relay will be sent*to you—free
efficiently and reliably than comparable types. This is made pos-  of charge.
sible by its unique contact pile-up which allows a 30% greater
cross-sectional area of the switch members.

Its response rate is higher (50 pps) because of its small, low-
mass armature design. And there are more advantages to the
Series 44:

Long life reliability—Life expectancy, 400,000 operations at 5
amps—>5 million operations at intermediate loads.

Easy circuit maintenance and trouble shooting—Cover can be
removed without taking relay from socket. Front position of
armature and contacts makes it simple to trouble shoot system
circuits...by mechanically operating armature or by isolating
circuits by inserting insulators betwween contacts.

Check out all the features of the Sigma Series 44 for yourself, &

SICMA DIVISION &= SICMA INSTRUMENTS INC

-~ Assured Reliability With Advanced Design/Braintree 85, Mass.
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Almost a

DESCRIPTION

The new Philbrick P2A can be
used as an clectrometer to measure
currents less than 10-'2 amperes
routinely, yet it exhibits unusual
voltage stability. Briefly, it is an all-
silicon, solid-state, high gain dif-
ferential operational amplifier with
no inherent common mode crror
and with fully floating input.
Model SP2A is a plug-in amplifier
with the same circuit as the P2A
but has the additional benefit of
guarded inputs. The P2A is
mounted in a die-cast aluminum
case measuring 44s” x 13”7 x 1'4{”.
Model SP2A is wired on an ctched-
circuit glass board with 15-termi-
nal gold-nickel edge conncctors
and shiclded by an exoskeletal
nickel-plated steel case measuring
3% x 114”7 x 23%4”.

CHARACTERISTICS:

TYPICAL INPUT OFFSET
CURRENT ............ < 10-'2 amp.

INPUT IMPEDANCE (to common)
>1020

OUTPUT .............. 2maat == 10V

TYPICAL VOLTAGE OFFSET
(0°C to 65°C) ..cevvvvivnnnnn. 3 mV

DELIVERY .......ccoocovuee. From Stock
PRICE ............ $227.00 each (1-4)

For complete technical data, get in
touch with your Philbrick Engi-
necring Representative or
Philbrick Researches, Inc.,
22 Allicd Drive at Route 128,
Dedham, Mass. 02026.
Telephone: 617-329-1600.
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CURRENT NOISE .... <10~ amp.
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PHILBRICK

APPLICATIONS

Models P2A and SP2A may be
used with virtually any gain in the
measurement of voltage or current
from high impedance sources, as
integrators or sample-and-hold cir-
cuits having exceptional holding
ability, as wide-range logarithmic
amplifiers, for precise differential
amplification and for many other
applications. Some examples:

FOLLOWER-AMPLIFIER

—0 e=Ri,
R R/n

CURRENT AMPLIFIER

CURRENT-TO-VOLTAGE TRANSDUCER

e=k(e,-e,)

ADJUSTABLE-GAIN SUBTRACTOR

R R

ej (—-0 e

TRACK-AND-HOLD CIRCUIT
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Astrodata’s New Astrolock-loop
FM Subecarrier Discriminator

labilly3

Within +0.01% of center frequency for
24-hours after a 5-minute warm-up.

The Astrodata Model 402-201, all
solid-state FM subcarrier discrimi-
nator utilizes the new Astrolock
phase-frequency detector, crystal-
referenced, FET chopper-stabilized
VCO, and current mode loop filter,
which are proprietary developments
of Astrodata, Inc.

This completely new and different
type of locked-loop discriminator
gives performance exceeding that of
both conventional phase-locked-loop
and pulse-averaging types of discrim-
inators.

The new crystal-referenced, FET
chopper-stabilized VCO provides
state-of-the-art performance in sta-
bility and linearity, without a tem-
perature controlled oven.

The Astrolock detector, with its com-
posite phase-frequency characteristic,
assures positive lock-in at any signal

24 *Trademark
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Linean

Better than +0.02% of full

bandwith, best straight line.

level within the 66 db dynamic range.
True locked-loop performance is pro-
vided for deviations up to =40%,
with specified linearity. A quadrature
detector mode of operation, selected
by a switch on the front panel, pro-
vides correlation detection for ex-
tremely low S/N signals.

The Model 402-201 introduces a new
method of tape-speed compensation in
which the reference frequency is
processed in the frequency domain.
As a result, tape speed compensation
is perfect at any fixed frequency from
lower bandedge to upper bandedge,
and is better than 30 db for intelli-
gence frequencies up to a modulation
index of 4. Deviations of more than
+89, anywhere in the band can be
accommodated. No adjustments are
necessary.

With this new Astrodata Tape Speed
Compensation system, the over-all

—~—

stability for a given data channel is
that of the data discriminator alone,
whereas in a conventional system the
over-all stability is the sum of the sta-
bilities of both the data discriminator
and the reference discriminator.

A complete line of accessories is avail-
able for use with the Model 402-201.
Channel Selectors and Low Pass Fil-
ters are provided for all standard
IRIG and Constant Bandwidth center
frequencies up to 300 ke. Six discrim-
inators and one common power sup-
ply mount in a rack adapter which
occupies a panel space of 7-in. x 19-in.

For complete technical information
on Astrodata’s unique Astrolock -
loop FM Subcarrier discriminator
and full line of telemetry components,
call your local Astrodata engineering
sales representative or write to us
directly.

ASTIROIDATA INC.
P. 0. Box 3003 + 240 E. Palais Road + Anaheim, California 92803

TEL. (714) 772-1000 ¢ TWX 714-776-3760 o FAX ¢« TELEX O6-78828 + CABLE ADDRESS « ASTRODATA, Anaheim
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Every fifth employee a qu.ality—control “bluecoat”!

This extra attention 1s part of

BOURNS

TOTAL VALUE

In most electronic-component companices, a ratio of one
qualitv-control worker in every ten employees is con-
sidered adequate. In many firms, the figure is one in
fifteen. At Bourns—where blue means quality control—
one employee oul of every five wears a blue coal.

This fact just begins to reveal the emphasis that Bourns
places on quality and reliability. With inspectors on every
line, at every key assembly station...with 1009, final
inspection. .. Bourns far exceeds the QC effort of most
component manufacturers.

In 1957 Bourns pushed its standards to a new peak by

ereating its now-famous Reliability Assurance Program.
In this program—unique in the potentiometer industry
—monthly samples are taken at random from stock and
tested for conformance (o all electrical and environ-
mental specifications established by Bourns. These
checks, conducted in addition to other quality-control
measures, make Bourns products the most thoroughly
tested of their kind.

In fact, this program makes reliability a product in
itself. You can always recognize it by the name Bourns
on the label.

THIS IS BOURNS TOTAL VALULE / Always your best value in potentiometers

EXCLUSIVE RELIABILITY
PROGRAM

The Bourns Reliability Assurance Program
is the only one of its kind in the potenti-
ometer industry. Its primary goal is
reliability! It frequently requalifies all
standard models to insure conformance
with published specifieations. It also makes
available free test data. saving vouthe time
and expense of quality verification. Con-
dueted in addition to quality control, it
makes Bourns potentiometers the most
thoroughly inspected and tested units
available.

SUPERIOR QUALITY CONTROL

One-fifth of all Bourns employvees work in
quality control or reliability monitoring.
This is one of the highest personnel ratios
of QC employvees and inspeetorsin the elee-
tronies industry. In addition, all standard
Bourns produets undergo extensive in-
process and 1007 final inspection. These
facts help account for the company’sreturn
rate of only 0.29; (2 units returned of each
1000 shipped!), one of the lowest on record.

MOST ADVANCED PRODUCTS

As the pioneer in adjustment potentio-
meters, Bourns has set the standards for
an entire industry—in new produets. in
product improvements. in materials, in
processes. Innovations such as the
RESISTON® carbon and pavLirivn® film

TRIMPOT is a reqaistered trademark of Bourns, Inc.

elements and the virtually indestructible
SILVERWELD® termination demonstrate
that Bourns is constantly pushing the
standards higher.

LARGEST SELLECTION

Bourns offers the world's largest selection
of potentiometers and an extensive line of
precision potentiometers, relays and micro-
components. This single-source capability
means less shopping around, avoidance of
costlyv specials.

