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NeW Megohmmeter &

2,000,000-Megohm Direct-Reading

®

* TWO TEST VOLTAGES 100v — EIA standard voltage for measurements of
resistors above 100 kilohms

500v — For the measurement of insulation resistance
* SAFE ...Toggle switch on top of instrument lets you remove voltage

without disturbing range-switch setting. In addition, a
warning light indicates when voltage is on the terminals

5 2 .  Both Guard and Ground Terminals

g Q Z5 = are Provided

'3 YOLYAGE
DISOHARSE N

Range:
0.5 to 200,000 megohms at 100 volts and to
2,000,000 megohms at 500 volts.

Accuracy:

From 3% at low-resistance end of each decade
to 4-129% at high resistance end, up to 50,000 meg-
ohms. There can be an additional +2% error at
the top decade.

Calibration:

Adjustment is provided for standardizing the
calibration at 500 volts.

Power Requirements:

105-125 (or 210-250) volts, 40-60 cycles, 25 watts.
Will operate on frequencies up to 400 cycles.

Type 1862-C Megohmmeter , $310 (in U.S.A)
— rack model also available at same price.

-
u This instrument is useful for the measurement of in-
sulation resistance of rotating machinery, trans-
formers, cables, capacitors, appliances, and other
electrical equipment.

For high-resistance measurements to 1013 ohms at lower voltages,
the Type 1230-A Electrometer is available at $460.

Write for Complete Information

GENERAL RADIO COMPANY

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

IN EUROPE; Zurich, Switzerland — London, England WEST CONCORD, MASSACHUSETTS
NEW YORK, N. Y., 964-2722 CHICAGD PHILADELPHIA WASHINGTON, D.C. SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ~ ORLANDD, FLA.  CLEVELAND
(Ridgefield, N. J.) 943-3140 (Oak Park) 848-9400  (Ft. Washington) 646-8030 (Rockville, Md.) 946-1600 454-9323 FL 7-4031 (Los Altos) 948-8233 4696201 425-4671 886-0150
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—with new standard digital data acquisition systems!

ADD: The advantages of standard systems—complete system specifications, immediate delivery,

proven reliability, low cost

TO: The benefits of magnetic tape recording and data processing

AND GET: Fast automatic measurement of dc volts, low-level dc, ac volts, resistance and frequency
recorded on an incremental recorder in computer compatible format—as fast as
10 channels per second—with up to 440,000 unattended measurements and recordings.

Heart of these magnetic tape systems, as of other
Dymec 2010 Data Acquisition Systems, is the DY-2401B
Integrating Digital Voltmeter, a floated and guarded in-
strument which lets you measure extremely low-level
signals even in the presence of severe common mode
and superimposed noise. The 2401B measures dc
voltages to 1000 volts with 300% overranging on the
lower ranges. It also measures frequency 10 cps to 300
ke, and you can add an optional converter to measure
ac and resistance.

The newest of Dymec's standard systems comes in two
models, the 2010J and the 2010H, which differ only in
scanning capability. With the 2010J you can measure
up to 200 3-wire channels, or measure up to 100 chan-
nels with the 2010H System.

Now from nine standard systems you can select a wide
variety of input capabilities and recorded output, in-
cluding printed paper tape, punched tape, punched cards
...and magnetic tape. Prices of the newest systems:
DY-2010H, $15,365; DY-2010J, $17,415.

Data subject to change without notice. Prices {.0.b. factory.
Write on your company letterhead for your copy of Dymec’s digital data acquisition system handbook,
a syllabus of digital system fundamentals, applications and operation.

D Y V7 £E C TN

A DIVISION OF HEWLETT-PACKARD COMPANY

DEPT. E-12, 395 PAGE MILL ROAD, PALO ALTO, CALIF. + PHONE (415) 326-1755 TWX 415-492-9363
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No counter gives you as much measuring  Plug-ins for the hp 5245L Counter, $2950
“capability (to 3000 mc) at so great a value as 5251A Frequency Converter to 100 mc, $300

the Hewlett-Packard 5245L. The versatility of
seven different plug-ins is combined with the 5253B Frequency Converter to 500 mc, $500

solid-state performance of the basic counter 5254A Frequency Converter 300 mc to 3000 mc, $825
to mean more measurements, made more ac- 5261A Video Amplifier for 1 mv rms sensitivity, $325

curately and conveniently at a lower price.
p|ug}lin units can be a)clj'ded to increZSe the 5262A Time interval Unit, 1 usec to 10° sec, $300

counter's basic 50 mc range, its 100 mv 5264A Preset Unit—for measuring N x frequency, period,
sensitivity and the variety of measurements it ratio, time N events; divides input by N, with

can perform. Rectangular indicator tubes re- N=1 to 100,000 selectable, $650

tain full numeral size, permiting an easy-to- 5265A DVM plug-in—six-digit measurement of dc, 10,
read display. Measurements are automatic 100 or 1000 v full scale, accuracy 0.1%

with measurement unit and correctly posi- of reading, $575

tioned decimal displayed. Solid-state design
provides an instrument only 514" high, bench
and rack mount in one; modular plug-in circuit
construction provides easy maintenance, and

Or increase the stability of measurements, to 15 gc, with the
Hewlett-Packard 2590A Microwave Frequency Converter, $1900,
which automatically phase locks an internal transfer oscillator to

; . . i the signal frequency, providing counter time base accuracy,
fﬁ,nnsae{vztgvsi|?ti,s'f:dfe;til,i:?;azoz;dﬁb?apﬁf,an stability of 5 parts in 10" short term or 3 parts in 10’ per day.
problems. Data subject to change without notice. Prices f.0.b. factory.

Check out the plug-ins listed here—then
call your Hewlett-Packard field engineer for
complete specifications and a demonstration.
Or write Hewlett-Packard, Palo Alto, California,
94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva; Canada: 8270 Mayrand

Street, Montreal.
HEWLETY l‘/’ PACSARD
v FREQUENTY CONVEKTER : ﬁ
dp seoan

MOOEL a2 i

 PACKARD

An extra measure of quality

LNNTIVITY (VOLTS RUS)

e
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Electronics Review

Rubber-stamp circuits 24 Laser measures wind
Look, Ma, no hands 24 Wide, wide magnet
California far ahead 26 Bigger, but faster
Millimeter wave video 28 Parallel approach
New job for Syncom

Electronics Abroad

Electronic arm 112 Tvin Lebanon

Computer teamwork 113 Mixed-mannedradar

Bridgehead inthe U. S. 114 Train control from
afar

Probing the News

The dangerous depths
Pentagon cost-cutting: pros and cons
Overcrowding on land mobile radios

Technical Articles
I. Design

Measuring signal-to-noise ratio with a 'scope
New technique depends only on the ability to
spot the point of peak intensity on a scope

J. W. Eberle, The Ohio State University

Designer's casebook
100-Mc pulse generator provides 509% duty cycle;
electronically controlling auto’s engine spark

Part lll: The field-effect transistor
More ways to design it into circuits

Analog switching circuits use field-effect devices
Transformerless circuitry simplifies design
Mark Shipley Sr., Siliconix, Inc.

How modules make complex design simple
Six circuit configurations use FET analog
switches in complex switching

J. Gulbenk and T. F. Prosser, Teledyne, Inc.

FET integrated-circuit logic for aerospace systems
Simplified NOR and NAND circuits, built by
combining FET's, require little power and are tiny
P. J. Coppen, Raytheon Co.

Warning: Space radiation affects FET’s

The MOS FET does not have the inherent resistance
to radiation that engineers believed it possessed

H. L. Hughes and R. R. Giroux, Naval Research
Laboratory

Designing against space radiation: Part 1

To design radiation-resistant gear, the engineer
must understand radiation environment
Henning H. Lind Olesen, General Electric Co.

. Application

Farewell to free time on parking meters
Infrared device resets meter to zero when car
pulls away

W. E. Osborne, Consultant
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Readers Comment

Kudos

My hat is off to your story about

“The little train that wasn’t” [Nov.

30, p. 86]. It is the most interesting

story that I have read all year.
Bernard Fudim

Calvert Electronics, Inc.

New York

Nimbus photo

The reception of the Nimbus I
weather-satellite photo [next page]
was spawned by an Electronics ar-
ticle, “Bird’s-eye view of the weath-
er” [July 27, p. S1].

R. L. Tucker, director of re-
search for the Birdwell Logging di-
vision of the Seismograph Service
Corp., read the article and realized
that equipment used by Birdwell in
oil-well logging could be adapted to
receive pictures from the APT sys-
tem in the satellite,

Dave Miller
Ferguson-Miller, Inc.
Tulsa, Okla.

® The picture, sent from an alti-
tude of 500 miles, was obtained on
a device usually used to record
subsurface geological data thou-
sands of feet underground. Another
essential part of the system was a
surplus two-way taxicab radio. The
photo shows nearly a million square
miles of the ecarth’s surface; an
overlay shows the principal fea-
tures.

The Nimbus satellite was de-
signed to provide pictures of cloud
cover and weather. The APT (Auto-
matic Picture Transmission) system
takes a picture everv 208 seconds
and retains the image on a one-inch
storage vidicon tube. The image is
scanned by an clectron beam that
converts the picture to electrical
signals which are transmitted to
carth.

The scanning requires 200 sec-
onds at four lines per second, so
that the picture actually is made up
of 800 individual lines, compared
to the 525 lines of a tv picture.

The Birdwell group recorded
these signals on magnetic tape,
then ran them through a Birdwell
3-D logging camera, which con-
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New from Sprague!

A MOLDED SOLID TANTALUM CAPACITOR THAT MAKES SENSE

CONSTANT _—] I L | B |

HEIGHT

CONSTANT

WIDTH ‘I

(3x actual size)

ONLY THE DEPTH CHANGES!

@ wcanoue TANTALEX® CAPACITORS

Especially qualified for applica- lent dielectric properties, Type 190D Capacitors
tions such as printed circuits, fully meet environmental test requirements of Spe-

where board space is at a pre- cification MIL-C-26635A.

mium and must be fully utilized, ® Capacitance values from .01uF to 330uF—

voltage range, 6 to 50 vdc,
@® Only the depth changes from case to case—face
area remains constant, making Type 190D Capaci-
tors extremely well-suited for automatic insertion.

@ Carefully selected height (0.350”) corresponds
with most acceptable maximum height in normal
printed board spacing.

® Stand-off feet at base of capacitors permit com-
plete circulation of air, preventing moisture and
solvent traps.

@® Unlike many solid tantalums, these new capaci~
tors exhibit the low impedance at high frequencies
desired for high-speed computer applications.

® Uniform width (0.375") permits neat, space-

. . . . . . .
saving alignment on wiring board. Low dissipation factor (high Q) permits higher

ripple currents.
@® Present lead spacing based on popular 0.100”
printed board grid. In anticipation of the 0.125” I(
grid, Type 190D Capacitors will also be available
with new lead spacing when required by future
circuit designs.

For complete technical data write for Engineering
Bulletin 3531 to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,

® Encapsulated in tough molded case with excel- North Adams, Massachusetts.
SPRAGUE COMPONENTS
®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
INTEGRATED CIRCUITS TORO!DAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ~ ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

45C-176-63R2

‘Sprague’ and '@’ are registered trademarks of the Sprague Etectric Co,
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dbdb db UL

FOR MAXIMUM GAIN

WODLD

You Can’t Beat

MADT

Communications
Transistors

Max. A-G| 55 db
2N1726
USEFUL [40 db
PG 25-31| db
2N1865 1
NF 2 |db typ.
PG 21-28|db
2N1745
NF 3| db typ.
PG 10 |db min.
2N5024 3
NF 8 [db max.
N4 PG14.191db
2N2360 NF 5.5] db max.
PG 16-22| db
2N2398 2
NF 4.5 | db max.
100 KC 1MC 10 MC 100 MC 1 KMC

MADT Communications Transis-
tors are now available in pro-
duction quantities from Sprague
Electric. For complete informa-
tion on these and other MADT
High-Performance Amplifier
Transistors, write to Technical
Literature Service, Sprague
Electric Co., 35 Marshall St.,
North Adams, Massachusetts.

*Trademark of Philco Corp.

10 KC
il

BB

asv.a1nl

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and *(2)* are registered trademarks of the Sprague Electric Co.
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verted the signals back into a pic-
ture. The orbital pattern and speed
of the satellite permitted about
three orbital passcs a day to be
recorded.

Tucker and his group are still
perfecting their equipment, and
hope to receive even better pictures
when the next APT system s
launched in a satellite. Nimbus II
is tentatively scheduled to be
launched during the last quarter of
1965.

