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NEVER BEFORE
S0 MUCH
INSTRUMENT

10 PERFORM
50 MANY TASKS
S0 WELL

Al SO GREAT
A VALUE

HEWLETT
PACKARD

Stability: Better than 0.002% per day; 0.003% per month
DC standard: 0.01% accuracy
Differential voltmeter: Zero to 1000 v dc, accuracy
+0.019% =1 uv
High-impedance electronic voltmeter: 1 uv to 1000 v full scale
Power amplifier: £0.019, accuracy to 60 db
Voltage amplifier: 120 db gain
Guarded for all modes of operation
Complete field calibration in minutes

Calibrate digital and differential VM's

Use as high-voltage dc standard source

DC standard for transfer measurements

Standard cell comparisons

Low-level null detector

Precision transducer, thermocouple measurements
Accurate drift measurements off-null

Price: $2350

New concepts in circuitry make the new 740A DC Standard
and Differential Voltmeter the most useful instrument of its
type at a remarkably low cost. Get the facts and a demonstra-
tion from your nearest hp field office or write Hewlett-Packard,
Palo Alto,Calif. 94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

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

An cxtra measure of quality
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10 Mc-
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Features:

=+0.002% Frequency
Stability

External AM and Pulse
Modulation

Waveguide-Below-Cutoff
Output Attenuator

Solid-State Power Supply

The VHF Oscillator Type 3200A is designed for general purpose
laboratory use including receiver and amplifier testing, driving
bridges, slotted lines, antenna and filter networks, and as a local
oscillator for heterodyne detector systems in the frequency range
from 10 to 500 mc.

The push-pull oscillator is housed in a rugged aluminum casting
for maximum stability and extremely low leakage; six frequency
ranges are provided for adequate bandspread on the slide-rule
dial. Internal CW operation is provided; AM and pulse modula-
tion may be obtained through the use of a suitable external source.
The RF output is coupled through a waveguide-below-cutoff vari-
able attenuator; in addition, an electrical RF level vernier is in-
cluded as a front panel control.

A solid-state power supply furnishes all necessary operating volt-
ages including regulated dc to the oscillator heaters for minimum
hum modulation and maximum tube life.

Specitications:

Radio Frequency Characteristics
RF RANGE: 10 to 500 mc
RF ACCURACY:
+2% (ofter 2 hour warmup)
RF STABILITY:
Short Term: #0.002* (5 minutes)
Long Term: *0.02* (1 hour)
Line Voltage: +0.001%* (5 volts)
*After 4 hour warmup, under 0.2 mw load

RF OUTPUT:
Maximum Power:
~>200 mw* ( 10-130 mc)
>150 mw* (130-260 mc)
> 25 mw* (260-500 mc)

*Across external 50 ohm load
Range: 0 to >120 db attenuation from
maximum output
Load Impedance: 50 ochms nominal

RF LEAKAGE: Sufficiently low to permit
measurements at 1 uv

Amplitude Modulation

Characteristics '

AM RANGE: 0 to 30%

AM DISTORTION: <1% at 30% AM

EXTERNAL AM REQUIREMENTS: Approx.
30 volts RMS into 600 ohms for 30% AM

Pulse Modulation Characteristics

EXTERNAL PM REQUIREMENTS: 140 volts
peak negative pulse into 2000 ohms for
maximum power output; typically 10
volts peak (except 50 volts on 260-500
me¢ range) for 1 mw peak power output

Physical Characteristics

DIMENSIONS: Height: 612" (16.5 cm)
Width: 724, (19,8 ¢m)

Depth: 12'%,"”  (31.8 ¢cm)
Power Requirements
105-125/210-250 volts, 50-60 cps, 30 watts

Price: 3200A: $475.00
F.O.B. Rockaway, New Jersey

BOONTON DIVISION

PRECISION ELECTRONIC [INSTRUMENTS SINCE 1934 @ Hewlett-

GREEN POND ROAD, ROCKAWAY, NEW JERSEY 07866

Packard
Company

TELEPHONE: (201) 627-6400 « TWX: (201) 627-3912 « CABLE ADDRESS: BOONRACO
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A quick way to identify and remove an unwanted,
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Thermistor measures dielectric gas content;
junction diode regulates low-voltage supply;
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1. Manufacturing

An easy way to make linear microcircuits

Linear integrated circuits are scarce, but you

can now make your own easily for development work
D.D. Robinson, North American Aviation, Inc.
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3. How other companies do it
Telephone companies in various countries have
many different hardware approaches
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Readers Comment

Raising antennas

Regarding “Electronics in the Me-
kong Delta” [Sept. 7, p. 114], those
concerned with raising antennas in
the jungle might be interested to
know that the Coast Guard has for
many years had a type of gun that
serves to put a line across an off-
shore ship in distress, so that a
breeches buoy can be rigged to
take off the crew. Such a gun, or
possibly even a mortar, can be
used to carry an antenna above the
treetops.

A balloon such as that shown on
page 122 would have only a l-in-
20 chance of getting more than its
own diameter above the ground in
the tropical rain forest that I know.
Perhaps the mass necessary to pro-
vide the stored energy to carry the
line aloft might be a folded para-
chute of Mylar or other transparent
film, which would be programed to
open above the treetops and catch
on them as it descends, to keep the
radiator up where the attenuation
is less severe.

Charles P. Hedges
Technical Military Planning
Operation
General Electric Co.
Santa Barbara, Calif.

Insect control

I have read with interest your
article in the Sept. 21 issue [p. S6]
on  potential microwave applica-
tions, “A comeback for wireless
power?” The statement concerning
possible destruction of insects in a
nonheating application was of par-
ticular interest, because we have
been  exploring  possible  stored-
arain insect control applications in
the 1-to-50-megacycle range.

Our findings to date indicate that
inscet mortality can probably be
cxplained by selective dielectric
heating. Any nonthermal r-f de-
structive mechanisms could be of
rcal benefit in reducing energy
costs and thereby improve the eco-
nomics of practical application.

Ve are interested in investigat-
ing higher frequency ranges for in-
sect control, and would appreciate
learning of any research being con-
ducted or of anyone having a real
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Core-diode and core transistor Miniature Pulse Transformers
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Specification MIL-C-26655A. 4 e
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il . ical sizes are stocked Sprague’s Special
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Electric Company, 35 Marshall St., [ Company, 35 Union Street, North THE MARK OF RELIABILITY
North Adams, Massachusetts 01248, | Adams, Massachusetts. :
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EXTRALYTIC

EXTENDED
TEMPERATURE
RANGE

ALUMINUM 'LYTIC

CAPACITORS

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

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

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

® Less cxpensive 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

ascaa *Trademark

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and *(2)* are registered trademarks of the Sprague Electric Co.
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interest in applving microwave

energy for insect destruction.
S.0. Nelson

Agricultural Research Service

U.S. Dept. of Agriculture

University of Nebraska

Lincoln, Neb.

Optional control

I would like to make a correction

to the interesting article “Elec-
tronics in the Mckong Delta” [Sept.
7, p. 114].

With reference to the AN/PRT-7
beacon [being developed by Matrix
Systems, Inc], it was stated that
it operates on only a single fre-
quency. This is true when an in-
ternal crystal is used as a frequency
standard. However, in addition to
the crystal control, there is now
an option consisting of a 1%-pound
plug-in synthesizer designed for
this beacon. This permits the choice
of any integral kilocvcle frequency
from 200 to 400 with stability com-
parable to that of the crystal.

Ralph E. Bolgiano
US. Army
Limited War Laboratory
Aberdecn Proving Ground
Aberdeen, Md.

Weight problem solved

In “Electronics in the Mekong
Delta” you mentioned our weight
problem with beacons.
Subsequent to  developing  our
present bheacon we received in-
formation on Army requirements
indicating substantially lower op-
erating life. This reduction, com-
bined with our continued effort
towards developing a microcircuit
frequency synthesizer and encoder,
plus elimination of our integral
back-pack rack, has enabled us to
develop a beacon with the same
operating characteristics, at well
under 30 pounds. This device will
be available in the near future.
John A. Majane
Tridea Electronics Inc.
Arlington, Va.

Lesson from Europe

Your editorial, “Lesson from Eu-
rope” [May 4, p. 15], calls for com-
ment, both laudatory and critical.

Europe’s economic circumstances
can certainly be classified as pecnl-
iar. A typical pecularity, for ex-

ample. is that West Germany has
laws and an enforcing agency
(Kartellamt) that permit and sanc-
tion price-fixing agreements for
which people in this free-enterprise
country would be thrown in jail.

The competitive situation varies
widely throughout Europe, but no-
where is a branch of the economy
nearly as competitive as in the
United States. Thus, profits can
be handsome without business hav-
ing to accept the high risks typical
for a rapidly progressing, highly
competitive industrial nation. No
government rescarch and develop-
ment funds are required if the con-
sumer’s income can be tapped di-
rectly by the manufacturer and
distributor of gcoods via inflated
prices.

A color-television set, for ex-
ample, costs at least two nionths’
wages of an average worker in
Germany. Thus, the initial demand
will necessarily be low, limited to
the thin crust of high-income peo-
ple. Is it any surprise, therefore,
that manufacturers withhold invest-
ments in color-tv production lines
as long as possible? Furthermore,
more profit can be wrung from
established black-and-white tv pro-
duction facilities, if there is no pros-
pect of competition with a new,
more advanced system such as
color tv.

The earning power of European
engineers and scientists is between
one-half and one-fifth that of the
equivalent in this country. Euro-
pean R&D would therefore be con-
siderably less costly than its U.S.
counterpart—if it were not padded
with wasteful internal company ad-
ministration and hidden profits.
During my cight vears of experi-
ence as an cngineering physicist
in the German clectronics industry,
this experience has clearly emerged.

I therefore want to caution any-
body who uses the European situa-
tion as an example worth following.
Some aspects are good; there are
quite a few dangerous ones, which
should be avoided. Among the good
ones: an intense, broad preparation
for the skilled technical and pro-
fessional trades all through high
school and advanced educational
courses for the nations” youth is
one of the most noteworthy and
obvious.

Fred Walter
Giannini Scientific Corp.
Santa Ana, Calif.
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BAFFIN ISLAND — LABRADOR —
NEWFOUNDLAND, CANADA

Radio Engineering Laboratories (REL) is the only
company devoted exclusively to the design,
development,and production of radio relay equip-
ment for microwave and tropo scatter systems:

Operating frequencies in the 400, 900, 2000, 5000,
and 8000 mc bands.

»Voice channel capacities from 1 to 300.
Power outputs from 10 watts to 100,000 watts.

Noise figures as low as 2 db.

A

‘equipment makes L gqu:pment operates >

RADIO ENGINEERING LABORATORIES

“REL Tropo Scatter” ©

P \\/\_J

‘b\»\(‘
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BAHAMA ISLANDS
CANAD
DENMARK

OKINAWA

'ROES ISLANDS PHILIPPINE ISLANDS
FRANCE SPAIN
GREECE TAIWAN
GREENLAND TURKEY
HAWAII UNITED KINGDOM
ICELAND UNITED STATES
ITALY SOUTH VIETNAM
LEEWARD ISLANDS WEST GERMANY
LIBYA WINDWARD ISLANDS

Span lengths from quasi-optical to 600 miles.

Advanced solid-state equipment—new REL 2600
Series.

Fully-developed FM feedback threshold exten-
sion techniques.

Today, as for more than 40 years, REL continues to
provide engineering and performance leadership for
worldwide telecommunications requirements.

Please write for additional technical data and
detailed specifications.

' I Division of Dynamics Corporation of America
Long Island City 1, New York
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SUPER POWER
TRIODE

New ML-8549 Super Power Triode provides extremely
favorable output /drive ratios. Typical power capabilities:

60 Mw pulse power . . . approximately 70 kw drive

10 Mw rf power, plate pulsed . . . approximately 33 kw drive

2.5 MW rf power, CW . . . approximately 10 kw drive

1.1 MW rf power, CW-plate modulated . . . approximately 4 kw drive

These extremely favorable output/drive ratios result from a novel beaming
principle which permits a typical plate-to-grid current division of 100 to 1.
Because of the very high power gain afforded, drive requirements are
unusually low. Unique design of the ML-8549 utilizes two concentric anode
cylinders permitting double-sided cathode operation resulting in low internal
tube drop and highly efficient operation. Pulsed efficiencies higher than
909% are achieved. For data write: The Machlett Laboratories, Incorporated,
Springdale, Connecticut. An affiliate of Raytheon Company.

ELECTRON TUBE SPECIALIST
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People

For the first time in its history,
the Raythcon Co. has an engineer
at the helm. He is Thomas L.
Phillips, 40 years
old, former
vice president,
who  succeeds
Charles Adams
as president.
Adams becomes
chairman. Phil-
lips joined Ray-
theon as an en-
gineer in 1948, the day Adams
became president. He later be-
came general manager of the Mis-
sile and Space division, plaving
a major role in developing the
Army’s Hawk and the Navy’s Spar-
row III missiles.

Phillips” promotion underscores
recent statements by Adams that
Raytheon intends to stay firmly
in the defense business but that
it also intends to exploit the growth
possibilities of space.

Before joining Raytheon, Phillips
taught clectrical engineering  at
several universities. Executive tal-
ent seems to run in the family.
Phillips” oldest daughter is presi-
dent of her college class.

H. Brainard Fancher will be gen-
eral manager of two of the four
computer subsidiaries jointly owned
bv the General
Electric Co. and
the Compagnie
des  Machines
Bull:  Compag-
nic Bull General
Electric and So-
cicte Indus-
trielle Bull Gen-
eral Electric.

Fancher had been general man-
ager of GE’s Apollo Support De-
partment and a director of a
French  semiconductor  company
in which GE has an intcrest.
He joined GE in 1936 as a test
engineer.

To France he’ll bring his wife,
two of his four children (the other
two are in college), and GE’s hopes
of challenging the International
Business Machines Corp.’s domina-
tion of the European computer
market.
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Everybody but Sze Chin likes our SOAR specified germanium transistor lines.
He's sick and tired of them.

Before SOAR can be used to select the right transistor,
somebody has to plot the charts. Sze Chin. He has to
compute and draw all the SOAR (Safe Operating ARea)
envelopes for every one of our germanium power
transistors. And we have over 125 different SOAR
specified types, with more coming. Sze’s getting tired.
We put a lot of emphasis on SOAR because it’s impor-
tant to you—and us—as a positive, simple method of
specifying switching transistors. As long as a given
device is operated within its SOAR envelope, secondary
breakdown does not occur. A look at the specs in the
chart will give
you some idea of y
just how many v PR oy » suomens
different switching | ‘
applications can
be solved with our L=
germanium line, obm om

Bendix Semiconductor Division

Of course, we have a lot other than SOAR. All of our
germanium transistors are proven reliable (since we're
one of the oldest manufacturers, we have special
reliability data on many 2N types as well as meeting
military specifications on several). They all have very
linear current gain characteristics as well as (in each
series) being available with various gain ratings and
voltage breakdown ratings to fit almost any sort of

application.
For more detailed data on our germanium line and a
full list of 2N types, contact any Bendix Semiconduec-
tor sales office or

TYPE lcMAX Vi V2 Ppeak (1)-C 3 WA .
L AV v W G| your distributor.
%’J?i%z?“’?s%c' 25 | 60] 80] 2000/ 08 And ask for the
NIf31C, 2N | | | 20 0.
INIG38, -1, -2 '3 )35 SOAR charts, too.
N10IS, -1, -2 35 |60l % 35 175
e 5 13 e o 05| We don’t want

N11368-2531388 | 10 50 80| 800 12 ,
INITI6C, NIHATC 20 45 70| 14| 08 Sze ‘to f(?el he’s
wasting his time.

NI166A.2NUGTA | 25 |35 75 17| 08

The em/l)/

CORPORATION

HOLMDEL, NEW JERSEY

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J,
—(201) 747-5400:; Los Angeles—(213) 776-4100; Miami Springs. Fla.—(305) 887-5521; Minneapolis—(612) 926-4633; San Carlos, Calif.—
(415) LYtell 3-7845; Syracuse, N. Y.—(315) 474.7531; Waltham, Mass.—(617) 899-0770; Export—(212) 973-2121, Cable: ‘‘Bendixint,” 605
T hird Avenue, New York; Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508—(613) TAlbot 8-2711.
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from Sprague, of course!, ;o= o
Unconventional Inertial Sensors Society of Photographic Scientists
Symposium, BuWeps, Republic Aviation  and Engineers Symposium, SPSE;
Corp.; Long Island Graduate Center, Marriott Twin-Bridges Motor Hotel,
Polytechnic Institute of Brooklyn, Washington, Oct. 29-31.

Farmingdale, N.Y., Oct. 19-20.
Fall Data Processing Conference and
Human Factors Society Annual Business Exposition, DPMA; Hilton
Meeeting, HFS; Mayflower Hotel, Hotel, San Francisco, Nov. 3-5.

Washington, Oct. 19-21. i
Northeast Electronics Research

and Engineering Meeting (NEREM),

National Electronics . .
oo T New England Section of IEEE;
Conference and Exhibition, '.IT' . Commonwealth Armory and Somerset
IEEE, Inc., Northwestern University, Hotel. Boston, Nov. 4-6.

SEPT

University of lllinois;
McCormick Place, Chicago, Oct. 19-21. US Army Material Command and

SI LICON Institute of Environmental Sciences
ASM Metals/Materials Exposition and Joint Meeting, USAMC, IES; Aberdeen
Congress, American Society for Metals; Proving Ground, Md., Nov. 5-6.
PLANAR Philadelphia Trade and Convention
Center and Bellevue-Stratford Hotel, Optical and Electro-Optical
Philadelphia. Oct. 19-23. Information Processing Technology
EPITAXIAL Symposium, ONR, ACM, PTGEC/IEEE,
BEMA Annual Business Equipment OSA, Somerset Hotel, Boston,
Exposition/Conference, Business Nov. 9-10
TRANSISTO Rs Equipment Manufacturers Association; i )
Los Angeles Memorial Sports Arena, !Jnlver5|ty and Industry: Partners
Los Angeles, Oct. 19-23. in Education and Research, University

of Rochester, N.Y. State Advisory

: Council for the Advancement of
Air Force-Industry Conference on Data Industrial R&D; University of

[ ]
conformln fo Management, ASE/WPAFB; Biltmore Rochester, Rochester. N.Y.. Nov. 9-10
g Hotel, Dayton, Ohio., Oct. 20-22. D ISy o gl e P
All re Uiremen's f National Electrical Manufacturers
q o Science and Engineering Annual Association Annual Membership
Symposium, OAR, AFSC; Conference, NEMA; Americana Hotel,
Aerospace Medical Division New York, Nov. 9-12.

M"- s ]9500 25]A EI- ¥ Brooks AFB, Tex. Oct 20.2’2. The Roadvto Commercial Electronics:

7 Ultrasonic Manufacturers Association A Conf_e_rgnce o C_qnvertmg Military
Annual Meeting, UMA; Penn Center Inn, Capabilities to Civilian Markets.
Philadelphia, Oct. 21. Elec.tronlcs Magazine, |IT Research
Institute; Grover M. Hermann Hall,
. Chicago, Dec. 12.

Aerospace and Navigational Electronics
Annual East Coast Conference, IEEE;

merson Hotel, Baltimore, Oct. 21-23.
and T0-5 CASE Fmerson Hotel, Battimore, B¢ Call for papers
Western Technical Appliance
Conference, IEEE; Roger Young Telemetering National Conference,
M"_ s 19500 255A EI_ Auditorium, Los Angeles, Oct. 27. AIAA, IEEE, ISA; Shamrock Hil-
Standards Conference on Materials for L i T T e
EIthr(a); Devices and Micro-Electronics, 13,'1,5' Deadline is Nov. 1 for sub-
ASTM; American Society for Testing mitting a 35-word abstract together
and Materials Headquarters, with a 500-word summary to R. W,

! Phitadelphia, Oct. 27-28. Towle, NTC 65 Program Chair-
I T0-18 CASE man, 26493 Weston Drive, Los
i Welded Electronic Packaging Altos Hills, Calif. 94022. Fields of
For complete technical data, write to: ﬁ%’;é?r?&?'\{%ﬁf; :cetlrg(;'_‘;; laza interest include acrospace, bio-

TECHNICAL LITERATURE SERVICE

med 4 a
SPRAGUE ELECTRIC COMPANY. madicfe, oceanography, industrial

telemetering

35 MARSHALL ST. Fall Joint Computer Conference,
NORTH ADAMS, MASS. AFIPS; San Francisco Civic Center,
~_~ | san Francisco, Oct. 27-29. American  Power Conference,
IEEE; Chicago, April 27-29. Nov.
® Nuclear Science Symposium, 2 is deadline for submitting a 150-
s p R G UE :Iﬁ?di{éﬁFaE&’iszAsggAEc’ 200 word abstract to Larry Dwon,
' Chairman, Power Engineering Ed-

THE MARK OF RELIABILITY Electron Devices Meeting, ucption Commit‘tce, American Elec-
=== PTGED/IEEE; Sheraton-Park Hotel, tric Power Service COI’p., 2 Broad-

*Sprague’ and *(®)" are registered trademarks of the Sprague Efectric C, Washington, Oct. 29-31. way, New YOl']\', N.Y. 10008.

10 Circle 10 on reader service card Electronics | October 19, 1964



N S PIRO@ID NI e,

ADVANCED SOLID STATE AMPLIFIERS FOR YOUR
CONTROL AND INSTRUMENTATION APPLICATIONS

.d;:(s/v"—

<
AWPLIFIER

GAIN
vERniEn

Model 885-135 Differential Amplifier
to drive multiplexers, tape recorders
and A to D converters.

GAIN RANGE: 1 to 3000

INPUT RESISTANCE:
100 megohms

BANDWIDTH: dc to

10 ke
QUTPUT: =5 volts at

*+10 ma ! 4
DRIFT: 1 uV for Q <
40 hours -
TEMP. COEFF: s
*0.2 uV/F

NOISE: 2 #V rms

Model 126-101 Charge Amplifier. All
solid-state unit with internal dynamic
calibration.

CHARGE
Ampurite
wony

INPUT RESISTANCE:
10,000 megohms

INPUT RANGE: 1 to
10,000 psi, g 1bs

GAGE FACTOR RANGE:
1to 11 or 10 to
110 pcmb per psi,
g or Ib, continu-

ously adjustable e
FREQUENCY RESPONSE: B
0.3 cps to 150 ke Q
STATIC CALIBRATE B,
MODE: Extends L4
response virtually fant
to dc for dead oot
weight testing. ‘

Contact your Astrodata engineering
representative for a demonstration...
or write today for technical literature

giving complete specifications.

ASTRODATA advanced design instrumentation amplifiers raise state-of-the-art standards to
higher levels for measurement...conditioning ... monitoring ... indicating. .. control.

For custom designs, Astrodata’s extensive experience provides a well-gualified capability for
satisfying your specific performance needs.

Model 884 Wideband (dc to 100 kc) Floating, Guarded Amplifier...
Model 885 Wideband (dc to 10 kc) Differential, Isolated Amplifier...

high-gain/performance amplifiers for low-level, wideband systems at fowest cost. Completely
transistorized, these state-of-the-art amplifiers use field-effect transistors in place of mechan-
ical choppers to achieve lowest drift rate, freedom from microphonics and maximum reli-
ability. Gain range to 3000 and a continuously adjustable 10-turn vernier control are provided
as standard features. Two differential models with =10 ma or +100 ma output current from
a low impedance can drive long lines, A to D converters, multiplexers, galvanometers or tape
recorders. Transfer characteristic is optimized to provide wide frequency response with
minimum overshoot, fastest settling and overload recovery times, and minimum phase shift.
Common mode rejection is greater than 120 db with up to =300 volts dc or peak ac common
mode voltage.

All models have built-in power supplies, feature drift less than 1 xV per week, wideband
noise less than 4 uV rms, linearity better than 0.02%. Can be used either separately or in
the same rack module with Model 1155 Universal Signal Conditioning Unit or Model 890

Electronic Filter to form complete, isolated signal conditioning channels,

Model 885-235 Differential Amplifier
to drive data systems, long lines and
galvanometers.

GAIN RANGE: 3 to 3000
INPUT RESISTANCE:
100 megohms
BANDWIDTH: dc to

10 ke
QUTPUT: =10 volts
at =100 ma
DRIFT: =1 uV for
40 hours
TEMP. COEFF:
0.2 uV/°F
NOISE: 2 #V rms

Model 120 Nanovolt Amplifier gives
you high-gain/low-noise amplification
for seismic transducer signals, cryo-
genic studies, thermocouple or strain
gage signals.

GAIN RANGE: 200 to
1,000,000

BANDWIDTH: dc to
100 cps

NOISE: 0.05 uV rms

INPUT RESISTANCE:
1 megohm

OQUTPUT LEVEL: O to
*5 volts at =5 ma

~—

A

Model 1155 Universal Signal Conditioning
Unit

Uses plug-in circuit 890 Fiiter to provide
cards to supply excita- complete conditioning,
tion or bias, attenua- calibration and normal-
tion, circuit completion, izing of transducer
balancing, filtering and signals.

calibration. Used with
low-level or high level
signals from thermo-
couples, strain gages,
resistance temperature
sensors, thermistors,
potentiometers and
voltage sources. Can
function separately or
in same rack module
with Models 884 or 885
Amplifiers or Model

‘?

!"“ ¢ 9

Model 121Z Nanovoltmeter provides
0.1 uV full scale bridge balance de-
tector or thermocouple indicator for
standards and calibration work, in
the field and in laboratories.

FULL SCALE RANGES:
*0.1 uV to
+100 mv

INPUT RESISTANCE:
1 megohm

ZERO SUPPRESSION:
*+0.5 «V to =5 mv

AMPLIFIER OUTPUT:
Gain 30 to 3 million,
delivers =5 volts
at =5 ma

Overload Indicator

ASTIROIDAT A INC.
P.0. Box 3003 - 240 E. Palais Road. Anaheim, California -

92803

TEL. (714) 772-1000 « TWX 714-776-3760 « FAX + TELEX 06-78828 - CABLE ADDRESS - ASTRODATA, Anaheim

16b
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Exclusive Bourns SILVERWELD® termination,
shown magnified 41 times.
Photo by California Institute of Technology.



"The termination that ended the chief cause
of potentiometer failure...a typical example of

BOURNS

TOTAL VALUE

Probably ninety per cent of potentiometer failures were
once the result of fragile terminations. If the conneetion
between the end of the resistance element and the ter-
minal couldn’t take the slam and shake of a missile ride
or hold up reliably under vears of use in industrial
mstrumentation, the potentiometer and its dependent
functions became casualtics.

With the ereation of its exclusive sILVERWELD® termina-
tion in 1959, Bourns ended the tragility problem. The
new termination proved virtually indestruetible. To
create it, Bourns fused a broad bhand of metal to many
turns of the resistance element, and fused the external

terminals to the band. A continuous eleetrieal cireunit from
one external terminal to the other. No solder, no rivets, no
spot welds, no tabs, no pigtails, no weak spots, no hot spots.
The bond could not be broken without the destruetion
of the element itself. Used with ceramic-card elements,
SILVERWELD termination has been tested to 1000°F and
exveled from room temperature to 450°F without failure.
Problem-solving innovations of this caliber mean extra
reliability in the potentiometer—and receipt of total value
for vour potentiometer dollar. When the performance
must mateh the promise, remember . . . PRIMPOT means
Bourns—Bourns means quality.