BEST AVAILABILITY

The factory maintains a constant reserve
of more than 500.000 units. In addition,
more than sixtv distributors across the
nation earry complete stocks of Bourns
adjustment potentiometers. Whatever vou
need in potentiometers, vou can depend on
Bourns for an off-the-shelf answer.

OUTSTANDING APPLICATIONRS
ITELP

Bourns maintains a stafl of ten professional
Application Ingineers whose sole job is to
give vou technical assistance. Each of these
specialists serves a specifie geographic area.
All are extremely able and anxious to help
vou cut time, corners and costs.
LONGEST EXPERIENCE,
RELIABILITY

Bourns—originator of the TrinproT® lead-
screw-actuated potentiometer—has

been making adjustment potentiometers
longer than any other manufacturer.
Bourns products have the longest reliability
record, too, having performed successfully
in every major U.S. missile and space pro-
gram. And the record continues: in today’s
world-wide markets, far more adjustment
potentiometers bear the Bourns label than
any other.

COMPETITIVE PRICES

Depth of product line and high production
efliciencey allow Bourns to meet or beat the
prices of competitors —despite its heavy
extra expenditure for produet reliability.
Furthermore. Bourns “holds the line” on
prices while continually upgrading its
products. In those cases where a Bourns
unit is slightly more expensive, you can be
sure that the small extra eost means con-
siderable extra value. It is a firm Bourns
policy never to compromise quality for price.

BOURNS, INC., RIVERSIDE. CALIFORNIA

Manufacturing Facilities
RIVERSIDE, CALIFORNIA; AMES, IOWA
Subsidiaries
TORONTO, CANADA; ZUG, SWITZERLAND

©1965, BOURNS, Inc.

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION
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1961 1962

The eighth year

of significant improvements
in CORNING precision resistors

You'd never know it just by looking at
them, though. Our engineers don't
even have tail lights to change from
year to year.

But on the little things inside, they're
tigers.

Take TC. for example. Back in 1958,
our CORNING® N-Insulated Series of
resistors went on the market with a
TC of £500 ppm. Not too bad,

not too good.

We went to work on it and whittled
the TC down to + 300 ppm in our
1960 model. In 1961, we'd squeezed
TC down to +200 ppm—it was
getting tougher.

Then, in the 1962-63 versions of

CORNING RN Resistor types, we
screwed the TC down to +150 ppm.

And last year, in the CORNING®
NA Resistor Styles, we held TC to
+100 ppm. But TC isn’t everything.

Soon we will announce a

major advance in the over-all stability
and performance of CORNING
precision resistors—once again
improving our basic glass tin oxide
component which already holds well-
established benchmarks for long, flat
load-life performance.

Actually, we made a big interim
improvement in that stabitity with the
CORNING® NA-Resistor. Look at the
Design Tolerances we've assigned to
the Characteristic D NA-Resistor—
+1.9%/20.000 hours for the NA55D
and NABOD; + 3.2%/20,000 hours
for the NA65D, and +4.3%/20,000
hours for the NA70D—all calculated
within 3 sigma limits.

These Design Tolerances include the
1% purchase tolerance and ali AR
due to TC and load-life drift.

With the CORNING NA-Resistor as

with no other precision resistor you've
ever used, you know the parameters
of its performance under load.

PHYSICAL CHARACTERISTICS

Mil COming  wattage Resistance (ohms)
Tee  Type Thin wax.

RN55D NA55D % 51 160K
RYG0D NAGOD % 10 249K
RNG5D NAB5D % 10 500K
RN70D NA70D % 51 1 Meg.

Order from your nearby Corning
distributor, or write for full technical
data to Corning Glass Works,

3913 Electronics Dr., Raleigh, N. C.

CORNING

ELECTRON.I
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COAXIAL CABLE — Chester Cable Corp. offers a complete
line of coaxial cable for military and commercial applications.
Manufactured in accordance with MIL-C-17, JAN-C-17 and
commercial specifications. Constructions include solid, air-
spaced and foam dielectrics with conventional braid shields or
flat copper tape shields, having PVC or polyethylene jackets.
Custom designed constructions of triaxial cable and high
frequency-high voltage cable are also available.

MULTI-CONDUCTOR CABLE — Wide range of custom
designs available, manufactured in accordance with such
industry standards as MIL specs., U/L, CSA, IPCEA, EIA,
IMSA, ASTM, ete.

Chester Cable Corp. is a preferred source for quality elec-
tronic and electrical cable, insulated and jacketed with ther-
moplastic materials such as polyvinylchloride, polyethylene
and nylon. Custom designs of shielded or unshielded cable in-
clude: Control Cable *+ TV Camera Cable + Missile Cable * In-
tercom Cable - Computer Cable - Special Hi-Voltage Cable
and Parallel Bonded Ribbon Cable.

MIL-SPEC WIRE — Made in accordance with specifications
MIL-W-16878 (Types B, C & D), MIL-W-76B (Types LW,
MW & HW) and MIL-W-5086A for electronic systems. Avail-
able in single or multiple constructions, shielded or un-
shielded, with or without nylon or PVC jackets.

\U

WIRE AND CORD FOR THE APPLIANCE INDUSTRY —
U/L and CSA approved, 60°C — 80°C — 90°C — 105°C
appliance wiring material — SVT, SJT, ST cord, SJTO &
STO oil-resistant cord, SJT & ST oil-proof cord, SPT cord
with or without individually insulated ground wire. Used for
washers, dryers, refrigerating, air conditioning, vending,
heating, X-ray and other electrical and electronic equipment.

RADIO AND TV CIRCUIT WIRE AND CABLE —U/L and
CSA approved, 60°C — 80°C — 90°C — 105°C appliance and
radio circuit wire, microphone cable, shielded and unshielded

audio circuit wire, twin lead antenna wire, phonograph cable,
parallel-bonded color convergence ckt. cable, braided hook-up
wire, hi-anode wire, hot chassis lead, balun-coil wire, shielded

constructions with spiral, braided, aluminum-Mylar tape and

conductive materials; all available in Thrif-T-Bond® tinned

over-coated conductors.

—— MISCELLANEOUS WIRE AND CABLE—Machine Tool Wire

—= = * Bus Drop Cable - Flexible Test Lead Wire - Municipal Signal
— — Cable - Low Energy Circuit Control Cable - Station Control
Cable - Inter-Office Communication and Signaling Cable
* Deep-Well Submersible Water Pump Cable - Gas Tube Sign
and Oil Burner Ignition Cable - Intercom Cable * Gasoline
and Oil Resistant Wire - Computer Cable * Uninsulated Bus
Wire - Parallel and Jacketed Cord - Braided Ground Strap,

> and special custom designed cable for your applications.

Write or phone for further information.

@ CHESTER CABLE CORP., A Subsidiary of Tennessee Corporation, CHESTER, NEW YORK 10918
Phone: 914 — 469-2141 + TWX: 914 — 469-7011 Printed in U.S.A.



Navy managers
to guide projects

Arm-twisting
to end gold drain

Bids sought
for Poseidon

Navigation satellite
getting boost?

Washington Newsletter

February 22, 1965

Without waiting for an expected Defense Department directive, the
Navy is moving quickly to put managers on high-priority projects. The
directive, which will be submitted to Pentagon boss Robert S. Mec-
Namara for approval March 1, makes mandatory a project manager for
jobs urgently needed for national defense, for those of top-level in-
terest, for extremely expensive or complex systems, and for those to be
used by more than one service agency.

The manager, a military man, will have authority to cut red tape in any
department to get the job done. The Navy has hitherto split up most of
its project development among various bureaus; within a year it hopes
to catch up with the Air Force and the Army in the number of projects
handled by a manager. Of the Air Force’s 100 projects now under some
form of project management, less than 20 will satisfy the new regula-
tions; almost all of the Army’s 30 will be in line.

Contractors generally favor the plan. A spokesman for the American
Machine & Foundry Co. says: “We know where to go to get a quick
answer.”

The electronics industry sees some arm-twisting in the Johnson Admin-
istration’s “voluntary” program aimed at solving the chronic balance-of-
payments problem.

Companies that maintain manufacturing operations overseas or use
imported components are being told they’re expected to limit their direct
investments abroad, their deposits in foreign banks and their holdings of
foreign financial assets.