Modified Sarah

The unsolicited testimonial by
R. G. Whiteing for Sarah recovery
equipment [Cominent, Nov. 30, p.
4] was very much appreciated.
While the British equipment can be
purchased abroad, domestic sales
are made through Simmonds Preci-
sion Products, Inc., the sole licen-
see to produce this equipment in
the United States.

To bring some of our older cus-
tomers up to date, the Mark II and
III Sarah receivers can now be
modified with a simple conversion
kit to permit improved operation

compatible with either our standard
pulsed Sarah beacons, or with any
manufacturer’s  continuous - wave
(modulated) beacons. At the same
time, Simmonds has also developed
cw-typc beacons in the standard
distress band, for use here and
abroad. These are microminiature
units, suitable for personnel or
package recovery.

Lastly, in reply to the editor’s
comment on Whiteing’s letter, ac-
curacy and range of Sarah equip-
ment have indeed been improved.

George N. Krassner
Simmonds Precision Products, Inc.
Tarrytown, N. Y.

Operational trigger

I enjoyed Peter Lefferts’ article on
an “Operational trigger for precise
control” [Nov. 2, p. 50]. My fellow
readers might be interested to
know that we manufacture a two-
level, three-mode, general-purpose
controller (Model 77) using very
similar techniques.

Ludwig Luft
Luft Instruments, Inc.
Lincoln, Mass.
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performance
proven

@)

penny
pinching
Clarostat Series 49M

Single-Turn, 1.5 Watts
Miniature Potentiometers

... literally hundreds of thousands of these miniaturized units have proved their outstanding
dependability and performance in critical electronic assemblies. Now, improved and stream-
lined manufacturing techniques make it possible to offer these potentiometers at new
penny-pinching prices (as much as a 100% reduction) to meet the cost requirements of
almost any electronic assembly.

Series 49M pots are available as single or dual units, with a choice of standard or split-
bushing mountings. They're perfect for trimmer requirements calling for high resolution.
Units are manufactured to MIL-R-19 specifications, Style RA 10.

SPECIFICATIONS: Power Rating 1.5 watts @ 40°C, or .005 watt per degree of effective
rotation maximum. Derated linearly to zero power @ 125°C. Working Voltage 175 volts
maximum. Resistance Range 1 ohm to 20,000 ohms linear functions. Resistance Tolerance
+10%, closer tolerances on order. Effective rotation 300° +=5° Mechanical & Electrical
Rotation - 300° =5°, Torque: .3 to 6 oz. in. Locking type bushing: 20 oz. in. minimum with
jam nut tightened. Typical Weight .02 Ib.

Consider these brief, but outstanding specifications for your application —then call or write
Clarostat today for full details and the new penny-pinching prices.

eLAROSTAT

CLAROSTAT MFG. CO, INC. DOVER, NEW HAMPSHIRE

Electronics ' December 28, 1964 Circle 7 on reader service card 7



NEW MINIATURE PLANAR TRIODES...
FREQUENCY STABLE...HIGH CATHODE CURRENT

ML-7698

ML-8534
ML-8536

Same ratings...'/s size

n
o
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FREQUENCY [Gc]

As UHF plate or grid pulsed amplifier

The same fast frequency stable performance— 100 times faster than normal—
is obtained with both the miniature ML-8534 and ML-8536 planar triodes. Both
tubes employ the Phormat (matrix) cathode. Both allow use of variable duty
cycle operation without noticeable frequency shift. But the ML-8534 and
ML-8536 miniature planars are only % the size of the ML-7698 and permit
significant reductions in cavity and equipment size. Ratings: ML-8534, plate
pulsed, 3500v, 5.0a; grid pulsed, 2500v, 5.0a. ML-8536, plate pulsed, 3500v,
3.0a; grid pulsed, 2500v, 3.0a. For complete data on miniature planar
triodes, write: The Machlett Laboratories, Inc., Springdale, Connecticut. An
affiliate of Raytheon Company.

ELECTRON TUBE SPECIALIST
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People

John B. Montgomery, new presi-
dent and chief executive of the
Marquardt Corp. in Van Nuys,
Calif., brings to the compuny back-
ground in electronics and aviation
that closely matches Marquardt’s
interest in jet engines and air in-
strnunents.

His experience in diversification
could be an asset for Marquardt,
which has remained at a $50 million
sales plateau for three years.

As recently as mid-October,
Montgomery was named vice presi-
dent of Schlumberger, Ltd., of
Houston, in addition to scrving as
president of its subsidiary, Weston
Instruments, Inc—formerly Day-
strom, Inc. Besides changing the
name to Weston. he changed the
business from a holding company
to one active in precision measure-
ment and analysis. Under Mont-
gomery, Weston also  acquired
Boonshaft and Fuchs, Inc., and the
Rotek Instruments Corp.

Montgomery is a former com-
manding general of the Eighth Air
Force, Strategic Air Command. He
resigned his commission as major
general in 1955 to become vice
president of American Airlines’
maintenance and enginecring de-
partment. Later he became vice
president of the General Electric
Co.’s turbine engine division.

Roy E. Marquardt, former presi-
dent. will continue as chairman.

Paul W. Knaplund, who helped to
plan and coordinate the later de-
velopment of the System 360 com-
puter and other
major IBM prod-
ucts, has been
named a group
exccutive of
three of the 12
divisions of the
I'nte r national
Business  Ma-
chines Corp.—
Data Systems, General Products
and Components. The divisions
manufacture all of IBM’s com-
puters and accounting equipment.

Knaplund joined IBM in 1950
and has held several managerial
positions. Previously he was as-
sistant group executive of the same
three divisions.

Electronics | December 28, 1964



In Westinghouse TV, capacitors of
“Mylar® replaced those of molded paper-

Bob Tesno, TV Engineering Supervisor, tells why:

““We ran extensive tests comparing
capacitors with a dielectric of
‘Mylar* with ones of paper, molded
paper and dual dielectric. We found
that the capacitors of ‘Mylar’ came
out on top—with virtually no tem-
perature, humidity or leakage prob-
lems. In the four years since their
adoption, the reliability of capaci-
tors of ‘Mylar’ in the ficld has been
nearly perfect.”

Electronics December 28, 1964

Better Things for Better Living

Y144

“Actually, we first adopted capaci-
tors of ‘Mylar’ for all Westinghouse
TV receivers when printed circuit
boards became important factors in
production. Capacitois of ‘Mylar’
are considerably smaller than
molded-paper ones of equivalent
value. This avoids crowding of com-
ponents on the board.”

*Du Pont's registered trademark tor its polyester film,

Eorrerg

only DU PONY makes |

MYLAR

5 POLYESTER FILM
««through Chemistry

“As a clincher.” adds Tesno, “in
most cases® capacitors with a dielec-
tric of *“Mylar’ cost no more, and, in
fact. often cost less than molded-pa-
per or dual diclectric capacitors.”
“(Note: This applies to capacitors
that are up to .Imfd 400v in size.)
Can vour designs benefit from the
many advantages of capacitors of
“Mylar™? For complete data, write
Du Pont Film Dept., N10452 B-22,
Wilmington, Delaware 19898.
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END GREASE-PENCIL
GUESSWORK IN
PRODUCTION
MEASUREMENTS

~new JERROLD
890 Sweep Generator

and

TC-3 Coaxial Switcher

Reference
trace #1

Reference
i | trace #2

Typical network rf loss displayed with
minimum _and maximum references b
Jerrold 890 Sweep Generator and TC-
Solid-State Coaxial Three-Way Switcher.

Model 890 Sweep Generator: freq.
range 500 kc-1,100 mc;sweep widths
100 kc-200 mc; extreme stability.

Solid-State TC-3 Coax Switcher:
freq. range 0-1,200 mc; 3-position
operation enables insertion through
variable attenuators of 2 reference
traces in addition to test trace.

Free brochure explains this and
other uses of comparative sweep
techniques. Ask for demonstration.

Model 890

Wide-Band 2
Sweep Gen-
erator. Price

$845

Model TC-3
Solid-State 3-
Position Coax
Switcher.
Price $295. _y.

JERROLD ELECTRONICS

Industrial Products Division
Philadelphia, Pa. 19132

JERROLD

ELECTRONICS

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

SWEEP GENERATORS ¢ PRECISION ATTENUATORS
AMPLIFIERS « COMPARATORS
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Meetings

Reliability and Quality Control
National Symposium, ASQC, IEEE,
IES, SNT; Hotel Fontainebleau,
Miami Beach, Jan. 12-14.

Fundamental Phenomena in the
Material Sciences Annual Symposium,
llikon Corp.; Sheraton Plaza Hotel,
Boston, Jan. 25-26.

Integrated Circuits Seminar, IEEE;
Stevens Institute of Technology,
Hoboken, N.J., Jan. 28.

Northwestern University Science
Symposium, NU; Pick-Congress Hotel
and Thorne Hall of Northwestern
University, Chicago, Jan. 28-29.

Winter Power Meeting,
PEEC/IEEE; Statler-Hilton Hote!,
New York, Jan. 31-Feb. 5.

Institute on Information Storage and
Retrieval, The American University; the
Willard Hotel, Washington, Feb. 1-4.

On-Line Computing Systems
Symposium, UCLA Extension Service,
Informatics, Inc.; University of
California Los Angeles, Feb. 2-4,

Winter Convention on Military
Electronics, PTGMIL & L.A. Section
of IEEE; Ambassador Hotel,

Los Angeles, Feb. 3-5.

Electrical /Electronic Trade Show,
Electrical Representatives Club,
Electronic Representatives Assn.;
Denver Auditorium Arena,
Denver, Feb. 15-17.

Solid-State Circuits International
Conference, University of
Pennsylvania, 1EEE; University

of Pennsylvania and Sheraton Hotel,
Philadelphia, Feb. 17-19.

Annual West Coast Reliability
Symposium, ASQC, UCLA; Moore Hall,
University of California

Los Angeles, Feb. 20.

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

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

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

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

SMPTE; Ambassador Hotel,

Los Angeles, Mar. 28-Apr. 2,

Electron Beam Annual Symposium,
Pennsylvania State University, Alloyd

Corp.; Pennsylvania State University,
University Park, Pa., Mar, 31-Apr. 2.

Electronic Parts Distributors Show,
Electronic Industry Show Corp.,

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

Cleveland Electronics Conference,
Cleveland Electronics Conference, Inc.,
IEEE, ISA, CPS, Western Reserve
University, Case Institute of
Technology; Cleveland Public
Auditorium, Cleveland, Apr. 6-8.

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

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

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

Paris, Apr. 8-13.

|EEE Region 6 Annual Conference,
Region 6 of IEEE; Nuclear Rocket
Development Station,

Las Vegas, Apr. 13-15.

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

Electronics Instrumentation Conference
and Exhibit, 1EEE, ISA; Cincinnati
Gardens, Cincinnati, Apr. 14-15,

Biomedical Sciences Instrumentation
National Symposium, ISA; Statler-Hilton
Hotel, Dallas, Apr. 19-21.

Call for papers

Human Factors in Electornics Na-
tional Symposium, HFEG/IEEE;
Boston-Sheraton Hotel, Boston,
May 6-8. Feb. 1 is deadline for sub-
mitting papers in final form to
James Degan, MITRE Corp, P.O.
Box 208, Bedford, Mass.

IEEE Annual Communications
Convention (including GLOBE-
COM VII), CIG/IEEE; University
of Colorado, Boulder, Colo., June
7-9. Deadline is Feb. 15 for sub-
mitting 4 copies of both 200-word
abstract and manuscript to \W.F.
Utlaut, Chairman, Teclnical Pro-
gram Committee, IEEE Annual
Communications Convention, Na-
tional Bureau of Standards, Boul-
der, Colo.
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NOW-on the line
0.0015% stability!

DC MODEL

881AB

Wi 1EIAS

JOHN FLUKE MFL CO . INC DC DIFFERENTIAL VOLTMETER

(O 09
| b '

' :

-’

"3 " “Ac/DC MODEL

Rechargeable battery or line powered

100 uv full scale null sensitivity

1 PPM resolution for all input ranges
Large, six-digit readout, automatic decimal

Universal package for bench or rack mounting

Stability and temperature coefficient of reference
element and precision resistors are often the “hid-
den” parameters of voltmeter design.

For Models 881AB and 883AB, Fluke processes
each zener diode reference to prove =0.0015% per
year stability; ratio stability of critical Fluke-
manufactured resistors is =0.001% per year. Tem-
perature coefficient of the reference and critical
resistors is ==0.0002%/°C and +=0.00015%/°C, re-
spectively. This provides more than ample mar-
gin for long-term drift and temperature deviations
within the overall DC accuracy of =0.01% of in-
put plus 5 uv for the 881AB and 883AB.