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

ENCLUSIVE RELIABILITY
PROGRAM

The Bourns Reliability Assurance Program
is the onlv one of its kind in the potenti-
ometer industry. Its primary goal is
reliabilitv! It frequently requalifies all
standard models to insure conformanee
with published specifications. It also makes
available free test data, saving vouthe time
and expense of quality verification. C‘on-
ducted in addition to quality eontrol. it
makes Bourns potentiometers the most
thoroughly inspected and tested units
available.

SUPERIOR QUALITY CONTROL
One-fifth of all Bourns employees work in
quality control or reliability monitoring.
This is one of the highest personnel ratios
of QC emplovees and inspectorsin the elee-
tronies industry. In addition, all standard
Bourns products undergo extensive in-
process and 100, final inspo(tion These
facts help account for the company’s return
rate of only 0.207 (2 units returncd 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 products, in
product improvements, in materials, in
processes. Innovations such as the
RESISTON® carbon and paLirivy® film

TRIMPOT 15 a reqgistered trademark of Bourns, Inc.
MANTUFACTURER: TRIMPOT

Electronics October 19, 1964

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

LARGENT SELECTION

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

BEST AVAILABILITY

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

OUTSTANDING APPLICATIONS
HELP

Bourns maintains a staft of ten professional
Application Engineers whose sole job is to
give vou technical assistance. Fach of these
spectalists serves a speeific geographie area.
All are extremely able and anxious 1o help
vou cut time. corners and costs.
LONGENT EXPERIENCI,
RELIABILITY

Bourns—originator of the trimror® lead-
serew-actuated potentiometer—has

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

COMPETITIVE PRICES

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

BOURNS, INC., RIVERSIDE, CALIFORNIA

anulaclunng Facilities
RIVERSIOE, CéLIFORNIA AMES, IOWA
vbsidiar,
TORONTO, CANADA; ZUG. SWITZERLAND

®1064, BOURNS, In¢.

& PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION
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Silicon Planar

NEW DIODE-TRANSISTOR MICROLOGIC

Epitaxial DT,L with noise immunity greater than 1 volt
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DUAL GATE— DT L 930,
Dual 4-input gate. Noise immunity
1 volt @ 25°C. Propagation de-
lay: 25 ns. P. ., (@ 25 C): SmW
Fan-out: 8 min.

FLIP-FLOP=-DT 1L 931,
RS or JK clock gated flip-flop.
Noise immunity > 6V @ 25°C
Propagation delay: 50 ns. P .
(@ 25°C): 20mW. Fanout: 7

DUAL BUFFER— DTl 932,

Dual 4-input buffer and low im-
pedance line driver. Noise im-
munity 1 volt @ 25 C. Propaga-
tion delay: 35 ns. P, (@ 25°C):

GATE EXTENDER—~ DT 1.1 933.
Dual-4 Diode extender to be used
with Dual Gate or Buffer when in-
creased fan-in is required.

QUAD GATE —DTxL 946,
Quad 2-input gate. Noise immu-
nity 1 volt @ 25°C. Propagation
delay: 25ns.P. ., (@ 25°C): SmW.
Fan-out: 8 min.

L min. 25mW. Fan-out: 25 min.

Highest DTL Noise Immunity —
Because of the epitaxial con-
struction of Fairchild DTpL*,
the difference between thresh-
old voltage and saturation
voltage is the greatest of any
diode-transistor logic. DT L is
the only silicon Planar epi-
taxial DTL family now available. Worst-case noise
inmunity curves are contained in the data sheet.
Photo at left shows the 931 element —two flip-flops
connected as a “master-slave” combination, elimi-
nating the need for circuit delay elements.

Low Power, High Speed Gombination — DT.L was
designed to complement Fairchild's existing digital
integrated circuit line—already the widest in the
industry. For diode-transistor logic, it offers the
industry’s best combination of high noise immu-
nity, low power dissipation, and low propagation
delay. DT;L elements are available in Fairchild’s
new CERPAK flat ceramic package.

FRANCHISED DISTRIBUTORS

# DTul is a Fairchild trademark.

NOW AVAILABLE!

FAIRCHILD'S NEW MICROCIRCUIT HOLDER
Facilitates microcircuit handling for testing and
shipping. Can be used with TO type as well as
flat packages. Immediately available in quantity.

PRICES
DEVICES FOR FULL MILITARY TEMPERATURE RANGE (—55°C to - 125°C)

(Mixed) (Single)
100.999 100-999

$16.00 $15.30

1.24 25-99

Dual Gate DT.L 930 $22.80 $18.20

Flip-Flop DT.L 931 30.00 24.00 21.00 20.00

Dual Buffer DT/l 932 26.80 21.40 18.75 18.00
Gate Extender DT,L 933 10.50 8.40 7.35 7.05
Quad Gate DT, L 946 28.00 22.40 19.60 18.75

AVAILABLE DIREGTLY FROM DISTRIBUTOR STOCKS

| I L |
FAIRCHILD
Y T T

SEMICONDUCTOR

AVNET Toronto, Canada. 789-2621 « BOHMAN Orlando, Fla,, 425-8611 « CRAMER ELECTRONICS Newton, Mass.. WO 9.7700; Hamden. Conn., 288-7771 « CRESCENT ELECTRONIC SALES Orlando, Fla., 423-8586 ¢+ DART SALES
Clarence, N.Y., 874-1212; Syracuse, N.Y.. GL 4.9257 « DENNY-HAMILTON San Oiego, Cal., 279-2421  EASTERN SEMICONOUCTOR Syracuse. N.Y.. 454.9247 « E. C. ELECTRONIC SALES Minneapolis. Minn., 888.0102

HAMILTON Phoenix, Ariz.. 272-2601; Los Angeles, Cal., 870-0236; Palo Aito, Cal., 321.7541; Seattle. Wash.,

282-3836 ¢ HYER Denver. Colo.. 761-0754; Albuquerque, N. Mex., 268-6744; Salt Lake City. Utah. 322-5849

MARSHALL Scottsdale. Ariz., 946-4276; San Marino, Cal., MU 1-3292; San Diego, Cal.. BR 8.-6350: Redwood City, Cal.. EM 6-8214 « NORVELL Oallas, Tex., FL 7.6451: Houston, Tex.. MO 5.0558 ¢« POWELL Beltsville.
Md.. 474-1030; Philadelphia, Pa.. 724-1900 * SCHLEY Watertown, Mass.., WA 6.0235 ¢ SCHWEBER Westbury, L.I.. N.Y., ED 4.7474 « SEMICONDUCTOR SPECIALISTS Chicago. 1ll.. 622-8860: Minncapohs, Minn..
UN 6.3435; Dearborn, Mich., LU 45901 « SHERIDAN Cincinnati, Ohio, 761-5432; Cleveland, Ohio. 884.2001: Dayton, Ohio, 277-8911  SOLID STATE Chicago, Ill., 889-8033 o STANDARD Buffalo. N.Y., TT 3-5000
SUMMIT DISTRIBUTORS Buffalo. N.Y.. 884-3450 ¢ TAYLOR Baldwin, L.1., N.Y., BA 3-8000 ¢ TEC-SEL Huntsville, Ala..534.7304 ¢ VALLEY Winter Park. Fla., 647.1216: Baltimore, Md.. NO 8-4900; Cherry Hill, N.J.. NO 2-9337

PLANAR: A PATENTED FA RCWILD PR X T 75
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FAIRC LD SEMICONDUCTOR ‘A DIVISION OF FAIRCHILD CAMERA ANU INSTRUMENT CORPORATION 313 TAIRCHILD DR., MOUNTAIN VIEW, CALIF, 362.5711 TWx: @ AL
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Editorial

The world
IS your
market

Electronics | October 19, 1964

From outside the United States these days, we hear glowing stories of
good business. Though there are many reasons, one fact emerges loud
and clear: Consumers around the world want to buy more than food and
shelter. And they have the money to do it.

The electronics industry stands to benefit from this worldwide
situation as much as, if not more than, any other industry. In many
lands, the buyer’s first choice is electronics for entertainment—radio,
television and record players. In West Germany, a sterco fad has started.
In the Netherlands, France, Britain and other European countries, tv
viewers are increasing so fast that there’s pressure for more channels.
Throughout Asia, excluding Communist China, radios and television
sets are cagerly sought.

In addition, the genecral economic glow has boomed the manufacture
of all kinds of goods, so other industries are expanding and modernizing
too. Expansion has come so fast that there are serious labor shortages
in some countries, notably Germany and the Netherlands. The search
for productivity without manpower has led to more and more automatic
operations and a rich market for electronic controls that run machines
and processes automatically.

Technical activity is mushrooming in electronics everywhere.
Obviously the export market is an attractive one for U.S. ¢lectronics
companies. However, if his products and his technology are to compete
abroad, the U.S. electronics engineer has to keep up with what’s
happening to electronics abroad. That’s why yon’ll find an Electronics
Abroad section (p. 151) in Electronics from now on.

In this new section, we’ll report significant developments in clectronics
technology as they happen abroad, as well as nontechnical developments
that aftect the technology. For example, it may not be news that German
television companies are pushing the phase alternation line (PAL)
system of color television. What is news is that they’re pushing it in the
Soviet bloc. Approval by the Russians might well be the deciding factor
when the rest of Europe tries again next year to pick a color tv system.

Similarly, this month we found the Portuguese sending television sets
to Malaysia, Italian engineers worrying about their country’s job
outlook, the British checking out airplanes with a tape-programed tester,
the Germans getting ready for an clectronics show that was forced on
local companies by U. S. concerns, the Swedes enjoying a boom in
electronics sales, and the Canadians using a new solid-state heart
monitor.

Pcople like to say that competing in Europe requires a whole new
outlook. Certainly there are some differences from ways of doing
business in the U. S., but there are more similarities than differences.

The customer still wants a product that is properly engineered. That
means a product that solves a real consumer or industrial need, one
that will do what its advertising promises, that is designed for reliable
performance and ecasy maintenance. that can be manufactured
economically, and that is as modern as the technology and economics
can make it.

And don’t shun labor-saving, automatic, or so-called luxury features.
Experience shows that customers in Europe and Asia want them as
badly as do their counterparts in the U. S.

For engineers whose companies are competing in world markets, the
key is knowing what’s going on.
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Martin Quality Supplier Award
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_ _AMP INCORPORATED
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Zero defects=100% rellablhty

The new industry standard means exactly what it
says—no rejects whatever . . . 100% reliability.
And it's not impossible!

Zero Defects, the DOD program for quality con-
trol, set the standard for the Martin-Orlando
Bullpup missile. In its vitally important, pilot
controlled guidance system, Martin-Orlando chose
the AMP-MECAx Interconnection System as a
stable means of mechanically interconnecting
the transmitter’s electronic functions. These
weldable modules provided the packaging design
with the reliability they were looking for—over
100,000 components delivered with Zero Defects.
Not a reject in the lot—a record acknowledged
by the Martin Quality Supplier Award.

You can zero in on the same kind of reliability
when you choose the AMP-MECA Interconnection
System for your packaging design. The reli
ability is built in . . . in the ease with which you

Circle 16 on reader service card

can design circuits on the graph layout sheets,
the rugged and precisely built cells of various
increments, the sturdy siderails within which the
cells are locked and finally, in the specially de-
signed AMP-MECA contact which offers four

“point redundancy to assure dependable per-—MM

formance . . . the kind of performance that will
give your equipment Zero Defects Awards, too!

If your packaging requirements call for reli-
ability, pluggability and complete ease of mainte-
nance, look into the AMP-MECA product story.
Write for complete details, today.

#Trademark of AMP INCORPORATEQ

{ 1
AMP |
| | SALES |
IINCORPORATED| mel

Harrisburg, Pennsylvania I
-____.___._._..._...._.__..._‘_...___....
A-MP* products and i ing istance are ilable through subsidiary ies in:
Australia  Canada e England e France e Holland e Italy o Japan e Mexico o West Germany
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Soviet space feat:
What'll be next?

A chemical test
of semiconductors

New spurt is seen
in process control

Electronics Newsletter

October 19, 1964

Orbiting space station or flight to the moon? Nobody’s sure what the
Russians were preparing for with their three-man space shot that made
16% orbits of the earth during a 24-hour trip last week. One certainty is
that they leapfrogged ahead of United States spacemen.

The ship—the Voskhod, or Sunrise—was obviously a new type, the
first to carry a scientist and physician aboard as well as a pilot. On this
trip, the Russians gathered volumes of biological data—how three
people react to weightlessness, vibration and acceleration—and perform-
ance information about big boosters. The same kind of ship, however,
could be used for additional scientific research, military reconnaissance
or a base for launching weapons.

Launching the three men and recovering them safely put the Russians
two to three years ahead of the U.S. in the race to the moon. Not until
1966 will the U.S. propel a three-man Apollo craft around the earth. Even
two-man flights are not scheduled until early next year.

Russians on the ground were able to watch the three-man crew of
Voskhod on television, though video-tape reproductions seen in New
York were of poor quality. When the U.S. launches its two-man Gemini
craft next year, there will be no television. Officials of the National Aero-
nautics and Space Administration didn’t think the results were worth the
$2 million to $5 million cost.

While the three were in orbit they kept busy checking their capacity
for work and interaction during space flight, investigating conditions of
space flight, studying effects of different aspects of space flight on man’s
organism, and carrying out tests of the new multiseat piloted spaceship.

A transistor or integrated circuit can be tested for 0.1 cent by a non-
destructive chemical test used at the Norden division of the United Air-
craft Corp. And the test is so simple that the inventor, Edwin A. Corl,
supervisor of assembly and selective masking in Norden’s solid-state
group, received an ovation this month at a Chicago symposium on the
physics of failure.

Corl puts a drop of reactive chromate solution on the device being
tested, turning the device into a miniature galvanic cell similar to a
Daniel cell. Anions migrate to positively charged regions on the surface
of the device and are repelled from electronegative regions, forming a
brown deposit on the thin-film conductors. If there is a break in the con-
ductor, the conductor is brown in front of the break and shiny along
the rest of its length. Even pinholes show up clearly. A trained eye can
also see other faults in the device.

Industrial instrumentation and control is in for a quiet electronic revo-
lution, experts were saying Oct. 12 to 15 at the Instrument Society of
America meeting in New York. Solid-state components and solid-state
techniques are working their way into devices ranging from recorders
to controllers. This revolution appears to be headed for more commer-
cial success than the noisy one that fizzled in 1959 and 1960, when buyers
of industrial control turned thumbs down on electronic gear. The main
reason for the optimism is that lower prices of solid-state components
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Thin-film circuits
on sapphire bases

Diode doubler
handles 12 watts

Another FET
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make this equipment economical at last.

One sign of the times: The International Business Machines Corp. has
invaded the process-control market. It introduced an electronic set-point
station that converts digital output to an analog signal for linking a
computer to an analog control system; it also showed a new thermo-
couple transmitter. Even more significantly, IBM has formed a separate
marketing group for instruments. Industry observers say this means IBM
will introduce additional electronic control as fast as it can be developed.
Top management is already reviewing a proposal to build a special
computer for direct digital control. IBM was one of those suppliers
bitten by the electronic-control bug in 1959, but folded its plans before
they got to the hardware stage. Major systems planned were for auto-
matic warehousing. IBM’s product plans now are indicative of the new
receptive attitude shown by users of industrial instruments and controls.

Another intriguing prospect: The Eastman Kodak Co. is looking for
electronics companies interested in manufacturing a Kodak-designed
Photologger, a device that converts analog data to digital, supplying
hard copy immediately.

Sapphire looks like the key to practical a method of making thin-film
circuits complete with transistors and diodes. At lease two companies
have successfully deposited single-crystal silicon on sapphire substrates.

Last week, the Autonetics division of North American Aviation, Inc.,
reported it had made insulated-gate field-effect transistors (FETs).
N-/channel FETs of both enhancement-depletion and enhancement-only
types will be used in a high-frequency amplifier. The amplifier requires
high input impedance and radiation resistance.

The first silicon-on-sapphire insulated-gate FETs were reported in
July by the Radio Corp. of America. RCA began working on silicon FETs
early this year [Electronics, Feb. 21, p. 23]. RCA has also made diodes
and simple thin-film circuits, and is confident it can make bipolar tran-
sistors. The silicon crystals are produced by heating silane gas until it
decomposes. The silicon deposits on the sapphire and crystallizes.

Germanium and intermetallic FETs have been made, but silicon is a
better semiconductor for most applications.

A tiny pill-shaped varactor diode for frequency-doubling, developed by
Motorola, Inc., handles 12 watts of radio-frequency input power at one
gigacycle.

The device, 0.16 inch in diameter, has silicon double-diffused epitaxial
construction. Its efficiency for doubling a 12-watt input from 1 Ge to
2 Gc is 60%. Gerald Schaffner, Motorola group leader of microwave-
device research, development and application, says, “This unit will allow
many circuit designers to replace traveling-wave tubes with a solid-state
device.”

Joining the lengthening list of companies making discrete field-effect
transistors (FETs) of the insulated-gate, metal-oxide-semiconductor type
is Texas Instruments, Inc. T1 is supplying samples of a silicon p-channel
enhancement type rated at 25 volts and 300 amperes. It has four leads
and is housed in a TO-18 case.
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All air cargo services
are fast from airport

to airport.

Only Air Express is so fast
between the airport and you.

Give or take a few minutes,
once in the air your package travels
as fast on one air cargo service as
another.

But what happens on the ground
—that’s a different story. And it's
there Air Express shines.

Only Air Express has 10,500 de-
livery trucks to speed deliveries
between you, the airports and your
customers. Air Express has the
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edge getting aboard planes, too. It
receives top priority after air mail
on all 39 scheduled airlines. Think
of what that means during peak
night rush hours!

Other Air Express exclusives
worth thinking about: Pickup
within 2 hours of your call. Super-
fast delivery to any of 21,000 U.S.
cities. One call, one waybill. Even
armed surveillance for valuable

packages, if you wish.

What's more, Air Express is of-
ten your cheapest way to ship by
air as well.

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
REA Express office and see.

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

Air Express

Division of RE A Express

Circle 19 on reader service card 19
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Off the shelf?

This is not an irresponsible claim if your special requirement can be modified from
one of the thousands of enclosures we regularly make.

Many producers of instrumentation have found that a very minor revision of a standard
Bud product has suited their needs exactly and at the same time saved them consider-
able time and money.

If you have a housing problem that you think is special, talk to your Bud distributor
about it first or submit your problem direct to us.

BUD RADIO, INC.

WILLOUGHBY, OHIO
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BREADBOARD

with this solid state operational amplifier

}

'S

Use the DY-2460A as an active element of your newly designed circuits...
AMPLIFIER m SUMMER wm HIGH IMPEDANCE ISOLATOR m INTEGRATOR m INVERTER

Check out new design concepts and ideas in a hurry
with the DY-2460A DC Amplifier as a circuit element.
This wideband, solid state instrument is ready-made for
a wide variety of circuit applications which will save
you time and effort.

The low-cost DY-2460A is designed for general pur-
pose use. Amplitude and phase response are properly
controlled beyond unity gain to permit a variety of
feedback networks. A self-contained power supply in
each instrument provides highest isolation when operat-
ing a group of amplifiers at different potentials. A non-
synchronous photoconductive chopper eliminates all
effects of ac pickup.

Plug-in design of the 2460A increases its versatility. A
patch unit plug-in brings input, output, summing point
and feedback circuit to the front panel; other plug-ins

D YNTE C

A DIVISION OF HEWLETT-PACKARD COMPANY

provide switchable gains in steps from 1 through 1000,
vernier adjustment through 11,000, and a high-accuracy
plus-one configuration with greater than 100 ohms
input resistance,

The 2460A will supply an output of = 10 v peak at
10 ma. Zero drift is less than 1uv per week, noise less
than 4 uv peak to peak.

Ask your Dymec/Hewlett-Packard field engineer for all
the details on how the DY-2460A can make your bread-
boarding easier.

Price: DY-2460A Amplifier, $445. DY-2461A-M1 Data
Systems Plug-in, $85; DY-2461A-M2 Bench-use Plug-in,
$125; DY-2461A-M3 Patch Unit Plug-in, $75; DY-2461A-
M4 Plus-one Gain Plug-in, $35.

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

DEPT.E-10, 395 PAGE MILL ROAD, PALO ALTO, CALIF. @ PHONE (415) 326-1755 TWX 415-492-9363
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Think you're
saving money
with
aluminum
electrolytic
capacitors?
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1.Electrical Parameters. Upto 10 times low-
er ESR than equivalent aluminum electrolytics
from —55C° to +85C¢°...superior A.C. ripple
current characteristics. . .low D.C. leakage.

Here are

H reasons

why they'll

never match

low-cost
KEMET

“C" Series

Solid Tantalums.

2.Life. KEMET “C" Series are truly solid state
... contain no wet electrolyte. . . eliminate risk
of premature deterioration on shelforincircuit.

3.Packaging. Up to 88% smaller than equiv-
alent aluminum electrolytics.

4.Temperature Characteristics. Outstane-
ing capacitance stability over wide tempera-
ture range...available in 20%, 10%, 5% tol-
erances...less than 10% capacitance shift
from —55C° to +85C°,

5. New Low Cost. Fire retardant, transfer-
molded epoxy cases, made with automated
production techniques, make KEMET“C'’ Series
capacitors competitively priced with alumi-
num electrolytics.

UNION

CARBIDE

Available in capacitance range from
.10 to 330 ufd in 6 to 75 volts.

ELECTRONICS

For additional information, contact your
nearby KEMET Distributor or write to:
Kemet Department, Union Carbide
Corporation, 11901 Madison Avenue,
Cleveland 1, Ohio.

"Kemet" is a registered trade mark of Unlon Carbide Gorporation,
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PNP STLTCON POWER INDUSTRIAL TRANSISTORS

A new series of low cost PNP silicon power transistors in the TO-5 package from
Silicon Transistor, STC5648 through STC5652, have been added to our low cost
industrial silicon power transistor line.

The new series consists of five basic types with D.C. power capability of 8.75 watts
@ Tc = 25° C. BVceo ratings from 40 to 100 volts. Maximum collector current from
1.0 to 3 amps. Maximum VCE (sat) from 1.0 to 0.75 ohms @ Ic = 200 ma and 1.0 amps
respectively.

Designed as direct replacements for PNP germanium transistors, these PNP silicon
power transistors may be used as complementary drivers to the popular industrial
NPN silicon power transistor series 2N3232 through 2N3240.

For complete specifications and information on reducing your silicon power transistor
cost in industrial applications, contact:

Y INICO/NR [RINNSISTORE HORIORIATILON

CARLE PLACE, L. I., NEW YORK 516-Ploneer 2-4100

DISTRICT LONG BEACH 2, CALIF., 217 ELM AVE. (213) 437-2788. TWX 213-549-1972.
OFFICES: DAYTON 19, OH10, 49 PARK AVE. (513) 298-9913. TWX 513.944-0372 HUNTSVILLE, ALA., POST OFFICE BOX 1467. (205) 881-4793
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Military electronics

Commands from above

The Tactical Air Command has put
a command and control center
aboard a C-130E cargo plane and
will test its nsefulness for limited-
war operations. The center will be
used by military commanders to
survey and direct ground opera-
tions. The Temco Acrosystems di-
vision of Ling-Temco-Vought. Inc.,
built the system under a $2.4-mil-
lion Air Force contract.

Tied to reconnaissance. Unlike
the airborne control centers of the
Strategic Air Command, which are
intended to direct the various ele-
ments of SAC to carry out already-
established war plans, the tactical
control center would permit an on-
board commander to sce what is
happening in the field and issue his
orders accordingly.

Present plans call for the center
to be integrated with the “See
Fast” reconnaissance concept now
being developed by the Tactical
Air Reconnaissance Center. This
plan would have one or more RB-66
aircraft fly over enemy territory to
collect intelligence through tele-
vision, infrared photo and side-
looking radar facilities. The data
would be transmitted to the air-
borne commanders who would see
exactly what the sensors of the RB-
66 see—and at almost the same
time.

In the war room. Information

Inside command and control center.

» —[I..‘ 'J‘_._‘ I::—;I "

Command center is loaded aboard C-130E cargo plane.

transmitted by radio to the Tactical
Air Command’s war room aloft can
be recorded on tape for future play-
back and study. A semiautomatic
svstem displays visual data on bat-
tle status, weather conditions and
the status of preplanned missions.

The on-board communications
network allows constant contact
with other operations: tactical air
control centers and army command
posts. ships at sca. tactical fighters
and assault transports as well as
reconnaissance planes and helicop-
ters. The system has high-fre-
quency. ultrahigh-frequency and
very-high-frequency radio capabil-
itv as well as uhf and vhf relay
capability.

Data link. C-band data-link
equipment can accept transmis-
sions. demodulate the signals and
provide the video inputs used by
the data recorders.

For video reception of surveil-
lance data, a General Electric tele-
vision monitor will receive signals
by means of a data link from a tele-
vision camera in the RB-66. The
camera views the terrain and pro-
duces a corresponding signal that
is transmitted at C-band frequency
back to the airborne command cen-
ter.

Removable module. The entire
command module—about 47 feet
long, 9%2 feet wide and S feet, 4
inches high—with its electronic
equipment, galley, rest areas and air

conditioning, can be removed from
the aircraft, permitting the plane
to perform a standard mission.

Solid state

New circuits for computers

The use of integrated circuits in
commercial computers should pick
up momentum next month, That’s
when Texas Instruments, Inc., will
begin marketing its new series of
high-speed digital integrated cir-
cuits.

The new product line, including
seven multifunction positive NAND
gates and a J-K flip-flop, features
propagation delavs as low as 15
nanoscconds, with power dissipa-
tion of only 10 milliwatts.

Howard Moss. general manager
of the company’s integrated-circuit
department, says “the speed is high
enough for virtually all military
computers and many commercial
compnters [most commercial com-
puters neced speeds of about 12
nanoseconds]. while power require-
ments are low enough for the ma-
jority of aerospace systems.”

The new line, called Series 54,
uses Texas Instruments’ multi-
function packaging concept. As
many as four circuit tunctions are
put into a single monolithic bar of
silicon. Typical prices, Moss says,
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will be under $5 per circuit func-
tion.

Wide range. In addition to their
high speed and low power dissipa-
tion, the new circuits have fan-out
of 15, and a noise margin of 800
millivolts. They can operate in tem-
peratures from —35° to +125°C.

The J-K flip-flop in the series is
the first such circuit to be fabri-
cated in the transistor-transistor
logic configuration. It will toggle
at frequencies in excess of 20 mega-
cycles. Moss says the extra tran-
sistor gain allows wider component
tolerance and increases yield.

Proprietary process. The com-
pany achieved the high-speed, low-
power characteristics by using a
“proprietary” etching process. It
says this shrinks transistor-emitter
geometries to as small as one-fourth
mil in width. The process, plus
new high-resolution photomask
techniques for the reduced resistor
areas, increase the speed by cutting
parasitic capacitances in the sub-
strates. Multiple-emitter transistors
with fast turn-off characteristics
further increase the speed.

Because of their low output im-
pedance in both on and off con-
ditions, the company expects the
circuits to operate at high speeds
even when driving high-capacitance
loads.

Gold-to-gold bonding is used
betwcen the deposited interconnec-
tion pattern and the package leads.
Moss says, ‘“This new refractory
contact system climinates the pos-
sible formation of ‘purple plague’
compounds that tend to deteriorate
aluminum-to-gold interfaces when
exposed to high temperatures over
extended periods of time.”

Measuring limitations

A way to measure some of the limi-
tations of semiconductors at fre-
quencies above 30 gigacycles has
been developed by Keith S. Champ-
lin of the University of Minnesota.