While this program is billed as voluntary, the implied alternative,
direct federal controls on companies’ overseas investments, is so distaste-
ful that businessmen are expected to cooperate.

The Commerce Department will counsel restraint only on investments
to be made in industrial countries that tend to accumulate dollars that
can be turned in for United States gold, especially Japan and some
Western European countries.

The Navy is calling for project-definition proposals for its new Poseidon
missile by early next month. Contracts for the definition studies, which
are to last six to seven months, will be awarded in late March or early
April.

The Poseidon dollar seems certain to go to the same companies that
produced earlier versions of the Polaris missile. Drawing up proposals
are the Massachusetts Institute of Technology’s Instrumentation Labora-
tory for the guidance system, the General Electric Co. for fire-control
systems, the Raytheon Co. for guidance system and the Lockheed Aircraft
Corp. as prime contractor for over-all project.

The Navy is reportedly negotiating with industry for production of a
small, lightweight receiver that surface ships can use with the Transit
navigation satellites. Printed readout of navigational data is provided.
Navy brass won’t confirm it, but it'’s understood that they are highly
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Bigger ears
for Mars probe

Merged union
would be tougher

Contracts imminent
on avionics orders

62

Washington Newsletter

pleased with the performance of the system, which provides positions
accurate to hundreds of yards.

The unit was developed under contract by the Johns Hopkins Uni-
versity Applied Physics Laboratory, which also contributed heavily to
development of the basic Transit system and the more precise and larger
satellite navigation equipment that is currently used by the Polaris sub-
marines.

Work is also under way to outfit planes with satellite navigation equip-
ment. This step is still considered to be three years or more away from
perfection, however.

The National Aeronautics and Space Administration will need at least
two more 210-foot-diameter antennas for its worldwide deep-space track-
ing network if Congress approves the agency’s Project Voyager plan to
land an instrumented capsule on Mars in 1971.

A prototype facility to be finished in 1966 is already under construction
by the Rohr Corp. at Goldstone, Calif. The two additional facilities will
probably be built in Australia and Spain, with a possible third one in
South Africa.

NASA has 85-foot-diameter dishes at these sites now, but needs the
larger antennas if it is to obtain the maximum scientific data from the
$1.2-billion Project Voyager. The 85-foot-diameter dishes can only
receive about 8 bits per second from a Mars spacecraft, compared with
74 bits per second for the larger antennas.

Money for the additional antennas probably will be requested next
year. Cost per facility is around $18 million to $20 million.

Tougher labor bargaining is in prospect for electronics companies if the
powerful United Auto Workers take over the 300,000-member United
Electrical Workers union. UAW President Walter Reuther is working
for a merger.

A combined union, with a total membership of about 1.6 million,
would put up a stronger front in negotiations with electrical manu-
facturers, particularly the General Electric Co. and the Westinghouse
Electric Corp.

Contracts for several major military avionics systems are about to be
awarded.

The Navy will choose between the AC Spark Plug division of the
General Motors Corp., the Sperry Rand Corp., North American Aviation,
Inc., for development of the Integrated Light Attack Avionics System for
use aboard the A-7A aircraft.

The Air Force will select three or more contractors from 10 competitors
for pre-project definition studies of the Mark II system to be used on
the F-111A fighter-bomber. And the Navy is expected to authorize
Teledyne, Inc., to proceed with the integrated helicopter avionics
system (IHAS) which has been delayed for months. Under Defense De-
partment pressure, the Navy has now dropped several THAS subsystems
to reduce its cost.

The Army has called for proposals by Feb. 25 for research and develop-
ment of an avionics package for the light observation helicopter.
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o TMR-2A: 215 to 265 mc Tuning Range; VFO or XTAL controlled.
FM or PM.

e DEI TELEMETRY RECEIVERS...

Pre-D: Plug-in record and playback modules.

Technically Superior
Reliable by design

« TMR-5A: 55 to 2400 mc; Tuning Units VFO or XTAL controlled, Mo d U | ar for HeXI b | | Ify
AM/FM, PM.
FM Demodulators—Wideband, Narrowband, Phase lock. -I bl
Phase Demodulators—Short loop. AVGI G e nOW

'_ mﬁ. : 'e.-rfv

i OQ.Q‘Q o%" i A

i 989 . e 8 / Telemetry receivers are very important at DEl. Devel-
— - 85 opment and planning never stop. We consider new
o TMR-6: 50 to 1000 mc; Fixed Frequency XTAL controlled requirements, new components and the constant
RF Tuning Units. AM, FM or PM. need to advance telemetry system performance. It

FM Demodulators—Wideband, Narrowband, Phase iock. ) -~ .
Phase Demadulatals—Long)I66p. is a rare telemetry receiving function that cannot be
Pre-D: Plug-in record modules. met by a DEI catalog receiver/module combination.

: i ] : 4

Q)Q ;| ° oy ° DEI receivers that have been in use for many years
oy, © are updated by module changes to achieve new sys-

' @ | g —
'000® 3 2 tem characteristics. System modifications are_intro-

bl ¢ ,:“., : duced with minimum interruption when the DEI
® g’ ¢ modular approach is used.
2 o e 1< . ™)

s e A For your telemetry applications, consult DEI, the
i @ a o ®e ‘ﬂ company where receivers and receiving systems are

o constantly being improved.
* TR-101: 100 to 2400 mc; Tuning Units VFO, XTAL controlled

and Automatic Phase Control. AM, FM or PM.
Dual Data Channels.

FM Demodulators—Wideband, Intermediate, Narrowband. Write or call DEI for your copy of detailed specification sheets.
Phase Demodulators—Long loop, Short loop.

.l - - lf“."“' el a‘
A e Mt 4 ey

SR e o : o QADETTEN

o lve Yows mdl

® TR-711: 100 to 2300 mc; Tuning Units VFO, XTAL controlled

DE]

and Automatic Phase Control. AM, FM or PM. vagfggir/;(/:vf;

FM Demodulators—Wideband, Intermediate band, Narrowband. MANUFACTURING

Phase Demodulators—Long loop, Short toop.

Plug-in display unit or Pre-D record and playback modules, s

or oscilloscope. Defense Electronms, Inc.
® These receivers are compatible with TDC and DC series Rockville, Maryland

Diversity Combiners and the PRU-1 and PD-101 Predetection
Record/Playback units. Plug-in IF bandwidth determining
modules and plug-in demodulators are used in these receivers.

Other options are described in individual receiver data sheets.

. ROCKVILLE, MD. (301) 762-5700, TWX: 302-427-4660; SHERMAN OAKS, CALIF. (213) 872-2870, TWX: 213-783-2742; COCOA , FLA. (305) 632-5400,
TWX: 305-632-5442, WILLOW GROVE. PA. (215) 659-5051: INT'L.. ROCKVILLE, MD.; CABLE: DEIUSA
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The best buy in digital voltmeters
since NLS invented them

4 digits Ny S

+0.01% precision

high common mode
rejection

transistor circuits P

L

oy

What’s the catch? There isn’t any. That’s the
beauty of the new NLS 5005 —a “big-lcague”
digital voltmeter selling at a stunningly low
price.

So how does NLS do it? Basically, through
volume production and a breakthrough in relay
technology (3 vears in the making).

Here’s what you get with every NLS 5005
(these are standard features — not options) :

o Full 4-digit resolution.

® Accuracy of =0.0/ % of reading =1 digit—
no other 4-digit dvin is more accurate . . . at
any price.

& High common mode rejection—I06 db min.
@ 60 cps, even with 1kQ source unbalance.

e [nput filter.

o All-transistor circutitry.

® High temperature operation —in test at
temperatures above 150°F, it continued to
operdte even when the case was too hot to
touch.

® Accessories to measure AC, Q and low-
level DC — with plug-in connection.

® Quality workmanship — by the company
that originated the digital voltmeter.

One word of warning — even though NLS
i1s producing the 5005 in volume, demand
could possibly exceed the supply for a short
time. Therefore, we suggest you order carly,
To do so...or get more information or ar-
range for a demonstration, contact NLS or
nearest NLS cngincering center (listed in eem).