“B” suffix of model number indicates operation
from either rechargeable batteries (30 hours on
full charge) or AC line (50-440 cps). Severe com-
mon mode problems are eliminated by battery
operation, as unit is completely isolated from
line.

U L 23
. . '. '. " . i
uOR(: 182a8

\_J

Null detector maximum sensitivity is 100 pv
full scale, and maximum meter resolution is 1
ppm of range for all input voltages. Six-digit in-
line readout is obtained by four decade switches
plus high-resolution interpolating vernier. Input
ranges are 1, 10, 100, and 1000 volts, with. 10%
overranging for 0-1100 volts overall capability.

Stable, solid-state AC to DC converter of
Model 883AB is specified from 20 cps to 100 KC,
with basic accuracy of =0.1% of input +25 pv
applicable from 1 mv to 1100 VAC and 30 cps to
5 KC.

A single mechanical configuration is ideal for
portable field use, bench mounting (tilt-up bale),
half-rack mounting (7-inch panel), or side-by-
side rack mounting. Mil-spec shock, vibration,
and temperature testing were included in devel-
opment, assuring years of dependable perform-
ance under adverse conditions.

OHN PLUKE MPG €O INC

The industry’s most complete line of differential voltmeters

SEE QUR
SPECIFICATIONS IN

MICROFILM CATALOG
FILE

JOHN FLUKE MFG. CO., INC., Box 7428, Seattle, Wash. 98133. F
Telephone 206-776-1171; Twx 910-449-2850; Cable: FLUKE. L U K E
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Tektronix oscilloscope
displays both time-hases
separately or alternately

NEW TYPE 547 and 1A1 UNIT

DC-to-50 MC

DUAL
DC-TO-28 MC, 5 MVI/CM

L= - —— s W ———a ——
SINGLE 2 CPS-to-15 MC

.~ TRACE 500 LiV/CM

| (CHANNELS 1 AND 2CASCADED)

R ———

With automatic display switching, the
Type 547 provides two independent
oscilloscope systems in one
cabinet, time-sharing a
single-beam crt.

Some Type 547 /1A1 Unit Features

New CRT (with internal graticule and con-
trollable illumination) provides bright '"no
parallax' displays of small spot size and
uniform focus over the full 6-cm by 10-cn
viewing area.

Calibrated Sweep Delay extends con
tinuously from 0.7 microsecond to 50
seconds.

2 Independent Sweep Systems provide
24 calibrated time-base rates from § sec/cm
to 0.1 usec/cm. Three magnified positions
of 2X, 6X, and 10X, are common to both
sweeps—with the 10X magnifier increasing
the maximum calibrated sweep rates to
10 nsec/cm.

Single Sweep Operation enables one-
shot displays for photography of either nor-
mal or delayed sweeps, including alternate
presentations.

2 Independent Triggering Systems
simplify set-up procedures, provide stable
displays over the full passband and to be-
yond 50 Mc, and include brightline auto-
matic modes for convenience.

Type 547 Oscilloscope . . v« v .. . . $1875
(without plug-in unit)
Type 1A1 Dual-Trace Unit ..., .. $ 600

Rack:-Mount Model Type RMS547 . ., . $1975

U.S. Sales Prices f.0.b. Beaverton. Oregon

For a demonstration, call your Tektronix Field Engineer

. . Singie-exposure photograpn
2 signals — different sweeps

Upper trace is Channel 1/A sweep, 1 usec/cm.
Lower trace is Channel 2/B sweep, 10 usec/cm.

Using same or different sweep rates (and sensi
tivities) to alternately display diflerent signals
provides equivalent dual-scope oparation, in many
instances.

Triggering internally (normal) permits viewing
stabledisplays of waveforms unrelated in frequency.
Triggering internally (plug-in, Channel 1) permits
viewing frequency or phase differences with re-
spect to Channel 1.

. . Single-exposure photograph.
same signal — different sweeps
Upper trace is Channel 1/A sweep, 0.1 usec/cm,
Lower trace is Channel 1/B sweep, 1 usec/cm.
Using different sweep rates to alternately display
the same signal permits close analysis of waveform
aberrations in difterent time domains.

. . Sinqle-exposuve. D.hotograph.
2 signals — portions of each magnified

Trace 1 is Channel 2/B sweep, 10 usec/cm,

Trace 2 (brightened portion of Trace 1) is
Channel 2/A sweep, 0.5 usec/cm,

Trace 3 is Channel 1/B sweep, 10 usec/cm.

Trace 4 (brightened portion of Trace 3) is
Channel 1/A sweep, 0.5 usec/cm,

Using sweep delay technique—plus automatic
alternate switching of the time bases—permits
displaying both signals with a selected brightened
portion and the brightened portions expanded to
a full 10 centimeters.

B sweep triggering internally from Channel 1 (plug
in) assures a stable time-retated display without
using external trigger probe.

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

Tel(tronix 2 InC. TWX: 503-291-6805 - Cable: TEKTRONIX + OVERSEAS DISTRIBUTORS IN 25 COUNTRIES
TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory

Tektronix Australia Ply., Ltd., Melbourne,; Sydney « Tektronix Canada Ltd., Montreal; Toronto

Tektronix International A.G., Zug, Switzerland « Tektronix Ltd., Guernsey, C. /. « Tektronix U. K. Ltd., Harpenden, Herts
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New solid tantalum capacitors
for 200°C service

VOLTAGE DERATING CHART STANDARD CAPACITANCE AND VOLTAGE RATINGS
WVDC @ 200°C | WVDC @ 200°
WVDC @ cOntiﬁ’uous 50“’0 3 DC WORKING VOLTAGE AT 25°C
25°C Duty Duty Cycle* CASE
6 24 48 SIZE* 6VDC 10vDC | 15vDC | 20vDC | 25vDC | 35vDC | 50VDC
10 40 90 D-—.125 | .0047to | .0047to | .0047tc | .0047tc | .0047to | .0047to | .0047 to
: L—.250 | 4.7MFD | 3.3MFD | 2.7MFD | 1.5MFD | 1.5MFD | 1.0MFD | .68MFD
5 . .
Gl Ll D—.175 | 68tc | 47t | 39t | 22t0 | 22ta | 15t0 | 10t
20 8.0 16.0 L—.438 | 33MFD | 22MFD | 15MFD | 10MFD | 6.8MFD | 4.7MFD | 3.3MFD
25 10.0 20.0 D-.279 47 to 33to 22 to 15 to 10 to 6.8 to 4.7 to
¥ 100 20 L—.650 | 100MFD | 68MFD | 47MFD | 33MFD | 22MFD | 15MFD | 15MFD
’ ' D—.341 | 150to 100 to 68 to 47 to 33to 22 to
50 200 40.0 L—.750 | 220MFD | 150MFD | 100MFD | 68MID | 47MFD | 33MFD
*Based on a duty cycle of 2 hours on Voitage @ 200°C *uninsulated.

followed by 2 hours off voltage @ 25°C.

The first solid electrolyte tantalum capacitors to be
rated for 200°C, the new Mallory Type THS line, was
originally developed for use in oil well instruments
which are subjected to high temperatures during deep-
hole surveys. These miniature capacitors are hermeti-
cally sealed in tin-plated cases with gold-plated leads.
Uniform high quality is assured by 1009, screening
tests at 200°C.

WET SLUG, FOIL AND SOLID TANTALUM CAPACITORS

Electronics ' December 28, 1964

Four different case sizes are available from 0.125"
diameter by 0.250” long, to 0.341" diameter by 0.750"
long (uninsulated). Teflon* insulating sleeves can be
supplied. Nominal values cover the range from 220 mfd,
6 VDC to 15 mfd, 50 VDC. For complete details, write
or call Mallory Capacitor Company, Indianapolis,
Indiana 46206—a division of P. R. Mallory & Co. Inc.

*Registered Du Pont Trademark

MALLORY
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FAIRCHILD SCOPE CAMERA AIDS EYE RESEARCH

Use as clinical tool illustrates versatility of Type 450-A camera;
Polaroid Land Back and Film provide immediate record

Electroretinography is but one of the scientific frontiers where Fairchild
Oscilloscope Cameras are providing high precision recording of dis-
played phenomena. Among the features which contribute to this high
performance are: o helical rack and pinion mechanism for pinpoint
focusing and image reduction e heavy duty synchro-shutters ¢ jam-
proof lever for positive tripping of shutter. ¢ Object-to-image ratio is
continuously adjustable from 1:1 to 1:0.85, permitting recording of full
6 x 10 cm field on Polaroid Land film in 0.9 actual size. With the new
Polaroid Land Film Pack Adapter prints — developed outside the
camera — are available in 10 seconds. e Accessories include data
chamber for writing in test identification for recording simultaneously
with CRT display. If your work requires precision recording of oscillo-
scope displays, call your local Fairchild Field Engineer or write for com-
plete data on the Type 450-A and other Fairchild Oscilloscope Cameras.

Fairchild Scientific Instrument Dept., 750 Bloomfield Ave., Clifton, N.J.

(‘‘Polaroid"® by Polaroid Corp.)

14 Circle 14 on reader service card

Traces show reaction of human
* eyes to a short light stimulus, The

retinae electric potential is picked
up with contact lens electrodes, fed to
scope and recorded by Fairchild Oscillo-
scope camera fitted with Polaroid Back,
Sequence is initiated by synchro-shutter
of camera. Polaroid print is reproduction
of one of thousands made at New York
Medical College by G. Peter Halberg,
M.D., Associate Clinical Professor of
Ophthalmology.

FAIRCHILD

[ e a S SRR |
DUMONT LABORATORIES
SCIENTIFIC INSTRUMENT DEPARTMENT
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Editorial

We're not
getting
the word

At last the government is beginning to act on the
most perplexing challenge posed by its research
activities. That challenge is to increase the trickle of
useful knowledge that flows from these projects into
the civilian sector of the economy.

In the House of Representatives, the Select
Committee on Government Research has published a
report entitled “Documentation and dissemination of
research-and-development results.” The committee
clearly implies that government agencies are impeding
rather than helping the flow of technical information.
Duplication of activities and a confusing maze of
procedures bottle up data rather than release it.

Other leaders, from Vice President-elect Hubert
Humphrey down, are asking with growing impatience
why the information explosion yields so little civilian
fallout.

More than two-thirds of the United States’ best
scientists and engineers work [ull-time on research and
development in national defense. the space effort and
atomic energv—all fields closely allied to the
electronics industry. The government pays $13.2
billion for more than 80% of all research and
development carried on in the U. S,

This new technology could launch thousands of new
products and boost the gross national product to even
greater heights. Why aren’t civilian engineers getting
the word?

We think there are two fundamental reasons:
censorship and bad writing.

Nobody doubts that information essential to the
national safety should be safeguarded. But most
classification is motivated by a desire to enhance
somebody’s political status or to hide somebody’s
mistake.

Sometimes a project is classified until it can be
announced by an important congressman. Often

security officers adopt the philosophy that “What the
public doesi’t know it won’t complain about.” Maybe
that’s why the design of the control system for World
War I torpedoes is still classified.

One Pentagon official declares: "It takes more
courage for a career officer to declassify a document
than to go into combat.”

The only general declassification of military
information in this century came in 1954, when
President Eisenhower ordered all classifications
dropped one level.

Classification should he used the way it was
intended: to protect the country. not the bureaucrats.

Bad writing is an equal deterrent to the spread of
knowledge—and, we suspect, sometimes just as
deliberate as improper censorship.

Often, technical writing can be understood only by
the author’s close associates. True, some of this
fuzziness is a result of inadequate training in English
composition. But more frequently, we fear, it’s a
smokescreen behind which the writer hopes to enhance
his prestige. He thinks that if nobody can understand
what he has written, evervbody will assume it must be
of a high technical level.

Regardless of the reason, many technical articles are
undecipherable to civilian engineers: others are so dull
the reader can’t stay awake long enough to finish them.

The federal government spends somewhere between
$385 million and $500 million a vear to publish
scientific and technical information. Then why isn’t
the word getting around? Take a look at the
publications and you’ll know.

Much of the material is technical gibberish,
written for a tiny “in” group. Some is technical
minutia that never should have seen the light of print.
And a lot is astonishingly out of date.

In its Nov. 20 issue, U.S. Government Research
Reports carried an abstract entitled “The maser: a new
tvpe molecnlar amplifier for microwave radiation.”
The same report was published Oct. 25, 1957—seven
vears earlier—by Science, the iournal of the American
Association for the Advancement ol Science.