One result of Champlin’s work
is that more exact equivalent cir-
cuits for high-frequency devices
may be derived.

According to Champlin, the con-
ductivity of semiconductors at fre-
quencies above 30 gigacycles is
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decreased by the inertia of charge
carriers (electrons and holes),
which causes their velocity to be
90° out of phase with the electric
field. At lower frequencies, scat-
tering collisions destroy the out-
of-phase current component before
it can have a significant cffect on
an oscillation. But at higher fre-
quencies—where the collision rate
is nearly equal to the frequency—
the inertial effect begins to domi-
nate and produce a phase differ-
ence between the current and the
applied voltage.

Microwave bridge. Champlin
measured the conductivity of a
p-type germanium semiconductor
at 24 gigacycles with a microwave
bridge, and observed that the mi-
crowave conductivity fell below the
d-c conductivity. He was able to
obtain precise measurements of the
decrease in conductivity, appar-
ently a fundamental property of all
semiconductor materials.

Third circuit element. To explain
the cffects of his measurements
Champlin gave the example of an
equivalent circuit of a varactor
diode, usually considered by circuit
designers as a simple resistance-
capacitance circuit. The pn junction
is represented by a junction capaci-
tance in series with a resistor rep-
resenting the bulk and contact re-
sistance of the semiconductor
material.

According to Champlin, a third
element, representing the carrier
inertia, should be included; and,
since the clectrical representation
of inertia is inductance, the equiva-
lent circuit should be an r-c-1 series
circuit, not a simple r-c circuit.
Otherwise, at high frequencies, cut-
off frequency of a varactor diode
calenlated by using the r-c circuit
may be invalid.

Industrial electronics

Controlled dyeing

The first process-control computer
for the textile industry has been
ordered from Honeywell, Inc.
Honeywell’s special systems divi-
sion will install a 610 computer in

the Lyman, S.C., plant of the Ly-
man Printing & Finishing Co. to
direct closed-loop operation of tex-
tile dyeing. Dyeing is done both in
batches—in tanks called becks—
and in a continuous process, on dye
ranges. Lyman is a subsidiary of
M. Lowenstein & Sons, Inc., the
country’s fourth-ranking textile
producer.

J. F. Magarahan, vice president
and general manager of the textile
company, expects the computer to
eliminate many of the uncertainties
of the finishing operation. Dyeing is
a critical phase of finishing because
of the large number of interre-
lated processes that must be pre-
cisely controlled.

Data-logging too. In addition to
controlling the process, the com-
puter system will print out informa-
tion on process conditions in the
form of typewritten summaries of
what is taking place. These will
then be used as guides for future
operations.

The computer system is being
designed with the capability of
eventually controlling other dye
becks and ranges, bleach and fin-
ishing ranges and to perform on-
line color or chemical blending.
Installation is expected early next
year.

Major market. \V. F. Boone ]Jr.,
of Honeywell’s special systems di-
vision, estimated a potential market
of 50 to 100 textile companies. By
1970, the market for process-con-
tro] systems in the textile industry
could be between $10 million and
$15 million. This industry has
lagged behind others—the chemi-
cal, power, oil and steel industries,
for example—in adopting computer
control, mainly because of the lack
of engineers and scientists on the
company staffs. To prepare for its
own installation, Lyman sent some
of its people to Honeywell’s special
systems school for several weeks.

Minor monitoring jobs

Most digital remote-control sys-
tems are too big for many applica-
tions.

Gencral Precision, Inc., has come
up with a $6,000 system that will
monitor one function—pressure,
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Laser system accurately measures antenna patterns.

for example—at 10 different places.
Thus, an oil company can measure
the pressure in 10 petroleum tanks
with a relatively small investment.
And by altering the module, its
capacity can be boosted tenfold.
Additional modules also can be
added.

The manufacturer, a subsidiary
of the General Precision Equip-
ment Corp., said it already has
orders for its Telepulse II from 10
oil companies.

General Precision says its system
is designed “for the guy who wants
telemetry but can’t justify the price
of an installation to control 1,000
tanks if he only has 20.”

For bigger jobs. In another devel-
opment, the General Electric Co.
introduced a telemetering system
called GETAC that is designed pri-
marily for larger installations. GE
declined to disclose the price.

GE said it sold one model to the
Universal Atlas Cement Co., a sub-
sidiary of the U. S. Steel Corp.
GETAC also is modularly con-
structed; one console is designed to
control 1,000 points.

For a tank-farm installation, the
General Precision system works
like this:

Data from the tank is telemetered
to the control room where an oper-
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ator, to obtain a reading, presses a
button on the receiver that corre-
sponds to the tank and function in
question. The information appears
on a digital display on the receiver.
If the reading indicates an abnor-
mal situation, the operator can
actuate a valve to correct it. The
system can also incorporate an
alarm device to warn automatically
of any abnormal situation.
Telemetering can be by telegraph,
teletype, telephone, microwave or
very-high-frequency transmission.
Telepulse II can also include data
logging—either automatic print-out
or punched tape or cards—and
could be tied to a computer for
automatic control.

Advanced technology

Monitoring radar

How do we know that a radar
system is capable of sending out
the right kind of signals for a
specific investigation?

Up until now we didn’t.

A neon-helium gas laser system
developed by Arthur Ingalls of
Conductron, Inc., has been de-
signed to provide the first accurate
picture of both near and distant

FAR FIELD PATTERN
(ENLARGED)

patterns transmitted by a large
antenna. The optical system, in
essence, simulates the patterns on
a small scale, giving the engineer
an opportunity to review a pattern
many thousands of miles away. An
area as large as 112 miles in diam-
eter can be reduced to a 25-milli-
meter photographic transparency
for investigation.

Takes a picture. The system con-
sists of a laser, a laser condenser,
an optical lens and a film trans-
parency, aligned in the order shown
in the figure. The transparency—a
photograph of a drawing of the
antenna—acts as an optical model
of the actual antenna. The con-
denser focuses the laser’s beam at
a pinhole, which filters the beam
and allows only the correct spatial
mode to pass through. The light
then expands and passes through
a collimator lens that converts the
beam to a plane wavefront which
illuminates the transparency.

Master transparencies may be
made on photographic plates or on
film. Both phase and amplitude
patterns may be obtained by vary-
ing the thickness of the transpar-
ency material. If two-dimensional
phase-delay patterns are used, the
new laser system also permits the
study of atmospheric effects on
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the antenna pattern.

Down Under first. The first pat-
tern to be measured was from an
Australian antenna array that is
used to scan the surface of the
sun. That array is made up of 96
elements arranged in a circle a mile
and a half in diameter. Each ele-
ment is a 45-foot-diameter para-
bolic dish. The antenna configura-
tion was reduced to a scaled draw-
ing, 50 centimeters in diameter,
with a dot for each parabola. This
drawing was then photographed
to produce a transparency 25 mm.
in diameter. Using this scale, the
laser wavelength of 6.328 X 10¢
mm. represented the actual operat-
ing wavelength of the antenna—
four gigacycles. The photographs
show the effects on the pattern of
the antenna array itself, as well
as the effects of the interference
between various elements of the
array.

Electron-pumped laser

A gallium arsenide laser, cooled
to liquid-helium temperature and
pumped by an electron beam rather
than a high current pulse, has
been operated successfully at the
Lincoln Laboratory of the Massa-
chusetts Institute of Technology.
The electron-beam technique
hopefully will permit scientists to
achieve laser action in other wide
band-gap materials, among which
they expect to find suitable semi-
conductor lasers for the visible re-
gion of the spectrum. Although
electron-beam pumping had pre-
viously been used by researchers
in France to achieve laser action
in indium arsenide and indium an-
timonide, this is the first time that
the technique has been successfully
applied to gallium arsenide. Elec-
trical injection heating is not suit-
able for these three semiconductor
materials because it is difficult to
make good p-n junctions. Even
when junctions are made, the high
inherent resistance of the materials
causes excessively high tempera-
ture when current is applied.
Action at 8,410. The laser sample
at Lincoln Laboratory was pre-
pared from p-type gallium arsenide
by cleaving a face perpendicular
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to the two parallel polished faces
of a slice of gallium arsenide 0.21
millimeters thick. The beam from
an electron gun, of the type used
in a television projection kinescope,
was focused on the cleaved end
of the sample, emitting light per-
pendicular to the polished faces
which formed the optical cavity.
The beam current was supplied in
0.2-microsecond pulses at a repeti-
tion rate of 1,000 per second. The
diameter of the focused beam was
about 0.5 mm and the energy was
low enough to avoid inducing ra-
diation.

The emission spectra centered
at 8,410 angstroms. At low beam
current, the intensity of the emitted
radiation varied linearly with the
current. Above two microamperes,
the intensity rose rapidly, indicat-
ing the onset of laser action.

Manufacturing

Unetched wiring

An electroless plating process that
the Photocircuits Corp. has been
developing since 1955 was finally
described publicly, in a paper that
corporation executives prepared
for delivery at the National Elec-
tronics Conference in Chicago on
Oct. 19.

The chemical process promises
to set the printed-circuit manufac-
turing field on its ear and may well
result in a fallout of companies
whose profits have been marginal.
Competition is murderous and slim
profits are the rule, not the excep-
tion, for custom producers of
printed-circuit boards. According
to the Institute of Printed Circuits,
the trade association, average prof-
its over the past three years have
been less than 3%.

Robert Swiggett, executive vice
president, and F.W. Schneble, di-
rector of research of Photocircuits,
say this is because practically ev-
erybody in the business makes
printed-circuit boards by the same
process—etching—from the same
types of insulator and copper-foil
laminates that everyone else uses.

Slashes costs. The Photocircuits

process, called CC-4, performs
radical surgery on material costs
and has several design advantages
built in. The circuits are plated
directly on an insulator or on metal
sheets that have been coated with
an insulator. The price differential
between a typical etched board
material, XXXP clad with copper,
and the unclad XXXP is 22 to 25
cents a square foot, Swiggett points
out. Etching costs are about eight
cents a square foot.

With the new plating process,
Photocircuits claims, finished cir-
cuits are produced at equal or less
cost than that of the clad materials
for etched wiring boards. Plating
thicknesses match that of foils,
and the copper is ductile and purer
than copper foil.

“It solders like a dream,” said
a company spokesman.

Catalytic ink. The process differs
from previous circuit-plating proc-
esses—usually more expensive than
etching—in the use of an adhesive
that acts as a catalytic ink. In the
basic technique, the circuit pattern
is silk-screened on the board with
this ink. The board then goes into
a chemical plating bath. The cop-
per in the solution adheres to the
ink, but nothing else.

There are numerous variations
of the technique. The board can
be punched, completely coated with
the ink, and masked. The copper
will deposit only on the circuit pat-
tern and in the holes. Glass cloth
can be impregnated with the cata-
lyst, punched, masked and plated
to make flexible circuits with plated
holes. Multilayer laminates can be
made with solid copper “pins”
joining the layers through plated
holes.

Photocircuits says it has a family
of catalytic materials, masking ma-
terials and plating baths, but won’t
reveal their composition. However,
one type of ink is disclosed in a
patent (Patent No. 3146125). Cu-
prous oxide powder is mixed with
a resin binder. In the bath, the
oxide reduces to metal and the
metal provides a base for plating.
Power content can vary from 0.25%
to 80% of the ink.

Open secret. Insiders in the in-
dustry have known about the proc-
ess for some time. Photocircuits,
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Only
New JFD Modutrim
ceramic variable capacitors
give you...

Modutrim Capacitance
Mode! # Ranges (PF)
MT 100 5to 15
MT 120 21t0 20
MT 130 3to 30
MT 140 4to 40
MT 150 5to 50

MT-100 at 500 wvdc.
All others at 50 wvdc.
widest/\C
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TEMPERATURE *C
TYPICAL TEMPERATURE CHARACTERISTICS
2-20PF MODUTRIM UNIT

highest stability

smallest size

® If you are designing micromodule or hybrid circuits, this
new MT Series of Modutrim micro-miniature ceramic vari-
able capacitors offers three exclusive features.

(1) Note that AC is extended to as high as 5-50 pf. (2)
Highest stability results from the use of both a special
ceramic material (developed in JFD's own Glass and Ceramic
Laboratories) and a unique monolithic rotor. (3) These
Modutrim units are the smallest available. Standard unit
size is only 0.208 in. x 0.401 in. x 0.120 in. thick.*

Other Modutrim Advantages:

1. Capacitance adjustment is approximately linear for
180 degree rotation.

2. Temperature coefficient of capacitance is —250

+ 250 ppm/°C, exact values depending on the capacitance
range. (Exception: Model MT150, temperature coefficient
—700 = 250 ppm/°C)

3. Capacitance drift is 0.75% of maximum capacitance
for temperature cycling, from —55 to +85°C.

4. Guaranteed minimum Q of 500 at IMC. (Exception:
Model MT 150 has minimum Q of 300 at 1MC)

5. Adjust torque is 1 to 5 in. ounces.

6. Dielectric strength test: 1000 volts for 500 volt rating;
and 100 volts for 50 volt rating.

7. Modutrim units meet or exceed all requirements of
Military Specification MIL-C-81A.

#*(Units as small as 0.208 x 0.280 x 0.120 in, thk. can be furnished
upon special order. Other configurations are also available.)

WRITE FOR BULLETIN MT-64

Components Division

J FD ELECTRONICS
CORPORATION

THE " AMERICA KNOWS BEST!

JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219
JFD NORTHEASTERN, Ruth Drive, P. O. Box 228, Marlboro, Mass. 07152

JFD NEW YORK-NORTHERN, Damiano PI., P. O. Box 96, New Hartford, N. Y. 13503
JFD MID-ATLANTIC, 313 E. Broad St., Palmyra, N. J. 08065

JFD MID-ATLANTIC-MARYLAND, P. O. Box 7676, Baltimore, Maryland 21207

JFD MIDWESTERN, 6330 W. Hermione St., Chicago, Illinois 60646

JFD MIDWESTERN-OHIO, P. O. Box 8086, Cincinnati, Ohio 45208

JFD WESTERN, 9 Morlan Place, Arcadia, California 91006

JFD CANADA LTD., 51 McCormack Street, Toronto, Ontario, Canada

JFD ISRAEL LTD., Industrial Area B, Bldg. 23, Azur, Israel

DUCON CONDENSER PTY., LTD., Christina Road, Villawood, N.S.W., Australia
LCC STEAFIX, 128 Rue de Paris, Beite Postale 51, Montreuil-sous-Bois, Seine, France
MURATA MANUFACTURING CO., LTD., Nagaoka Otokuni, Kyoto, Japan
STANDARD TELEPHONE & CABLES LTD., Footscray, Sidcup, Kent, England

Variable Trimmer Piston Capacitors m Metalized inductors m LC Tuners @ Ceramic Fixed and Variable Capacitors ® Fixed and Variahle Distributed and Lumped Constant Delay Lines
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Two versions of a new soldering gun: solder feed and pencil type. At
left, the feed-type gun is used to solder a wire into a connector pin.

however, would not make any pub-
lic disclosure until it got its pat-
ents squared away. It has now been
granted several patents and is ap-
plying for a long list of others.

So far, the major licensee is the
Western Electric Co.; it is mass-
producing circuits on resin-coated
metal blanks, for use in pushbut-
ton-telephone relays.

Four licensces in Germany and
one in Italy are in production and
other foreign licensees are install-
ing equipment.

One major foreign application is
expected to be in radio and tele-
vision. Radio-tv manufacturers can
trim costs by using platings 0.0007
inch thick instead of the usual
0.001 and can reduce costs further
by using plated-through holes and
two-sided boards.

Photocircuits’ people are talking
up the process among radio and tv
firms in the United States. At its
Glen Cove, N.Y., plant, Photocir-
cuits can produce 20,000 squarc
feet of the boards a day. A pilot
plant for flexible circuits has been
set up.

Cold soldering

Imagine a soldering iron that
doesn’t get hot, yet practically elim-
inates cold-solder joints. Or one
that lets a man or machine solder
a terminal to a lead wire in a
second. Or one that needs no main-
tcnance.

The Westinghouse Electric Corp.
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says it has invented a soldering
gun with these advantages, and
about a dozen more. The all-thumbs
editor who tested the gun this
month isn’t arguing. Before they
let him try it, solderers at the com-
pany’s  Acrospace division had
made 261,410 test joints.

Drama. At the conclusion of the
year-long test, C. J. Geating, super-
intendent of methods engincering,
said the results were “dramatic.”
Compared with the conventional
iron, soldering time is reduced an
average of 38% and up to 65% in
some applications. The time it takes
to make a joint in a multipin con-
nector, for example, is reduced
from 0.0005 hour to 0.0003 hour.
Similar results were obtained on
standoffs, tube sockets and ground
lugs.

Girls aren’t shocked. The girls
using the gun, Geating says, over-
whelmingly approved it because it
doesn’t burn cither their fingers or
wire insulation when they are work-
ing in confined spaces, it doesn't
shock them, it’s lightweight, and it
doesn’t require dressing or tinning,

Geating says it’s easy to train
grecen hands to use the gun, but
experienced solderers have to be
taught to abandon conventional
soldering tricks. Some girls, for
example, preferred a pencil-type
gun to a one-hand version with
built-in solder feed. They like the
pencil gun because they were used
to holding an iron in one hand
while manually applying solder

with the other (see photos). These
girls had to learn one-hand solder-
ing before the feed gun felt com-
fortable.

“We may in the near future be
able to completely eliminate the
human element from the making of
a production solder joint,” Geating
says. The new tool has been suc-
cessfully operated by an experi-
mental automatic machine.

Knife-edge resistance. The gun is
a 60-cycle resistance soldering tool,
but the workpiece and solder get
hot by conduction, not by resist-
ance heating. The soldering tips
aren’t heated, either—they stay
cold.

The only places where heat is
genecrated are at the small spots
where knife-edges on the two tips
touch the workpicce. Ileat flowing
from there along the surface of the
workpiece can be hot enough to
melt high-temperature solder.

All the operator doces is position
the gun so the work is in the “V”
formed by the two tips. When con-
tact is made, a bulb lights up and
illuminates the work. On the feed-
type gun, the operator presses a
ratchet with her thumb; flux-cored
solder wire comes out between the
tips and touches the hot work-
picce. If a firm contact has not
been made, the work stays cold and
so does the solder. If there is oxide
on the work, the edges cut through
it.

Low-voltage circuit. \Vesting-
house calls the tool Positerm (posi-
tive termination) to indicate how it
works. Every part of the clectrical
circuit has very low resistance—
transformer sccondary, cabling,
connector and tips—except for the
tip-to-workpiece contact. Because
the tips have knife-edges, and be-
cause contact resistance is in-
versely proportional to contact area,
contact resistance is high and heat
is generated at the contact points.

The tips are made of thoriated
tungsten, a long-wearing material
that is also a good clectrical con-
ductor. Tips are shaped so heat
won’t flow back into them.

Voltage requirements are low.
Open-circuit voltage ranges from
0.95 to 1.65 volts. Six heating rates
provide the equivalent of irons
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SLAROSTAT

CLAROSTAT MFG. CO. INC. DOVER, NEW HAMPSHIRE

Electronics  October 19, 1964

* Rated at a true full 4-watts at 40°C,
and de-rated to zero power at 150°C.

NEW — compact, 4-watt Series 45 potentio-
meters in a 1%” case diameter—no larger than
that of an ordinary 2-watt pot. These Series 45
potentiometers have greater power handling
capabilities for restricted space applications.
They are available in a resistance range of 10
ohms to 15K ohms linear at a standard tolerance
of £10%. Choice of standard bushing mounting,
or split-locking bushing for set-and-forget
applications.

Let us send you complete information so you can
evaluate the advantage of Clarostat Series 45
Potentiometers for your products. Just write. ..

3
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rated at 20 to 120 watts. One ver-
sion is powered by 60-cycle line
power and another by a recharge-
able battery.

Communications

Radarin 3-D

A few miles out over the Atlantic,
an Air Force C-130 from Hanscom
Field, Mass., flies at a known alti-
tude from the Isle of Shoals to
Cape Ann. On shore a rotating
parabolic torus antenna at an Air
Force field site in coastal Ipswich
scans the ocean, and, in a nearby
shack, engineers from the Air
Force Cambridge Research Labo-
ratories track the plane. Their goal
—three-dimensional radar. The re-
search team headed by Carlyle J.
Sletten of the laboratories’ micro-
wave physics section is seeking a
relatively simple technique for get-
ting rapid electronic information
on target height as well as range
and direction.

The technique, based on work
done at AFCRL a decade ago to
develop present L-band search ra-
dars, simplifies the acquisition of
electronic information in three
dimensions. It requires a single
transmitter and two receivers. The
clevation is obtained by phase com-
parison of signals from the two
receiving terminals of the antenna.
Distance and direction are obtained
as usual. The experimental model
works in S-band with a central fre-
quency of 2800 megacycles.

Slotted array. The parabolic
torus reflector—parabolic in the
horizontal plane and spherical in
the vertical—is fed by a special
slotted array that circles the verti-
cal plane of the reflector. The re-
flector and the array together pro-
duce the phase function. A signal
from the target travels along two
different paths, and the phases of
the two received signals are de-
tected and compared. A pulse-
limiting circuit removes amplitude
variations before the signals from
the two channels are compared,
permitting only the phase to be
measured. In the vertical radiation
pattern, the phase-in-space is lin-
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ear with the angle of elevation.
The relative phase-in-space func-
tion is largely determined by the
spacing of the slotted radiators in
the array.

The aircraft’s range and azimuth
are seen on one of two scopes—a
conventional plan position indica-
tor. The target of interest is se-
lected from this indicator by means
of a gating circuit, and return echos
from the target show up as voltages
on the second radar scope, which
acts as a height indicator. Phase
comparison of signals from the
antenna provide the elevation co-
ordinate, and this is displayed both
as a pulse and as a numerical
readout.

Sletten says this 3-D phase com-
parison technique should provide
height indicator accuracy of sev-
eral hundred feet to a range of 20
to 30 miles.

Clutter problem. As with all ra-
dars, ground clutter occurs in earth-
surface applications. The engineers
plans to experiment with moving
target indicator techniques, and
will also try to get rid of terrain
echoes by phase-nulling at zero
degrees in elevation.

The system could be used for
weather radar, air traffic control,
and surveillance systems.

Space electronics

Tricky design in space

Designing communication and
tracking equipment for the Apollo
command module and its lunar
excursion module (LEM) involves
such problems as simultancously
transmitting vast amounts of data
from two spacecraft over a dis-
tance of about 240,000 miles.

To accomplish this the National
Aeronautics and Space Adminis-
tration has established the Apollo
unified s-band program. It calls for
placing all television, voice com-
munications, command, tracking
and telemetry between Apollo and
ground stations on a single fre-
quency band. The network in-
cludes about 15 ground stations, a
number of aircraft and ships.

Can be solved. NASA engineers

concede that the design is tough,
but not insurmountable. The thorn-
iest problems involve the space-
craft.

The system in the craft will
operate on 20 watts, basically at
frequencies between 2,000 and
2,300 Mc. The frequencies used in
transmitting to earth will be
2287.5 Mc pulsed-modulated and
2272.5 Mc frequency-modulated
for the Apollo command module,
and 2282.5 pm-fm for LEM. The
frequencies from the earth will be
2101.8 Mc for LEM and 2106.4 Mc
for the command module.

Antenna design is proving to be
tricky, also, according to James D.
Shaughnessy, chief of the Man-
ned Spacecraft Center’s systems
analysis branch. NASA wants high-
gain (27-db) antennas that would
be mounted on the side of the
spacecraft and erected in orbit, but
they haven’t been designed yet.
Shaughnessy believes the final
configuration will be some type of
cross-slot antenna, flush mounted,
that can be switched in pairs (one
receiver and one transmitter) by
the Apollo crew.

An  omnidirectional antenna
could be used up to 12,000 miles
from earth, but the high-gain an-
tennas will be needed farther out.
The antennas on the spacecraft
will have infrared sensors to keep
them pointed toward earth.

Portable cameras. Apollo will
have a 10-frame-per-second, 320-
line-per-frame television system
that will be compatible with 400-
kc bandwidth. Cameras can be
taken out of LEM and used on the
surface of the moon.

Plans call for 30-foot antenna
stations at Cape Kennedy, Ber-
muda, Australia, Hawaii, Mexico,
Texas, Guam, Ascension Islands
and Guatemala. Three other 30-
foot stations may be added. There
will probably be 85-foot stations
at Madrid and NASA’s Goddard
Space Flight Center and in Mexico,
as well.

Some of the 30-foot antenna sta-
tions will be single facilities, while
the other 30-foot stations and all
the 85-foot ones will be capable
of communicating simultaneously
with both the Apollo spacecraft
and LEM.
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For Microwatt Power Consumption, Specify

Type

MODULE A

Two NOR;
One Inverter.
Fan-out, 5
Fan-in, 1
Power Dissipation,
180 Microwatts

MODULE C
Two High Current
NOR.
Fan-out, 30
Fan-in, 5
Power Dissipation,
816 Microwatts

MODULE F

Bistable
Multivibrator.
Fan-out, 4
Fan-in, 1
Power Dissipation,
180 Microwatts

MODULE G

Exclusive OR.

Fan-out, 5

Fan-in, 1

Pcwer Dissipation,
180 Microwatts

IAODULE J

Two 3-input NOR.

“an:out, 5

van-in, 1

Fower Dissipation,
180 Microwatts

MODULE K «»
ilonostable
Multivibrator.
Fan-out, 25
Fan-in, 5
Fower Dissipation,
408 Microwatts

MODULE U
Bistable
Multivibrator.
Fan-out, 25
an-in, 5
cwer Dissipation,
108 Microwatts

MODULE z

Modified Flip-Flop.

Fan-out, 25

Fan-in, 1

Power Dissipation,
528 Microwatts
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Microelectronic
Logic Modules
from

CBS Laboratories

CBS Laboratories, pioneer in microelectronic tech-
nology, has developed a series of off-the-shelf logic
modules, ready for installation in spaceborne or other
systems requiring an absolute minimum of power
consumption,

Measuring approximately 7/16 by 3/8
by 1/16-inch, these modules operate
on microwatts of power, rather than
milliwatts.

MODULE F

actual size

Typical modules, as shown in the table to the left, may
incorporate one or several logic functions.

For complete information on these and
other microwatt microelectronic cir-
cuits, modules and systems, contact the
Microelectronic Sales Department, CBS
Laboratories, Stamford, Connecticut.

LABORATORIES

A Division of Columbia Broadcasting System, Inc.
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LTV SCIENCE AND ENGINEERING

RESEARGH._.THE POWER OF INQUISITIVE THINKING

The inquiring mind is ‘‘top priority’”’ at LTV, where
heavy investments in research and development have
risen by 100 per cent in the last four years.

How can man maneuver and work in the topsy-turvy
environment outside his spacecraft? LTV's work in this
field has led to an Air Force contract to develop a
compact space pack which promises to convert an
astronaut into a one-man space vehicle for assembling
and servicing spacecraft in orbit, transferring from one
vehicle to another and performing numerous other
tasks in space — all independent of his parent space-
craft. Its first use is scheduled in the NASA two-man
Gemini program.

LTV's electronic research bridges the electromagnetic
spectrum, including the region with exciting new poten-
tial — visible light and the laser. At the other end of
the spectrum, LTV is a world leader in acoustic R & D.

Applied microelectronics research is aimed at produc-
tion of smaller and more reliable microcircuits for
many LTV products.