Originator of the Digital Voltmeter

non-linear systems, inc.
Del Mar, California, Phone: (714) 755-1134 TWX: 714.277-3191

Sce it at the N, Y. IEEE Show —~ Booth 3047-49,
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If you want express service
for air shipments,

remember:

Atr Expres:

outdelivers

them ali ™.,
Al -

there’s only one Air Express.

In name, in speed, in service
there is only one Air Express.

What's in it for you if you use Air
Express? It means your shipments
get priority after air mail on every
scheduled airline in America. On
every flight. Even during peak night
rush hours.

It means you have at your finger-
tips the biggest fleet of trucks in

the business. Thousands of trucks
that speed deliveries between you,
the airports and your customers.
(Being a joint venture of all 39
scheduled airlines and REA
Express gives Air Express definite
advantages.)

[t means pickup within 2 hours of
your cail. Delivery to any of 21,000
U.S. cities by sunset tomorrow.

And, very often, at the cheapest
rate—frequently cheaper than sur-
face carrier!

So if you ship from 5 to 50
pounds anywhere in the U.S.A,,
you're missing a bet unless you
check Air Express. Call your local
R E A Express office and try us.

Air Express outdelivers them all
...anywhere in the U.S.A,

For booklet “When Air Express?” write Emil Seerup, Vice President, R E A Express, Dept. C2, 219 E. 42nd St., New York, N.Y.

Electronics | February 22, 1965
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Only one recorder/reproducer
can update your data analysis
better than any other...

It's called
Ticor II

Want on-line reduction capabilities in the lab, complete RFI shield-

ing, reliable single sideband recording, or serial PCM? Start by
reading a copy of TICOR II’s specs. You’ll discover 1.5-mc per-
formance previously thought impossible—like TICOR II’s time
base comparison between events, held within 0.5 ysec, anywhere
on the tape. Let our coast-to-coast team of experts show you

how it’s done. TWX 510-866-7099.

Mincom Division 3m

300 South Lewis Road, Camarillo, California
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Solution to “A dollar's value for every dollar spent”

ITT Cannon's Assurance of “'Total Value’” Program is de-
signed to provide customers with maximum value in all
interconnection areas at the lowest total cost. Backed by
ITT Cannon's specialized knowledge and years of expe-
rience, it is a program whose sole objective is to provide
TOTAL VALUE for your purchase through benefits and
savings not only in cost but in time and effort. When you
specify ITT Cannon as your source of supply, for one con-
nector or a thousand, Assurance of ‘“‘Total Value' begins
at the design stage and is methodically carried through
every facet of manufacture, assembly, maintenance and

logistics of supply. This assurance is applied to routine
purchases as well as to meet specific ‘‘Value Engineering
Clauses' under government contract or company spon-
sored programs. On all connector products, ITT Cannon

provides you with '‘a dollar's value for
CANNON

every dollar spent!’ For information,
or our booklet ‘“‘Assurance of Total

. PLUGS

je=—-—-——"—"-

Our 50th Year

Value,' write: ITT Cannon Electric,
©1965 ITT CANNON ELECTRIC INC.

3208 Humboldt Street, Los Angeles,
California. A division of International
Telephone & Telegraph Corporation.

TTT CANNON
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An up-to-date report

on MIL-C-26500 connectors

Circle 68 on reader service card

The MIL-C-26500 connector has been
called the most nearly perfect envi-
ronmental connector yet produced for
the space age.

No other connector is made to
such tight dimensional tolerances for
perfect mating. A compression seal
measured in thousandths of an inch
at the insert interfaces prevents en-
trapped air or contaminants from
interrupting electrical performance



under altitude cycling. This positive
environmental seal is what you get
with the Amphenol MIL-C-26500 con-
nector.

Maybe you've heard claims like:
“Interchanges with MIL-C-26500." Or
“Intermates with MIL-C-26500.”

In too many cases, they do not
mate with an accepted MIL-C-26500
connector like the one in the picture.

They will couple with the Amphe-

nol connector. They look like the
Amphenol connector. They may even
check out on some routine tests. But
one of two things happens when you
mix an unqualified connector with
the military version of the 26500 con-
nector: (1) An interfacial gap which
defeats the whole concept of a sealed
connector, or (2) interfacial compres-
sion, resulting in extreme galling or
wearing of the coupling mechanism.

Mixing MIL-C-26500 connectors
with unqualified connectors is never
recommended by either Amphenol or
the military.

Check the facts for yourself. A
new engineering report is now avail-
able on request: “Mating Interchange-
ability Study of MIL-C-26500 and
NAS-1599 Connectors.” Amphenol
Connector Division, 1830 S. 54th Av-
enue, Chicago, lllinois 60650.

CONNECTOR DIVISION
®

AMPHENOL-BORG ELECTRONICS CORPORATION

Specify Ampheno! . . . the leading name in cable, connectors, R switches, potentiometers, microelectronics
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172" MOTORS & GEARMOTORS
1000 INCH POUNDS TORQUE

Choose the exact speed-torque combination you need—up to
1000 inch-pounds (500 inch-pounds continuous). Globe's 1v2”
pm d.c. motors alone or with planetary gearing, governor or
brake give you 1/30 hp. continuous duty. With Globe 1v%2”
motors you don't need to shop for a speed reducer—just name
your speed and our application engineer will recommend the
ratio (22 standard ratios) and armature winding (21 standard
windings). Motors are for use with 4 to 115 v.d.c. Write for
Bulletin BG. Globe Industries, Inc., 2275 Stanley Avenue, Dayton,
Ohio 45404, U.S.A. Tel.: 513 222-3741.

GLOBE
INDUSTRIES,
INC.

SS motor SS governed SS pl(;netary

FAMILY OF 74" D.C. MOTORS

Basic Type SS p.m. motor produces up to 0.3 oz. in. @ 10,000
rpm continuous; 19 standard windings plus specials can meet
your speed, torque, and power requirements Size; 78" dia.
x 13”; weight is 2 oz. Voltages 4 through 50 v.d.c. or more.
MIL specs. Mechanically governed SS motors can regulate speed
within 2%; electronic governors, within a few parts per million.
Gear reducers further extend usefulness to 300 oz. in. torque;
21 standard planetary ratios, 28 standard spur gear ratios. If
you need a still smaller motor, ask about Type SD (342" dia.) or
VT (%" dia.). Request Bulletin SS from Globe Industries, Inc.,
2275 Stanley Avenue, Dayton, Ohio 45404, U.S.A. Tel.: 513 222-3741.

GLOBE
INDUSTRIES,
INC.

GLOBE

Circle 70 on reader service card

1-19/32” dia. x
4” to 5-3/16” long

SMALLER COMMERCIAL GEARMOTORS

Globe Type CFC commercial planetary gearmotors offer 83
ratios from 4:1 to 46,656:1 with torques up to 1000 oz. in.
in both hysteresis synchronous and induction units just V4
the size of right-angle gearmotors of comparable output.
Type CFC motors operate on 115 v.a.c., 60 cycles, with sync
speeds of 1200, 1800 and 3600 rpm or induction speeds of
1000, 1500 or 3450 rpm.

Globe commercial gearmotors are totally enclosed, main-
tenance-free, space saving and economical. Request Bulletin

CGM. Globe Industries, Inc., 2275 Stanley Ave., Dayton, Ohio
45404, U.S.A. Tel.: 513 222-3741,

GET THE EXACT
SPEED YOU NEED
IN ONE SMALL
PACKAGE FROM
GLOBE

When you need an exact output speed, check with Globe
first. We may be able to save you the time (and money)
it takes to shop for the correct a.c. or d.c. motor and a
separate speed reducer. Globe precision miniature
gearmotors are based on modular designs—permits fur-
nishing a custom gearmotor with virtually standard com-
ponents. And because Globe a.c. motors are basically
hysteresis-synchronous design, you don't pay a premium
for close speed regulation.

GLOBE INDUSTRIES, INC,

PRECISION MINIATURE A.C. & D.C. MOTORS., ACTUATORS.
TIMERS, CLUTCHES, BLOWERS, FANS, MOTORIZED, DEVICES
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This certifies thar

and test specifications.

BRIFICATY(

#is product meets all the manufactur;y,
g

8 Years of life tests are part of the package

Complete verification of product claims is one of the
things included in the package when you buy a Bur-
roughs readout. We happen to feel it's the manufac-
turer’s responsibility to prove his claims . ... not the
specifying engineer’s.