If the information gap is to be narrowed, several
people and organizations have a job to do. The
President and other government oflicials have to
declassify material that has nothing to do with the
national security. Editors of technical publications
have to start editing. so their articles can be
understood by somebody besides the anthor. And
engineers and scientists, individually and through
their professional societies. have to start demanding,
and producing, intelligible articles and reports.
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TANDE NCHRO

TYPE UOTH £3-5-1

n*
TANDEM SYNCHROS

SAVE YOU SPACE, GEARING, ACCURACY, COST

Our tandem synchros offer two synchro functions (transmitter,
control transformer, differential, resolver, etc.) in a single
housing with a common shaft.

If the extra length of tandem synchros doesn’t bother you,
there are attractive advantages. For instance, a gear train may
be entirely eliminated (and its accompanying backlash). Or, a
simpler gear train may be possible. Thus there is likely to be a
saving in cost.

Stainless steel housings give Clifton units the necessary
rigidity to overcome vibration problems. We also use a unique

16 Circle 16 on reader service card

mechanical coupling device which has reduced coupling errors
to one minute max.

Any two of our hundreds of differing electrical and mechani-
cal characteristics are available in sizes 8, 10 or 11. )

Lengths are: Size 8—2.900 inches, size 10—2.700 inches, size
11—3.900 inches.

For price and delivery, contact: Sales Dept., 5050 State Rd.,
Drexel Hill, Pa. Area 215 MAdison 2-1000. TWX 215 623-6068 —

or our Representatives.
CLIFTON ::ooocts

DIVISION OF LITTON INDUSTRIES
Clifton Heights, Pa, Colorado Springs, Colorado
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Record output
for argon laser

Hi-fi designers
see need for FET’s

Warning system’s
cost reassessed

Automated
circuit making

Electronics Newsletter

December 28, 1964

A blue-green laser, using ionized argon for continuous-wave operation,
has delivered nearly seven watts of power at Raytheon Co.’s research
division, the company announced.

The laser used a 12,500-watt power supply and operated at an efficiency
of 0.053%.

Blue-green lasers offer great promise in biological research because
their unfocused beams can cause changes in cells and tissues.

Raytheon says it is now building a 100,000-watt power source in an
effort to get out 15 watts in light power. The company hopes to generate
100 watts in light power in 1965.

Manufacturers of high-fidelity equipment appear more interested in
designing with field-effect transistors than with integrated circuits.

Daniel R. Von Recklinghausen, chief engineer at H.H. Scott, Inc., a
major hi-fi producer, says, “The real need at present is for low-cost field-
effect transistors for tuners and audio stages.” And Robert Furst, chief
engineer at Harmon-Kardon, Inc., another big hi-fi producer, which is
a subsidiary of the Jerrold Corp., says, “Field-effect transistors are certain
to break into consumer electronic products in the near future, but inte-
grated-circuit hi-fi equipment is a long way off.”

Some integrated circuits are available but so far haven’t replaced
conventional tubes and transistors in hi-fi sets because integrated circuits
are difficult to cool, are more expensive and don’t provide a high enough
power output.

Integrated circuits developed specifically for hi-fi use are made by
two manufacturers: Motorola Semiconductor Products, Inc., a subsidiary
of Motorola, Inc., and the Westinghouse Electric Corp. [Electronics,
Nov. 30, p. 17].

A proposed warning system to detect missiles launched by submarines
has been halted at the acquisition stage for cost-effectiveness studies of
alternative solutions [Electronics, June 1, p. 17].

The studies, ordered by the Defense Department, are being made at
the Air Force Electronics Systems division, Hanscom Field, Mass. Alter-
natives include modification of coastal radars or a completely new system
similar to the phased array radar at Eglin Air Force Base in Florida,
which is used to track space vehicles.

The Stewart-Warner Corp. has entered the already-crowded integrated-
circuit market with an automated plant in Sunnyvale, Calif. The plant
is operated by a subsidiary, Stewart-Wamer Microcircuits, Inc.

At full capacity, the plant is designed to produce two million circuits
a year. The company hopes that process automation will increase effi-
ciency so it can reduce prices and sell in the highly competitive radio-
television and industrial electronics field, as well as to military and space
customers.

Push buttons and solenoids, instead of the usual stopcocks, control
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Air Force’s role
in space cut

Work progresses
on NASA center

Military computer
dons civvies

18

Electronics Newsletter

gas flow in the reactor that grows and dopes epitaxial material; a con-
troller-computer sets thermal profiles in the diffusion furnaces, and a
tape-programed system with a 480,000-bit disc memory tests each circuit
in 5 milliseconds.

The plant will apparently serve as a proving ground for process equip-
ment to be sold commercially. The reactor, designed by Stewart-Warner,
will be sold through the Kulicke & Soffa Mfg. Co.

Military efforts to get a separate manned space-flight program appear to
be stymied. Defense Secretary Robert S. McNamara won't give the Air
Force the green light to proceed with the $1-billion manned orbiting
laboratory (MOL) program, although he assigned the program to the
service almost a year ago, when he canceled its Dynasoar program.

Over the past year, the Air Force has spent nearly $8 million in studies
on MOL and has long been ready to start the project.

McNamara withheld approval for two reasons. The two-man MOL
offers little technical advance over the National Aeronautics and Space
Administration’s three-man Apollo spacecraft that is due for earth
orbital tests in 1967—ahead of MOL. Cost is the second factor. NASA is
pushing a manned space laboratory using the Apollo spacecraft; the
project is known as Apollo-X. Although the Apollo-X project is still on
paper, it has won attention from McNamara and Congressional leaders.
And the Pentagon and NASA have now agreed to coordinate space
laboratory programs more closely. This is expected to mean dropping
MOL and concentrating on a joint military-NASA Apollo-X program.

While the MOL program will be delayed, additional Air Force partici-
pation in NASA’s Gemini and Apollo projects seems certain, including
some entirely military manned flights.

The National Aeronautics and Space Administration is moving ahead
with plans for its electronics research center in Cambridge, Mass.

Lester C. Van Atta, chief scientist of the Lockheed Missiles & Space
Co., a subsidiary of the Lockheed Aircraft Corp., was named to direct
the center’s research in electromagnetics, microwaves and optics. W.
Crawford Dunlap, Raytheon Co.’s director of solid-state research, will
head research in component technology, including solid state, materials
and standards’ qualifications.

In addition, Edward Durrell, the architect, was named to design the
$60-million center, and the first of $5 million in research grants to be
made in the next year has been awarded. The Moore School of Electrical
Engineering at the University of Pennsylvania received $40,000 contract
for a survey of microwave research in the 10- to 0.1-millimeter region.

The Burroughs Corp.’s military computer has a new number, D82, and
a civilian job with an airline in Canada.

The computer will be used by Air Canada to provide information on
passengers and cargo. Burroughs is furnishing a pilot system of one com-
puter and a disc file. The system may be expanded eventually to handle
automatic ticketing and gate check-in operations, with a network of
interconnected computers that will be able to “talk” to each other. In
its military role, the computer a D825, is used for command and control.
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WE'LL BREAK OUR BACK TO TAKE OUTSIZE CARGO

JET FREIGHTERS WON'T TAKE OR CAN'T HANDLE

Bring your really big shipments to Flying Tigers.
we'll break the back of one of our Swingtail-44s
to get it aboard. Take individual pieces up to 84
ft. long, 6 ft. high, and 11 ft. 5 in. wide. Side-load-
ing jet freighters can't possibly handle pieces this
big. In fact, most draw the line at anything over
7 ft. wide, 10 ft. long, or 6 ft. 8 in, high.

the airfreight specialist 1= 1Y 1 M EZ

Electronics , December 28, 1964

Next time you have an airfreight shipment, out-
size or any size, trust it to the airline that will
carry all your freight. The one that will fly it to
over 2,500 U.S. markets, thanks to “Skyroad,’
Tigers' combined air/rail/truck system. Or to
anywhere in the world by charter. Check the
Yellow Pages for the Flying Tiger office near you.

N

TIGER LINE (G

Circle 19 on reader service card

P4

19



design ideas for the OEM engineer . . .

USE HEINEMANN CIRCUIT BREAKERS FOR BOTH
PROTECTION AND CONTROL

Heinemann hydraulic-magnetic breakers get the nod from many OEM
engineers who rate them as excellent protective devices. A growing num-
ber of equipment designers are aware of another important fact: our
breakers make excellent and economical control devices. With a little
ingenuity and one of our special internal circuit forms, you can often
get the job done with fewer components and a simpler circuit. In addition
to the basic series-trip internal circuit (coil and contacts in series),
Heinemann breakers are available with shunt-trip, calibrating-tap, relay-
trip, dual-rating, auxiliary contacts, and other special internal circuits.

The examples here are typical of what's being done. Together with a
variety of internal circuits, the Heinemann line features current ratings
from 10 milliamps to 200 amperes in any integral or fractional value,
models that range from subminiature to larger panelboard and switchboard
sizes, and multi-pole breakers to six poles. All use the proven hydraulic-
magnetic principle which guarantees temperature-stable ratings and trip
points.

For more information, request a copy of the Heinemann Engineering
Guide, Bulletin 202,

goof-proof circuit for sequential startup and shutdown

load 1 |Ioad2] N.C load 3

remote auxiliary
contacts switch
| g ¥ " g
o relay-trip J) series-trip O
03 (T ol (2 (T—po,e & (T
line ' '

high-temperature limit control
with manual reset

o

T
NTC thermistor ————» power to
in computer computer
ventilating air circuits
stream

relay-trip L)
breaker 9

Ot D= O 0 liN€e Oettm

Here, a relay-trip breaker is paired with a NTC
thermistor to protect semiconductor circuits in a
computer from over-heating. Temperature rise in
ventilating air will drop thermistor resistance, raise breaker coil volt-
age, and cause instantaneous tripping. Breaker contacts open power
lines to semiconductor circuits, prevent burnout. Design was chosen
as the most economical mcans of providing high-temperature cutoff
with manual reset.

Because of the electrical isolation of the coil and contacts, a relay-
trip breaker can control one circuit from another that uses an entirely
different voltage or current. Relay-trip is one of the most versatile
special circuit forms in our line.

HEINEMANN ELECTRIC COMPANY
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The three two-pole breakers in this circuit can be
turned on only in the sequence 1-2-3, and off only
in the sequence 3-2-1. Proper sequencing is guar-
anteed by the relay-trip pole in each ganged pair.
Typically, if breaker £2 is switched on out of
sequence, its relay-trip pole is tripped by the line
voltage “seen” through the N.C. auxiliary switch
on breaker =1. If breaker #2 is turned off out of
sequence, its own auxiliary switch closes, causing
breaker #3 to trip. The relay-trip coils can also be
actuated from remote contacts if desired. Overload protection is fur-
nished by the series-trip poles in each pair of circuit breakers.

protecting a diesel generator
from frequency drift

4-pole breaker

60-cycle output |[O————— Tounn ‘_‘-’m
(same circuit for 0——WW—OA
400-cycle output) | o———— TN —<¢
o—1—r
shunt-trip pilot™"lamp }Hne
pole

» frequency
sensor

A compact, portable, diesel-driven
generator needed protection against
frequency drift for its 60- and 400-
cycle three-phase outputs. A light-
weight, economical solution was
effected by adding a fourth shunt-trip pole to each of the generator's
three-pole output breakers. (Diagram shows one of the two output
circuits.) Should frequency drift, a separate frequency sensor delivers
a "jolt” of voltage to the shunt-trip coil, tripping all four poles. Use
of shunt-trip trip poles saved the weight and cost of two separate
three-pole contactors.

Though breakers are usually current-rated, Heinemann can supply
voltage-rated models if voltage is the easier variable to monitor.

2600 Brunswick Pike
Trenton, N.J. 08602

SA2951)
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Manufacturing

Rubber-stamp circuits

Major manufacturers and users of
integrated circuits are trying to get
out of a costly rut: the use of indi-
vidual packages for one or two inte-
grated circuits. This makes the
package more costly than the cir-
cuits and multiplies the number of
failure-prone mechanical connec-
tions in a microsystem.

Most companies are heading
down a familiar path: using thin
metal films or foils, etched to form
microminiature printed circuits that
interconnect groups of circuits on a
single slice of silicon, or joining ar-
rays of circuit chips on a common
suhstrate.

Two approaches. Production and
packaging researchers at the Wes-
tinghouse Electric Corp.’s Aero-
space division in Baltimore are
studying two other approaches:
using patterns made of sintered
metal powders or conductive chem-
icals that could be printed on the
arrays. This would be the equiva-
lent of rubber-stamping.