With a Van de Graaff nuclear accelerator, LTV scientists
devise space radiation detectors and determine effects
of radiation on space vehicles. The company also con-
ducts advanced research in astro and aerophysics, life
sciences, energy sources, space-age mechanics and
materials.

R & D programs in LTV's divisions are backed by LTV
Research Center at the corporate level. This ‘‘power
of inquisitive thinking”' is the key to the versatile store
of science and technology at LTV, leader in electronics,
aircraft, missiles, space, mobile ground vehicles,
ground and airborne communications, and range serv-
ices. Ling-Temco-Vought, Inc., Dallas, Texas.

Divisions and subsidiaries: LTV Altec + LTV Astronautics « LTV Continental Electronics « LTV Ling Electronics « LTV Michigan ¢ LTV Military Electronics

LTV Range Systems ¢ LTV Research Center o

LTV Temco Aerosystems

* LTV University « LTV Vought Aeronautics + Kentron Hawaii, Ltd.
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LING-TEMCO-VOUGHT, INC.

Hypersonic wind tunne! tests new designs for
re-entry vehicles, other advanced hardware.

LTV pioneers ultra-sensitive acoustic de-
vices and high-intensity sound equipment.

How mobile and dexterous is a man in full
pressure suit? LTV is finding the answers.

Research in “thin film" microcircuitry leads
to smaller, more reliable LTV products.

Boundary layer channel opens new avenues
of knowledge in basic flight phenomena.




NO.2 IN A SERIES OF INTERNATIONAL RECTIFIER SEMICONDUCTOR QUIZZES

TEST YOUR

ZENE

See answers at bottom of page

- ®

Y QUESTION 1: The dynamic impedance
of a voltage regulator Zener diode
N __ with an increase in
cwrent.

A —increases

B — decreases

C —remains constant

Dependable voliage regulation begins
with IR's subminiaiure glass Zeners at
150 milliwatts and continues up to
rugged. stud-mounted 50 watt units to
include almost all popular JEDEC
types.

with a breakdown voltage rating (V)
of approximately 6 volts and helow, are
manufacturd by the _
process.

A —diffused

B — double-diffused

C —alloyed

IR manufactures Zener diodes both
wayvs —alloved Zeners to have a sharper
knee characteristic down as low as 2
volts and diffused Zeners that go as

acteristic of a vollage regulator diode is
hest accomplishd by specifying ..
A-lr {@Vgr =98% of Vz) and the knee
impedance
B—1lp {@Vg ==80% of V;) and the knee
impedance
C—lp (@Vg =50% of V;) and the knee

impedance
o
gy

Diffused-junction Zeners span the volt-
age range of 6.8 to 200 volls with IR's
1 walt flangeless (I1N1767-1802 and
1N3016-3051 series) and 10 watt stud-
mounted (1N2970-3015. IN1805- 1836
and 1N1351-1375 series) units. Stlud-
mounted 50 watt Zeners are in the
1 N3305-3340 series.

* QUESTION 2: Voltage regulator diodes QUESTION 3: Detining the “knee” char- QUESTION 4: Temperature-compensated

reference elements are actually {wo or
more diodes connected in series. One
diode is a standard e
. and the others are
compensating diodes operated in their
forward direction.

A —diffused rectifier

B —alloyed rectifier

C — voltage regulator

——mer

e,
* S

IR’s reference elements consist of series-
connected voltage regulator diodes—one
with a positive temperature coefficient
operating in a reverse direction, the
others with negative temperature coeffi-
cients in a forward direction. The result
is a near-perfect cancellation of any drift
as the temperature changes.

Fhigh as 200 volts.

I QUESTION 5: Generally speaking. the
noise voltage generated bv a voltage
regulator diode ~_ ___ as the
breakdown voltage rating (V,) in-
creases.

A —increases

8 —decreases

C —remains constant

P
% oS

B ool ¥
v

P sl ¥
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Subminiature glass Zeners from IR are
in 150, 200. 250 and 400 mw series with
5. 10 and 20% voltage tolerances.

QUESTION 6: The noise voltage gener-
ated by a voltage regulator diode

N as Zener current increases
above 0.5 milliamps.

A —increases

B — decreases

C —remains constant

——— q I *‘ML‘ b

Rugged. stud-mounted IR voltage regu-
lator diodes in 3.5 and 10 watt alloyed
packages are available in the popular
1N1588-1598 and 1N1599-1609 series.
Axial-leaded. alloved Zeners come in
ihe 750 mw 1N1507-1517 and the 1 watt

1N1518-1528 series.

QUESTION 7: The stability of a refer-
ence element is greatly affected by

A — the ambient temperature

B — the stabiilty of the reverse operating
current through the diode

C — the thermal resistance of the diode

-
b wor-f

L
% w8

You get immediate delivery on IR's
lines of temperature-compensated ref-
erence diodes—from the 1N821-827 (5.9
to 6.5 volts) and 1N3154-3157 (8.0 to
8.8 volts) glass series, to the stud-
mounted 1N430 and 3-leaded 1N1530
types. Delivery's immediate with the
L other lines. too.

HOW GOOD A ZENER MAN ARE YOU? If you got all the answers right, or even just 6 out of 7,
you certainly do know your Zeners. But do you know, too, that IR has portable Zener diode
Lab Kits that can save you both time and money during your breadboarding? The kits— there
are three types—contain a wide sampling of the more than 640 types of IR Zeners. They're
there when you need them—with each diode hand calibratad, and their cost? Well, they can
save you as much as 60%, compared to the individual 1-99 Zener prices! Write for IR’s Zener
Lab Bulletin ZL-100A and 1964 Short Form Catalog. Only IR Zeners give you this perform-

ance assurance...99.988% demonstrated industrial reliability!
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INTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL SEGUNDO, CALIF., PHONE OR 8:6281 ¢+ CABLE RECTUSA * REGIONAL OFFICES IN NEW YORK CITY, CH 4.0748 « FORT LEE, N. J,
WI17.3311 » SYRACUSE, N. Y. HE 7.8495 + CAMBRIDGE, MASS., UN 4.6520 « ARDMORE, PA,, M| 9:3667, GR 3-3932 + SILVER SPRING, MD., JU 9.3305 « MIAMI, FLA,, 445-5201
* CHICAGO, ILL,, OR 6-4090 « CLEVELAND, OHIO, 734-4100 + DAYTON, OHI0, 223-7691 « HUNTINGTON wWOODS, MICH,, LI 8:11
MINN,, 920-1200 + DALLAS, TEX., LA 1-0110 » LOS ANGELES, CALIF,, 7500550 « IN CANADA: TORONTO, ONT., PL 9-7581 + MONTREAL, QUE,, 861:0562

Contact the International Rectifier Regional Office nearest you for the Authorized Distributor in your area,
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Stalled satellites
may get nudge

Reprieve granted
for citizens’ band

Trade barriers
under fire

Washington Newsletter

October 19, 1964

The Pentagon is smarting over Congressional criticism that its budget-
mindedness has caused delays in getting a satellite communication net-
work off the ground. Now the rumor filtering through the Defense
Department is that Secretary Robert McNamara is about to take a step
that was expected in August—naming a company to produce the satel-
lites. [story on p. 93].

The Philco Corp. remains the front-runner for the two dozen near-
synchronous altitude satellites that should provide the worldwide cover-
age McNamara wants.

Critics maintain that aside from two years of delay in this area, Mc-
Namara has tied the system to the still unproven Titan III-C booster
program. This, they say, makes the system susceptible to still more delays.
A House committee wants McNamara to revert to the original satellite
plan, okayed in 1962 by the Joint Chiefs of Staff, that calls for using
medium-altitude, random-orbiting satellites launched by the Atlas-Agena
booster.

In addition, the committee wants the department to take immediate
steps to have the National Aeronautics and Space Administration perfect
satellite stabilization by using gravity-gradient techniques. And it wants
the Pentagon to design and procure small mobile land and shipboard
terminals for test use with the satellite system.

New rules designed to put tight clamps on unauthorized use of citizen-
band radios won't go into effect on Nov. 1 as originally planned by the
Federal Communications Commission.

Equipment producers protested against the stiff rules, and the agency
will let them air their objections.

Supporting the agency’s demand for cracking down on the misuse of
the radios were a host of reports in the New York area that chattering
youngsters using citizens” band were disrupting the sound and picture on
video receivers.

Lafayette Radio Electronics Corp., Syosset, N.Y., and Polytronics La-
boratories, Inc., West Caldwell, N.J., two of the several equipment pro-
ducers that are protesting the new rules, contend the FCC doesn’t under-
stand the problem. They want the FCC to step up police action to stop
illegal radio use, while providing an additional 100 channels for legiti-
mate users.

New U. S. trade barriers that may involve millions of dollars worry some
segments of the construction industry but apparently not the electronics
industry.

In a nutshell, the new Commerce Department edict requires friendly
foreign importers of strategic U. S. technology to pledge that the tech-
nical data won’t be sent or sold to Communist countries.

The National Constructors Association argues that if the data or proc-
esses involved can be obtained by the importer from some other country,
there is no need for the U. S. control. But the Commerce Department,
although agreeing in principle, contends that if the process is significantly
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Bigwigs plug
radios in ears?

Computers can’t
talk to each other

Speed is sought
on getting patents

33

Washington Newsletter

cheaper than the foreign counterpart, such versions aren’t comparable.

The association, which has been pressing several major electronics
concerns to join them in the battle, says these companies consider the
issue too complex and time-consuming to warrant much interest.

Not only rock 'n’ rollers and baseball fans, but top-echelon officials will
have their ears glued to transistor radios if security aides have their way.

The problem is this: If tragedy befalls the President, the man who
would inherit his national security responsibilities must be reached imme-
diately. Security officials are plugging the tiny transistor radio idea, but
they don’t disclose details or their success.

Lacking a vice president, President Johnson’s next-in-line is Speaker
John W. McCormack (D., Mass.). Though he has a hot-line connection
with the White House from his office, home and car, his movements are
considerably less restricted than the President’s, thus the need for the
tiny radio, which is tuned into the military command and control
network.

Communication among bureaucrats has always been a problem, but
now, apparently, the government’s computers don’t even “talk the same
language.”

The Warren Commission, which probed the assassination of President
Kennedy, uncovered faulty coordination among the Federal Bureau of
Investigation, Secret Service, State Department and the Central Intelli-
gence Agency. The report disclosed that the electronic data-processing
systems of the CIA and the FBI can’t “talk” to each other, even if their
officials want them to. And the Secret Service doesn’t even have such
a computer system.

A commission demand that a study be launched to determine the feasi-
bility of teaching the computers the same language, leaves the agencies
sputtering. Some fear it would poke holes in the cloaks surrounding their
secrecy.

Meanwhile, the Secret Service is asking $100,000 for an initial study
for a computer system. The agency is getting technical advice from the
Rand Corp.—a nonprofit company that researches national security
problems—the International Business Machines Corp. and CIA special-
ists.

Streamlining the time-consuming patent process may get high-priority
action.

At the request of the Patent Office, Commerce Secretary Luther
Hodges may ask the President to name a commission on patents. Such
a panel might suggest anything from minor revisions to an overhaul of
the present system.

One of the most controversial possibilities would be the elimination
of lengthy pre-patent searches, substituting the European system of
relying on court challenge and review to determine patent validity.

Other ideas being studied or implemented: pilot operations between
U. S. and foreign patent offices to exchange search results on companion
applications; interviews between patent attorneys and examiners; and
guidelines for patentability in areas where courts have disagreed or have
not ruled.
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Because FREON solvents are nonflammable, virtually nontoxic and free from irritating odors, Rauland Corp. can safely locate its
cleaning equipment directly at the end of its assembly line for maximum efficiency.

Rauland uses FREON' TF
to “super-clean” color-TV
picture-tube subassemblies

Cleaning of color-TV tube gun sub-
assemblies is a critical operation be-
cause of the extremely high voltages
to which they will besubjected. Any
particulate matter not removed

This combination cleaning system was engi-
neered specifically for the Rauland Corporation
by G. S. Blakeslee Co., Chicago, Illinois. It is
just another example of the complete cleaning
system engineering you can expect from your
representative for Du Pont FREON®.

Electronics | October 19, 1964

could cause arcing and a blown tube
... any leftover lubricants would
seriously affect the rise time and
service life of the tube. For this crit-
ical cleaning operation, the Rauland
Corporation, Chicago— a division of
Zenith Radio Corporation—uses
FREON TF solvent.

Now, cleaning of the subassem-
blies is a quick, simple, low-cost op-
eration...thanks to a cleaning sys-
tem engineered and installed by a
FREON solvent sales agent. This
cleaning system uses FREON TF.
The combined action of extremely
low surface tension and high den-
sity enables FREON TF to penetrate
minute crevices and effectively re-
lease and float away soils . . . even
particulate matter. This results in
complete, residue-free cleaning.

If you would like to investigate
the many ways you can use FREON
solventsin your cleaning operations,
mail the coupon at the right.

After being cleaned in quick-drying FREON TF,
the residue-free subassembly is ready imme-
diately for final processing.

FREON’

SOLVENTS TR ot
Better Things for Better living. . . through Chemistry

-1
|
|
|
|

Du Pont Co., “Freon” Products Division :

N-2430 12-2,  Wilmington, Delaware 19898 |

|
|
|
|
|
|
|
I
|

I am interested in cleaning.

1
|
|
|
|
I
|
: Please send information on FREON solvents.
|
|
|
|
|
|
|
|

Name. Title.
Company.

Address

City. State___Zip.
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High-reliability battery packs
for beacon transmitters

The battery pack shown here is
typical of literally hundreds of
power supplies which Mallory
Battery Company has been de-
signing and manufacturing for
nearly 20 years for all branches of
the military. This particular pack
goes into a radio beacon which is
small enough to be carried in an
airman’s jacket, packed in a para-

chute harness, or inserted in a life
vest. Rated nominally at 1200
milliampere-hours, it will supply
24 hours of steady operation of a
pulsed transmitter, at ambient
temperature of 0°C. Ten of our
No. 3 wound anode mercury cells
go into the pack.

The utmost in reliability at tem-
peratures ranging from Arctic to
tropic, is demanded of this class
of emergency rescue equipment.
The Mallory wound anode mer-
cury cell is particularly applicable
to many emergency packs, be-
cause of its ability to deliver high
milliampere-hour capacity at sub-
freezing temperatures. Equally im-
portant is the excellent shelf stabil-
ity of the mercury system. Military
depots have issued mercury batter-
ies stored over three years and
these batteries still provided the
specified service life requirements.

Call on Mallory Battery engineers
for analysis of your requirements
and for custom design of the most
effective pack for your equipment.

CIRCLE 240 ON READER SERVICE CARD
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Multi-cam timer has
cycle adjustable
without tools

An industrial sequence timer de-
veloped by Mallory can be adjusted
to provide a broad range of time
cycles without need for tools. You
simply move a set of spring-loaded
cams apart with your fingers, turn
them to the desired cycle, and re-
lease. New settings lock into place,
won’t slip out of adjustment.

Cams actuate snap-action switches
rated 15 amps, 125 VAC, tested for
over 1 million cycles. Switches can
be replaced in seconds in the event
of damage from overloads.

For use in prototype work, for
laboratory or production line con-
trols, Mallory Industrial Distrib-
utors stock both a wvariety of
assembled timers, and a selection
of the timer frames and drive
motors from which you can quickly
put together the timer you need.
Timer frames come with 5, 10 or
15 cams. Drive motors cover the
range from one minute to 24 hours
per revolution.

CIRCLE 241 ON READER SERVICE CARD
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DESIGNER’S FILE

New Solid Tantalum Capacitors
Rated for 200°C Service

The new THS line of Mallory
capacitors is the first solid electro-
lyte tantalum type to be rated for
200°C. They were originally de-
veloped by us to provide a minia-
ture capacitor capable of reliable
performance in oil well instruments,
which are subjected to high tem-
peratures during deep hole surveyvs.
The THS capacitors are hermeti-
cally sealed in tin-plated cases
with gold plated leads. To assure
uniform high quality. we subject
them to 1009, screening tests on
critical electrical characteristics
at 200°C.

Voltage ratings are dependent on
operating temperature (see derating
chart). Nominal values cover the
range from 220 mfd. 6 VDC to
15 mfd. 50 VDC, with low capacity
values down to .0047 mfd. Four
different case sizes are available,
from 0.125" diameter by 0.250"
long, to 0.341” diameter by 0.750”
long (uninsulated case dimensions).
Capacitors can be supplied with
Teflon* insulating sleeves.

*Registered Du Pont trademark

VOLTAGE DERATING CHART
WVDC @
WVDC @ 200°C wvne &
; 200°C 50%
25C Continuous Duty Cycle*
Duty
6 2.4 4.8
10 4.0 9.0
15 6.0 12.0
20 8.0 16.0
25 10.0 20.0
35 14.0 28.0
50 20.0 40.0

*Duty cycle of 2 hours on voltage @ 200°C
followed by 2 hours off voltage @ 25°C.

CIRCLE 242 ON READER SERVICE CARD
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_ MALLORY
THS

MALLORY
THS

New Push-Pull
Line Switches

Attractive styling and excellent
performance go together in this
new line of Mallory switches. Their
cone-shaped anodized aluminum
knob is an integral part of the con-
trol shaft; no added hardware is
needed.

Switch action is pull “on”’, push
*“off”’. Electrical rating is 6 am-
peres at 125 VAC, U.L. approved.
The switch is enclosed in a "
diameter cup. SPST, DPST and
SPDT models are available, at
prices comparable to standard
toggle switches.

CIRCLE 243 ON READER SERVICE CARD

When you need a lot
of microfarads...

Occasionally, when you’re working
out a prototype, you may run into
a circuit that needs microfarads
by the thousands. How do you get
what you need, in compact size,
at compact prices?

The answer is a Mallory Computer
Grade (Type CG) capacitor. They
were originally developed for use in
computer power supplies. but you
don’'t need to be designing com-
puters to use them. They’re made
of materials—foil separator, elec-
trolyte—that meet highest speci-
fications for purity. And they are
assembled with extra care, in a
construction which gives unusual
reliability.

Their life is exceptional. We have
tested them for the equivalent of
20 vears service at room tempera-
ture, without failure. Equivalent
series resistance and DC leakage
are remarkably low and stable.

In a single case (largest size 3” dia.
x 594") you can get up to 115,000
mfd. at 3 volts, or 2000 mfd. at 350
volts . . . at a cost considerably less
than that of conventional electro-
lytics paralleled together.

CIRCLE 244 ON READER SERVICE CARD
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CONSIDER
COLORADO ...where research and education are industry's partner...

Directly. Indirectly. From government, university and private sources...

Consider 103 research organizations located in the state ... headed by a
total of 3500 graduate scientists who guide the efforts of 23,000 employees to
discover the unknown. Everything from economics and marketing to cryo-
genics and advanced nuclear research and neutron generator performance.

In close support of science, research and industry are Colorado’s educa-
tional institutions: 12 colleges and universities; 7 junior colleges. Plus an
increasing number of vocational and trade schools whose primary mission is
to serve the needs of Colorado and the nation’s industry.

If research and education are important to your business, consider indus-
trial Colorado for your expansion or relocation. Complete information is avail-
able from Dwight E. Neill, Director, Division of Commerce and Development,
14 State Services Building, Denver, Colorado.

INDUSTRIAL COLORADO
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new
compact
Tektronix
oscilloscope

easily adapted to
particular needs

Here's & high-performance cscilioscope featuring opera-
tiona: simplicity ard versat/lit) tnrough a new series of plug-
in units. Presently, you can saiect from 12 amplifier unit
and & t'me-base units.

TYPE 561A OSCILLOSCOPE
PN

Kricairg your applicaten area, jou select those unics inis
fil your reeds. Some of thi lug-n unit combinations avail-

sle include those for low-leve|, differential, multi-trace and
sneep-delay anplications. |

Special-purpose plug-in con b raruns equip the oscilioscope

i cspll N R =%
for sa'r pling apolications, i «h ch the instrument becomes e T ﬁ’;“‘“-.».-.t. ° &
a low-drift sampling syster as easy to operate as a conven- e s U —
tional osciiioscope, but with senailivity and bandwidth pessi- || s B | | wee TR .|
ble orly through sampling. | ) ) =

4 = TIME/DIY.

With any combination of plug-in urits in the oscilloscape - | _,u;-,;,g;,w?_ e

inciuding the same type amplifer units in both channels for |
X-Y displays—this new value package provides you with
‘'no-parallax’ displays and sharp trace photography.

OSCILLOSCOPE FEATURES

NEW CRT with an interral aratici'e and centrollable edge lighting
+ regulated yoaersupc'ics o reaulated de heater supply o Z-axis
input - 3.5-kv accelerating potant = amglitude calibrator « and
operation from 105v 1¢ 125v or 270y v Z5Cv. (The Type 561A operatcs
from 50-400 cps ard the Type RIAL: *A (rerates from 50-60 cps.)

Type 561A (showr in low-ic . plicationy . . . . . . . . $% The 2A61/2B67 Plug-In Unit combination—illustrated
Type RMSB1A (snuwn in swcop-delay arplication) ... . %59 with Type 561A—equips the oscilloscope for /ow-

Oscitloscope prices » t*out plug-in units. level differential applications.

) - . \ The 3A1/3B3 Plug-In Unit combination—illustrated
[’.ug;ln Urits: Prces as ‘ow 2108 for vertical amplifier ana $210 with the rack-mount model, Type RM561A —equips
for time-base generator. the oscilloscope for high-sensitivity, dual-trace opera-
U Semps Pument Wy o tion and sweep-delay applications.

]
vesticay

~eroutas

TYPE 3a3
DUAL-TRACE
FMBLIFIER TYPe 383 TIME BASE
Py .

LA7ED SWEEm IncEnt

9 ?56)

1OLTSIONY
b

w/
f,

S

oot ol
g a2
£ o

° | 6
TYPE RMS61a OSCILLOSCORE =

FOR MORE INFORMATION ON EITHER MODEL OF THIS NEW OSCILLOSCOPE AND ANY COMBINATION OF PLUG-IN UNITS, PLEASE CALL YOUR TEKYRONIX FIELD ENGINEER.

P.0.B0X 500 - BEAVERTON. OREGON 97005 - Phone. (Area Code 503) Mitchell 4-0161 - Telex: 036-691

Tektronix’ Inc. TWX: 503-291-6805 - Cable: TEKTRONIX « OVERSEAS DISTRIBUTORS IN 25 COUNTRIES
TEKTRONIX FIELD OFFICES in principal cilies in United States. Consult Telephone Directory

Tektronix Australia Pty., Ltd., Melbourne; Sydney « Tektronix Canada Ltd., Montreal, Toronto
Tektronix International A.G., Zug, Switzerland » Tektronix Ltd., Guernsey, C. l. » Tektronix U. K. Ltd., Harpenden, Herts ®
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In Lancaster we have many things you °
wouldn't expect to find in our What S a-
factory. The forging hammer, for one, forging

belongs to our Precision Metals

Division. It's used to reduce ingots hammer

and bars as the first step in production

of extremely close-tolerance strip, dOing in a

foil and wire. We work with some

50 different alloys. Watch

This facility is a completely integrated

metals processing operation. We can faCtory?
furnish anything in precision metals

from experimental prototypes, to a ‘
limited run or to large volume produc-
tion from raw materials to finished
products. Write for our Precision
Metals brochure or visit our facilities.

e .Y
< .

L

YLl

L head,

PRECISION METALS DIVISION-ONE OF THE MANY DIMENSIONS OF THE
MrranrieTon warcrH~ conmpany

Lancaster, Pennsylvania
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OHMS
PER
~ VOLT

RIEOLEr

\-lO
23100
\\ ok 10K 100K 12

-

s

62 RAN GES
pe.vouTs | 0 150000 Opms Vot
FACTS MAKE FEATURES 0-0.3-1.5-6-30-150- '
600 at 200,000 Ohms/Volt.
1 200,000 OHMS PER VOLT D.C. for greater accuracy on high re- 0-0.150 at 60ua

i i i A.C. VOLTS 0-3-12-60-300-1200 at
sistance circuits. 20,000 OHMS PER VOLT A.C. 10 000K olt

5ua SUSPENSION METER MOVEMENT. No pivots, bearings, hair- %’o%bs'&?"m‘sm at
0 . i, o i ms Volt.
2 springs, or rolling friction. Extremely RUGGED. Greater sensitivity -
and repeatability. -20 to 77 in 10 ranges.
D.C. MICRO- 0-5 at 300 MV.

3 62 Ranges, usable with frequencies through 100 Kc. Temperature AMPERES 60-600 at 150 MV.
compensated. 1129% D.C. ACCURACY, 3% A.C. 20 at 300 MV.

Low voltage ranges and high input impedance make the 630-NS especially usetul in AMPERES
transistor circuit measurement and testing. Inputimpedance, at55 volts D.C. and above, D.C. 6 at 150 MV.
is higher than most vacuum tube voltmeters. AMPERES 0-12 at 300 MV.

The unit is designed to withstand overioads and offers greater reading accuracy. 0-1K-10K-100K (4.4-44-440
Reads from 0.1ua on 5ua range. Special resistors are rigidly mounted and directly at center scale)
connected to the switch to form a simplified unit. Carrying cases with stands are ST 43,000
priced from $9.90. MECOHMS 24%).[1)8018?1Ssa{c)gnte}ogcale)

.2-12-120-1200 at 300 MV.

0-
0-1
D.C. MiLL! 0-6-60-600 at 150 MV.
0-1
0-

OUTPUT: Condenser in series with A.C. Volt

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OKIO L

630-APL
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POOGSISS (N RECIHIER COMPONENIS

Of course a G=E thyrector diode isn’t the only
low=cost transient voltage protection available

[“"

|

L—-—“

@

S e R

you can always pull the plug

But one Thyrector Diode can often save you 10. 20. or even 100
times its cost. And recent extensive unbiased laboratory tests
(as well as countless commercial and industrial applications)
have shown that Thyrector Diodes respond to transient voltages
just as quickly as the voltage reaches the diode’s breakdown
level. In other words, it takes time, as determined by the dv/dt
of the transient. before clamping begins to take place. That’s as
nearly instantaneous us a device can be!

This instantaneous response is doubly important to you since
transients exist in @/l low voltage distribution systems, and
originate both inside and outside the system. Without protection,

INSTANTANEOUS VOLTAGE RESPONSE

=)

TYPICAL CIRCUIT:
TRANSIENT DEVELOPED
IN SUPPLY LINE

AN

AC THYRECTOR
SUPPRESSED TRANSIENT
400 VOLTS PEAK

UNSUPPRESSED
’ TRANSIENT VOLTAGE
VOLT PEAK—1500

RECURRENT PEAK—220
APPLIED VOLTAGE—150

46 Circle 46 on reader service card

damage is very likely to occur to connected loads in the system,
particularly semiconductors, lamps. clock motors, and other
electronic devices, when high level transients occur.

Tests show that it is usually better to lower the transient
voltage “risk” level of a rectifier circuit by adding series diodes
than by increasing the PRV of the existing one. The best way
to do it, however, is to limit the transient voltage...and that’s
where you need the Thyrector Diode. As an added henefit. vou
can also reduce rectifier PRV. If you want super-reliability
aguainst voltage transients, couple the Thyrector Diode to a
circuit using the series diode scheme.

Thyrector Diodes are available in sizes from 9/32” diameter
Jead mounted units to large 5” x 6” plates for light industrial,
consumer, and heavy industrial applications. So. if you want to
increase your circuit reliability at lower cost. call your G-E
Semiconductor District Sales Manager and tell him vou’d like
comeone to help you out with your transient voltage problems.
Or write directly to Rectifier Components Department, Section
16J142. General Electric Company, Auburn, New York 13022
and ask for bulletins 180.30 through 180.37.