That’s why for 8 years Burroughs has been contin-
uously testing and improving Nixie® Tubes. When
you buy a long life Nixie Tube, you know we've had
its counterpart operating continuously for over 50,000
hours. Our average life figures (600,000 hours) and
MTBF figures (1,000,000 hours at 90% confidence

level) are solid fact, proven over and over in our own
plant, as well as in our customers’ equipment. Those
tubes haven't faded or failed partially, either . . . .
they’re bright as new (which of course means they're
brighter than any other readout going).

And remember Nixie Tubes are smallest size, light-
est weight, most readable and simplest to drive.

So don't check out your readout claims the ex-
pensive way. Just specify Burroughs Nixie Tubes....
they've been checked out for you.

Write for the new NIXIE Tube catalog.

Only Burroughs manufactures NIXIE Tubes.

PLAINFIELD. NEW JERSEY

ELECTRONIC COMPONENTS DIVISION

D Burroughs Corporatlon/




Your Comparative

Reterence Guide to CEC

Oscillographs, Accessories
and Support Iquipment

CEC Datagraph’ Recording Oscillographs-—
the standards of the industry

Type 5-133 — The instrument that has
established the present state-of-the-art, the
5-133 can record 36 or 52 channels of
data on 12-inch-wide light-sensitive paper
without chemical processing; its overall
capabilities exceed the most demanding
technological requirements. The 5-133's
static magnetic lamp power supply pro-
vides a start-restart time of less than «a
second, regardless of input voltage varia-
tions. Available RFI certified (inchiding
the remote control unit). the 5-133 offers
such other advantages as: slot-exit capa-
bility up to 160-inches-per-second; adjust-
able grid line intensity; record/event
numbering selected by front panel switch;
automatic record length control, continu-
ously variable from 0 to 150 feet; 12
recording speeds. pushbutton sclectable;
galvo light intensity controls; and modular
construction for maximum convenience
and efliciency.

72

Type 5-119 — A truly universal oscillo-
graph. the 5-119 has become a popular,
proven performer for laboratory, mobile,
airborne and marine use. The 5-119
accepts all three types of record magazines
making it possible to utilize every known
photographic technique. Both 36- and
50-trace models are available.

Type 5-114 —Versatile, accurate and
rugged. the 5-114 rccords data of static
and transient nature on 18 or 26 channels.
225-foot records on 7-inch-wide paper are
produced at speeds from 2 to 115 ips;
and the many CEC galvanometers avail-
able for usc with this instrument permit
the recording of dynamic phenomena in
the frequency range of d-c to 5000 cps.

Type 5-121 —This is the low-cost oscillo-
graph that's making industrial history.
Weighing only 40 Ibs. for complete port-
abilitv. the 5-124 offers big recorder
capability in a small-size package. Every
instrument provides up to 18 channel
print-out recording. integrated drive. push-
button control and extreme simplicity of
operation.

Type 5-113 —The 5-118 is ideal where
minimum size (5.5”x7”x 10” with maga-
zine) and light-weight (13.6 Ibs. with
loaded magazine) are required. Standard
features include 28 volt d-c operation,
9-channel trace capacity. plus one dynamic
reference trace. thermostatically con-
trolled magnet block hcaters, and trace
interruption.
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Comparative Datagraph Oscillograph Reference Chart

TYPE 5-114 TYPE 5-118 TYPE 5-119 TYPE 5-124 TYPE 5-133
DATA 18 9 36 or 50 6,12,0r18 36 or 52
CHANNELS Others Available
RECORDING 28 speeds Sipsorl0ips 16 speeds 5 speeds 12 speeds
SPEEDS .45 to 115 ips Others Available 0.1to 100 ips .125 to 32 ips .1to 160 ips
or.16 to 160 ips .25 to 64 ips or
.5 to 128 ips
FREQUENCY D.c to D.c to D-c to 8000 cps D-c to D-c to
RANGE 5000 cps 5000 cps or 13,000 cps 13,000 cps
D-c to 13,000 cps
METHOD OF Conventional Conventional Conventional or Direct Print Direct Print
RECORDING Direct Print
RECORD WIDTH 7 inches to 3.5 inches to 12 inches to 7 inches to 12 inches to
LENGTH 225 feet 70 feet 475 feet 200 feet 475 feet
FEATURES Reference High environ- Direct print, Portable, Today's most
traces, mental, minimum immediate access low cost advanced
Precision size, (5.5 x 7 x 10”), (DataFlash) or con- instrument
timing weight (13.6 Ibs.) ventional recording,
on line processing
(DataRite)

CEC Accessories and Support Equipment

Type 5-061-2 DATAFLASH Takeup
Accessory — Adaptable to any existing
CEC 5-124 Oscillograph. the 5-061-2 per-
mits readout of records at speeds up to 4
inches-per-second at frequencies from d-c
to 13,000 cps. Top speed is 64 inches-per-
second. With this exclusive CEC develop-
ment, the 5-124 requires only 1 second to
readout. This instrument may be mounted
in a standard RETMA 19” rack. and is so
reliable it is virtually maintenance-free.

Electronics | February 22, 1965

Type 1-163 d-¢ Amplifier —CEC’s solid-
state 1-163 provides a high in performance
and reliability never before attained by
any comparable amplifier. This instrument
will damp and deflect all CEC galvos to
full scale rated deflection, and has the
capability to properly damp and drive all
other recording galvanometers currently
available. Frequency response—* .5% to
10 kc; = 3% to 20 kc. Calibrated vernier
gain—1 to 20.

Type 23-109B Oscillogram Processor —
The 23-109B is completely self-contained,
needing only electric power for operation.
The compact, motorized unit develops and
dries oscillograms wherever oscillographs
are used. Easy to operate and portable,
the processor can be used by personnel
with no previous photographic laboratory
experience.

CEC Technical Supplies — These include
all photographic supplies needed to oper-
ate CEC DATAGRAPH oscillographs:
print-out papers, recording papers and
developing solutions.

For complete information on any CEC
oscillograph, accessory or support equip-
ment. call or write CEC Data Recorders
Division for Kit #7008-X 3,

CONSOLIDATED
ELECTRODYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRIEDBERG (HESSEN), W. GERMANY
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1/8 second response
+

adjustable zero, adjustable span

Eight times faster than most, the Esterline Angus Speed
Servo Recorder can now be ordered with Adjustable
Zero, Adjustable Span. It features:

® Y second response.

@ Circuitry capable of handling 4 cps signals without significant
attenuation.

® The ability to measure any calibrated span from 1 to 100 milli-

volts full scale without the bother of range cards or changes in

internal connections. Even higher levels of span and zero ad-

justment may be obtained with optional voltage dividers.

Zero displacement of + 100 millivolts.

Simple controls for rapid selection of span and zero.

100,000 ohms maximum source impedance.

High impedance potentiometric input circuitry.

A unique shuttle servo motor with no drive cords to break or

gears to wear,

ESTERLINE ANGUS

_ the only high speed AZAS
~ recorder

® One piece construction of the drive coil, pen assembly and
sliding contact to provide low inertia.

® A feedback potentiometer of virtually unlimited life,
® 14 immediately adjustable chart speeds.

The Speed Servo with AZAS easily records selected
small span signals from such problem sources as strain
gauge bridges, thermocouples, thermistors, photocells
and the like.

In addition to the Speed Servo, the Series *“S’’ line
includes Milliammeters, Microammeters and Event
Recorders.

Write us for detailed Series *“S” catalog.

Speed Servo—Registered

ESTERLINE ANGUS INSTRUMENT COMPANY, INC.
Box 24000 E « Indianapolis, Indiana 46224

pr—
B =

Excellence in instrumentation for over 60 years

74 Circle 74 on reader service card
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February 22,1965 | Highlights of this issue

Technical Articles

New

masking techniques
for micropower
transistors:

page 76

Impedance matching
with nonlinear loads:
page 82

Monkeys and

microelectronics:
page 90

Updating the
missile ranges:
page 94

Almost daily, the applications for micropower circuitry
grow—in space electronics, superfast computers, and
even consumer products. Traditional methods of build-
ing transistors for such applications are unsatisfactory
because the micropower transistor has to be so small.
New techniques, however, now produce tiny transistors
with very low capacitance.