Such techniques, they believe,
will prove more flexible and eco-
nomical than usual methods.

Why not flatpacks? Many compa-
nies are working hard on tech-
niques for mass interconnection of
circuits, seeking gains in cost, re-
liability and flexibility.

Some integrated circuits cost
only about $2. but the average is
now probably 10 times that. In
1965, the average price for a pack-
aged circuit is expected to drop to
around $10 and may fall to $7 or $8.
In comparison, an unpackaged chip
costs about 25 to 50 cents in mass
production. So, major users of inte-
grated circuits want interconnec-
tion and packaging methods that
will add little to the cost per chip—
a dime per chip is one target.

At the same time, they hope to
improve reliability by eliminating

Logic subsystem on a single slice

of silicon. This thin-film connected
array was designed by Westinghouse
for use in a satellite that had

to operate a year without failure.

most mechanical connections. An
individually packaged chip now re-
quires at least three bonded,
welded or soldered connections for
each terminal on the chip—chip to
lead, lead to package pin and pin
to external wiring. This is already
being overcome economically on a
small scale by interconnecting four
or six identical logical circuits on a
single piece of silicon with thin
films, then putting the array in the
same type of package that held one
or two chips.

Too expensive. Large arrays have
also been made by this method,
but they are costly because it is
difficult to obtain silicon slices with
sufficiently large groups of flaw-
free circuits. Westinghouse’s Mo-
lecular Electronics division, for ex-
ample, has made arrays of dozens
of logic circuits for applications
where the gain in reliability has
outweighed additional cost.

This approach doesn’t work
when a variety of specialized cir-
cuits are required and if discrete
components must be mixed in to
obtain special circuit functions or
the tight tolerances necded in ana-
log systems. Nor do system pro-
ducers want to turn over subsys-

tem asscmbly to their vendors.

The most popular solutions to
these problems are to make micro-
miniature printed circuits with thin
films, screened and fired thick filins,
or etched foil, and then attach the
chips and components. But getting
the parts mated and bonded to the
wiring is tricky work.

Rubber stamps. Maurice Nelles,
head of manufacturing research at
Westinghouse’s Aerospace division,
thinks chemical conductors may
prove cheaper and more versatile
than the traditional metal conduc-
tors. Organic-metal compounds
could be applied by printing proc-
esses. Their conductivity would be
lower than metal, but this could be
tolerated because signals would
have to travel only tiny distances
in multichip arrays. Or, Nelles
adds, the array might be coated
with a compound that will decom-
pose and leave metallic tracks in a
pattern determined by a chemical
or thermal method that triggers the
decomposition.

If studies of materials and meth-
ods warrant development, a chem-
ical technique would come into use
in 1966, Nelles thinks.

Silk screen. Another idea being
studied is the use of sintered metal
powders. The powder pattern
would be printed by electrostatic
methods, or through silk screens—
now used to print ctching-resist
inks that are bonded by resins.

Nelles, however, wants to de-
velop an all-metal “ink,” tiny metal
sphere coated with a metal that
bonds to itself by diffusion when
heated. The heat would substitute
for the pressure now used to make
diflusion bonds, as when two halves
of a transistor are cold welded.

Avionics

Look, Ma, no hands

Into the approach pattern at Wash-
ington’s Dulles Airport, the United
Airlines two-engine jet Caravelle
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wheeled and headed for a landing
on Dec. 8. As the plane descended,
then “flared” and finally touched
down, the pilot and copilot took
both hands off the controls and
held them up in the air for network-
television cameramen who were
photographing the test of an auto-
matic landing system. The “no
hands” landing was letter perfect.

Almost continuously since 1949—
when the Air Force successfully op-
erated an all-weather cargo sched-
ule between the East Coast and
Ohio—major United States airlines
have sought an automatic landing
system that would bring flights in
on schedule regardless of the
weather or visibility. Mostly, the
Federal Aviation Agency has
pushed the studies. But this month
United Airlines took the bit in its
teeth and did a little experimenting
of its own.

Following ILS. With the new
system, a joint development of Lear
Siegler Inc., and Sud Aviation of
France, the plane aligns itself with
the runway, “locks on” to the air-
port’s electronic ILS (instrument
landing system) beam, and follows
the beam down to the runway.

During the approach, airborne
computers control the plane’s head-
ing, altitude, rate of descent and
speed.

Just before touchdown, the sys-
tem automatically “flares” the
plane, raising the nose, closing the
throttles, and letting it settle to the
runway. The system also compen-
sates for wind, turns the plane to a
proper heading on approach, then
corrects it for the proper attitude
at touchdown.

Weighs 55 pounds. Instrument-
failure warning devices are built
into the system. The hardware,
which weighs about 55 pounds, has
a radio altimeter and four distinct
computers (lateral, longitudinal,
thrust and instantaneous vertical
velocity), one throttle servo actu-
ator with individual capstans for
each engine, one air-speed trans-
ducer, and one air-speed selector
and a radio altimeter. Information
from the computers are fed to an au-
topilot, which in turn transmits roll,
yaw and pitch commands to the air-
craft’s ailerons, rudder and eleva-
tor.
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The radio altimeter, manufac-
tured by Telecommunications Ra-
dioelectriques Telephoniques in
France, uses an electronic beam to
measure the airplane’s height
above ground.

In the Lear Siegler-Sud system,
the pilot is an integral part of the
landing system. He monitors it and
always has the final word.

Carrier landing. Though many
commercial pilots may cringe at
the thought of automatic landings,
Navy pilots on some aircraft car-
riers make them every day. They
use a system developed by the Bell
Aerosystems Co., a division of Tex-
tron, Inc.

But the system on the carriers is
far different from that demonstrated
at Dulles Airport. Position data is
calculated by an analog computer
on the ship and position error sig-
nals are radioed to the aircraft’s
autopilot. Patterns for a perfect
landing are stored in the computer.
Radar tracks the aircraft and com-
pares its position to that stored in
the memory.

Bell has just delivered its 12th
system to the Navy and next year
will ship systems to the carriers
Constellation, Forrestal and Coral
Sea.

British version. In Britain, which
is plagued by year-round heavy fog,
automatic landing has been a prime
research project. One system that
has been flown extensively was de-
veloped by the Smiths Aviation
division of S. Smiths & Sons, Ltd.,
England.

Like the Lear Siegler-Sud sys-
tem, success in the British no-
hands landing system requires that
highly accurate altitude data and
ILS signals be fed to air data com-
puters that can then furnish atti-
tude, heading and throttle-control
information to an autopilot.

The British unit is larger—it
weighs about half a ton—and is
redundant. To replace the present
SEP-5 duplex system, Smiths is
developing a triple-redundant sys-
tem (SEP-6) that will be completely
solid state and have no moving
parts.

The pilot in the Smiths “auto-
land” system does not take part in
the landing program after the
“flare” point has been reached. He

has no override option.

Airline posture. Airline operators
are now wondering when a certified
completely automatic landing sys-
tem will be available. William A.
Patterson, chairman of United Air-
lines, Inc., predicts the company’s
aircraft will have a system installed
by 1967. But it will not be fully
automatic. It will reduce the ceiling
limit from the present 300 feet to
100 feet. Pilots will still handle the
final 100 feet of landing.

Before 1970, Patterson
hands-off landings

routine.

says,
will become

Military electronics

California far ahead

In the battle for military contracts,
significant ground was gained in
fiscal 1964 by Connecticut, Massa-
chusetts, Missouri, Texas and Flor-
ida. But New Jersey and Ohio lost
a little.

These and other defense contract
statistics were released this month
by the Pentagon.

Spending inches downward.
Total prime contracts for the year
declined $700 million from 1963, to
$27.4 billion. And research and de-
velopment declined $400 million, to
$5.8 billion.

California maintained its top po-
sition in dollar volume of contracts,
and New York held onto second
place. Missouri jumped into 3rd
from 10th a year earlier, largely be-
cause of heavy buying of F-4
fighter planes from the McDonnell
Aircraft Corp. of St. Louis. Texas
climbed into 4th place from 5th,
and Connecticut moved up into the
5th spot. New Jersey and Ohio
tumbled from the top five.

The leaders for 1964, their sales
and their percentages of the total
are as follows:

California, $5.1 billion, 21%;
New York, $2.5 billion, 10.2%; Mis-
souri, $1.4 billion, 5.5%; Texas,
$1.3 billion, 5.3%; and Connecticut,
$1.1 billion, 4.6%.

Ups and downs. California also
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Engineer compared performance of television signals over 3-millimeter television
link and f-m link in program to improve communications on small-wavelengths.

dominated research-and-develop-
ment awards by a wide margin.
Massachusetts pushed New Jersey
out of second spot, and Florida
and Texas moved up substantially
to tie for fifth among the leaders.

The new rankings:

California, $2.3 billion, 39.2%;
Massachusetts, $0.4 billion, 7.1%;
New York, $0.4 billion, 6.8%; New
Jersey, $0.3 billion, 5.4%; and Flor-
ida and Texas, $0.26 billion, 4.5%.

Among individual contractors in
R&D, North American Aviation,
Inc., which ranked fourth in fiscal
1963, headed this year’s list with
awards totaling $568 million. The
General Dynamics Corp. retained
second place with $432 million.
The Lockheed Aircraft Corp.,
which ranked first in ’63, fell to
third place with $342 million.

The Western Electric Co. moved
up from sixth place to fourth with
$318 million, and the Boeing Co.
retained fifth place with $313 mil-
lion. The Martin Marietta Corp.,
which was third in ’63, dropped to
sixth place with $281 million.

The Defense Department has not
yet compiled the top contractors,

Communications

Millimeter-wave video

A unique scheme for evaluating
performance of communication sys-
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tems that operate on millimeter-
size wavelengths is being used by
enginecrs at the Aerospace Corp.,
El Segundo, Calif.

Researchers have set up a 12-
mile line-of-sight television link be-
tween the plant and a mountain
top. Television transmissions from
local stations are picked up at the
top of the mountain and the video
portion retransmitted over the
three-millimeter link to a receiver
at the plant. Here, the signals are
compared with signals received on
a standard television set. Differ-
ences in the two signals show up
phase distortion and multipath ef-
fects, if any. Results will be noted
for varying weather conditions.

Little data. Onc of the biggest
problems in millimeter waves has
been the lack of information on
their performance. Research has
been conducted in development of
millimeter-wave sources, detectors
and other equipment, but there has
not been enough time to develop
statistical data on behavior of svs-
tems over widely varving atmos-
pheric conditions.

This information is vital for de-
veloping antennas, power sources,
transmission methods and detec-
tors. Results from tests over this
video link will tie system disturh-
ances to specific atmospheric dis-
turbances such as rain, fog, wind,
temperature over the link and vari-
ations in transmission at night and
during the day.

From this data, engineers hope
to be able to design the best
schemes for space vehicles and
space-to-ground communications,
high-resolution radar and very-wide
bandwidth, high-spced data chan-
nels.

Aluminum antennas. Transmis-
sion is at 94 gigacvcles (3 mm).
Two-foot diameter antennas made
of spun aluminum are used for
both transmitting and receiving.
Each antenna has a gain of about
53 decibels. The transmitter’s out-
put from a klystron is 0.1 watt.

Video information is sent via f-m
instead of standard a-m television
transmission because f-m is more
susceptible to distortions caused
by phase shift and multipath ef-
fects. Frequency-modulation is
used for sound on standard tv,
however.

The f-m transmission system has
a peak-to-peak deviation of 40 to
50 megacycles. Signals received
at 94 Gc are converted to an i-f
of 120 Mc using a mixer that has
a conversion loss of 14 db. The in-
termediate-frequency noise figure
is only 3.5 db over an instantaneous
bandwidth of 80 Mec.

Feed back error. Stability is a
problem; an error signal is taken
out of the receciver just following
the i-f preamplifier and is converted
to a d-c voltage using a narrow-
band discriminator. This error sig-
nal is fed back to a klystron local
oscillator as an automatic fre-
quency control signal and is able
to take care of frequency shifts of
as much as 120 Mc. A manual tun-
ing control is also provided on the
local oscillator to handle any in-
creases in frequency that exceeds
120 Me.

Designers of the system have al-
lowed a margin of 10 db for the re-
quired f-m improvement. That rep-
resents the minimum allowable
signal-to-noise ratio for good recep-
tion.

New job for Syncom

Satellite relays may soon provide
airliners with reliable radio com-
munications while they're over the
ocean.

Currently, high-frequency radio
communication between a planc
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and a land base is unsatisfactory.
Weather and other natural causes
often block all radio contact.