Available Through Your G-E Semiconductor Distributor

GENERAL @3 ELECTRIC
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Technical articles

Highlights

Compromising secondary breakdown and radiation resistance: page 48

Transistors with good radiation resistance almost always have
poor second-breakdown characteristics. The authors describe how
transistors react to both radiation and second breakdown and
suggest a compromise for effective design.

Breadboarding analog microcircuits: page 58

Standard digital integrated circuits are readily available, but
an engineer may have to do without if he wants linear units.
Now a new technique makes it possible to breadboard your own
and reduce the cost of producing them in small quantities.

Digital transducers on the Savannah: page 65

On the U.S.’s first nuclear powered merchant ship, digital
transducers measure variables. In this highly automated ship,
such a unique approach means ease of maintenance and big
advantages in reliability.

Telephone switching goes electronic: page 71

Not since the Bell System started installing dial phones has it

made a technological change as big as the contemplated conversion
from electromechanical to electronic switching. The requirements
for long life, reliability and mass production make the electronic
components interesting to other engineers. This three-part

article covers the design and operation of Bell's electronic
switching system, a primer of telephone engineering, and

electronic switching around the world.

Coming
November 2

* Applications for power transistors

* Analyzing circuit designs by computer
» Using radiometery in space

* A new operational trigger

a7



Solid state

Trading off radiation resistance
and second-breakdown performance

Transistors with the best radiation resistance usually
do not have good characteristics for second breakdown.
It takes a compromise to produce satisfactory equipment

By Bernard Reich and Edward B. Hakim

Army Electronics Laboratory, Fort Monmouth, N.J.

In military applications these days, heavy stress
is being laid on electronic equipment’s resistance
to radiation. Designing solid-state circuitry with
good radiation resistance is complicated by the
phenomenon of secondary breakdown. Unfortu-
nately, transistors that withstand radiation best
usually do not have good second-breakdown char-
acteristics. The best the engineer can do is to com-
promise.

An initial assessment of these requirements in-
dicates that the transistor with a high-frequency
response gives the best radiation-resistance per-
formance. But because it has the poorest secondary-
breakdown performance the compromise involves
choosing another transistor with a frequency re-
sponse less than the highest value possible. Design
curves (right) provide a relatively simple method
to determine the optimum value of frequency re-
sponse.

A second phase of the compromise or trade-off
comes from dynamic considerations. The same de-
sign curves enable the circuit designer to trade-off
radiation protection for better second-breakdown
performance. For example, if the radiation specifica-
tions call for a design to withstand an integrated
neutron dose of 102 nvt (neutron flux, nv, multi-
plied by time, t), the designer must realize that if
a safety factor of 10, 100 or 1,000 is used, protection
from second breakdown will be sacrificed. A com-
promise with regard to both frequency response
and the trade-off between second-breakdown and
radiation protection is necessary.

Second breakdown

Device failure from second breakdown is mani-
fested by either a short circuit between collector

43

and emitter; drastically reduced collector-base
or collector-emitter breakdown voltage, or open-
circuited transistors. These failures result from high
temperatures in the active part of the transistor,
causing melting and re-alloying of the materials.
For example, in a silicon planar transistor, where
aluminum is often used for making contact with
the silicon material, it is possible for a hot spot to
develop in the silicon under the metalized area.
Such hot spots can reach a temperature high
enough to cause alloying of the aluminum through
the base region. The end result of this process is a
collector-emitter short and a burned-out transistor.

10,000 /r 1018

= /
g =
= ] =
w \ @
< 1,000 o' 2
W

= / c“?-, Zz
£x / ey E
Ot = |
0O x
x a =
== / =
l&l ﬁ/" 8
@ 100[ )/ 10" &
=Y A) 3
= Ly (&
S Y, w
Q Qf =
7] / S

/
10 ) 4 1 1012
1 10 100 1,000

GAIN-BANDWITH PRODUCT, Fr (MC/SEC)

Curve | is the second-breakdown figure of merit (FM)
versus the gain-bandwidth product fr. Curve Il
represents the neutron-radiation resistance

of the transistor as a function of fr.
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Before the silicon planar epitaxial transistor is destroyed by second breakdown (right), it exhibits performance
degradation. Second breakdown is just beginning to be visible in the darkened area around the top lead (left).

Two causes of second-breakdown that result in
device destruction are the effects induced by cur-
rent and voltage modes of operation. In both cases,
catastrophic failure is preceded by localization of
current cither in the collector or emitter, which
causes reduction of the power-handling capability
of the device.

The current mode of failure is associated with
the rapid fall-off of current gain at high-current
levels. The voltage mode is associated with reduced
device power-handling capability at or near the
point where collector-base breakdown occurs. Both
modes eventually result in the formation of hot
spots within the device. The association of these two
modes with measurable device parameters influ-
ences the basic design of the transistor. One of the
parameters important in obtaining satisfactory sec-
ond-breakdown performance is good current-gain
lincarity with increasing collector current. This is
particularly true in the current-mode of second
breakdown.

Radiation effects

In a test for current-gain linearity, silicon sin-
gle-diffused transistors were subjected to neutron
radiation. As expected, the current gain was greatly
affected and, in addition, the second-breakdown
performance was severely degraded. Verification
will be found in the test data shown in the tables
on the following page.

The characteristic of semiconductor material

Electronics | October 19, 1964

most sensitive to neutron radiation is minority
carrier lifetime, ». Degradation of this characteris-
tic effects the current gain of the transistor.

At the saine time, the higher the alpha cutoff fre-
quency of a device, the less susceptible the device
is to damage from a given neutron exposure. The
fact that current gain is the parameter of impor-
tance both for satisfactory second-breakdown per-
formance and neutron-radiation resistance suggests
a relationship and warrants further examination.

Frequency response

To understand the interplay of the two conflict-
ing requirements on a transistor, simultaneous plots
are made of nuclear-radiation resistance and sec-
ond-breakdown performance as a function of fre-
quency response (preceding page).

Curve T is a plot of the second-breakdown figure
of merit as a function of the gain-bandwidth prod-
uct or frequency response.

Curve II represents the neutron-radiation resist-
ance of the transistor as a function of f.

The second-breakdown figure of merit (FNI) is

the product of:
V, X I, X 6;, = F\ (1)
where: V), and I, are the peak voltage and peak
current applied to the transistor to produce second-
breakdown and 6, is the total (junction-to-ambient)
thermal resistance.

The transistor characteristic (V,1I,) chosen for the
determination of the figure of merit was obtained
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Radiation’s effects on transistors

~
, ) After % Anneal Anneal
(Second-breakdown Unit| Initial ' exposure Change 72 hrs. 120 hrs. Dosage
current degrades | -
severely when a 1| 600ma | 225ma 62.5 600ma | 650 ma
transistor is exposed g l 288 . 358 61.5 600 500 ~10%n/cm?
to neutron radiation. | 23 o ==l ey
Annealing at 200°C a4 700 400 43.0 650 700
results i . 5 500 350 30.0 500 600 ~101n /cm?
esults in recovery 6 ‘ 500 | 300 40.0 450 450
! .
7 550 350 36.3 450 500 i
8 | 600 400 | 333 500 500 |
9 | 700 600 | 146 | 700 800 | ~101n/cm?
10 | 500 450 .0 450 450
\. J
—

n Initiall Aft After 72 h )
The Current- gain niunally | er exposure er ours
degrades after a Unit| 1lma 200ma 500ma| 1lma 200ma SOOmJ lma 200ma 500ma
transistor has been ! l 1 —

1/ 100 250 200 | 0.83 1.82 1.66| 2.2 6.7 5.9
exposed to neutron 2| 100 167 125 0.83 182 1.66 2.2 7.4 59
radiation. The 3 8.3 20.0 16.7 | 0.56 2.0 1.66 2.2 6.7 5.9
> 1
collector-to-emitter ' —

: 4| 83 182 139 | 3.2 6.1 59 | 5.6 12.5 9.1
voltage is held 5/ 143 222 20.0 2.0 48 45 63 118 111
constant at 2 volts. 6 83 182 16.1 | 2.86 6.1 59 | 59 125 11.1

‘ 4

| 1
7| 53 154 125 | 5.0 11.1 100 | 7.1 50 20.0
8| 83 182 143 | 6.25 133 10.0 | 7.7 16.6  15.1
9| 7.15 190 151 | 6.25 125 100 | 6.65 20.0 16.1
10, 9.1 20.0 15.1 | 5.0 13.3 10.0 | 83 222 16.7

k— — J

r e ﬂ
Devices examined Device type VI, X 6. = FM t
were fabricated of watts °C/w x10° SME((::
silicon materials. !

Average results are Single diffused I...................... | 230 280 6.4 1.0

i Single diffused Il..................... | 40.0 155 6.2 1.0

for second-breakdown Single diffused 1. ................... 84.0 72 6.1 1.0
figure of merit (FM) and ) _ : .

frequency response (fr). | Alloy diffused I....................... | 160 23 3.7 5.5

Alloy diffused Il...................... | 245 100 2.45 10.0

Alloy diffused I1l...................... | 120.0 23 2.8 10.0

Grown junction....................... I 10.0 180 1.8 20.0

Triple diffused I...........ccvvevnn... | 120 77 0.92 140.0

Triple diffused N..................... 4.5 170 0.76 225.0

Planar epitaxial....................... l 6.7 155 1.04 125.0

\ J
F—
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Collector-to-emitter characteristic was used to assess
the second-breakdown performance of the transistor.

on a 120 cps curve tracer and the characteristic
used is shown above. The tvpes of devices exam-
ined (all were fabricated of silicon), along with
the average data, are summarized in the bottom
table at the left. The average data represented by
Curve I vields the relationship between second
breakdown and frequency response:

SBpy == K {038 (2)

This is in excellent agreement with previously re-
ported results.?

The averaged data also shows that the second-
breakdown performance varies inversely with total
thermal resistance. This is clearly evident in the
performance of the three single-diffused transistor
tvpes and the two allov-diflused tvpes. Each class
of transistors was chosen so that all transistors
within a class had the same frequency response.

The neutron-radiation resistance curve is repre-
sented by Curve II of the plot. The permanent deg-
radation of current gain is used as the failure cri-
terion. The over-all curve is based on data obtained
over a period of time. It is apparent from Curves
I and II that second breakdown and nuclear-radia-
tion resistance are in conflict, if the best device
gain-bandwidth product is sought. The best second
breakdown performance and nuclear-radiation re-
sistance can be obtained, simultancously, from a

The Authors
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Second-breakdown performance of silicon single-diffused
transistor is a function of neutron radiation.

device with a gain-bandwidth product in the vicin-
itv of the intersection of Curves I and II. A device
with £ of approximately 200 Mc vields a radiation
resistance of approximately 8 X 10 nvt.

Second breakdown vs. neutron radiation

An experiment was conducted to determine the
variation of VI, (equation 1) with neutron radia-
tion. Three groups of single-diffused transistors
were subjected to neutron exposures of approxi-
mately 10'%, 4 X 10'? and 10’* nvt. The degrada-
tion of the second breakdown with increased neu-
tron radiation is shown above. The devices tested
were single-diffused transistors with fy's of approxi-
mately 1.0 megacycle per second. The results indi-
cate that for these devices severe second-breakdown
degradation occurs over a short range of neutron-
radiation exposure.
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Checking oscillation
in cathode followers

A quick way to find and remedy a problem
whose existence is too often overlooked

By Phillip D. Blais

Erie Technological Products, Inc., Erie, Pa.

Careful analysis of cathode-follower circuits dis-
closes a tendency to oscillate. When such an
analysis shows oscillations, they can be suppressed
by adding a resistor in the input lead.

The cathode follower circuit is generally con-
sidered to be straight-forward, having a gain less
than unity, high input impedance and low output
impedance. The assumption of a gain less than
unity implies circuit stability, and the possibility
of oscillation is usually ignored by circuit design-
ers. But this assumption is not always valid.

Comparison with Colpitts oscillator

The tendency to oscillate will be shown by com-
paring the high-frequency equivalent circuit of the
cathode-follower with a simple Colpitts oscillator.

The top, left diagram on page 53 shows a typical
cathode follower circuit with parasitic capacitances.
At low frequencies these capacitances can be ig-
nored. At high frequencies they Dbecome im-
portant and must be included in the complete
circuit, Cg, is the equivalent capacitance between
the grid and plate of the circuit, and includes stray
capacitance due to the external wiring. Similarly,
C,. is the equivalent grid-to-cathode capacitance.
C..¢ is the heater-to-cathode capacitance including
the output lead stray capacitance.

The author
Phillip D. Blais is engineering
manager of Electron Research, Inc.,
a division of Erie Technological
i 3 )N Products, Inc. He received a
§. master’s degree from the University
of Minnesota in 1958.
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As the frequency under consideration is in-
creased, the susceptance of the parasitic capaci-
tances predominates, and the resistors may be
neglected in the equivalent circuit. The plate power
supply, E,, generally is made to present a low
impedance at high frequencies with by-pass capac-
itors, and for this analysis, the power supply may
be considered as a short circuit. C,, is effectively
across the input, and the cathode-follower high-
frequency equivalent circuit is shown top, center.

This circuit will now be shown to be identical
with the Colpitts oscillator. In the Colpitts oscil-
lator circuit shown, top, right, the inductance of
L. is normally large, and its reactance gcuerally
high enough to be neglected. The power supply
may also be ignored because it is isolated from
the circuit by L..

Capacitor C; is generally of large value and
merely serves as a blocking capacitor to isolate the
plate voltage from the grid circuit. The reactance
of Cy is very small in properly designed circuits
and may be ignored for a-c circuit analysis.

The simplified Colpitts oscillator is shown in the
circuit diagram, bottom, left. This circuit is almost
identical to that of the equivalent high-frequency
cathode-follower circuit. It may be concluded that
a cathode follower is converted into a conventional
Colpitts oscillator when an inductance is placed
across its input. The inductance may be introduced
in the form of a transformer secondary, a tuned
circuit or even a long lead. A length of wire has
considerable inductance above 100 megacycles.

Eliminating oscillation

The input impedance as a function of the circuit
parameters can be derived from the Kirchholf
equations for the high-frequency cathode-follower
equivalent circuit. This equation results in a nega-
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tive real term. A resistor, whose value is calculated
from the real term, can be added in the input lead
to suppress oscillations.

The Kirchhoff equations for the high-frequency
circuit of the cathode-follower (bottom right) are:

en = 0(—J € —J «Cy) + 12(—j/wCs)
pE, = 0(=] &Cs) 4 is(r, — j/wCs)
Iy, = i(—j «C))

Solving these three equations for e, /i; results in
the input impedance given by

Z' _ Cin
in = 'il
Y IECT 3 R (" N
T ~wC\Cs wCo( C 202, + C2)

J
ro(Cy — uCs)
+ [(',(w?(,*g?r,; + 1) ]

The imaginary first term in the expression above
is the capacitive reactance of Cy and C. in scries,
as modified by the tube current through C.. The
real term is the term of interest. Since ;o is usually
quite large and C, and C. are of the same order of
magnitude, the term pC. is larger than C, and the
total terin is negative,

Negative resistance implics that the circuit at
the input terminals is capable of generating power.
Any inductance placed across the input terminals
will cause the circuit to oscillate if the equivalent
series resistance of the inductor is less than that of
the negative real term.

The frequency of oscillation is determined by
the resonant frequency of the inductor in combina-
tion with the equivalent input capacitance given
by the first term. This frequency can become very
high when the grid of the cathode follower is, in
cffect grounded by a short length of wire.

Parasitic oscillation in cathode followers may be
climinated in two ways. The first is to make C,
greater than ;C. so that the second term of the
impedance equation is positive. This increases the
total input capacitance to the cathode follower and
is not generally desirable.

The second method is to insert a series resistor
in the grid lead as close to the tube socket as pos-
sible. This resistance value must be greater than
the negative value of the real term of Z;,.

As an cxamiple, examine the real term of the
above equation for a typical 12AT7 triode.

n = 6000 umhox r, = 9400 ohms
Ci =0+ Coiring = 0.7 + 4.0 = 1.7 picofarads
Cy = Ci + Cuirine = 24 + 4.0 = 6.4 picofarads

It is assumed that the circuit is constructed with
short leads and that the natural resonant frequency
is 200 megacycles. Substituting these values into
the expression for the real term indicates a neg-
ative resistance of 137 ohms. A scries resistor of
137 ohms, placed in the grid circuit, will effectively
suppress oscillation in this design example. Gen-
erally, a value of 5300 ohms will suppress oscillation
in most cathode-follower circuits. In cases where
large inductances are present in the input, this
resistance should be increased to ur,C./C,.

—Epp
Cy

Ly

Cathode follower circuit at left reduces to an equivalent high-frequency circuit
(center), which is shown to resemble the Colpitts oscillator (right).

3%

C1 =Cgk

Ca=Cour

Input lead has significant inductance at high frequencies, and the cathode follower is
similar to the reduced Colpitts oscillator at left. The input impedance is derived from
the loop equations of the high-frequency cathode follower circuit at right.
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Designer’s casebook
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l Ryq (AIR)
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R, Ry 100
550 Re TRIMPOT

The resistance of thermistor Rr. varies with the
percentage of SF, mixed in its environment. The percent
of SF, is indicated by the deflection of meter, M.

THERMISTOR ERGNY ISEAL

i/
THERMISTOR

The aluminum-block thermistor assembly equalizes the
temperature of both chambers. The air in the reference
chamber is permanently contained by the epoxy seal.
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Meter calibration curves for various
thermistor assembly temperatures

Designer's casebook is a regular

feature in Electronics. Readers are invited
to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

Thermistor measures
dielectric gas content

By Edward B. Murphy

Lincoln Laboratory, M.I.T. Lexington, Mass.

Sulfur hexafluoride (SF;) is a dielectric gas com-
monly used to suppress arcing in high power
radar waveguides. A simple device called a sulfur
hexameter has been developed that can be used to
measure or to continuously monitor the amount of
SF; present in a waveguide or in any application
using this gas as a dielectric.

The device, like most simple gaseous detectors,
is based on the diffcrence in the thermal proper-
ties of air and SF; Although the thermal con-
ductivity of SF; and air are approximately equal,
the heat-transfer coefficient of the gas is greater
than that of air. Thermal conductivity is the rate
at which heat is conducted through a given thick-
ness of a substance when a temperature difference
exists between the surfaces of the substance. Heat-
transfer coefficient is the rate at which heat is
transferred from the surface of a substance to the
surrounding medium when a temperature dif-
ference exists between the surface of the sub-
stance and the surrounding medium.

The sulfur hexameter consists of two small
thermistors connected in the arms of a bridge
circuit as shown in the circuit diagram above.
The thermistor used in the circuit has a resistance
of 8,000 ohms at room temperature and 220 ohms at
150°C. In the circuit, R, is adjusted so that the
current through the thermistors will heat them to
approximately 150°C (2 volts at 7 ma). Initially,
both thermistors must be in an air environment.
Resistor R, is adjusted to balance the bridge cir-
cuit so that the microammeter deflection is zcro.
When one of the thermistors is placed in an SFg
environment, it will transfer heat from its surface
to the SF; more easily than the other thermistor
can transfer heat from its surface to the air. The
temperature of the thermistor in the SFq environ-
ment decreases, its resistance increases (negative
coeficient of resistance), and the bridge becomes
unbalanced causing a deflection on the microam-
meter.

Calibration of the device was accomplished by
placing one of the thermistors in measured SF;—
air mixture environments of 20%, 40%, 60%, 80%
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and 100%. The microammeter deflection was re-
corded for cach SFg-air mixture and a calibration
curve was plotted.

The final thermistor assembly consists of a
single aluminum block (pg. 34, middle fig.) hav-
ing two separate thermistor chambers. One cham-
ber contains a thermistor in an air environment,

as a reference. The other chamber in which the
SF,; sample is to be measured, has an inlet and an
outlet nozzle. This facilitates flushing out a pre-
vious sample with forced air, and introducing a
new sample. When the SF,; sample in this chamber
is static. the switch, S, in the bridge circuit is
closed and the sample is measured.

Junction diode regulates
low-voltage supply

By Allan K. Scidmore

Dept. of E'ectrical Engineering,
University of Wisconsin

Because few zener diodes have reference levels
below 2 volts some other device possessing a non-
lincar voltage-current characteristic is needed to
provide the reference voltage when designing a
low-voltage regulated power supply. This problem
is significant if the d-¢ energy is derived from a
low-voltage source such as a fuel or solar cell.

The forward volt-ampere characteristics of a
conventional junction diode or point-contact diode
resemble those of a zener diode. The dvnamic out-
put resistance of these diodes can be made com-
parable to the dynamic resistance of low-power
zener diodes. As indicated by the forward V-I
characteristic for a small silicon diode, above, right,
the “knce” of the V-I curve at 25°C is in the range
of 0.5 to 0.7 volts. However, unlike zener diodes, the
forward voltage drop across the diode at a given
current varies quite markedly with changes in
diode temperature. At constant current, the voltage
variation with temperature, V(T) = AV/AT, is in
the neighborhood of —1 to —2 mv/°C. As a result,
temperature compensation must be introduced.

In a typical regulator circuit, shown below, a
fraction of the output voltage Vi, is obtained from a
voltage divider and compared to a reference volt-
age, Vy, by a common-emitter difference amplifier.
A difference amplifier can be designed to be vir-
tually insensitive to temperature changes by using

o——[OUTPUT AMPLIFIER
UNREGULATED

D-C SUPPLY

Typical voltage regulator circuit

5
150°C  25°C -75°C
4‘-
g
i
[
& 3+
o
a
ju )
(& ]
e 2
5
§ IN456 DIODE
1._
1 | 1
0.2 0.4 0.6 0.8 1.0

FORWARD VOLTAGE — VOLTS

The forward voltage drop across the diode
decreases as the temperature rises.

a matched pair of transistors that have base-emitter
voltage variations with temperature, Vgg(T), which
are approximately equal.

When using a conventional diode as a reference
voltage source, one method of compensating for
the V(T) of the diode is to cancel the diode voltage
variations with that of an identical diode. A better
method is to make use of transistor basc-emitter
voltage variation with temperature, Vyg(T) as
shown by the temperature-compensating compara-
tor (dashed lines) in the regulator circuit on page
56. The polarities of V(T) resulting from an
increase in temperature are indicated for both the
reference diode and the comparator transistor.
Unfortunately, V(T) and Vyg(T), in general, will
not be identical; perfect compensation will not be
obtained by merely maintaining the polarities of
the temperature variation of these junction voltages,
The magnitude of V(T) depends upon the junction
area, the material composition of the junction and
most importantly, upon the current carried by the
junction. The magnitude of V(T) of a junction de-
creases with increasing current. By varying the
diode or transistor current, the V(T) of each is
adjusted to improve temperature compensation.

This method of temperature compensation was
designed into a simple regulator circuit. The par-
ticular application required a regulated output of
3 volts at 5 to 100 milliamps from an unregulated
supply of approximately 4.8 volts. Although the
circuit is rather simple and straightforward, a load
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A simple temperature-compensated regulator circuit. The
resistors in the comparator circuit are selected so that
the currents through the diodes and the base-emitter
junction will make V(T) equal to Vse(T).

regulation of about 1% and a line regulation of
about 0.5% was obtained with very inexpensive
transistors and diodes. The stability of the regu-
lator with respect to temperature changes is shown
by the outpnt voltage-temperature characteristics
at bottom. The measured output voltage regu-
lation was within 2% for a temperature range of
—60°C to +-50°C, and within 1% for a tempera-
ture range of —50°C to +40°C. In the tempera-
ture compensated regulator shown, the transistor
base-emitter junction carries a much smaller cur-
rent than the reference diodes, and consequently
Viu(T) is larger than V(T) for a single diode.
Therefore, two diodes in series were used to ob-
tain a reference source with a V(T) which matches
the V.u(T) of the transistor. The compensation
provided by these two diodes is evidenced by the
constant output at lower temperaturcs. At higher
temperatures the effect of Vug(T) of Q; is masked
by the increase of 1., of germanium transistors.
The resistance Ry determines the current in the
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Measured output voltage temperature characteristics
for the temperature compensated regulator circuit.

diodes, D, and Ds, and its value is chosen so that
the V(T) of these diodes matches the Vgg(T) of the
transistor. Ry and Ry make up the resistor voltage
divider which provides the voltage for the compar-
ator transistor. Because of the variation in forward
voltage drop and V(T) among different types of
diodes and transistors, the selection of Ry, Ry, and
Ry depends upon the semiconductor types chosen:
for the comparator circuit.

Variable-phase, polyphase
from single-phase supply

By John J. Vithayathil

Indian Institute of Science, Bangalore, India

A variable-phase, polyphase system derived from a
single-phase supply could have many useful con-
trol applications. For example, by varying the firing
angle of thyratrons or silicon controlled rectifiers,
the power output of polyphase converter circuits
can be controlled.

A constant-magnitude, variable-phase voltage
can be obtained from a single-phase supply when
a capacitor and a variable resistor are connected
across a center-tapped transformer as shown in the
circuit diagram (pg. 57, top). A voltage is obtained
between the midpoint of the applied voltage and
the junction of the resistor and capacitor. This volt-
age has a magnitude that is half that of the applied
voltage. Its phase is dependent on the values of
R and C. In the phasor diagram (same fig.), the
angle y = arctan E¢/Eyr can be varied approxi-
mately from 90° to 0° as R is varied from zero to
infinity. The phase angle, 6, of phasor Epr, varies
from 0° to 180° as y is varied from 90° to 0°.

This same idea can be extended to obtain a
polyphase system from a single-phase supply. The
circuit diagram at the right shows a balanced
three-phase system composed of reactance circuits
with values chosen to produce voltage phasors
Eort, Eopr and Egps which are fixed 120° apart.
With the values indicated for R,, C;, Rs, C:, Ry
and C,, phasor OP, lags DF by 30°, phasor OP.
lags DF by 150°, and phasor OP; leads DF by 90°.
The phasor diagrams shown with the circuit dia-
gram demonstrate that the result is a balanced
three-phase system. The phase of voltage phasor
DF is made variable with a phase-shifter circuit
consisting of R and C connected across terminals
A-B, as in the single-phase circuit. When the value
of R or C is varied, phasor E,,- shifts with respect
to phasor E,p, transfering this phase shift to the
three phase-voltages. In this case, the three-phase
system can be shifted approximately from 0° to
180° as R is varied from zero to infinity.

The load effect on balance of the three-phase
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The source impedance per phase can be approximated by
the above circuit (shown for phase OP, when R, 1/wC
and the single phase source impedance are small.)

The voltage at terminals D-F is half the magnitude

of the transformer secondary voltage. Its phase
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system will be negligible if the load impedances
are larger than the impedances of the phase-shifter.

When the impedance of the phase-shifter cir-
cuit, R and 1/0C, and the impedance of the single-
phase input system including the transformer, are
smaller than the load impedances, the internal im-
pedance per phase as viewed between the neutral
and a phase terminal, can be approximated by the
circuit shown above, left. The equivalent circuit
for the source impedance per phase is useful in
selecting the values of the resistors and capacitors
forming the polyphase system or in modifying the
output load impedance.

Inductive reactances can also be used instead of
capacitive reactances. A three-phase system can be
obtained by using only two R-C circuits, but the
load effect on system balance is significant.