To improve the efficiency of a circuit, particularly to
obtain maximum power transfer from a generator or
source of power to a load, a designer has to do a care-
ful job of matching impedances. Harmonic currents can
improve or lessen a circuit’s performance and must
be handled properly.

Scientists have known that an animal’s behavior can be
altered by applying electronic pulses to its brain. Until
recently, the big problem was getting equipment small
enough to use on the animal. Microelectronics solves
the dilemma nicely. At Johns Hopkins University, thin-
film devices were used to build a receiver that is tied to
a monkey’s head.

The mission of the nation’s missile ranges is shifting
to include more space tests and fewer missile shots.
That means new instrumentation is needed from Cape
Kennedy all the way down range. In this article, we ex-
amine the new telemetry and communications equip-
ment for the range and how it works.

Coming
March 8

. More new instrumentation on the
missile ranges

= Better filters with FET'’s
= Displaying transducer data directly

= Special feature: product development
—how it shows up atthe IEEE show
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Solid state

New masking techniques
for micropower transistors

Runout problems are solved for the small geometry
devices needed in complex computer circuitry

By Robert W. McGinnis and William D. Roehr

Motorola Semiconductor Products, inc., Phoenix, Ariz.

Silicon-transistor manufacturers are moving stead-
ilv toward the goal of miniature devices with ex-
tremely low capacitances that can operate at a level
comparable to leakage current in the transistors of
only a few years ago. Thev’re doing it with tech-
niques that can produce the tiny geometries which
are essential for micropower transistors.

The ever-increasing complexity of computer cir-
cuitry has made it necessary to develop high-speed,
low-current transistors, suitable for micropower
logic, that reduce power supply requirements.

For example, suppose a large scientific computer
containing about half a million transistors is being
operated from a 12-volt automobile battery. If the

current level for each transistor is maintained be-
low 50 microamperes, the computer will operate
from the battery for almost six hours (assuming
that half of the devices are on at a given time).
The power dissipation would be comparable to that
of a 130-watt light bulb. However, a similar com-
puter operated at a more conventional current level
of 20 milliamperes would operate for only 34 sec-
onds and dissipation would be over 50 kilowatts.

Important characteristics

Until recently. switching at current levels in tens
of microamperes presented many problems. A tran-
sistor must have three important characteristics to

Accurate registration of two masks is difficult with
the tiny geometries required for micropower
transistors. Here circles are accurately placed within
squares on a wafer—a result of good registration
between the first mask used to etch the squares
and the second mask used to etch the circles.

MASK

N
¢ ‘—Lho,-L E+92——L~ £+6,

E O
B O
L )

Conventional mask pattern for etching squares on a
semiconductor wafer. Unavoidable errors in the
spacing between squares come from imperfections
introduced during fabrication of the mask.

76
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operate at very low current levels: adequate gain,
leakage currents that are extremely low, and very
low capacitance. While the need for the first two
characteristics is more obvious, obtaining low ca-
pacitance is also essential in designing a transistor
for efficient micropower switching service in con-
ventional or integrated circuitry.

Of particular interest is C,,, the junction capaci-
tance from base to collector including the stray ca-
pacitance introduced by the can, which primarily
determines the rise and fall times. The emitter-to-
base junction capacitance, Cy, is also important,
however, because delay time is proportional to the
sum of C,, and C;;,. The range of values for the sum
of these capacitances in a micropower transistor
is from one to ten picofarads.

Transistor gain-bandwidth product and storage-
time characteristics, normally used to specify com-
puter transistor capability, are unimportant when
specifying a micropower transistor. Gain-band-
width product is meaningless because of the low
current levels used. Storage time is also meaning-
less because it is so small compared to the other
switching-time intervals. The figure of merit for a
micropower transistor is simply C,,,.

To turn a transistor on, sufficient charge Qo
must be injected to change the voltage on the base-
to-emitter junction so that the emitter becomes for-
ward biased, and the required collector current is
produced. The latter is accomplished by the charge
Q. which changes the voltage and capacitance at

CAPRUITANCE YegTER

Technician checking total capacitance (can, junction and
bonding island) for a 2N3493 transistor with a reverse
bias of two voits. Meter reading is 0.46 picofarad 0.7
picofarads is guaranteed maximum at three volts.

upon examining the charge required for switching,
The transistor charge, Qoy, which must be injected
during the delay time interval to bring the emitter
base junction voltage to the threshold of current
injection is approximately

the collector-to-base junction. To turn the trans- “oz = (Vor + Vrr)(Ciy + Cop) 1)
sistor off, Q. must be removed. In addition, the ‘here . .
excess charge Qx resulting from operation in sat-  Ci, = Emitter-to-base capacitance

uration must also be removed.
Charge equations

The reason that only junction capacitance is the
important transistor characteristic becomes evident

C,. = Collector-to-base capacitance

Vor = Reverse base bias voltage

Vre = Emitter-to-base forward voltage at threshold
of conduction

The charge moved during the rise-time interval or

MASK

WAFER

@ ®

HODEL f208

Pattern from two conventional masks. The first mask
was used to etch the squares. When the second mask
was used, one circle was perfectly aligned with the
square shown in the upper left-hand corner. Because
of imperfections in both masks, most of the remaining
circle-square sets were out of alignment.

Conventional mask pattern for etching circles on a
semiconductor wafer. As with the mask containing
the squares, errors occurring during mask fabrication
produce uneven spacing between circles.
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fall-time interval Q4 is given by:

Ic
Qs = + AV esCos (2)
wr
where . = gain bandwidth product (rad/sec.)
During the storage-time interval, the expression
for the charge Qx moved is:

- I
1:<1B1_ Bi))

where I, = Turn-on base current

7', = Lifetime of excess charge or storage time con-
stant

B¢ = Current gain at edge of saturation

Qx = 3)

For a constant-current drive signal, I,;, switching
time during any interval may be obtained by sub-
stituting the value of Q calculated from equations
1,20r3in
At = AQ/1 g 4)
Reduction of charge, Q, increases switching speed
while reduction of drive current, Iy, reduces speed.

The charge Qo is independent of current levels
and is simply the product of the voltage swing and
junction capacitance. For low values of turn-on
base current, I;;;, delay time becomes rather long
and is inversely proportional to the turn-on current.

Since the collector current is low in micropower
circuits, the charge represented by the Ie/wr term
in equation 2 becomes relatively unimportant and
may be dropped from the equation.

The expression for the active charge reduces to:
Qs =2 2AVepCo (5)
Rise and fall times can be long because of the low
base drive currents used; they are inversely propor-
tional to base drive current.

The excess charge, Qx, accumulated in the tran-
sistor base during the storage-time interval ap-
proaches zero at low levels because Ir is small
and the transistor storage-time constant, Tx, usually
is also small with low-level operation. Since the
drive-off base current is also small, the storage time
follows the changes in Tx with current and be-
comes only slightly less than the storage time which
occurs at high current levels. The storage time,
particularly at low collector-current levels, is con-
siderably less than the other transient time periods
for the micropower transistor and may be neglected.
The delay, rise, and fall times are significant and
follow the form.
t=CW/I (6)
where C'V = change in charge

I = current produeing change in charge

Processing problems

Traditional manufacturing techniques cannot pro-
duce the very small geometries required for low-
capacitance devices, With the advent of protective-
oxide-layer technology, the size of transistors could
be reduced but two problems remained. The first
was concerned with the lack of resolution of the
mask geometry on the wafer; the second involved
runout, the incorrect alignment or registration be-
tween masks.

78

A single mask is used to contain both squares and
circles. Imperfections introduced during production
result in spacing variations between elements.

MASK WAFER

The same mask is reused to align squares
and circles accurately. The main disadvantage of
this method is the extra wafer area required.

Resolution

For many years, the semiconductor industry used
photoetching emulsions that were originallv in-
tended for the etching of wmetal parts in aircraft.
Recently, the suppliers of these emulsions im-
proved photoresist techniques to the point where
lines could be resolved to a width of one micron
(10—* cm). This resolution capability is adequate
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- WAFER

The single mask permifs etching of both circles and
squares simuitaneously. The imperfect spacing
between mask elements is transferred to the wafer.