Successful tests were conducted
late last month on one-way trans-
mission from the Syncom III. The
satellite, in synchronous orbit with
the earth, is above the Pacific.
Very-high-frequency signals from
the satellite were received by a
modified Bendix Radio Corp. re-
ceiver, aboard a Pan American
World Airways plane. The signals
drive a teleprinter at 50 words a
minute.

Two-way talk. Next month air-
line officials plan to test two-way
communication with the satellite.
If this part of the program is suc-
cessful, officials hope to be ready
to try voice communications by
early 1966.

But before the voice test is pos-
sible, several problems must be
worked out: signals must be
strengthened and  antennas, pre-
amplifiers and receivers must be
redesigned.

In last month’s tests, signals
were sent from the Army’s Camp
Roberts in California on about 148
megacycles. The signals were re-
ceived by the satellite and retrans-
mitted on 136.47 megacycles to the
aircraft. Engineers had pasted four

ADJUSTABLE
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PHOTOMULTIPLIER
DETECTOR
COMBINING

MIRROR ASSEMBLY BLOCK

WINDOW

GAS CAVITY

aluminum foil Yagi-array antennas
to the inside of the Boeing 707 ra-
dome housing the weather radar.
An operator on the plane switched
from vertical to horizontal polariza-
tion, using the strongest signal
available.

Seek improvements. Initial talks
have already been held with the
Communications Satellite Corp. to
provide improved circuits and
higher power for voice communica-
tions on relay satellites it plans to
place in orbit. But plans for the
first Early Bird satellites, to he
launched next vear, are too far ad-
vanced to include provision for the
new service. Hughes Aircraft Co.,
however, is reported to be already
at work on in-house models of sat-
ellites that will accommodate air-
craft communications.

Currently, several government
groups, including the Federal Avia-
tion Agency, are studying the tech-
nique, hoping to improve naviga-
tion and air-traffic control.

Advanced technology

Laser measures wind

Wind speed can be measured well
enough by vane ancmometers,

i, __CORNER MIRROR

FARADAY

\BREWSTER
WINDOW

:BOTTOM COVER

Prototype laser anemometer accurately measures a zephyr or a
hurricane. It works under the principle that light propagating
through a moving, transparent medium undergoes a change in velocity.
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which are little wheels with scoop-
like paddles that rotate in the
breeze. But engineers at the Sperry
Rand Corp. decided there is a more
accurate tool to do the job: lasers.

They take advantage of a theory
of French physicist Augustin Fres-
nel, who proved 130 years ago that
light propagating through a mov-
ing, transparent medium undergocs
a change in velocity.

Measuring zephyrs. The Sperry
rescarchers have set up a system
of two vertical ring lasers in such
a way that a wind passing through
an open space will change the
velocity of one or both laser beams,
and from this the beams’ direction
and velocity can be determined,
they say, to within 0.001 foot per
second. Such an anemomecter can
measure faint breezes or the wind
speed of a hurricanc.

Engineers have measured the
motion of carbon tetrachloride and
other substances. They say the de-
vice could be used as a flow meter
for toxic substances, or for fuel-flow
measurement in rockets.

While the system will be much
more expensive than mechanical
instruments, therc are certain ap-
plications where its extreme sensi-
tivity and accuracy will make it
vital. One is the determination of
air currents atop a missile gantry
before launching, to determine any
necessary corrections.

Check the beats. The two laser
rings produce two counter-rotat-
ing beams of light, each beam be-
ing set to a specific frequency.
Any motion of air through the open
part of the ring slows down one
beam and speeds up the other,
producing a beat frequency that is
detected and measured.

To prevent the two beam fre-
quencies from locking together, a
“biasing” arrangement produces a
known and constant difference be-
tween them, which exists even
when there is no wind. Motion of
air then simply raises or lowers
the frequency.

Wide, wide magnet

Scientists examining subnuclear
particles in high-field magnets have
had two problems: lack of elbow-
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Wide-bore magnet provides elbow-
room for scientists conducting
research on subnuclear particles.
This magnet, developed at Argonne
National Laboratory, has an 11-inch
bore and provides 42,000 gauss.

room inside the coils and the need
for enormous amounts of power
to maintain a strong field.
Researchers at the Atomic En-
ergy Commission’s Argonne Na-
tional Laboratory say they've
solved both problems with a cryo-
genic high-field magnet that has 11
inches of working space within the
coils and needs little power. The
magnet provides a field of 42,000
gauss. And by adding a third inner
coil, the field is boosted to 67,000
gauss, although the bore is trimmed
to seven inches, which is still
larger than other supermagnets.
Smaller opening. The Radio
Corp. of America, for example, pre-
viously developed a 107,000-gauss
superconducting cryogenic magnet,
but its bore is less than an inch.
Conventional high-field magnets,
such as the 250,000-gauss instru-
ment at the Massachusetts Institute
of Technology’s National Magnet
Laboratory [Electronics, Nov. 30,
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p. 24], require vast amounts of cur-
rent—enough to power a small city.
Most of this power is wasted as
heat, and elaborate water-cooling
equipment is needed. Such gear is
bulky and weighs several tons.

The Argonne magnet weighs only
800 pounds and is one foot high and
eight feet in diameter. Its coils are
bathed in liquid helium at —452°
F, a temperature low enough to
make the coils superconductive so
that the magnet, once charged, can
maintain its high-intensity field
without additional power.

Special design. Physicists first
will use the magnet’s two outer-
most coils around a 10-inch hydro-
gen-helium bubble chamber for ex-
periments with Argonne’s 12.5 bev
zero gradient synchrotron. A 6-inch
bubble chamber is being designed
for the smaller bore.

The magnet will also be used for
experiments into controlled thermo-
nuclear fusion, where extremely
hot gases that melt any known con-
tainer, must be contained.

Argonne scientists also expect
to use the magnet to study mag-
netohydrodynamic generators that
produce electricity directly from
hot gases by passing them rapidly
through the magnetic fields.

Computers

Bigger, but faster

The ceramic circuits that the Inter-
national Business Machines Corp.
will be using in its System 360
computers next year are faster than
the speediest logic circuits now
available as monolithic silicon in-
tegrated circuits.

Michael Flynn, of IBM’s Data
Systems division, said at the Sym-
posinm on Microelectronics and
Large Systems, in Washington, that
some of the circuits are now run-
ning at an operating rate of 300
to 500 megacycles a second. That’s
equivalent to 2 or 3 nanoseconds
switching speed. The inherent de-
lays in the circuits are only 1 to 2
nanoseconds and transition times
vary from 1 to 1% nanoseconds.

Integrated-circuit manufacturers
are developing circuits with speeds

down to 2 nanoseconds, by reduc-
ing size and improving isolation,
but such circuits are not yet avail-
able. Par is now about 5 to 7 nano-
seconds for special circuits.

Seven nanoseconds “or less” is
the fastest circuit speed in the
Radio Corp. of America’s new
Spectra 70 computers [Electronics,
Dec. 14, p. 23]. RCA is making
some of its own circuits and buy-
ing others from the Fairchild Semi-
conductor division of the Fairchild
Camera & Instrument Corp. and
from Westinghouse Electric Corp.

Ace in the hole. The computer
industry was puzzled when IBM
decided to use circuits made of
metallic films fired on ceramic, with
attached transistors and diodes, in-
stead of the much smaller inte-
grated circuits. Some people as-
sume that IBM chose an older
technology to play it safe and to
save money by making the circuits
in IBM plants.

When IBM introduced the 360
computers early this year, the top
speed of their Solid Logic Tech-
nology circuits was about 5 nano-
seconds [Electronics, Apr. 20, p.
101].

The way the ceramic circuits’
speed has been revved up may well
prove to be IBM’s ace in the hole
in the coming battle for the micro-
circuit computer market. Logic
speed is a major factor in com-
puter speed, and the faster the
computer, the more it is likely to
be worth to the customer.

More powerful. Besides the gain
in speed, the ceramic circuits give
IBM a power advantage at little o1
no sacrifice in system size.

Flynn said that at frequencies
of hundreds of megacycles, printed
transmission lines, rather than
printed wiring, are needed for in-
terconnection. Transmission lines
require higher driving power, and
that is easier to get with bigger
components. IHeat is also more
readily dissipated by the ceramic
circuits. As as result, IBM can use
300 milliwatts of power per module.

Just as dense. IBM figures 4 to
8 lines are needed between pins on
the circuit packages, for intercon-
nection. To avoid fabrication and
traffic problems with the printed
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e increase equipment flexibility,

e adapt readily to rectifier assembly designs rated as high
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circuits, 100-mil pin spacing is re-
quired. IBM gets 125-mil spacing
with its circuits. Other companies
that have used integrated circuits
in transistor cans have had to
spread out the pins, increasing
the net size of circuits.

In its latest packaging designs,
IBM puts four circuits in a small
metal can, puts 72 of these cans on
a 7-by-4%%-inch printed-circuit card,
and puts 18 cards on an 8-by-12-
inch motherboard. That’s a grand
total of 5,184 circuits in less than
one-fourth cubic foot.

Not only that, the modules are
economical to assemble. As the cir-
cuits are stacked in the module,
they are interconnected by pins
inserted in the ceramic. The module
can is not hermetically sealed—a
major cost in integrated-circuit
production. And the can plugs into
the card like a miniature relay, so
the connections can be dip-soldered
all at once.

Parallel approach . .

Satellite telemetry equipment and
other high-speed data-gathering ap-
paratus has made the Air Force’s

complex and expensive.

Rather than accept this situation
as inevitable, the Air Force’s Rome
Air Development Center has built
an experimental computer with
an unusual parallel arrangement
of logic modules that cuts the
computer’s cost and size and yet
keeps it as fast as the supercompu-
ters.

Most computers are the serial
type, where operations are done se-
quentially. In these computers,
speed is maintained by using ex-
pensive, ultra-fast logic circuits.

Saves money. On the other hand,
parallel computers—where opera-
tions are handled concurrently—
can theoretically use slower, less-
expensive circuits and still maintain
a relatively fast total execution
time.

The new instrument is called a
Centrally Controlled Iterative-Ar-
ray Computer. Its heart is 100 inter-
connected identical processing
modules arranged in a square mat-
rix. Connected to this iterative
array is a broadcast register that is
a processor which can simultane-
ously supply instructions to all 100
modules and can also solve prob-

computers overwhelmingly big, lems that do not lend themselves to
CONTROL BUFFER
— BROADCAST REGISTER |
r——°=F% 1 N
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[
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| | |
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{BUFFER : : (i,j-1) {i,j) 1= {i,j+1) I
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Interconnection of computer modules in parallel array.
The computer, designed by the Air Force, is being
studied for future parallel and parallel-series machines.
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parallel solution. Each processing
module performs the same opera-
tion, in parallel, with its own
unique data. The array can per-
form, 100 simultaneous operations.

Interconnected sections. Each
processing module consists of a 24-
bit accumulator and a storage ele-
ment capable of storing 1,512
pieces of memory information.
Each module is crossconnected
with the broadcast register and
with its adjacent modules. Thus it
can perform logic operations on
data stored in its own memory and
accumulator, or on data stored in
one of the connecting accumulators
or in the broadcast register. Rout-
ing information for this operation
is contained in the second half of
the instruction word that comes
from the control unit. Routing from
the adjacent accumulators, the
broadcast register or the module’s
own accumulator to its arithmetic
unit, is the same for all 100 proc-
essing modules during any instruc-
tion cycle.

The broadcast register is also
used to add in constants, perform
comparisons and save duplication
of data words. With the broadcast
register, the array can simulate an
associative memory of 100 parallel
search words with storage up to
6,300 words. Each word has com-
plete arithmetic and logic capabil-
ity.

Integrated circuits. Except for
the drivers, which are discrete tran-
sistor circuits, all electronic circuits
in the iterative array’s processing
modules are integrated circnits.
The accumulator and storage ele-
ments are magnetostrictive delay
lines. Self-test and fault-locating
features are built into the com-
puter.

At present, the center’s Intelli-
gence and Information Processing
division is using the computer to
study applications of parallel proc-
essing. The evaluation studies,
which are being conducted by Mor-
ris Knapp, task engineer, are ex-
pected to continue for about two
years. The researchers expect to
use this information to design fu-
ture parallel and series-parallel
computers.
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STABILIZED for a lifetime...to 1%

How do we build stability into our close tolerance capacitors ?
By selecting the finest basic materials. By manufacturing in
highly specialized facilities with controlled processes. By in-
spection-testing to top reliability standards. By really caring

Result ? Stability. The kind that won't quit. The kind of stability
you need for all critical circuits requiring long term
tolerance.