The particular method of obtaining the phase
shift will depend on the nature of the application
and the degree of control required. For example,
the firing angle of scr’s or thyratrons can be con-
trolled by a phase shifter consisting of a resistor
and a variable inductance, where the inductance
is varied by the d-c current in a control winding
on the same magnetic core. The control current
can be taken from the rectified output, making «
closed-loop control system. Another application is
a tempcrature-control system in which the firing
angle of the scr’s or thyratrons is determined by
the temperature-dependent characteristics of a re-
sistor or a thermistor.

Note: The capacitive reactances in this circuit
are based on a 50 cps source voltage
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Linear microcircuits scarce?
Now you can breadboard your own

Master-dice technique converts any integrated circuit into
a parts kit. With special thermocompression-bonding methods,

the kit can be reconnected as a new circuit at low cost

By D.D. Robinson

Autonetics Division, North American Aviation, Inc., Anaheim, Calif.

There are times when an equipment designer can
profitably ignore the fact that an integrated circuit
is basically a monolithic block of single-crystal sili-
con. One such instance is when an equipment man-
ufacturer wants to produce a small number of ana-
log-type systems with integrated circuits quickly
and at minimum cost. His problem is that only a
few of the required linear circuits are available
as standard off-the-shelf circuits.

The designer’s solution is to consider each avail-
able circunit as a kit of component parts, and use
the kit to breadboard new circuits.

If the new circuit works, the manufacturer can
produce an integrated circuit at little additional
cost merely by substituting a new interconnection
pattern for the standard pattern. The revision can
be accomplished in a matter of days, while it may
take months to produce a wholly new circuit.

This approach. known as the master-dice tech-
nique, is especially applicable to linear circuits. In
fact, the master-dice program was initiated at the
Autonetics division of North American Aviation,
Inc., in May, 1963, to overcome problems that
turned up when the company started developing
lincar integrated circuit-applications.

Many digital-system needs can be satisfied by

The author

Donald Robinson heads development
of advanced microminiaturization
techniques at Autonetics’

Navigation Systems division. He
coined the phrase ‘‘master dice'’
while working on linear circuits

for the Minuteman Il missile. He

has been with Autonetics for nine
years and has a masters’ degree in
physics from Purdue University.
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the available familics of standard logic circuits.
This is not true for analog systems; they often re-
quire special linear circuits tailored to a system.
Also. characteristics and tolerances of linear cir-
cuits are more exacting than digital circuits and
more difficult to attain.

As a result, linear integrated circuits are costly
unless they are being produced in high volume
for a major military program like the Minuteman
IT missile, Most cost more than equivalent circuits
made with discrete components.

The limited variety of available circuits also re-
stricts their applicability to analog syvstems. If they
are to make optimum use of integrated-circuit tech-
nology, designers of analog systems must have a
method of designing circuits for their specific
necds.

The master-dice program promises solutions to
these problems. The circuits shown demonstrate
that onlv a few tvpes of master dice are required
to breadboard a wide varicty of new circuits.

In addition, the master-dice program has given
engineers valuable integrated-circuit experience en-
abling them to move on from discrete-component
technology. They are learning to recognize the pit-
falls and problem areas, and to design around such
obstacles as semiconductor isolation and coupling
characteristics.

Why costs are lowered

The components of an integrated circuit are
produced by a complex series of carefully con-
trolled masking, etching and diffusion processes.
Interconnection of the components is one of the
last steps. The key to minimum cost for a new cir-
cuit, therefore, is the use of existing diffusion pat-
terns and custom-designed interconnection pat-
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Thermocompression bonder was modified by the addition of a bonding tip headed with a soldering-iron
heating element, and a gas ejection system in the capillary tube that feeds the wire. The operator

visually locates the wire and tip on the bonding pads of the master dice. The modifications are
incorporated in a multipurpose bonder made by the Kulicke & Soffa Manufacturing Co.
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Steps in preparation of a master-dice breadboard.

Circuits are fabricated on a silicon slice, without
interconnections but with bonding pads for each
component. The slice is diced and the dice mounted
in a header. A table of parts characteristics

is drawn up and used to design a circuit. Dice
components are shown inside the shaded area of the
schematic; external resistors and capacitors are
added. The wire interconnections to be made on the
dice are sketched on a worksheet that shows the
location of parts and the resistor values. Wires are
bonded to the dice. The completed circuit is a
four-stage differential current amplifier.
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terns. When a circuit is already in production
there is no additional cost for development of de-
vice characteristics and diffusion patterns.

Interconnection of the diffused components is ac-
complished by vapor-depositing aluminum over the
entire circuit—actuallv over groups of circuits on a
slice of silicon crystal. An aluminum-removal mask
is then used for etching off the excess aluminum,
leaving an interconnection pattern and pads for
lead bonding. The only cost for changing the inter-
connection patterns is the cost of this mask.

The charge for the half-dozen or so diffusion
masks required for a new circuit design ranges from
$3,000 to $20,000. They are much more difficult to
make than an aluminum-removal mask. Since only
one aluminum-removal mask is needed, the cost of
producing a revised circuit by the master-dice
method is reduced proportionately.

Linear integrated circuits now cost from $40 to
$100 in small quantities. With the master-dice pro-
gram Autonetics hopes to reduce the cost per cir-
cuit to $10 to $15 in quantities of 50 or more, and
the removal-mask cost to $200 to $500.

Prices quoted by vendors indicate that in quan-
tity production the master-dice technique results

Electronics | October 19, 1964

...and breadboard.

in lower costs for new circuits than any other tech-
nique. Quotations for large quantities—between
1.000 and 10,000 circuits—indicate that vendors
would redesign diffusion masks as well, for higher
vield; this cost is readily amortized by high-vol-
ume production.

Some manufacturers are offering standard cir-
cuits in master-dice form. The dice are inexpensive
because they are merely circuit chips, supplied on
headers unconnected and unsealed. The standard
interconnections are eliminated by using an alumi-
num-removal mask having only aluminum pad ter-
minals at each component. These pads, as small as
one mil square, are used by the customer for
thermocompression bonding of wire leads.

Any integrated circuit can be converted to a mas-
ter dice (“dice” is used in this context as a singular
noun, instead of “die,” for simplicity), by prepar-
ing a suitable aluminum-removal mask. In a pinch,
an actual circuit chip can be used if the existing
interconnections are scribed open.

Breadboarding the circuit

Integrated-circuit manufacturers have been using
the master-dice technique for in-house design of
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The light-colored photograph at right is the

MD-N1 dice, shown under its worksheet. In the
center is the first circuit breadboarded at
Autonetics, a dual diode-coupled Schmitt trigger
that is similar to the TI11 circuit on page 64.

In the next row (left), the N1 and N2 are combined,
with the N1 operating in the logic section of a

logic and buffer amplifier. This circuit is driven f
by the dual Schmitt trigger. At the right are two |
circuits made with the MD-N3. The upper one is a |~}
high-gain audio preamplifier with strong negative [ |
feedback and a built-in power-supply series - |

e

3750

regulator. The second circuit (bottom right) is an
output buffer amplifier with an external pnp
transistor. The values of the parts in the three LSHIELD hal=ed
master dice are given in the table on the next page.
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custom circuits. The Norden division of the United
Aircraft Corp., for example, has developed more
than a dozen different amplifier, comparator, trigger
and switching circuits from a single circuit.

Now the system manufacturers’ engineers can get
back into the design loop by breadboarding their
own integrated circuits. The steps are illustrated
on page 60. As a preliminary, a trial circuit is
breadboarded with discrete components with val-
ues equivalent to the components in the master
dice. This circuit is refined conventionally.

The wiring pattern is translated to a hookup
diagram for the master dice. Following this dia-
gram, the engineer hooks up the dice components
by thermocompression-bonding 0.7-mil gold wire
to the pads on the dice and header pins. He then
applies power to the breadboard to test circuit
variables under integrated-circuit operating con-
ditions. Probes can be used to check voltages at
various points in the circuit.

If the tests indicate the circuit must be modified,
the wiring can be changed by the engineer. By
wiring the circuit himself, he develops confidence
that it can be built as an integrated circuit.

Wedge and ball

Thermocompression two

bonding—pressing

heated meals together so they coalesce—is the
standard method of attaching leads to circuit chips.
There arc two basic techniques: wedge and ball.
In wedge bonding, a wedge-shaped tool presses a
small section of the lead wire onto the bonding
pad. In ball bonding, a flame severs the wire as it
leaves a capillary feed tube. The molten end of
the wire solidifies as a ball, which is pressed by the
tube end against the bonding pad.

Special wedge-bonding techniques have been de-
veloped by Autonetics for use on master dice.
Wedge bonding is used because a single wire can
interconnect several components. If ball bonding
were used, the first connection could be a ball
bond but subsequent connections would have to
be wedge bonds made with the end of the capil-
lary tube. Pressure adjustments would have to be
made at each changcover from one type of bond
to the other. Another objection is that in the ball
bonding, the end of the tube blocks the view of the
operator from the smaller pads. He has to see the
pad to make the bond in the right location.

Although crossover leads are avoided in the ac-
tual layout of the aluminum-removal mask, it is
more convenient during breadboarding to make
loops and crossovers. This requires improved wire
feeds. Nitrogen gas fed into the tube blows the

Characteristics of components in master dice MD-N1, N2 and N3

N3 N2 N3 Notes
Transistors 6 npn 8 npn 7 npn a) Typical, at Ve =5v
Diodes, base-emitter 4 b) At Ic=5ma, Iy =0.5 ma.
Resistors 7 5 13 All voltages in this line
Subtrate breakdown, 200 v 200 v R-35v are maximum.
minimum Q-80v ¢) Six resistors: 100, 100, 110, 550
and 520 ohms and 3.05 K.
Transistor characteristics d) Four resistors: 40, 30,
BV¢no minimum 30 v 70 v 30 v 30 and 35 ohms
BV 10 minimum 20 v 40 v 15v e) Six resistors: 110, 100, 105, 510
BVine 12.2=1v 10.7=}v and 530 ohms and 3.1 K
BV cir minimum 20 v f) Four resistors: 210, 120,
Bue @ Vor=6v, Ic =100 pa 2.5+20% 15 =209 70 and 70 ohms
I¢=1ma 50 =20%, 30=209, 60¢ g) Fourteen resistors: 4.75 K,
I¢=10 ma 75=20%, 45 =209, 175, 380, 920, 920, 300, 290,
Veg et @Ic=10ma, In=1ma 1.7v 2.0v 0.8 vb 200, 285, 925, 905, 390
ViEg sat @ Ic=10 ma, In=1 ma 1.0v 1.0v 0.8 vt and 165 ohms and 4.75 K
h) R3 and R6 are combined,
Diode characteristics totaling 10 K
BV 10.7=% v 1) Nominal accuracy of
Vi@ I:=10 ma, maximum 1.0v resistors in MD-N1 and
MD-N2is =£30% and
Resistors: R1 4.43 K 5804485 39K ratio accuracy is =109
R2 110460 5604495 39K
R3 1.1 K+2.9K 2404200 5 Kb
R4 1354 15.4 K& 250
R5 1.25 K+2.7K 760 250
R6 4.46 K* 5 Kb
R7 470¢ 5K
RS 39K
R9 750
R10, R11 250
RI2, RI3 25 to 40
R14 and R15 1.7K+2.7K
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Complementary npn and pnp transistors of the MD-T1 1
are used in a complementary dual Schmitt trigge- that
provides inverting and noninverting outputs for use

in pulse-width modulation.

wire out of the capillarv. The rate of gas flow is
adjusted to avoid vibration of the wire while the
wire is ejected from the tube at an adequate speed.
Gas cjection prevents the hair-like wire from run-
ning back into the tube and permits forming slack
loops above the dice.

The wedge-bonding setup is a simple one. The
precision bonding tip is heated by fastening it to
the heating element of a 47%-watt soldering iron.
The element’s a-c power supply is calibrated and
regulated to maintain tip temperature at 320° C,
=2° C. Tip pressure is set for 45 grams applied
for six seconds.

New circuits from old

The circuits on pages 60, 62 and 64 are exam-
ples of cireuits made at Autonetics with master
dice. Seven basic types of master dice are presently
in use or development. Types MD-N1, N2 and N3
(pages 62 and 63) arc made by Norden. The N1
was originally a sense amplifier and the N2 was
the active dice in a multichip servo-amplifier. The
N3 is an improved, version of the N1.

Types MD-TI1, TI2, TI3 and TI4 are made by
Texas Instruments Inc. and were originally devel-
oped for use in the Minuteman II missile. They are
the modes 1 and 2 general-purpose amplifier, driver
switch, modes 3 and 4 amplifier and demodulator-
chopper, respectively. Examples of circuits made
with the TI1 and TI2 are illustrated.

The TI3 and TI4 are being evaluated. The TI3
contains five npn transistors and seven resistor
groups, while the TI4 has four npn transistors, six
diodes and five resistor groups. As yet, little bread-
boarding has been done with either dice. One cir-
cuit being developed is a chopper-driver circuit that

64

MD-TI 1

Number of parts 5 npn transistors

2 pnp transistors
et 8 resistors (p type)
Resistor characteristics

R1 and R2 9.6 K (390, 390, 650 ohms; 1.95, 6.24 K)
R3and R4 50.5 K (9.9, 4.8, 10.3, 10.1, 4.9, 10.5 K)
R5 and R6 6.1 K (780, 650, 650 ohms; 4.03 K)

R7and R& 104 K (7.4, 3 K)
‘Breakdown voltage to substrate 40 v minimum
Initial tolerance =200

_ Resistor ratio tracking =29,

Transistor characteristics

npn type
B\'c[.;o 20 v typ.
VeE aat Ic = 3ma 1to3v
Hrr Ic = 1 ma 20

I¢ = 100 ma 60

I¢c =1 ma 80
Hre match 309,
Vie match 5 mv
Vg tracking 10 mv/°C
NF Ic = 10 ma, 10 KRg 3 db
fr I¢c =1maV, =6v 60Mec
pnp type

BV ¢ro 55 v typ.

VeE sat Ic = | ma 1to2v
IIF]; Ic =5 mu 30

takes advantage ot the TI4's very fast transistors.

The first circuit breadboarded at Autonetics was
a dual diode-coupled Schmitt trigger (page 62).
Made from the N1, it provides two very low-oftset,
low-hysteresis Schmitt triggers. Various ampli-
fiers have also been made with the N1.

Note that in some of the circuits made with mas-
ter dice, additional components have been added.
Extra discrete components external to the inte-
grated circuit were needed because components
with the required values were not available on
the dice. However, for purposes of miniaturization
this is still better than making the circuits wholly
from discrete components.

The N2 is not as generally useful as the N1
because is has fewer resistors (see table, page 63).
The one high-value resistor is in the same isola-
tion region of the dice as the collector of one of
the transistors; this results in undesirable and un-
avoidable coupling. However. the N1 and N2 can
be combined as illustrated by the circuit on page
62. The N2 is the logic scction of a logic and bufter
amplifier used in a pulse-width-modulated ampli-
fier to drive a 2-ampere power switch. It is driven
by the Schmitt trigger.

Circuits made with the N3 are also shown. The
audio-frequency output buffer (page 62) requires
an external pnp transistor since all transistors on
the dice are an npn type.

The TI1 is the only available integrated circuit
with both npn and pnp transistors in the same dice.
This feature is put to use in the circuit shown
above. The TI1 has also been used as a buffer
amplifier with complementary transistors in the
output, and as a low-noise preamplifier to drive
the buffer.
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Instrumentation

Problem:
Solution:

standardizing instruments-—
digital systems

Data from back-up monitoring system in nuclear ship Savannah

obtained in digital form, simplifying maintenance

By Donald Gertz and Lionel Leavitt

Ford Instrument Co., division of Sperry Rand Corp., Long Island City, N. Y.

Aboard the N.S. Savannah, the world’s first nu-
clear merchant ship. a set of unique instruments
is being tested that may solve a maintenance
problem becoming increasingly troublesome on
land as well as at sea.

What's being used here are digital transducers
to monitor temperature, pressure and water level

If, for example, an instrument fails aboard the
Savannah while it is ont at sea, a crew member
may not be able to make the repairs from a limited
reserve of spare parts before the vessel reaches
port. And on land, instrumentation systems of an
oil refinery also may be too complex for quick and
easy repairs.

A promising approach for standardizing com-
plex instrumentation systems appears to be the
use of digital techniques. But a major disadvan-
tages of digital systems is the need. in most cases,
to convert analog data to digital. Where in the
data flow path is the conversion to be made? How
is it to be made? Ideally, if data could be ob-
tained in digital form in the first place, no con-
version process would be required.

A new approach to this ideal transducer concept
has been used in a standardized and essentially
digital instrumentation system using ultrasonic
pulses. Transducers based on this concept are
being used as back-up monitors for several param-
eters in the power-gencrating system of the
Savannah.

This operating experience will influence future
development of the concept.

The major advantages in using standardized
cquipment for sensors and data processing are
high reliability, simplified maintenance and fail-
safe and unambiguous readout.
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Prototype equipment aboard the Savannah is a back-up
for conventional instruments and is used to obtain
performance data. Display for the digital sensors are
lights calibrated in terms of the measured variable.

Digital sensors

The monitoring system is built around one basic
digital sensor. As shown in the drawing on page 66
for the liquid-level sensor, the liquid rises in the
sensor tube, covering the faces of ultrasonic drivers
and pick-up elements. All the drivers are excited
with narrow 3-Mec pulses 60 times per second. Sound
energy is propagated efficiently through the liquid
but poorly through air, so only those reccivers
covered by liquid receive enough energy to pro-
vide detection. The signal from cach sensor is
eventually routed to data-processing equipment.

Pressure sensors use the same basic concept of
a liquid column with ultrasonic drivers and re-
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Digital liquid-level sensor (left) transmits ultrasonic pulses to those receivers covered by the liquid. In the

pressure sensor (center) the back pressure keeps the expandable diaphram at minimum volume until the pressure being
measured exceeds the back pressure. Temperature sensor (right) uses a fluid with a high temperature coefficient of
expansion. Data from all three types of sensors are in the same form and ultrasonic transducers are interchangeable

ccivers, as shown above. In this case, however, an
expandable isolation diaphragm is used to separate
the fluid of the system—which can be gas or liquid
—from the liquid of the sensor. Back pressure of
gas is used with the sensor and acts both as a
zero sct-point and sensitivity control. As long as
the back pressure is greater than the pressure
being measured, the isolation diaphragm has mini-
mum volume and the well fluid does not rise in the
tube. But when the measured pressure exceeds the
back pressure, the diaphragm expands, forcing
liquid up the column. While the level of fluid in
the sensor is a function of the difference of two
pressures, the output signal from the sensor is
identical to that from the liquid-level sensor and
can be processed the same way.

The digital temperature sensor is a variation on
the same idea. Expanding-liquid temperature sen-
sors of various types have been used in many in-
dustrial applications, so the innovation here is the
way the output signal is developed. It is, of course,
the same type of signal that is obtained from the
liquid-level and pressure sensors.

Resolution

The digital sensors are flexible: they can be used
with only one or two sensing points to give go/
no-go information or they can activate alarms and
they can be used to produce a linear or nonlinear
output by varying the spacing between the trans-
ducers. The resolution also can be varied by alter-
ing the number of transducers. Transducers devel-
oped for use on the Savannah, however, use probes
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spaced between one and four inches apart.

Ultrasonic system

The decision to use ultrasonics as a switching
or coupling signal was bascd on the several fac-
tors, including the advances made in this area in
recent vears and the extensive data available on
acoustic transmission through liquids, metals and
gases. More significant is the fact that the ultra-
sonic cartridges are interchangeable throughout
the system. In addition, the sensors are essentially
stationary; they are attached simply with a dry
bond to the external metal wall of the sensor well
and they produce the type of pulse operation de-
sired.

Transducer cartridges—see photo page 68—have
approximately Y4-inch diameter faces and use lead-
zirconate-titanate piezoelectric material.  Crystal
mounting is designed to reduce the Q of the cir-
cuit to about 2, since this gives the receivers a
bandwidth of 1.5 Mc around the transmitter fre-
quency of 3 Me; thus the frequency selectivity is
deliberately made low so that frequency-matching
problems are ncarly nonexistent. One receiver car-
tridee is used for each transmitter cartridge—re-
ceivers and transmitters are interchangeable—and
the distance the signal travels through the sensor
liquid is about Y inch or less. Using one transmit-
ter at the bottom of the sensor well—instead of one
opposite cach receiver—has been found to produce
unsatisfactory results because of small particles
in the liquid, thermal gradients and dissimilar re-
ceiver patterns caused by multiple reflections. The
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Sensors monitoring nuclear reactor secondary system. The liquid-level sensor (left) has a range of several feet and
operates up to 500°F. at up to 600 psi. The pressure sensor (center) has a range of 0 to 50 psig. The
temperature sensor (right) measures from 165°F. to 285°F. Driver and receiver circuits are in the junction boxes.
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Multiplexing some of the circuits can be accomplished by operating readout lights on
alternate half-cycles of the supply voltage. As shown by the waveforms, the lights
will not go on unless the supply voltage is positive when the turn-on pulse occurs.
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Simple ringing circuit using a silicon-controlled
rectifier drives the ultrasonic transducers. Driving
frequency of 3 Mc lasts only a few microseconds.

close spacing of the transmitter-receiver pair also
essentially eliminates problems of beam patterns
and directivity.

Sensor resolution is determined primarily by the
spacing between one transducer pair and the next.
The resolution of a given transducer pair is limited
by the coupling of energy from a part of the trans-
mitter face to a part of a receiver face. As shown
by the drawing on page 70, a pulse is developed by
the pair if approximately 50% of both elements of
the combination is covered by the sensor liquid.

Sensor response time is limited electronically
by the sampling rate—60 per second in this
case—and mechanically by the rate of change of
liquid level in the sensor well. The mechanical fac-
tors are predominant in these sensors and re-
sponse time is a few seconds for full scale charges
but it is adequate for the application.

Ultrasonic driver

The great advantage of the digital instrumenta-
tion system stems from the simple circuits that
are used and the fact that only a few different
types of circuits are required. This greatly simpli-
fies maintenance and also reduces the inventory of
spare parts.
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Receiver circuit is biased near cutoff to
provide both amplification and demodulation.

The driver circuit—common to all the digital
sensors—is a simple silicon-controlled rectifier
ringing circuit, as shown above. One driver circuit
is used in each sensor and there may be as many
as 10 transmitters in each sensor. Energy is stored
in capacitors C, and C. from the supply; when
the trigger pulse is applied it turns on the ser
and connects point B in the diagram to ground.
Ringing frequency is determined by Cy, C., L and
the impedance of the cervstal and the amplitude of
the ring signal is determined by the turn-on time
of the scr, which varies from 0.05 to 0.1 micro-
second. The ring signal is damped out in about 2

Replaceable ultrasonic cartridge attaches with a
dry bond to the outside metal wall of the sensor
well. The pin provides an electrical connection.
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microseconds; current through the scr soon drops
below the value needed to keep it turned on and
the circuit resets before the next pulse.

Receiver circuit

The voltage developed by the receiver trans-
ducer is nearly 0.5 volt peak to peak, as shown
in the sketch, giving a signal-to-noise ratio of
about 30 db. One stage of amplification is suffi-
cient to produce a reliable signal for the data-
processing circuits. Signal detection, or demodu-
lation, is accomplished in the same stage by half-
wave detection as shown by the waveforms in the
drawing,

A compromise in transistor biasing was made to
meet the requirements of gain plus detection.
Satisfactory operation is obtained by biasing the
transistor slightly above cutoff.

One receiver circuit is used for each point on
the sensor.

Information display

The most straightforward type displav—and one
that is satisfactory for many applications—is to
use a set of lights for cach sensor, with one light
per sensor point. The system uses a pulse genera-
tor, or clock, that sends out 60 pulses per second.
The pulses feed through the system to the lights
and arrive at the light driver circuits early enough
in the 60 cps supply cycle to turn on these circuits
for most of the positive half-wave.

Circuits to operate the light-display svstem are
simple. The clock simply clips the line frequency,
and by high amplification produces a 100-microsec-
ond pulse within a few microseconds after the input
enters the positive half-wave of the cycle. The
input transistor saturates, and since there is no
further rate of change across the capacitor, the
output falls to zero and remains there until the
next positive excursion of the input.

This pulse is fed to a driver trigger, which is
similar to the driver circuit used with the trans-
ducers except that it is overdamped and produces
only one output pulse. The output is coupled by a
transformer to the transducer driver. This type
coupling presents a low d-c¢ resistance to the scr
gate circuit and prevents spurious triggering. Each
trigger circuit has enough power to drive five
Sensors.

The signals propagate through the sensors as
described above and are fed to simple buffer cir-
cuits. A single saturated transistor is used in the
buffer and produces a 40-microsecond pulse; the
leading edge of this pulse lags the leading edge of
the clock pulse by about 20 microseconds. This
signal then turns on the light driver circuit; the
total delay is 20 microseconds plus the negligible
turn-on time of the light driver scr.

Fault detection is included in the system. The
driver that excites the ultrasonic transmitters in
cach sensor also energizes a special test pair that
is coupled by a metal rod instead of the sensor
liquid. The signal from the test pair inhibits an
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instrument fault light and keeps it dark. The fault
light operates if there is a failure in either the
clock, driver trigger, driver, clock power supply
or driver power supply. Failure of a channel for
an individual sensor is indicated when the light
for that point fails to go on.

Multiplexing

It was stated above that one receiver circuit is
required for each receiver transducer in each sen-
sor. But this is true only during the few microsec-
onds during each cycle of line voltage that the
sensor is being interrogated. During the rest of the
cycle the receiver circuit is inactive, waiting for
the next interrogation pulse.

During this inactive period a given set of re-
ceivers can be used to service one or more addi-
tional transducers.

As the first step in multiplexing, consider two
sensors, each with 10 readout points. Receiver and
buffer circuits are multiplexed as shown in the
block diagram on page 67. The second clock drives
the interrogation circuits of sensor 2 on the nega-
tive half-waves of line voltage. The sensor, receiver
and buffer circuits operate with d-c and thus are
indifferent to the phase relationship between the
interrogating pulse and the line voltage. But the
clocks and lights operate at line frequency and the
lights won’t go on unless the supply voltage is posi-
tive when the turn-on pulse occurs. Important phase
relationships are shown by the waveforms in the
drawing,

Multiplexing can be carried further by increas-
ing the number of clocks and increasing supply fre-
quency accordingly. The clocks still operate with
one output pulse for each cycle of fundamental line
voltage—tvpically 60 pulses per second—but lights
are powered by a phase-shifted line frequency. If,
for example, 25 clocks are used so that 25 sensors
use the same set of veceiver and buffer circuits,
the individual sensor lights must be supplied with
a voltage that goes positive at the same time as its
clock.

The individual sensor readout lights are ener-
gized during an interrogation cycle, and they
appear to be on continuously because of the fre-
quency of the cycle.

The driver trigger circuits shown feeding one
sensor each in the block diagram on page 67 can
feed five sensors each. This provides another ap-
proach to multiplexing but leads to a more com-
plicated logic network because the signal pulses
from five sensors will all be in phasc. This phasing
problem can be solved by providing five sets of
receiver, buffer and light-driver circuits, and tying
the sensor outputs in groups of five. The applica-
tion will determine how the circuits are multi-
plexed in a given case.