WAFER

The middie row depicts perfectly aligned squares and
circles. The circles at the bottom are left over

from the first masking process. The squares at the
top are left over from the second masking process.

for etching patterns in the oxide of the smallest
geometry devices now planned.

Runout

The solution to the problem of runout between
masks came through the use of a new photographic
technique. To illustrate how it works, consider the
problem of placing a circle in a square on a matrix
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of positions on a semiconductor wafer as shown in
the bottom left diagram on page 76.

Using conventional masking techniques, two
masks would be needed, one with squares and the
other with circles. The masks are shown on pages
76 and 77. A perfectly made mask would have the
spacings between elements repeated exactly on the
matrix; however, due to unavoidable imperfections
in mask production, the spacing 1 might become
1+ 6 between some elements. If the pattern on
the mask is then etched into a wafer, the etched
patterns will, of course, have the same variations
in spacing as the mask.

The wafer then undergoes a diffusion step (for
example, a base diffusion) and in the process an
oxide layer is regrown in the squares previously
etched. Now the wafer is ready for etching of the
circles. The second mask containing the circles
will also have variations in spacing between ele-
ments. However, an error in this mask, say 1 4 a4,
may not equal the error 1 4 6; in the mask for the
squares. If one of the circles is carefully aligned
with one of the squares, it is likely that only that
pair will be aligned; the remaining pair of circles
and squares will not be aligned, as shown in the
bottom, right diagram, page 77. The illustrations
are purposely exaggerated to show how alignment
problems become appreciable for very small geom-
etry devices. '

Masking techniques

Runout problems can be solved by a new mask-
ing technique in which the circle and square are put
on the same mask as shown at the top of page
78. Now, variations in the relative positions of
the elements on the matrix are not important. First,
the circles and squares are etched in the wafer
as shown above, left. As before, the spacing
variations will be repeated on the wafer. However,
after the diffusion cycle is completed, and an oxide
layer is grown on the surface, the circles can be
accurately placed in the squares or vice versa by
reusing the same mask. The variations in spacing
of elements on the wafer are exactly the same as
the variations on the mask and therefore all the
circles will fit in all the squares as shown.

Although this technique uses up extra space on
the wafer—the main disadvantage of the process—
it is not a serious problem for the very small devices
made in this manner.

Only one mask pattern having the elements
used in fabricating the 2N3493 micropower tran-
sistor is shown on page 80. It represents one of
an entire matrix of identical patterns. The masking
procedure for the circle and square example is
used to make an etch cut through the protective
oxide. This is the base area of the transistor. There
is a small unused area below the actual base that
also receives a base diffusion. During the base
diffusion, oxide is regrown in the regions pre-
viously opened. Now, the same pattern on the
same mask is aligned over the diffused areas. Then,
the entire mask is translated upward so that the
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Unretouched photograph of the 2N393 mounted on the
header. The two one-mil diameter wire leads attached to
the bonding islands dwarf the actual transistor.

3pF T 3pF
é1OOK '\ 1 1 100K

71 +12V 1Al
500K 500K
goi >< 02@—-
0,&x = ¥yo 0,¥Y = X0p
03 3 L] 2 4 04
5.1K :)DF 30’: 5.1K
—AAA——4 e A A S—
+3V 100K 100K +3V
— AMN—— — 12V —RV—AA——¢
N
. i
f‘"“‘l +3V r"“‘+
1
Cp -L SR :ER LG
'T~ ﬂ’ t » L P2 28
7pF i ; 0 ﬁ' ! 7pF
i = L~ =

—

5 VOLTS

e
0

0.5 MICROSECOND—’!

80

Mask used to make the 2N3493. Same principal of
alignment explained for the circle-and-square
technique is used with this mask.

small pattern fits exactly into the larger base area.

Every mask pattern on the wafer, shown top
left, p. 81, will have the same relative orientation
between the large and small patterns. This step
forms the etched-clean region for the emitter dif-
fusion. After the emitter diffusion, the mask is
again used to allow a cut to be made through the
oxide over the base region so that a contact can
be made to this area, shown in the top right dia-
gram on page 81.

Finally, a different mask is used for the forma-
tion of the metal contact areas. The spacings for
this mask are not as critical as they are for the
other steps. The spacings between the various
etch-cut arcas can be made very small and vir-
tually every device on the wafer will have exactly
the same spacing.

This is the method used to make the 2N3493
micropower switching transistor, a device with a
collector-to-base junction capacitance of approxi-
mately 0.1 picofarad. The metal bonding area adds
another 0.1 picofarad and the package adds still
another 0.2 picofarad. With these low values of
capacitance, the 2N3493 can switch rapidly at
current levels in the microampere region. The active
area of the 2N3493 occupies fewer than 8 x 10—7

Low-power flip-flop circuit using 2N3493
micropower transistors. The circuit
power drain is only 6.6 milliwatts.
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Accurate alignment of the two patterns is
shown in the center. Lower pattern is
leftover from the first masking process.

The same mask is reused twice. The first reuse
aligns the two patterns The second reuse
produces a pattern for the base contact.

square inches, which is less than 1/500 of the area
of the chip on which it is made.

Micropower flip-flop

The flip-flop circuit shown on page S0 illustrates
the performance available from the 2N3493. Circuit
capacitance values were empirically determined be-
cause stray circuit capacitance and the capacitance
of components such as resistors and sockets made
it difficult to determine the exact capacitance of the
2N3493,

The on collector currents for the flip-flop tran-
sistors, Q; and Q., are about 120 microamperes.
The emitter-follower transistors, Qs and Qj, drive
load currents up to 1 milliampere and load capaci-
tance up to 30 picofarads. Diodes D, and D, couple
the negative-going waveforin directly to the load
when Q, or Q. turn on. In this way a fast transi-
tion time is obtained even when the emitter fol-
lowers are being turned off. The emitter-follower
transistors, however, are not allowed to turn off
completely; the —12 volt supply maintains a mini-
mum current of 120 microamperes to speed the
recovery . of the trigger network.

A pnp transistor complementary to the 2N3493,
now being developed, will permit the use of com-
plementary circuitry, further enhancing the speed-
power performance.

R-f amplifier

Transistors made by this new manufacturing
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technique are being evaluated for small-signal r-f
amplifier applications. Because of negligible ca-
pacitunce between the various device regions. these
r-f amplifier transistors are stable over a wide
current and frequency range and can operate at
power gains approaching their maximum available
gain without the nced for any neutralization cir-
cuitry.
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Circuitdesign

Impedance matching
with nonlinear loads

The right filter can eliminate or exploit harmonics

to provide maximum transfer of power

By M. Bryan Covington Jr. and Alan |. Sinsky

Bendix Corp., Baltimore

Harmonic currents flowing from the generator to a
nonlinear load can improve or lessen circuit ef-
ficiency, depending on how the designer handles
impedance matching. In some circuits impedance
misimatching can be avoided by using an all-har-
monic rejection filter in either the generator or load
circuits. In other cases, described later, the de-
signer retains the harmonic currents and puts them
to work to increase circuit efficiency.

Impedance matching is most commonly used to
obtain maximum power transfer from a generator
or source of power to a load. A transformer or a
network of reactances changes the load impedance
to a value that will allow the source to deliver
maximum power.

In linear circuits the transformed load imped-
ancce can be made equal to the complex conjugate
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of the source impedance. However, for sources like
tetrodes, pentodes and transistors, where output
voltage limmiting may occur, maximum power trans-
fer does not occur when the load impedance is
matched to the source impedance because of the
effects of the voltage limiting.

The choice of transformer depends primarily on
the frequency of operation. With untuned loads
at low frequencies, the transformation can be ac-
complished most easily by an iron-core transformer.
At frequencies of 200 kilocycles to 100 megacycles
per second the same result can be obtained by
resonant coupling. At still higher frequencies,
lumped constant techniques are not practical, but
an impedance match can still be attained with
quarter-wave transmission-line transformers and
other distributed constant matching devices formed
from open-conductor coaxial or waveguide trans-
mission lines.