VERY SMALL SIZE — Ideally suited for high density
requirements.

QUICK DELIVERY—Fast schedules...
guantities.

CASE STYLES—Tape-wrapped, dipped or hermetically
sealed.

CAPACITY RANGE—As low as .00

all types...a

1 mfd {o = 1

*Du Fert registered
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e MANY MIL TYPES AVAILABLE—Type 683 Mylar* to MIL-
C-19978 (CQ) 643UW Mylar to MIL-C-27287 (CTM)

® RELIABILITY —Proven by data from millions of test hours.
® MICA and CERAMIC REPLACEMENT—Many close toler-
ance types cost lessthan mica, are more stable than ceramic
.in values above .001 mfd.
For complete information phone, wire or write
TRW Capacitor Division,
112 West First Street, Ogallala, Nebraska.

Phone: 308-284-3611.
TWX: 308-526-7816.

TRW CAPACITOR DIVISION

THOMPSON RAMO WOOLORIOGE INC.
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Long life silicon
plug-in tube
replacements. No
warm-up time,
high temperature
operation,
eliminate filament
transformers. Up
to 40 KV and to
1.25amps pertube.

AT INTERNATIONAL RECTIFIER

WHEN WE ENGINEER EPOXY-ENCAPSULATED SILICON RECTIFIERS

w.elcohtofextremes

@ in ENVIRONMENTAL REQUIREMENTS — @ in COMPLEXITY OF APPLICA
from outer space to the ocean floor:

Resistance to flash-over or corona effects cated Cockroft-Walton circuits for voitage multipliers
Resistance to corrosive atmospheres @ in VARIETY OF END-USES:
Resistance to shock and vibration from commercial through industrial to military

Resistance to temperatures @ WE GO TO EXTREMES also,

Resistance to pressures
: . requirements are available on
@ in VOLTAGES: contact your local Internation

from 100 to 150,000 volts or 233 Kansas Street, E|l Segu

WORLD'S LARGEST RECTIFIER SPECIALISTS

=== INTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL SEGUNDO, CALIF., PHONE OR 8.6281 » CABLE RECTUSA * REGIONAL OFFICES IN

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, OHI0, 734:4100 » DAYTON, OHIO, 223.7691 « HUNTINGTON WOODS, MICH., Li 8.11
MINN,, 920-1200 » DALLAS, TEX., LA 1-0110 +» LOS ANGELES, CALIF,, 750.0550 « IN CANADA: TORONTO, ONT

EUROPEAN GENERAL SALES OFFICE: 38 AVENUE DES ARTS, BRUSSELS 4, BELGIUM » TELEPHONE: 111774

Power
encapsulated
rectifiers of any
configuration—
bridges, center
taps, doublers,
triplers, etc., 1 to
10 amps, up to
1,000 PRV.

For volume
commercial
applications.

High-voltage encapsulated sticks,
1 KV to 150 KV per stick, 0.25 to
1.25 amps. Basic building blocks.

]7 IB I9 llO
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from simple half-wave assemblies for X-ray to compli-

particularly stringent design requirements, whatever
they may be. Designers’ checklists for specifying your

I12 ll3 114 '15

High voltage silicon cartridges,
high shock and vibration
capabilities, up to 0.5 amp and up
to 50 KV per single cartridge.

TIONS:

to satisfy your unique,

request, Forassistance,
al Rectifier sales office
ndo, California.

NEW YORK CITY, CH 4.0748 « FORT LEE, N. J,

44 + ST. LOUIS, MO, TE 8.6333 « MINNEAPOLIS,
.. PL9.7581 » MONTREAL, QUE., 861-0562

el
Universal plug-in
rectifiers meet or
exceed military
specifications at
commercial prices.
Up to 1,000 PRV.
Rated at 0.625

amp at 100°C.

I14 |15
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Pentagon pushes
weapon exports

Soviet stressing

military research

Pentagon burns
over data release

Washington Newsletter

December 28, 1964

The Defense Department wants United States electronics companies and
other makers of military equipment to get the lion’s share of the expected
growth in foreign demand for defense goods.

Military equipment exports totaled $1.5 billion in the last two vears.
In 1965 alone that figure should rise to $1.9 billion and within a few years
the total should climb about 50%.

Among the reasons for wanting U. S. producers in a strong hidding posi-
tion: American and Allied defense systems would be coordinated and pro-
duction facilities of U. S. contractors would remain hetter tuned to mili-
tary production.

Pentagon officials believe that about 70% of the exports will go to
well-heeled major Allies capable of pay-as-you-go and routine credit
arrangements.

About 10% of the sales, however, will be to emerging nations, with no
international credit standing. To aid them, the Peutagon is willing to
participate directly in financing, by making about $1.5 billion available
over the next 10 vears. The remaining 20% is expected to go to nations
that have international credit, but still require special financing assist-
ance. To help such countries, Defense and other government agencies
are now working quietly with private banks in an effort to make a total
of $3 billion in credits available.

The $1.5 billion to finance the 10% of U. S. exports going to underdevel-
oped nations will come from an authorization voted by the last Congress.

United States intelligence information indicates that the Soviet Union
is shifting its military emphasis from hardware to research. Reinforcing
this information is the recent announcement that Russia’s military budget
for next year will be 4%, or $555 million, below this year’s.

Partly, as a result, Defense Secretary Robert S. McNamara will continue
to keep some new weapons off the production line. These delayed items
include a new bomber, the Nike-X antimissile missile, a follow-on inter-
continental missile and a new interceptor aircraft. This policy should keep
the defense budget below $50 billion in fiscal 1966 and the research-and-
development portion close to this year’s $5 billion.

But critics say McNamara is creating a “technological Maginot line”
by doing away with any of the weapons programs, even in R&D phase.

Pentagon officials and the Bell Telephone Laboratories, Inc., prime con-
tractor for the Nike-X antimissile system, are upset by what they consider
premature release of technical details on the giant computer for the
Nike-X. A general description of the supercomputer [Electronics, Nov.
30, p. 23], to be built by the Univac division of the Sperry Rand Corp.,
was presented at the Symposium on Microelectronics and Large Systems
in Washington on Nov. 17.

\While the use of the computer was not identified at the symposium, a
four-alarm flap started when Aviation Week, a McGraw-Hill publication,
said the size of the computer clearly identified it as being intended for
use in the Nike-X system. Univac has a $17-million contract to build the
Nike-X computer. The computer described in the paper is organized to
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Can foe stymie
U.S. missiles?

Avionics system
stalled over cost

Weather stations
for the oceans

Addenda

32

Washington Newsletter

handle many problems simultaneously with 25 independent processors
and programs stored in 64 memories—specifications that fit into the scanty
details made public on the antimissile system.

Washington observers now predict a Pentagon crackdown on clearance
of technical papers.

Judging by the projects in the works, the Defense Department is becom-
ing increasingly worried that United States weapons could be immobilized
by electronic methods. Here are some ways the U. S. is combatting the
danger:

The Air Force plans to study ways of inducing large electromagnetic
fields in the ground. The aim is to simulate the electromagnetic pulse
resulting from a nuclear detonation. Though defense officials are tight-
lipped about the project, it appears that they want to explore the effects
of a ground nuclear blast on hardened missile sites.

The Navy is planning to investigate ways of increasing the resistance
of torpedo homing systems to acoustic countermeasures. A major industry
study is in the offing, including the construction of laboratory equipment,
devices and breadboard circuits.

And the Army is requesting proposals for a study to determine the
vulnerability of the Nike-Hercules missile system to clectronic counter-
measures. The system, which includes high- and low-power acquisition
radar, missile-tracking radar and target-ranging radar, is designed to
shoot down enemy tactical missiles.

The Navy continues to have trouble getting Defense Department ap-
proval of a proposed integrated avionics system for helicopters. The proj-
ect has won approval from the Defense Research and Engineering Office
and Teledyne, Inc., has won the competition for development. But the
Comptroller General’s office is questioning the $27-million cost. The
comptroller considers this amount excessive, unless other applications
can be found.

The Army is considering the system for use on planned helicopter or
fixed-wing vertical-takeoff craft, but no commitment has been made.

Wanted: automatic meteorological buoys to be monitored by satellites.
The United States Weather Bureau, as agent for the United Nations’
World Meteorological Organization, wants 362 of them and figures the
price should be between $5,000 and $7,000 each. The buoys should be
able to monitor and transmit data on wind direction and velocity, air
temperature, sea-surface temperature, barometric pressure, condition of
the sea, storm configurations, and tensions in the buoy’s mooring line.

The Defense Communications Agency has issued a classified request to
select companies for proposals on an advanced satellite communications
system including satellite and ground stations. This will be a follow-on
system beyond the experimental communications satellites being devel-
oped by the Philco Corp.
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More density? Pack 'em in with these
two new miniature interconnectors

The new A-MP* miniature spring socket
This new miniature socket from AMP handles
single leads, multiple leads or solid wire pins in
a wire diameter range from .010" to .020".

It features an inner spring that firmly holds leads
even under strong vibration and a covering eyelet
with a special ‘*knockout’’ bottom.

The A-MP Miniature Spring Socket offers a num-
ber of design possibilities. 1t can be used as a
memory frame bussing connector with a header-
mounted pin or with jumpers running between
frames, It can be used in multiple printed circuit
boards with single-pin connectors. And in solder-
ing operations, the knockout bottom prevents
wicking.

Beryllium copper inner spring and copper eyelet
both are available unplated or plated in tin or
gold. Wire size range from 24 to 30 AWG. Mini-
mum spacing with eyelet is .060"” . . . without
eyelet, .050”. Socket meets MIL-G-45204 Type Il
and MIL-T-10727 Type |I.
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The new A-MP helical spring contact
Here is a new way to get reliable ‘‘pluggability’’
for high density integrated or solid-state circuit
modules.

Contacts are set in brass eyelets (flanged or un-
flanged) or in dielectric housing. Tab ends, right-
angled or straight, can be made in any length
and of any metal. The helical spring assures
firm contact and wiping action.

Pins can be inserted in both ends of the contact
or through a number of stacked contacts.

The new A-MP Helical Spring Contact fits pin diam-
eters .016", .020", .030" and .040".

Write for more information today.

wTrademark of AMP INCORPORATED

| % A 1
| ! INDUSTRIAL |
| ] SALES |
| INCORPORATED | pusion |
! Harrisburg, Pennsylvania ! J

A-MP# products and engineering ist are ilable through y panies in;
Australia  Canada ® England e France ¢ Holland e Italy  Japan e Mexico ¢ West Germany
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(ADVERTISEMENT)

New Printed Circuit Process
Announced by Photocircuits

Glen Cove, N.Y.—A completely new
process for the manufacture of
printed wiring boards has been
announced by Photocircuits Cor-
poration, Glen Cove, N. Y. and
Anaheim, Calif., world’s largest
printed circuit manufacturer.

The patented process, known as
“CC-47, is “additive” in that the de-
sired circuit pattern is added 10 the
bare insulating base rather than se.
lectively etched from foil clad ma-
terial. The CC-4 process, developed
by the Photocircuits R&D laboratory,
utilizes chemical deposition of duc-
tile, fine-grained copper on non-con-
ductive, catalytic adhesive inks which
have been selectively applied to an
insulating base. The deposited copper
has excellent bond strength to the
base insulator and is extremely sol-
derable. The thickness of the copper
can .be suited to the application—as
thin as .0001” or up to .060” or more.
Research on CC-4 began in 1955
when Photocircuits saw a future need
for a lower cost method of manufac-
turing printed circuits. Various addi-
tive processes such as die stamping,
electroplating, powdered metal fus-
ing. metal spraying and vacuum depo-
sition were investigated but discard-
ed because of high tool and set-up
costs or poor electrical and mechan-
ical characteristics,

The CC-4 process is compaiible
with artwork and tooling of conven-
tional etched circuit hoards, with
costs substantially lower since the
raw material used is unclad. In addi-
tion to cost savings, the new tech-
nique offers many advantages not
possible with conventional printed
wiring. Besides the commonly used
base materials such as XXXP, G-10
and polyester glass mat, CC-4 copper
circuitry has been applied to flexible
films, ceramics, molded plastics and
epoxy coated metals. Plated-through
holes can be made at very little addi-
tional cost with the new process., One
or two sided copper bhoards with
plated holes provide low cost printed
circuits for commercial applications
that have superior solder joints and
greatly improved repairability char-
acteristics.. Evaluations by large vol-
ume users of printed circuits have
shown that the superior solderability
of CC-4 copper compared to foil re-
sults in savings in board assembly.