Data acquisition

The data-acquisition system uses the basic sen-
sor electronics plus logic circuits to provide a
printed record of the parameters measured. The
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basic logic clements used are a NOR block and an
a-c coupled flip-lop with d-¢ set and reset lines.
A typical system consists of a series of multiplex-
ing gates controlled by a scan counter. Pulses from
the sensor are entered in parallel into the shift
register, as shown above, where they are stored.
When the register is cleared. the pulses feed out
scrially and drive an impulse counter, which is
connected to a wheel type printout device. Since
the data from all the sensors appear identical at
the input to the index register, the conversion to
temperature, pressure or level can be made easily
on the print wheel itself. For example, five pulses
from sensor 1 may mean 27 inches of liquid, five
pulses from sensor 2 may mean 280 F.; five pulses
from sensor 3 may mean 150 psi. The only items
unique to a given parameter in the entire data-
processing equipment are the sensor and the print
wheel. This system provides the basis for an ex-
tremely simple and flexible system. A complete
printout can be initiated periodically or at the de-
mand of the operator. Since the sensors can be
scanned at a rate far exceeding the print cycle, a
series  of off-normal gates can be used to activate
a print-out when any particular parameter exceeds
its normal limits. In this way the system can pro-
vide a rapid indication of abnormal parameters,
a periodic or demand review of all parameters, as
well as a continuous log of the information dis-
played.

The authors

In 1951 Don Gertz received his
bachelor of mechanical
engineering degree from NYU, in
1954 his master’'s. But he has
worked almost exclusively in
electronic instrumentation for
nucleonics, power plants and
process industries. He is a member
of Tau Beta Pi and Pi Tau Sigma.
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Care was taken to provide minimum downtime
for the system. Fault detection circuits check each
major block in the data-acquisition system that
could cause a catastrophic failure. A malfunction
in any one particular channel, however, isn’t con-
sidered a catastrophic failure. When a fault is
detected the operator can switch to an auxiliary
operating mode to display parameter data directly,
by-passing the main logic. Entire blocks of the
system, such as the index register or the control
logic. are constructed as modules and are easily
replaced. Logic cards for a particular block are
packaged together and use a common subsystem
conncctor.

The system was designed only to monitor, but
control can be added in various ways. The simplest
type of control is on-off, which is easily imple-
mented with the digital sensors. More sophisti-
cated control would require additional logic in the
data-acquisition system.

At present, the development phase has essen-
tiallv been completed for the three major process
paramenters: pressure. temperature and level. Per-
formance characteristics have Dbeen obtained in
the laboratory and are now heing tested aboard the
Savannah. The electronic systems are designed to
meet high military standards.

In addition, work is proceceding on the develop-
ment of digital sensors for other important process
parameters.

Lionel Leavitt received his

bachelor of electrical engineering
from NYU in 1956, his master’s from
Brooklyn Polytechnic Institute

in 1959. He has worked primarily in
control system and sensor design
and has several patents pending.
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Communications

New era in telephony:
Electronic switching

Part 1. Bell's spectacular advance Computer-run system is replacing electromechanical
switching center in the Bell System

Part 2. Primer of telephone switching Every switching system, from the simplest electro-
mechanical to the latest electronic network, has
several basic functions in common

Part 3. What's happening elsewhere  Outside the Bell System, both in the U.S. and abroad,
other companies are moving into electronic switching

By A|exander A McKenzie* * With reports from Paul Catz in Amsterdam, Richard
Mikton in Bonn, Arthur Erikson in Brussels, Nicholas
Communications Editor Landon in London and Robert Skole in Stockholm
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Bell's spectacular advance

New services will add new terms to the language:

dial conference, abbreviated dialing, add-on
conference, variable call transfer

Tiny Succasunna, N.J., population 5,000, is about
to become a trend setter. One day early in 1965,
the Bell System will open the first commercial
electronic switching center there. By the year
2000, central offices of the type planned in Suc-
casunna are expected to replace all electrome-
chanical centers in the Bell System.

The radically new system will open the cra of
electronic switching, in which high-speed com-
puters run systems that can perform more serv-
ices faster, more reliably and with greater flexibility
than was thought possible only a few years ago.

It will replacc manual switchboards, step
switches, panel switching and even the eclectro-
mechanical crossbar introduced 29 years ago.

The phone company makes a change of this mag-
nitude only once in a generation. What the tele-
phone engineers have done is also useful in other
areas of engineering because telephone equipment
demands practical design, high performance, ex-
traordinary reliability and long life, with permis-
sible outages totaling only a few minutes in 40
vears.

Because the requirements are so stilf, the new
system is really semielectronic. Encapsulated dry-
reed switches will make the actual voice con-
nections [sece “Primer of telephone switching,”
p- 74]. But the main functions arc performed
electronically, and in real time. A high-speed elec-
tronic data processor directs the activities of
the central office and performs all the information
handling. A stored memory contains the program-
switching logic, and a temporary memory stores the
transient information necessary for processing a
call, such as the digits dialed and whether a line
is busy. Inputs to the computer come from an elec-
tronic scanning system that uses ferrite sensors.

More services and faster

The telephone companies and subscribers will
both benefit from the electronic center, which is
currently designated No. 1 Electronic Switching
System. The company will be able to handle far
more traffic faster, and the electronic switching
center occupies less than half the space of an elec-
tromechanical center. Routine chores such as main-
tenance, coin collection and message accounting
can be done easily at less cost. The electronic
system’s greatest economic advantage may be
that it ties up less equipment when people are
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talking, requiring less equipment at the exchange.
The savings are big enough so that the Bell System
can hope to recover its $125 million development
cost.

For subscribers, the electronic center means
niore telephone services. For example, customers
of the Succasunna office will have these serv-
ices available: abbreviated dialing, using three
digits instead of seven for a list of frequently
called numbers; dial conference, involving as many
as four telephones; add-on conference, or dialing
a third party into an existing conversation; var-
iable call transfer, to switch an incoming call to
another telephone at another location, and fixed-call
transfer, which automatically switches calls to
one of scveral other preselected locations. All
these services are accomplished by dialing special
codes without going through an operator.

Centralized control’s flexibility is shown in the
new tasks it can perform. Dialing additional digits
from telephones already connected has the effect of
asking the switching equipment to reverse its
operation. This action is impossible with most
telephone central-office equipment now in use, em-
ploying wired logic, relays without memories or
mechanically locked switches.

Less special equipment than usual is required
with centralized control, because such equipment
can be briefly connected and then disconnected
for use on other calls, through the fast action of
electronic information processing, operating with
recorded switching instructions.

How the center works

In simple terms, the switching center has two
main functions: to connect lines and trunks served
by the center, and to provide access to the as-
sociated services needed to handle calls—ringing
sources, signaling detectors and tone sources. A
block diagram of the clectronic switching center
[p. 73] shows the principal components: the
switching network with its associated terminal
circuits that perform the physical functions needed
to make connections, detect and generate signals;
the high-speed central computer; a scanner and
distributor that supply input and output com-
munication for the central data processor; and
the processor’s stored program, comprising the
instructions for performing all the switching tasks,
arranged in ordered lists of words.
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The newest aspect of the center is the computer-
like central control unit and two kinds of mem-
ories—semipermanent and temporary. It directs
and controls the actions of a central office on a
time-shared basis.

The temporary memory or “call store” stores
transient infonnation unsed in processing calls.
For example, it retains the digits dialed by a
caller, and records whether the line is busy.

The Bell System’s semipermanent memory or
“program store” is unique because it is the first
large-scale twistor memory. It stores the programs
that direct the switching logic and translation
information. Included in the first portion are the
lists of instructions for performing all the services.
These are part of the basic design of the machine
and do not change from installation to installa-
tion. Any change in these is cquivalent to re-
designing and rewiring an electromechanical of-
fice. The big difference is that the change can
be made by the computer without interfering with
operation.

In the translation section of the semipermanent
memory, on the other hand, are the specific layouts
of the particular office: the association of sub-
scriber directory numbers with the equipment loca-
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tions of their lines, the classes of service to be
provided—such as individual, two-party, coin,
extended area dialing or touch-tone—and the
specifications of trunk routes, their locations and
alternate routes. All this information must be
changed periodically as subscribers or their de-
mands change.

An unusual feature of the computer’s central
control is that logic for performing information
processing is wired, while the logic for telephone
switching is contained in the computer program.

As a result, the hardware of the control com-
plex, unlike that of a stepping-switch office, is
independent of the type of telephone service to
be provided. The same equipment can be used with
different programs to provide additional services.

Input information for the central processor comes
from scanners—wire-wound ferrite rods that have
their magnetic saturation changed by the presence
or absence of line currents. These scanners are
connected to the various points in the system
where information must be obtained: the lines,
trunks and signal receivers. The scanners are
directed periodically to the lines to detect service
requests, to the trunks to detect incoming calls,
and to signal receivers to detect digits and other
control information. Recognizing this information
involves periodic interrogation of all scanners, at
random or in sequence, and recording the results
of these scans in the temporary memory.

The signal distributor is the inverse of the scan-
ner. It is connected to the various points in the
system where actions must be controlled by the
central processor. Central control can address the
distributor to a particular terminal where a flip-
flop or other memory device can be set to start an
action. Later, central control can address the dis-
tributor to terminate this action.

In the No. 1 Electronic Switching System, dis-
tributor action is handled through two types of
units. One is the central pulse distributor, which
is all-electronic and is used for high-speed actions.
The other, the signal distributor, makes use of a
relay tree to perforin lower-speed actions such as
the control of trunk relays.

Central control

By far the most sophisticated portion of the
new switching system is the central processor.
The memory stores both data and instructions,
and a logic unit monitors and controls peripheral
equipment by performing a set of operations dic-
tated by a sequence of program instructions.
For the central processor to handle traffic in
offices serving from 35.000 to 60,000 subscribers
(the design range for No. 1 ESS switching), the
number of memory units in the system is expand-
able over a wide range. To provide growth capa-
bility, the central processor’s address registers.
memory word size and address buses are designed
to accommodate the largest office.
The stored program has to be error-free to as-
Continued on page 78
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Primer of telephone switching

Every telephone system, no matter how simple,
must perform at least five basic functions. It must
allow a caller to alert an operator or the party he
wants to talk to; it must let him know if the called
line is busy; it must get his message throngh; and
it must signal completion of the call. Tt must also
alert him to incoming calls.

The simplest telephone system for connecting
two points as far apart as 10 miles is the magneto.
or local battery tvpe (diagram below). It has pro-
vided reasonably good rural service, even when
connected into a network of fence wires or used
with a single wire and carth ground.

Although only two stations are shown intercon-
nected, rural communities have been served with
10 to 25 such telephone sets connected in parallel.
Often, when such a system had no interconnection
with any other, the operator’s telephone was simply
another magneto set connected across the line.

First turn the crank

A hand-cranked magneto performs the alerting
function. Because of its low impedance, it cannot
be connected directly to the line except for ringing.
While generating an alternating current, it activates
a switch that is integral with the mechanical crank
and gearing. When the crank is released the switch
opens. A high-impedance alternating current bell is
permanently connected across the line, sometimes
in series with a large capacitor. When the mag-
neto is cranked, cach bell bridged across the line
rings in synchronism.

The busy test is performed before ringing, simply
by listening to determine if the line is in use. When
the receiver—or in modern equipment the handset
—is removed from the switch hook, the line is auto-
matically connected through the secondary winding
of the transformer or induction coil. At the same
time, the primary circuit of the transformer, includ-
ing the battery, is closed through the carbon-
granule microphone or “transmitter.” The common
connection of one end of primary and secondary
through the switch hook simplifies switching.

When the user speaks into the microphone, his
voice jars the carbon granules, causing a fluctuating
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current from the battery to flow through the pri-
mary winding of the transformer. A resultant alter-
nating current in the secondary is impressed across
the line, and can be picked up by any recciver that
is “off-hook” and bridged across the line. The
speaker also hears his own voice; this cffect is
known as side tone. The conversation can be heard
by anvone on the line.

Switchboards for central control

As more telephones are added to the system, cen-
tralized control becomes necessary. Early switch-
boards used multipoint switches to interconnect a
few lines. The technique of terminating lines on
jacks and making interconnection with plugs and
cords came early and still finds wide usage, espe-
cially for small telephone systems.

Each line is connected to a series of jacks con-
nected in multiple that appear sequentially before
cach operator’s position. She is thus able to make
a connection to any telephone line in the central
office. In addition, each line is connected to an an-
swering jack with an associated line lamp that
lights when the subscriber lifts his receiver off the
hook. The line numbers do not necessarily appear
in sequence at the operator positions; these can be
rewired through cross connections if calls become
too frequent or long in an existing grouping.

In principle, the plug-and-jack switchboard dif-
fers radically from a vast system of switches that
could individually connect each telephone with any
other telephone. It provides flexibility with a mini-
mum of equipment. Although there aren’t enough
cord pairs to interconnect all pairs of lines at any
instant, the number of delayed calls is light, even
during emergencies. The multiple switchboard also
makes it possible for every operator to have access
to every line (up to about 10,000) without using an
intermediate line or trunk that was required with
early switchboards.

Trunking between offices

The method of handling calls manually between
telephone central offices is shown in the figure at
the bottom of page 75. One office is designated Wal-

1

|

Two-station telephone system in which control is in the hands of users

74

Electronics | October 19, 1964



e 0o 86010 )
) o o @1
= o o 8664 i
(o] O ([e——
\ g Og— 60— 86610000 000000 8660
o] [}
— ! 8o o o
& its ° :
— O 5 O o (o}
o - 10 86110
[e) [} l
: o o 8000 GROUP 8600 GROUP
LN T L SECOND SELECTORS CONNECTORS
FINDERS SELECTORS ® #O10
(o] o
7 ./.:_ 5
DIAL & °
SERVICE A S o
OPERATOR (0) o 5731000000004 0
[o) o
& 1o 57110
fv—
5000 GROUP 5700 GROUP
OUT-TRUNK CALL TRUNK
REPEATER INDICATOR CORD
7 - OFFICE
B BOARD

Step-by-step switching, with path between two lines shown in color.

nut, the other Hickory. Each office is equipped with
two separate switchboards. The A board in each
office is the same as that described previously, and
handles calls originated by subscribers. Trunks to
other offices are accessible to cach A operator. The
B operator has access to every subscriber in her
office through a duplicate multiple-jack field, but
she speaks only to other operators.

Since the trunking of calls between a multiplicity
of offices in a congested area can requirc many
trunks, some of which are seldom used, tandem
offices are often provided. In principle the tandem
office, interconnecting scveral offices indirectly
resembles a central office in which many lines are
interconnected without a requirement that ecach
telephone be provided with a pair of wires to
every other telephone.

Switching step by step

The first automobiles were considered “horseless
carriages” and had many features of carriages, in-
cluding a whip-socket. In the same way, it was inev-
itable that the first telephone-switching machines
should follow the methods of manual interconnec-
tion. However, the carly development of step-by-
step machine switching was sound. Today many
thousands of step switches are in use and more are
being installed.

A representative step-by-step central office is
shown in the diagram above. The switches shown
as circles, to which a moving arrow makes con-
tact, are two-dimensional, as suggested by the two
connector units at the extreme right. A vertical
stepping mechanism lifts the wiping contacts to
the desired level under the control of dial impulses.
Connectors are then rotated by additional dial
pulses; the selectors move automatically to a suit-
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able contact at the horizontal level chosen. Custo-
marily, stepping switches have 10 levels of 10
contacts each, numbered 11 through 00. However,
several sets of wiper arms may be moved simul-
taneously on the same shaft to make separate con-
nections with several banks of contacts.

When a subsecriber lifts his instrument and closes
the switch-hook contact, a line relay in the central
office actuates a line-finder. The line-finder steps
vertically, tlien rotates until it comes to rest on
the contact representing the calling party. Similar
contacts appear in different locations on about 20
line-finders that serve about 200 subscribers. In this
way, when the first-choice switch is already in use,
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Trunk connection between two central offices from
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Primer (Cont.)

the second-choice switch takes only a little longer
to find the line.

The step-by-step switching system uses a simple
logic whose wiring corresponds to the voice com-
munication path. Although it is properly known
as a central office, the control is actually in the
hands of the subscriber who dials the connections,
digit by digit.

Once the switches are committed to the per-
formance of the logical function, they must remain
in position to provide the speech path. As a tele-
phone system grows, and concepts like direct-dis-
tance dialing come into being, the simple digit-by-
digit approach of step switching becomes cumber-
some and requires supplementary equipment.

Panel switching

As the number of telephone subscribers in-
creases, the interconnection of groups of subscrib-
ers—trunking—takes on new significance.

Step-by-step switching initially removed con-
straints imposed upon trunking by the manual
switchboard. As neighborhoods merge, central-of-
fice designations become meaningless. In many
places these designations have been eliminated in
favor of straight numbering.

The necessity for even the numbers, or at least
for allowing the subscriber to dial them to pulse
specific selectors, becomes a new constraint upon
trunking. It is conceivable that in a large, complex
telephone system there is a better and more effec-
tive way to trunk calls between central offices than
by a fixed pattern of dialed digits.

Recognition of these problems resulted during
the 1920’s in the development and installation of
panel-type switching systems in large cities like
New York, Boston and Chicago. Panel switching
is highly mechanical and requires heavy mainte-
nance, but it is still in use. Historically, it is im-
portant as the first common control system, a fore-
runner of the modern systems by which it is be-
ing replaced.
~ In the panel system, the line finder makes use of
the “big switch” concept by which many lines can

=
A FINAL INCOMING JINCOMING) on
SELECTOR SELECTORJTRUNKS | &
g
INTRAOFFICE | o
TRUNKS w
P
3
LINES | JLINE DISTRICT OFFICE o
FINDER SELECTO ELECTOR =
| ——— —
QUTGOING

TRUNKS

REGISTER-
SENDER

Panel-type switching is the first real
step toward central control.
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be concentrated to reduce the number of switching
stages. A motor-driven switch, called a selector,
moves upward to select a line, or trunk, and down-
ward to return to normal. The motor runs continu-
ously, and a smooth motion is imparted to the selec-
tor rod by a system of solenoid-operated clutches.
Within the vertical frame comprising a unit, there
are five panels, each containing 100 sets of ter-
minals arranged vertically. By proper choice of
wiper contact arm, each vertical selector rod has
access to 500 terminals. There are generally 30 se-
lector rods in each frame.

When a telephone in another central office is
called, the decoder interprets the central-office num-
ber in terms of a preferred route, whose number
may have no relation to the office number. Once
the route is established, the sender transmits the
remaining four subscriber digits of the original
number and releases as soon as the connection is
established.

Besides its central control features, the panel
system is notable for having broken with the deci-
mal system. Switch terminals are arranged in 500’s
rather than in a 10-by-10 array. The sequence
switch used in control circuits is a cumbersome but
effective mechanical device that performs the func-
tion of a computer subroutine even though invented
years before modern computer equipment.

Crossbar switching

The first crossbar installation in a central office
was made in 1937, less than 20 years after the first
panel office was opened. This event marked a new
direction in telephone switching.

The switch itself, shown in the diagram at the
right, resembles an array of relay contacts. Although
the actuating mechanisms are electromechanical, the
switch mechanics have been reduced to a minimum.
The heavy wire fingers attached to the horizontal
select bar are positioned to actuate either the upper
or lower multiple contacts, depending on whether
the lower or upper select magnet is energized to
rotate the bar. The contacts are closed only after
the “hold” magnet pulls the vertical hold bar
against the select finger. A crossbar switch com-
prises 200 sets of contacts, each uniquely chosen
by operating the proper horizontal and vertical
magnets. It is possible to establish 20 sets of con-
nections at any time.

The No. 5 crossbar central office, described by
telephone engineers as the most sophisticated elec-
tromechanical gadget ever built, has been installed
in many locations since 1947. The crossbar switch
establishes a speech path by direction of the marker
[top of page 77] and is held in operation for the
duration of the conversation; but it is not involved
in the switching logic. For the example shown, eight
sets of switching crosspoints are employed to con-
nect the calling party with a telephone served by
the same central office.

The system is based on a principle of highly cen-
tralized control in which control units, called mark-
ers, registers and senders, are used on an individ-
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ual call only for the time required to perform
specific functions and then are released to be used
on other calls.

With the crossbar office, some clements of auto-
matic data processing can be incorporated. For ex-
ample, automatic message-accounting equipment
can be connected into the circuits long enough to
record basic billing information.

Limitations

Telephone engineers think of No. 5 crossbar as
the latest and hest large-scale telephone switching
system of its kind. Despite the improved and more
flexible crosspoints and the radical centralization of

HOLD
MAGNET

SELECT
MAGNETS MULTIPLE

CONTACTS

SELECT
FINGER

Crossbar select magnets operate finger up
or down; hold-bar closes the contact.
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control, the system is taxed to keep up with the ex-
panding needs for new service features and more
complex trunking patterns. For example, instead of
returning a busy tone, it might be desirable to al-
low the calling party to wait until the called party’s
line is free. In all present switching systems, the
equipment becomes committed to a given condi-
tion and cannot “back up.” Even when additional
features can be engineered and hardware can be
built, the additional costs of new features become
prohibitive.

For these reasons if for no other, a new approach
to machine switching had to be found. Becanse
of the heavy investment in existing central offices,
the newest equipment must not only do a better
job but must compete cconomically. While Bell
System operating companies plan an orderly re-
placement of their central office plant by the latest
electronic switching, scientists and engineers are
planning still another generation of telephone
switching.

In the meantime, magneto telephones are still
giving service all over the world. The Bell System
alone still uses about 5,500 magneto sets. Although
many small communities have been provided with
machine switching in neat, unattended buildings,
there arc still 200 manual boards out of a total
12,000 central offices. But these are scheduled for
replacement before 1970.

Panel switching offices were declared obsolete
about 1937. Few new installations have been made
since then. However, additional equipment neces-
sary to keep service up to date and provide for
growth in existing offices has been produced in
quantity every year since.
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R.W. Ketchledge locates faulty equipment
with a “trouble dictionary’’.

h

Keywagon used in initial testing of Succasunna, N.J.
office traces faults on a unit-by-unit basis.

Continued from page 73

sure reliable telephone service.

For this reason, it is stored in semipermanent
memory (the program store), which requires off-
line operations to change it. In addition, there is a
high-speed readablc and writeable memory (the
call-store) that stores call-progress data.

Memory size

The semipermanent memory (program store),
using twistors, operates on the basis of 44-bit
words. Each unit memory card contains 64 such
44-bit words; 128 cards make up a standard mod-
ule, and 16 modules form a unit store, the standard
equipment unit. Two or more stores will be used
in each central office. Each unit store thus is equiv-
alent to a 256-by-256 matrix. Fach matrix position
can give access to two words, for manufacturing
economy, so that the total capacity of each unit
store is 131,072 words of 44 bits each.

Each 44-bit word consists of seven bits for
parity and error-checking codes, 23 data bits and
14 operation bits. The parity and error codes are
capable of detecting double errors and of auto-
matically correcting any single errors that may
exist in either the word bits or the word address.

All program-store information is stored in dup-
licate. In fact, double the necessary twistor-memory
capacity is provided.

In the temporary ferrite-sheet memory (call
store), 24-bit words are used, with one bit for par-
ity check and 23 information bits. The call-store
unit has a capacity of 196,000 bits, or 8,192 words
of 24 bits each.
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The twistor memory

The semipermanent program store, as described,
has a unit capacity of 5.8 million bits organized into
131,072 parallel words, randomly accessible in a
single matrix. For the memory elements, Bell se-
lected the twistor as the basic unit.

Rcasons for using the twistor, rather than cores,
tapes or other storage methods, included its econ-
omy of manufacture, short access time (the pro-
gram-store cycle is 5.5 microseconds), small size,
random-access capability, nondestructive readont,
and the fact that the content is not affected by any
kind of electrical failure. Even if the twistor wire
itself is burned out by excessive current, its infor-
mation will be preserved—an important factor in
telephone-exchange operation.

The twistor element used here is essentially a
read-out device; no writing is done electrically. The
information is actually stored in the form of pres-
ence or absence of magnetization in a small perma-
nent Vicalloy magnet placed near the twistor. The
magnet controls the twistor’s response when inter-
rogated. The magnets, mounted on aluminum pro-
gram cards, are programed off-line in a machine
whose function is analogous to that of a punched-
card machine.

The twistor element itself consists of a thin
(0.003 inch) copper wire with a tape of molyb-
denum permalloy wrapped helically around it at
a 45° angle. A copper ribbon, the solenoid, runs at
right angles to the wire. Thus two currents can be
applied: a current through the copper wire of the
twistor, or a current through the ribbon solenoid.
The first produces a longitudinal magnetic field
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Memory unit of No. 101 ESS time-division exchange uses
a twister memory similar to that in larger offices.

%o
0
(i

A
£

H E_‘ E

COPPER STRIP

ONE

Conventional twistor operation depends on currents |, and
l. producing a helical direction of magnetization in

the moly-permalloy helix with a rectangular hysteresis
loop. Large voltage is induced in reading a one and

much less for a zero. Copper strips crossing twistor wires
at right angles form word coils (Top, right). The new
switching system uses a readout-only type of twistor,
controlled by a small permanent magnet.
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Basic elements of the permanent magnet twistor memory
used in electronic switching equipment.
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parallel to the twistor wire; the second gives a cir-
cular magnetic field normal to the copper wire. If
both currents are applied at the same time, a helical
field is produced in the direction of the permalloy
tape. The permalloy is chosen to have an essentially
square hysteresis curve.

If a program card containing the tiny permanent
magnets is aligned so the magnets fall just above
the intersection of each twistor wire and copper
strip, the magnets exert a strong ficld on the twistor
wire, preventing it from changing state. If the mag-
netic state of the twistor wire does not change
when it is interrogated by applving both currents,
there will be no output. Thus, a zero is stored in a
bit by having a magnetized Vicalloy spot over it.
To store a one, the Vicallov spot on the program
card is left unmagnetized.

The twistor modules used in the electronic
switching system are shown (below left) in cut-
away form. Coupled to the word strips or solenoid
is a biased core switch matrix. A core is switched
by the combined action of a horizontal and vertical
half-select current, which overcomes a common
bias current. The word solenoids are attached to
the surface of an insulating board over which thin
sheets of permalloy have been placed.

If the magnet is magnetized, it saturates a region
of the twistor wire beneath it. The magnets are
always magnetized in the same direction as the in-
itial field of the word solenoid. When an individual
word solenoid is selected by applying a half-select
current to individual horizontal and vertical access
wires, a current pulse is induced in the word sole-
noid. The resulting magnetic field acts on the
twistor wire.

Because of the orthogonal geometry, no signifi-
cant voltage is induced in the wire unless the mag-
netic material of the twistor wire is switched be-
tween states of magnetization. This can occur only
at the sites containing nonmagnetized magnets.
When the half-scleet currents are removed, the
common bias current switches the selected access
core back to its initial state. The resulting word
solenoid pulse restores the twistor’s initial condi-
tions of magnetization.

For uniform outputs from the memory, the mag-
netic field applied to the twistor should completely
switch its magnetization. In these modules, the
magnetic field produced by the solenoid is concen-
trated onto the twistor wire by two mechanisms.
The first is the underlying permalloy sheet, provid-
ing a low-reluctance return path for the field. The
second is the conductivity of the aluminum magnet
card which produces, through eddy currents, a mag-
netic barrier above the twistor wire. These two
mechanisms help to reduce the drive currents re-
quired and the interaction between bits.

Each semipermanent memory module contains 64
boards with 64 solenoids apiece. Through the mod-
ule, in accordion fashion, run two flat plastic belts,
each containing 44 twistor wires and 44 adjacent
return wires. A section of each tape is cemented to
one side of each board. Each module provides space
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Bank of step-by-step switches under test by General
Telephone & Electronics. This type of connector is
still the backbone of dial telephone switching.

for 128 magnet cards. Each aluminum card carries
64 columns of 45 permanent magnets. Each column
represents a word and each of the first 44 magnets
(the 45th row is not used here) represents a bit of
the word.