Most engineers are familiar with matching tech-
niques for loads consisting cntirely of linear ele-
ments. In the case of nonlinear loads, matching is
not as simple or as well understood. Nonlinear com-
ponents are considered those whose impedance
values are not fixed but rather are a function of
the applied current or voltage. The impedance of
nonlinear components can be resistive (rectifier or
detector diodes, varistors); inductive (saturable re-
actors), or capacitive (varactor diodes).

The basic reason for the difficulty in atching
to the impedance of nonlinear loads is that the ap-
plication of a single-frequency sinusoidal voltage
produces a resultant current waveforin containing
not only the fundamental but also harmonic com-
ponents. If no consideration is given to these har-
monics flowing in the load, the designer will have
difficuty making a satisfactory impedance match.

Typical load circuits containing nonlinear de-

Electronics | February 22, 1965



vices of the three basic types—rectifier diode,
saturable reactor, varactor diodes—are shown be-
low. The nonlinear device is outlined and the
primary path of the harmonic currents is indicated.

Since the spectrum covered by nonlinear devices
ranges from subaudio to microwave frequencies
design problems with nonlinear loads are not con-
fined to any one range.

For a general understanding of matching to non-
linear loads, consider a series circuit consisting of
a perfect rectifier and a resistive load. Three pos-
sible ways to operate this circuit are: a) without
a filter, b) with a second-harmonic rejection filter,
such as a simple parallel-tuned circuit resonant at
the second harmonic frequency and with negligible
reactance at all other frequencies, and c) with an
all-harmonic rejection filter. The filters may be
located in either the generator or load sections of
the circuit. Input voltage, output current, and filter-
voltage waveforms for a circuit are shown on
page 85.

Determining the circuit components for maximum
transfer of power is the most difficult for case b,
requiring trial and error to obtain the desired cur-

rent waveform (the sum of the voltages across the
generator, diode, filter and load must equal zero).
The current waveforms shown apply for a load re-
sistance of one ohm with a one-volt peak input.

Complete elimination of harmonic currents can
be achieved in case c. The current and voltage
waveforms obtained are unusual in that the output
current waveform contains fundamental plus d-c
components, but no harmonics. In this arrange-
ment, the output fundamental waveform is a sine
wave of the same frequency as the generator. The
d-c component is represented by the displacement
of the sine wave above the horizontal axis. The
waveform of the voltage across the filter does not
contain fundamental and d-c components, since
the impulse created by the diode exactly cancels
both the fundamental and d-c components. Some
of the data obtained with and without filters is tabu-
lated in the table shown on page 84.

The tabulated results show the effect of the filters
on the effective load Rix seen by the generator, and
efficiency. The variation in Riy illustrates the effect
on the input match to a non-linear load, if con-
sideration is not given to harmonic current flow.

Ly L2
J.
:FC, 7 ih C,

© § el 6
’ Varactor multiplier circuit. C, and L, are tuned to
Typical rectifier load circuit consisting of rectifier the fundamental frequency. C: and L: are series
diode D, and a filter consisting of C,, C: and L. tuned to the desired harmonic frequency.
)
= | - | !
| { $ LOAD
h/ ‘
e —1
-_/ \./
N
_

Magnetic amplifier load circuit. The current flowing through

the center winding controls the reluctance of the magnetic circuit.
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Comparison of modes of operation

Funda-
Effective mental Harmonic

Funda- load Power power |D-c powerl power

mental seen by | delivered delivered | delivered! delivered Eff =

current {generator| to load to load to load to load P(OUT) Con-

|1 (pea k) plN Pin IDC P! (OUT) PDC PHAR ————— | duction

Filter [amperes)| (ohms) (watts) | (amperes) (watts) (watts) (watts) Py angle
None...........oovuen. 0.50 2.00 0.250 0.32 0.125 0:.099 0.026 0.50 180°
2nd harmonic......... 0.42 2.38 0.210 0.34 0.088 0.113 0.009 0.42 214°
All harmonic (low pass)| 0.33 3.00 0.167 0.33 0.056 0.111 0.000 0.33 ~360°
| | ——

The principles discussed may be applied to the
design of matching circuits to take advantage of
nonlinear load characteristics or to reduce the prob-
lems caused by harmonic currents.

One example of the former is to insert an all-
harmonic reject filter into the input of a cathode-
driven class B amplifier circuit. Under this condition
the tube will always operate with current and volt-
age waveforms like those shown for case c, regard-
less of the drive level. This means that an ampli-

e

tude-modulated signal can be amplified in a class-A
mode but with twice the plate efficiency possible
with the conventional class-A amplifier. The plate
current waveforms that exist in a conventional class-
A amplifier and in the class-B amplifier with the all-
harmonic filter are compared at right. The higher
efficiency of the class-B amplifier results from the
reduced average plate current required of the plate
supply. Unlike the conventional class-B amplifier
which has 180° conduction angle, a 360° conduc-

La

04 Ly D,

Input circuit for a cathode-driven
amplifier. Capacitors C, and C.
are electrode voltage

blocking capacitors.

Simple equivalent circuit for a
generator stage and a rectifier
load. The reactance X., represents
the total impedance to the flow

of harmonic current caused

by a filter in either stage.

Tuned rectifier circuit. The
transformer leakage inductance
is represented by L.. Capacitor
C, is series resonant with L,

at the fundamental frequency. L.
provides d-c bypass for C..

]
I VSWR

Circuit for measuring
input match as a

TUNED function of input
o PROBE™ = cable length.
(SOURCE > V2
NOT 50 OHMS y Wi e
AT HARMONIC Zp =500 o] YATCHIN A
FREQUENCIES) ’ o
Lms[ su.om:o[
STRETCHER LINE

CLASS A AMPLIFIER

CLASS B AMPLIFIER
WITH FILTER

- A

Waveforms represent plate current obtained for amplitude-
modulated signals with class-A and class-B amplifiers. The
class-B amplifier includes a harmonic rejection filter.

B

CLASS "B"
AMPLIFIER

A/4 TRANSFORMER A/4 SUPPORT

O

Cy
Input matching section for cathode-driven

amplifier. Capacitor C, serves as a trimmer
and a harmonic current bypass capacitor.

]
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INPUT VOLTS

OUTPUT CURRENT
CASE (o)
NO FILTER

CASE (b)
2 ND HARMONIC
FILTER

CASE (c)
ALL HARMONIC
FILTER

FILTER VOLTS
CASE (b)
2ND HARMONIC
FILTER

CASE (c)
ALL HARMONIC
FILTER
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Top waveform is the generator voltage. The other
waveforms depict the circulating currents and the
filter voltages for the top, center circuit on page 84.
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tion angle is achieved, resulting in reduced har-
monic generation in the output.

To avoid the problems caused by harmonic cur-
rents, designing a typical amplifier for class-B
operation can be considered. In the design of
cathode-driven class-B power amplifiers for use
at ultrahigh frequencies, a common procedure is
to design a matching section between the amplifier
input and a standard 50-ohm coaxial input line at
the fundamental frequency. If harmonic currents
are not properly shunted in the matching section,
the length of transmission line between the load
and the source affects the circulation of harmonic
current and results in variations of impedance and
power output as a function of cable length.

Referring to the impedance measuring circuit
on page 84, this would be demonstrated by a vary-
ing VSWR on the slotted line section as a function
of line-stretcher position. It would also be possible
to observe a variation in harmonic voltage on the
line as a function of line stretcher position.

The solution to this problem is to insert a shunt
path within the matching section network for all
higher harmonics so that no harmonic voltages are
built up at the amplifier input terminals. In the
case of microwave amplifiers it is essential that
higher-order input cavity modes be checked to
assure that resonance does not occur at harmonics
of the input frequency. This harmonic bypass ap-
proach can be used both to stabilize and control
the input match of microwave amplifiers. One pos-
sible configuration which can be used is shown at
the bottom right of page 84.

The variable capacitor serves the dual purpose
of compensating for tube variations and providing
a bypass for harmonic currents. Typically, input
VSWR’s of 1.2:1 can be maintained regardless of
the variation in generator impedance. These par-
ticular amplifiers have been used in the 500-Mc
range but the results apply at any frequency.

In the tuned rectifier circuit shown on page 84,
the regulated output will be affected by the leakage
inductance in series with the diode rectifier. It is
incorrect to assume that regulation might be im-
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