Call store

The primary function of the call store is to pro-
vide an erasable storage for all call-related tempo-
rary information processed by the electronic switch-
ing system. Large capacity is required to handle
conventional functions and others involving admin-
istration, maintenance, automatic message-account-
ing, teleprinter buffering and network control by
map and queue techniques. Depending upon cen-
tral office size, anywhere from 100,000 to 4,000,000
bits must be accommodated. For a compatible so-
lution, a specific size was chosen as a modular
building block. In practice, two stores are used
with common-access circuits for both. Each infor-
mation block is duplicated in the other store. Re-
dundancy insures system reliability.

The basic memory medium is a multibit ferrite
sheet with a 16-by-16 array of holes. A plated cop-
per conductor forms the equivalent of a wire
threading all 256 holes in series. Although some
hand-wiring of stacks is necessary, the plating tech-
nique allows economical manufacturing.

The organization of a single-call store is chosen
to provide a capacity of 8,192 words of 24 bits, or
a total storage of 196,608 bits. The 24-bit word
length and the 5.5-microsecond cycle do not ex-
ploit the maximum capability of the memory but
are dictated by other system considerations. A me-
dian-size office of 10,000 lines with a calling rate
of 13,000 calls per busy hour would need only
two basic stores and another pair for redundancy.
Smaller offices will require one store and a dupli-
cate; large offices may need up to 40 call stores.

The switching network

The use of the ferreed switch in an array that is
comparable to a crossbar relay illustrates two inter-
esting points. Despite progress in the design of
semiconductor switching devices, none is yet avail-
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able with sufficiently low capacitance and high
resistance for use in a large switching matrix. Even
in much smaller matrices, costs are high.

For the No. 1 Electronic Switching System, the
ferreed switch is designed to be made economi-
cally as an array, not an assembly of individual
crosspoints. Instead of winding the control coils in-
dividually and then connecting them in series, they
are wound in rows and columns from continuous
lengths of wire.

The basic ferreed switch unit is a glass-enclosed
dry reed, so called to differentiate it from the
mercury-wetted type. It is free from the effects
of dust, corrosive atmospheres and ambient pres-
sures, and relatively independent of temperature
effects. Its contact resistance is less than 0.2 ohm
during a million operations, its open-circuit resist-
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ﬂ STRAPS
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REMENDUR
PLATES
SEALED CONTACTS 2 PER
MOULDED ASSEMBLY
39-TURN COIL

18=TURN COIL

COIL FORM

VERTICAL STRAPS

Two-wire crosspoint ferreed can be manufactured
automatically, as this exploded view indicates.

SERIES

FERREED

OPERATED RELEASED

When magnetic windings aid, the ferreed
switch is closed; a pulse that energizes windings
in opposition rel€ases the contacts.
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ance is practically infinite and capacitance under
the same conditions is about a picofarad. In com-
bination with the proper devices, such a reed switch
can be made to open or close with pulses as short
as five microseconds.

Because the average telephone call between two
subscribers requires the closing of ecight sets of
these contacts to cstablish a speed path, it is de-
sirable that the contacts have a “memory” and
remain closed without continued application of a
holding current. At the conclusion of the connec-
tion, they must be capable of being restored or un-
latched instantaneously.

The memory feature is accomplished by making
the reeds of magnetic material and providing an
external magnetic circuit or path containing high
magnetic remanence. Operation or release of the
contacts is controlled by setting the remanent mem-
bers in one of two magnetic states with short cur-
rent pulses.

The members currently in use are Remendur, a
cobalt-iron-vanadium alloy with a square hysteresis
loop that enables it to be switched with relatively
low power. Far more temperature-stable than a
ferritc used in earlier designs, Remendur has a rem-
anent flux density of 16,000 to 21,500 gauss and a
coercive force of 20 to 60 oersteds.

The series fereed configuration used is shown
simply at the left. When the magnetic ficlds are
arranged in series to aid each other, the ferreed
contacts close and remain closed. When they are
in opposition, the contacts open and remain open.

The construction of a switching unit for a two-
wire crosspoint is also shown there. The reeds
are molded together in plastic to form a single
piece and the two Remendur plates are positioned
by the notches. The combined assembly is inserted

into plastic coil forms molded onto a steel mount-
ing plate for the whole array, typically eight by
eight units. The plate also acts as a common mag-
netic shunt, dividing each crosspoint into two con-
trollable halves. This technique reduces the energy
required to produce the release state, in which the
two halves of the remanent members are magnet-
ized in opposing directions.

Coil connection

A differential excitation mode provides coordi-
nate addressing crosspoints, at the same time au-
tomatically releasing other crosspoints associated
with the same row or column. Each winding in a
row comprises two opposed windings; the lower
one has twice the number of turns. Each dual wind-
ing in a column is similar to the row windings,
except that the double winding of a column is
paired with the single winding of a row on one side
of the steel mounting plate. The double-row wind-
ing forms a pair with the single-column winding
bencath the steel plate.

When all the coils in a row are energized in
series, each pair of ferreeds is released because the
fields above the steel plate are opposed to those
below. Similarly, when all the column coils are en-
ergized in scries, all contacts in the column will
release.

If a current pulse of the same polarity is intro-
duced to the column and to the row of the desired
coordinate at the same time, the effect of the double
winding always overcomes that of the single wind-
ing. The composite effect in this case can be thought
of as the upper column coil working in series, aid-
ing the lower row coil to close the ferreed con-
tacts at this point, and to release all other contacts
in the same row and column.

Choosing the hardware

Equipment for telephone service nceds the reliabil-
ity of space hardware but the mass-production de-
sign of consumer electronics gear.

It must have the reliability of an orbiting satellite
device to last about 40 years—under a maintenance
program—with outages totaling no more than a few
minutes. Although the equipment and its construc-
tion cannot be compared to a mass-produced line
of television receivers, the size of the telephone
equipment market requires a high degree of eco-
nomical mass production with high quality.

Because of the volume of components—to add a
million lines would require 15 million diodes, 5
million transistors, 1.5 million circuit packages and
15 million ferreed crosspoints—enginecrs tend to
standardize components.

An example of device standardization is the limi-
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tation to only two kinds of transistors, the low-
power 29A and the higher-power 20D. The low-
power, low-current unit is used in logic circuits,
audio amplifiers and oscillators and broadband
feedback amplifiers and regulators. The 20D, which
can handle up to L5 amp, is used primarily for
memory access.

The choice of relays to actuate ferreed switches
by high-current pulses is typical of a cost-conscious
approach. A control structure had been designed
using diodes and pnpn triodes, but it was rejected
because it was too expensive,

Design for dependability

The design of a machine to provide perfect serv-
ice for 40 years with practically no outages re-
quires among other things, redundancy, a main-
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tenance and test program, and ability to repair by
substituting components. In the new switching sys-
tem, every system unit required to maintain service
is duplicated. Moreover, all units must be monitored
continuously; otherwise unrepaired faults may oc-
cur in duplicate units at about the same time.

The system is organized to allow rapid reestab-
lishment of an operational machine. On a less ur-
gent basis, the system itself diagnoses the defective
unit and prints out the results on a maintenance
teletypewriter. When offices are unattended during
part of the day, an alarm is sounded at another lo-
cation, where personnel are continually in attend-
ance. If the trouble is minor, the repair can be de-
ferred. A defective trunk circuit can be taken out
of service with a teletypewriter message. Major
troubles require dispatching personnel to the office
location.

More than half the stored program instructions
are used for maintenance programs. Some programs
in conjunction with logic wired into the hardware
detect and report faults. Other programs control
routine tests and emergency actions, either elim-
inating faulty subsystems or reorganizing usable
subsystems into a new operating combination.

Various classes of maintenance programs are ar-
ranged in a hierarchy of interrupt levels, such that
when an error is detected the control system stops
what it is doing, records where it stopped and, after
proper maintenance, restores itself to proceed with
normal operation.

Errand boy

A maintenance man can ask the system, through
the teletypewriter, to print out the contents of
a particular memory location or to trace a call
through the network from a given line or trunk. He
can type in a directory number and ask the system
to print out the associated equipment number as
well as all other information the system has per-
taining to that directory number. He can also order
the system to perform a diagnostic test on some
part of the system.

Call-store buffer

In communicating with peripheral units, central
control is able to transmit or receive a multibit
word every 11 microseconds. By contrast, the tele-
typewriter can send or receive information at only
one bit every nine milliseconds. A call-store buffer
bridges the speed barrier as shown in the diagram
on page 83. The buffer register can store as many
as 60 teleprinter characters, or one line of type.
After the complete message is assembled, it is with-
drawn from the register, converted to electronic
switching-machine language and delivered to the
proper client program. The second stage of the buf-
fer, with a capacity of 200 24-bit words, is used to
assemble outgoing messages.

Solving universal problems

Although many of the problems in central-office
electronic switching are unique to the telephone
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are in a low-resistance state owing to circulating
bias current, bilateral signal flow is possible
between the speed bus and filter. Graph

shows breakdown characteristics of the pnpn device.

industry many of the solutions are of interest to
other engineers because they solve switching and
data-processing problems that are likely to appear
elsewhere.

The advent of nanosecond logic circuits necessi-
tated much closer cooperation between circuit and
equipment designers than for relay switching sys-
tems. Wiring patterns and rules were developed to
insure satisfactory switching speeds, circuit cross-
talk protection and a consistent manufactured prod-
uct. The 23-bit bus systems used for data-handling
within the central control required unconventional
circuit-pack organization because no bus-bit lead
could exceed six feet in length.

In the program store, readout connections are
made from the front, with cable running in shielded
ducts, some running vertical and others horizontal.
The cables are further protected from noise pickups
by using close-twisted pairs and limiting to two
inches the unshielded length of leads that connect
to the twistor tapes.

Current regulators, at the top of the mechanical
supporting frames (for heat dissipation), control
access and bias near the diode matrix and access-
switch circuits used with the semipermanent mem-
ory. Such control is important because tracking
circuits on these units must maintain a 2-to-1 rela-
tionship between currents for bias and access drive.

Three conductors, carrying 424 volts, —48 volts
and a common ground, run from power fuses to
cach power-distributing frame where low-imped-
ance shunt filters (35,000-mircofarad capacitor
banks) are connected.

Individual equipment frame filters, usually
choke-input L-type or capacitor-input pi-section,
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restrict the rate of change of current in the frame-
supply feeders to less than 0.1 ampere per micro-
second. This limits the noise produced at the power-
distributing frame filter to less than one volt. The
central filter can adequately attenuate the noise
transmitted to other frames to less than 0.5 volt.

To minimize noise caused by stray ground cir-
culating currents or by transient noise potentials
within the building, all frames and the cable rack
are insulated from the building at the time of in-
stallation. The frames and rack are bolted together
and individually bonded to a No. 6 frame-aisle
ground conductor. This ground network connects
to the ground bars of the power-distribution frames
to protect personnel. The power frames are inter-
connected with 750,000 circular-mil cables. This
ground network is connected at only one point to
the central-office ground, the protection-frame
ground and the a-c power-entrance ground.

Pulse-signaling cables are relatively long and
could pick up relay noise and carry it into vulner-
able areas of logic. They are run as balanced cir-
cuits and brought into each frame through shiclded
transformers.

Interframe cabling uses a compartmented cable
rack. The 0.5-microsecond unipolar and bipolar
pulse leads are run in one compartment and the
scanner cables are run in a shiclded channel at the
front of the cable rack. Separate cross-aisle racks
maintain separation between the diffcrent classes of
leads.

Time division
Another variation on the electronic switching
system employed by the Bell System is the No. 101.
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Equivalent to a small PBX (private branch ex-
change) system, the No. 101 has been in operation
in several locations, including World’s Fair.

While the central-office system described earlier
operates on space-division techniques, the 101 uses
time-multiplexing, so that one channel can carry
up to 50 conversations simultaneously.

The 101 consists of a central exchange with the
necessary control and memory capacity, and con-
trols up to 32 “satellite” switch units that may be
located, say, at the offices of business customers.
Each satellite switch unit has a memory capacity
of up to 200 lines, and can handle as many as 50
calls simultancously. Time-switching is done by the
time-division network of each switch unit.

At the heart of the time-division switch are two
pnpn diodes (diagram above). These devices have
both a high-resistance state, during which the
switch is open, and a low-resistance state, when the
switch is closed. Normally, the diodes are in their
high-resistance state. At a critical breakdown volt-
age they switch to low resistance, and are then kept
in this condition by a circulating bias current. The
bias current and the initial breakdown voltage surge
are supplied by a line-number translator at the cen-
tral office, through a primary transformer winding
in the switch unit.

To complete the connection between any two
lines, both lines are simply assigned to the same
time slot by the central exchange. The switch
samples each connected line 12,500 times a second,
for a duration of 3.2 microseconds. Each bus can
thus accommodate up to 50 lines. The sampling
rate and time-slot width are more than sufficient to
preserve fidelity of speech.
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How other companies do it

While the AT&T System may be the most extensive
telephone organization in the world, it has plenty
of company in its field. There are five other makers
of switching equipment in the United States and
about 12 in the rest of the world.

A few of these companies are also secking more
sophisticated switching systems. Because competi-
tion is fierce, most of these concerns tend to be
reluctant to discuss pending developments.

There are also extensive governmental systems,
but most of these are shrouded in military secrecy.

Bell serves all of the United States, with other
companies connected into the nationwide Bell Sys-
tem. That confronts Bell with greater problems of
distance than for any other major company except
the state-owned Soviet system.

When you leave the United States, the number
of telephones in any country falls sharply. There
are 81 million phones in the U.S., about nine mil-
lion each in Britain and Japan, seven million in
West Germany and 6.3 million in Canada.

Independent manufacturers

Among the manufacturers of non-Bell telephone
switching equipment in the United States are the
Automatic Electric Co., a subsidiary of the General
Telephone & Electronics Corp.; ITT Kellogg Com-

munications Systems and ITT Kellogg Telecommu- -

nications divisions of the International Telephone
and Telegraph Corp.; the North Electric Co., and
the Stromberg-Carlson division of the General Dy-
namics Corp.

General Telephone expects to cut-over a 2,400-

Present systems called ‘semielectronic’

Most people and organizations working on electronic
systems are currently exploiting semielectronic systems
with metallic crosspoints to establish the desired voice
paths.

An invention or discovery is needed before fully solid-
state matrices become practical in large central offices.
The ideal crosspoint matrix will reduce crosstalk to
acceptable levels, will have very-low loss in the forward
direction, and will handle the alternating-current ringing
power required by existing standard telephone sets.

Formulating the program for a fully stored-program
system is both time-consuming and costly. Efforts are
being made to reduce this complexity by using partly
wired and partly stored programs as well as through use
of both main and subroutines.

There are some indications that current success in
miniaturizing electromechanical components will make
them attractive for continued use in semielectronic switch-
ing systems.

The systems we know and those that are on the drafting
boards are still not the ultimate in electronic switching.
Oscar Myers
Director of Switching Development
International Telephone and Telegraph Corp.

line high-speed semielectronic switching office in
Portage, Ind., this month. The Automatic Electric
development is called E-A-X for electronic auto-
matic exchange. Subscribers will be offered call-for-
warding, conference calls, call-waiting tone, abbre-
viated dialing and authorization codes that prohibit
placement of unauthorized direct-distance-dialing
calls from a telephone.

Crosspoints are three encapsulated reed switches
called correeds. Two windings are used, one to op-
erate and the other to hold. Two of the contacts
establish the transmission path while the third
locks the correed in its operated position.

Electronic controls are designed around ger-
manium-alloy medium-speed transistors. These are
generally pnp, 150-milliwatt types with their npn
complements. Gold-bonded germanium diodes and
some silicon diffused-junction diodes are also used.
A register-sender memory of ferrite cores records
the routing information contained in a magnetic
drum and uses this information to direct the
switches. The magnetic drum has a capacity of
12,000 40-bit words.

Diode crosspoints

ITT Kelloge Communications Systems has pro-
duced over 30 clectronic automatic central offices
for the military, and the ITT Kellogg Telecommu-
nications division is marketing a commercial ver-
sion. Although space-division switching is used, in
which signals travel on separate paths, it is pro-
vided by a matrix of four-layer pnpn diodes. When
the actual matrix inlet and outlet are actuated by
voltages, a string of diodes becomes automatically
conductive across a multiple-stage matrix to form
a speech path. Crosstalk for military equipment is
better than 60 decibels from 300 to 3,500 cycles for
small matrices. Register and translator memories
are ferrite devices of an undisclosed nature.

Time and space

Switching centers developed by North Electric
for the Air Force were completed in 1962. Since
time-division switching is employed, in which sig-
nals occupy different time slots over the same path
there are no electromechanical crosspoints and the
system is more entirely electronic. The speech path
is controlled by ferrite memories.

The directory number, class marking, route num-
bers and related information are stored in a non-
destructive memory, inexpensively constructed with
normal single-aperture ferrite cores using a tech-
nique invented at Telefon AB L. M. Ericsson of
Sweden. Broad studies are in progress in time-divi-
sion multiplexing, common control organization and
integrated circuits, with the idea of applying the
results to commercial as well as military applica-
tions, but no details are available yet.
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Delay line

Stromberg-Carlson’s EPBX is based on a time-
divided speech-crosspoint array made up of a 100-
channel highway with a sampling repetition rate
of 10 kilocycles. The speech transmission circuits
and the common control use the same time base.
Magnetostriction delay lines are used for memory.

Stromberg-Carlson put an electronic commu-
nity dial office into operation in Etna, N. Y., in
1962. Work is also going on in space-division sys-
tems. The company has also introduced electronics
into independent central offices through a register
sender that provides common controls for existing
step-by-step switching offices.

The Netherlands

At Hilversum, engineers at Philips Gloeilampen-
fabriken N.V. are working on what they call experi-
mental electronic central offices. One office will
soon go into operation in Utrecht, the Netherlands,
and another in Copenhagen, Denmark. At these
locations, and in other experiments, space-division
switching is used with pnpn transistor crosspoints.
Ferrite core memories of an undisclosed form are
used for storing subscriber information as well as
program. The common control equipment works
on a time-division basis.

Information read out from the memory cores
has to be rewritten separately and therefore must
be temporarily stored in an auxiliary memory. The
switching network resembles a crossbar in that
it consists of four switching stages, but is different
in that the speech path passing through four tran-
sistors is single-wire (to save transistors) and thus
requires transformers to match paired lines to un-
paired speech paths. The exchange has a capacity
of 1,000 directory numbers.

West Germany

In West Germany, Siemens & Halske A.G., in
Munich, Standard Elektrik Lorenz A.G. (an ITT af-
filiate) at Stuttgart and Telefonbau und Normalzeit
GmbH of Frankfurt have contracts with the Post
Office covering prototype installations in their re-
spective cities. Telefunken is negotiating for a
government contract. The post office operates the
telephone company in niuny European countries.

The Siemens installation in Munich haundles 3,000
subscribers in a space-division system with encap-
sulated gas-filled reed contacts. Called ESM-II, the
system uses a relay-register memory.

Standard Elektrik calls its HE-60 system quasi-
electronic. It uses hermetically sealed contacts sur-
rounded by relay coils to perform the path-switch-
ing function in space division. Germanium and
silicon semiconductor devices are used. Ferrite ring
storage is used for both the register and the rout-
ing translator. The register is released when the
call has been assigned a path.

Telefunken is working on a small semielectronic
telephone exchange that uses so-called ordinate
holding switches, employing unencapsulated con-
tacts in contrast to the protected contacts more
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Temporary memory module of an experimental
electronic telephone exchange built by

Philips Gloeilampenfabrieken, N. V.,

at Hilversum in the Netherlands.

generally used. But Telefunken engineers believe
they have a highly competitive device because of
small size and economical manufacture. The com-
pany describes the system using the new switches
as one-at-a-time division rather than space division.
No decision has been made on the type of memory
since their small systems need none. Large systems
will probably use ferrite cores.

Telefonbau und Normalzeit will put into service
in Frunkfurt at the end of the year a 1,000-line of-
fice using FSK flat-reed space-division crosspoints.
The gas-encapsulated contactors have a reed cross-
section half the size of conventional types, and em-
ploy a flexible gold-diffused metal reed. The regis-
ter employs a core memory. Wired logic clements
are used in the translator to set up the dialing-code
translations. Changes are made by replacing the
printed-circuit logic cards.

Belgium

The Bell Telephone Manufacturing Co., an ITT
affiliate, started studies for a full clectronic tele-
phone switching system in 1956. Previously, gas
tubes and selenium diodes had been used for func-
tions such as call detection (replacing line and cut-
off relays). Later, electron tubes, gas tubes and se-
lenium diodes were also employed for switch-outlet
selection and crossbar-switch control. At present,
the coimpany has control equipment capable of serv-
ing 10,000 subscribers, using transistor crosspoints
in a time-division system. Group slave memories
use nickel delay lines. Ferrite stores handle assem-
bly and storage of dialed digits, and capacitive
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read-only stores, which are inexpensive, are used
for such functions as line translation.

Great Britain

The General Post Office is the main customer
in Britain for electronic telephone exchanges and
the main initiator of research and development pro-
grams. In December, 1962, the first British elec-
tronic exchange was put into operation at Highgate
Wood, London. An experimental installation, it ran
as an alternate to the existing electromechanical
exchange, being switched in and out for tests. It
operated satisfactorily, but was not economical. Be-
cause it used a special version of time division, it
required a large amount of ancillary equipment to
make it compatible with existing equipment.

As a result of this qualified success, five com-
panies were asked to develop a space-division cen-
tral office: Associated Electrical Industries, Ltd.,
Automatic Telephone and Electric Co., Ericsson
Telephone, General Electric, Ltd. and Standard
Telephones and Cables, Ltd., an ITT affiliate. Two
additional time-division exchanges were cancelled
at that time. The office being built for Leighton
Buzzard will use reed-relay cross-points.

Pye Teclecommunications, Ltd., has a private au-
tomatic exchange using gas-tube diodes, and is
anxious to move into the field of large exchanges.
Other manufacturers are experimenting with solid-
state or cold-cathode electronics, but are unwilling
to discuss their equipment.

Sweden

The Swedish Telecommunications Administration
estimates that electronic switching is about three
years away. It will not be the same as Bell System
equipment because the speed path will be estab-
lished through crossbar switches or the code-bar
types rather than reed relays. Some of the develop-
ment will be done by Ericsson.

France

Government and industry cooperate in running
a telephone development laboratory in Brittany.
The Aristote system, using pnpn transistor cross-
points, is its foremost switching development but
has not been installed in service anywhere. Ad-
vanced experimental and military work in pulse-
code modulation systems has been done by Lab-
oratoire Central de Telecommunications.

Japan

The most recently installed telephone equipment
in Japan is up to date; some of it is the most mod-
ern crossbar built under license. The value of cen-
tral control is recognized, and researchers are in-
vestigating many different electronic approaches,
including stored programs. There’s good reason
for this interest in small modern equipment. Tele-
phone usage in Japan is expanding at a rate of
more than a million telephones a year, and land
prices in overcrowded urban areas are fantastically
high. Owing to earthquake hazard, the present prac-
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tical limitation to building height is about 10 stories.

Of particular interest is the Nippon Electric Co.
type NS-2A, 60-line semielectronic PABX, units of
which are already in service. The principal com-
ponents are crossbar switches, reed relays for tree
circuits and connectors, wire-spring relays for
trunk and line circuits, mercury-contact relays and
semiconductor packages. There is a core memory
matrix, a ring translator and a metal-card perma-
nent memory.
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LOOK TO THE LEADER... @,

for dielectric solutions such as these...

Solve your electrical and electronic insulation problems with the family of the MYCALEX
world’s most nearly perfect insulation materials! They offer a unique combina- | CORPORATION OF AMERICA
tion of advantages: inorganic formulations; total dimensional stability; high- World's largest manufacturer
dielectric strength; true hermetic seals; high-arc resistance; high-temperature | ©f ceramoplastics, glass-bonded mica
resistance; thermal expansion close to that of stainless steel. Send today for AR eyatelc preampmdiEts

new 36-page, color catalog. 125 Clifton Boulevard, Clifton, N.d.

SUPRAMICA® 560 ceramoplastic —
precision-molded insulation, specified
for thin-wall sections and low spec-
ific gravity. Shown: gyro component.

i

SUPRAMICA 620 **BB'' ceramoplastic
—precision-molded insulation, speci-
fied for high-insulation resistance
and true hermetic seal. Shown: ac-
celerometer header.

SUPRAMICA 555 ceramoplastic — pre-
cision-moldéd insulation, specified
for ability to mold-in metal inserts
and dimensional stability. Shown:
coil form.

MYCALEX® 410 glass-honded mica—
precision-molded insulation, speci-
fied for detail choice and arc
quenching characteristics. Shown:
lightning arrester component.

SUPRAMICA 500 ceramoplastic —pre-
cision-machineable insulation, speci-
fied for dimensional stability and
machineability. Shown: sonar scan-
ning disc.
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SUPRAMICA 620 ceramoplastic — pre-
cislon-machineable insulation, speci-
fied for operating temperatures to
1550°F. Shown: insulating bushing.

MYCALEX 400 glass-bonded mica —
precision-machineable insulation,
specified for dimensional stability
and machineability. Shown: printed-
circuit memory panel.

Circle 87 on reader service card
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Productivity Index

(How do your people rate?)

North Carolinians are an independent lot; you've got to earn their loyalty. Then they stick like
cockleburs. Their interest in their jobs shows up in figures like indexes of productivity (highest
in the nation)—and profit and loss statements. Eager to learn, eager to complete the transi-
tion from farm to factory, the North Carolina worker is one of the best reasons why plants
located here thrive. Access to major markets, availability of good plant sites, excellent trans-
portation facilities . . . they're all parts of a picture you should study. Write Governor Terry

Sanford, Raleigh, for an industrial information package . . . free (and confidential) of course.

GO NORTH
CAROLNA

WHERE GOOD GOVERNMENT IS A HABIT
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Or, the reasons why so many aerospace contractors insist on this CEC Pressure Transducer

CEC'’s 4-390 is a chamber-type instru-
ment that assures absolute and gage
measurements of fluids and gasses in
pressure ranges of 0-100 psi to 0-5000 psi.

Success of the 4-390 is due, of course,

to its advanced design. For it is a high-

output, unbonded strain gage transducer

with integral, solid-state power supply

and amplifier.

And just look at the 4-390's specifica-

tions!

= Excitation circuit isolation — 100 meg-
ohms min. between oulput and pri-
mary power ground at 50 volls d-c.
Linearity and hysteresis — +0.5%
max. of full range output, combined
effects.

» Frequency response — flat within 0.1
db from d-c to 10,000 cps.

Compensated temperature range —
30°F to 200°F.

Repeatability — 0.1% of full range
output.

Altitude —0-60 psia ambient without
elfect.

Shock — 100 g hali-sine-wave for 10
*5 ms without damage.

Weight—10 oz. max., excluding mat-
ing connector.

Obviously, CEC's 4-390 is made to order
for maintaining superior performance
characteristics in extreme acceleration,
vibration and shock environments.

Equally important, the 4-390 is a quan-
tity produced standard item. Variations
are also available for specialized envi-
ronments or unusual structural appli-
cations. And, CEC has the facilities and
design capability to produce even more
advanced instrumentation to meet t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>