For further information on the
CC-4 process: Photocircuits Corpora-
tion in Glen Cove, N. Y. or Photo-
circuits of California in Anaheim.

Circle 34 on reader service card

First Announcement Made
at National Electronics Conference

Announcement of the CC-4 process
was made by Photocircuits in a tech-
nical paper and company exhibit at
the National Electronics Conference
in Chicago, Il

The paper was co-authored by Rob-
ert L. Swiggett, Exccutive Vice-Pres.
ident, and Frederick W. Schneble,
Director of Research and Develop-
ment. Mr, Swiggett is a member of
the Board of Directors and is also a

Printed Circuits.

Past-President of the Institute of

Robert L. Swiggett

Frederick W. Schneble

CC-4 Process
Offers
Striking Cost

Reductions

The new Photocircuits process re-
sulted from research on substantial
cost rcduction in printed circuits,
Rohert L. Siviggett, Executive Vice-
President of the firm. pointed out
that this hreakthrough in manufac-
turing technology can provide signifi-
cant dollar savings. “The manage-
ment of firms with captive printed
circuit facilities must re-evaluate
‘Make or Buy’ decisions to be sure
they are not investing in uncompet-
itive, ohsolete techniques” he noted.

A substantial portion of the savings
provided by Photocircuits’ new proc-
ess results from the elimination of the
cost of applying copper foil to the
base laminate. Typically, the differ-
ence in price between XXXP clad
with one ounce copper and the same
grade of material unclad is 22¢-25¢
per square foot. Since raw materials
and chemicals in the printed circuit
process can run as high as 60-65% of
the sales price in large quantity re-
guirements, this difference is quite
significant, With the CC-4 process,
Photocircuits can produce the fin-
ished circuit patterns applied to in-
sulating backing at a total cost equal
to that paid for the raw material
alone by users of older processes.

Wide Use Seen in
Flexible Circuitry

Photocircuits is presently investi-
gating the commercial application of
the CC-t process to the manufacture
of flexible circuitry. Glass cloth has
been impregnated with CC-4 ink and
holes punched in the material. Ap-
plication of a reverse mask to hoth
sides and CC-4 copper deposition
produces a flexible circuit with
plated-through holes. The excellent
bond strength of the adhesive and the
plated-through holes solve a common
problem associated with flexible cir-
cuits—lifting of terminal areas or
destruction of the support material
during soldering. Tests have shown
CC-1 flexible circuits can be easily
soldered and repaired.

CC-4 Licensees

Include
Western Electric,

Grundig

Manufacturing information and
patent licenses have heen granted by
Photocircuits on the new CC-4 pro-
cess. In the United States, Western
Electric Company has a licensed
CC.4 facility in operation at Kearny,
N. J. Facilities have been installed by
several of Photocircuits’ foreign lieén-
sees such as Ruwel, Fuba, Grundig
and Telefunken in Germany and
Lares in Italy. Other foreign licen-
sees include Autophon in Switzer-
land, Cromtryck in Sweden and Ma-
thias and Feddersen in Denmark.
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December 28 | Highlights of the issue

Technical Articles

New use for the 'scope—
measuring signal-to-
noise ratio: page 36

The field-effect
transistor,

Part 3

page 45

Designing against
space radiation:
page 61

An accurate measurement of signal-to-noise ratio fre-
quently depends on the kind of instrument used. And
the results can vary with interpretation. A new method
with no such limitations uses a standard oscilloscope
and requires only a basic understanding of the statistics
associated with noise,

More applications of the field-effect transistor
I. Analog switching circuits use field-effect devices

Il. FET modules simplify design of complex switching
functions

IIl. FET integrated circuit logic for aerospace
IV. A warning: Space radiation affects MOS transistors

As space projects increase so do the problems of mak-
ing circuits safe against radiation. One approach is a
special version of ceramic tubes. Part 1 of a 2-part
article.

Coming
January 11

» What'’s ahead in 1965
Electronics’ annual survey on the
outlook for military space industrial
and consumer electronics

» Designing very-low-frequency antennas

» More on radiation-proof circuits
for space
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Instrumentation

A new use for the oscilloscope:
measuring signal-to-noise ratio

Measurements with a new technique are as good as the observer’s ability

to determine the point of peak intensity of a displayed waveform

By J.W. Eberle,

Dept. of Electrical Engineering, The Ohio State University, Columbus
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Probability density functions for
common waveforms. Knowledge
of these characteristics is required
to interpret scope presentation.

The most common way of evaluating the quality of
a communication channel, or a portion of it, is in
terms of the signal-to-noise ratio. But, because of
the random nature of noise, it is extremely difficult
to make signal-to-noise ratio measurements. At
some point in the measurement process a statistical
approach, in which a mean or mean-square value
is sought, is necessary.

Most laboratory instruments are designed for use
with sinusoidal waveforms. The specific instrument
used determines the technique for the measurement
of noise and the interpretation of the results. This
can lead to confusion among engincers when a sig-
nal-to-noise measurement is required.

To overcome this, a method has been developed
that uses an oscilloscope to measure signal-to-noise
ratio. Only a basic understanding of the statistics
associated with noise is required to make SNR
measurements of reasonable accuracy. The accu-
racy of the measurement depends on the observer’s
ability to determine the point of pcak intensity of
the displayed waveform.

Signal and noise

Signal-to-noise ratio involves two terms that are
fundamentally different in character. Noise, which
is a random waveform, requires different measure-
ment techniques from those used for the signal,
which in many cases is a deterministic tvpe of sig-
nal. (Deterministic means that one can determine
ahead of time what the waveform will be, as it is
periodic.) As a result of this basic difference, the
signal-to-noise ratio can be defined in several ways,
depending upon how the amounts of signal and
noise are rated. Because of the random nature of
the noise, its rating or measurement is based usu-
ally on the mean-square value of the noise present.
The signal can be measured in several ways: peak
value, average value, mean square value, etc.
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Hence, where signal-to-noise ratio is specified, it
must be further clarified, since there is no universal
definition of the term. The choice as to how the
signal is measured depends upon the particular sit-
uation of interest. In many cases, such as in pulse
modulation, the value of the peak signal is of pri-
mary interest; in other cases, the amount of average
or mean square signal might be of more importance.

Ideally, the amount of signal present is measured
with noise absent; the amount of noise present is
measured with the signal absent. In any receiving
system, the noise is easily measured with no signal
present; measurement of the signal with noise ab-
sent is difficult or impossible. However, the same
results are obtained if the signal is measured in the
presence of noise, as long as the receiving system
is linear. This applies specifically to the mixing
stages in the receiver, where the local oscillator in-
jection must be sufficient to insure that the statis-
tics of the noise do not change in passing through
the mixers. Since the measurement of signal-plus-
noise involves a random waveform, specific instru-
ments like those needed for measuring noise alone
must be used to measure the random waveforms.

Conventional measuring instruments

The three types of voltmeters designed for the
measurement of random-type waveforms can be
classified as thermoelectric, true square-law and
synthesized square-law meters. The thermoelectric
meter, such as the Hewlett-Packard 3400A, uses
bolometers, barreters, or thermocouples. When
properly biased, a change in resistance of these ele-
ments gives an accurate indication of the amount
of power in the circuit. True square-law meters use
a nonlinear element which follows a square-law
characteristic, thus giving a reading proportional
to the square of the voltage. Such meters use diode
detectors, or utilize the square-law action of other
active elements such as field-effect transistors. The
synthesized square-law meter performs the opera-
tion of a function synthesizer, where a square-law
characteristic is formed by the combined action of
several nonlinear diodes. In each of these three
types of meters, the electronic circuits preceding
the metering circuit provide the required squaring
action, and the meter movement itself provides the
averaging, so that meter deflection is proportional
to the mean-square value of the input waveform.

In addition, various types of multiplying circuits
are available which form the product between two
inputs. These can be used in conjunction with a
metering circuit to provide the required square-law
function. These circuits, while quite accurate, are
limited in frequency to a maximum of 50 k¢ to 100
ke, while the frequency range of some types of root-
mean-square voltmeters goes as high as 1,000 Mc.
In most cases, rms voltmeters have an adequate
frequency response to permit measurements in the
i-f section of a receiver.

Averaging meters

Average-responding meters, which are more
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Definitions: noise-modulated carrier (top) demonstrates
the different between envelope and instantaneous
amplitude; measurements of the random waveforms
(center) could be taken from each waveform as a function
of time (time statistics) or taken at one instant

over the ensemble (ensemble statistics); coordinate
system (bottom) for the probability density function.

available than true rms voltmeters, can be used in
the measurement of random-type waveforms, partic-
ularly where relative measurements are suitable,
if certain precautions are taken. Since the average-
responding meter does have a meter deflection pro-
portional to the average of the input waveform, and
since there is a fixed ratio between the average
value and the rms value for random noise (0.7980),
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the average-responding meter deflection is also pro-
portional to the rms value of the waveform. The
difference between average-responding and rms
voltmeters lies in the allowable crest factor of a
waveform they can measure accurately. Crest fac-
tor is defined as the ratio of the maximum value of
the waveform to the rms value. The amplifier stages
for an rms voltmeter are designed to remain linear
with an input about 10 times that required to give
full scale deflection. The amplifiers for average-
responding meters saturate with an input about 1.5
times that required to give full-scale deflection.
Since random noise has a high crest factor, it is
necessary to keep the meter deflection low when
random noise is measured with an average-respon-
ding voltmeter, This can be done by using accurate
variable attenuators at the meter input.

Random waveform statistics

By applying a knowledge of the statistics of a
random waveform to the measurement problem,
the engineer can devise other techniques that do
not require specialized instruments but still pro-
duce accurate measurements. One such technique
employs an oscilloscope to measure random noise.
This approach depends on understanding the statis-
tics of random noise.

In referring to random noise, or to a modulated
waveform, one can speak of the instantaneous
amplitude of the waveform or of the envelope of
the waveform. The top figure on page 37, which
shows a modulated carrier, demonstrates the dis-
tinction between the two terms. The waveform in
the top figure could be a modulated waveform or
narrowband Gaussian noise. The statistics of a ran-
dom waveform, can be measured in two possible
ways; that is, time statistics or ensemble statistics.
The center figure on page 37 shows several ran-
dom waveforms originating from identical but in-
dependent processes. The statistics could be mea-
sured on one waveform as a function of time, or
could be measured at one instant of time over the
ensemble. These methods of measurement are re-
ferred to as time statistics and ensemble statistics,
respectively, When the statistics from these two
methods are equal, the process giving rise to the
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Rayleigh probability density function
represents the envelope of Gaussian noise
measured at the output of a linear detector.
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‘waveforms is called ergodic. Random noise is an
ergodic process.

The important statistics here are known as first
probability density functions. Probability is defined
as the ratio of the total number of successes to the
total number of trials in a given process. The
bottom figure on page 37 establishes a coordin-
ate system about a random waveform, f(t). An am-
plitude window is established, which is Ax wide,
and the position of the window is given by the ran-
dom variable x. The successes in this case are re-
lated as the amount of time the waveform resides
within the amplitude window Ax, designated in the
figure by ;, 7, etc. Hence probability, or probabil-
ity distribution, is given by

Sr(z, Ax)
2z ax) (1)

which says that the probability that f(t) is less than
x-+Ax and greater than x is given by the summation
of the lengths of time the waveform resides within
the amplitude window, divided by the total time of
observation, T. This results in a dimensionless num-
ber. The probability density function, which is most
often used, is given by

P @) = Pl(z + Axi; f@) > x] (2)

Pl(x + Ax) > f(t) > z] =

It can be seen that the probability density func-
tion is proportional to the length of time the wave-
form resides at the various amplitude levels. To
further illustrate this, several probability density
functions are given in the figure on page 36. The
functions are based on the amplitude of the wave-
forms plotted on a time scale. By applying equation
2 to the waveforms, the respective probability dens-
ity functions are obtained. For example, the density
function for the sinewave indicates that the wave-
form resides at the peak values for the longest
period of time, and at zero level for the shortest
time. These indications are obvious when a sine-
wave is considered as a function of time. The den-
sity function for random noise is a bell-shaped
curve, referred to as the Gaussian or normal curve;
hence the name Gaussian noise, This density func-
tion occurs whenever a large number of indepen-
dent random events, each producing small effects,
act together on the quantity being measured.

As can be seen from the figure on page 36, the
density function for a sinusoid and noise is a com-
bination of both curves taken individually. This
curve and that for the noise alone are of particular
concern here as they represent the situation of in-
terest, a carrier in noise (signal-plus-noise) and the
noise alone. When these two waveforms are dis-
played on a properly triggered oscilloscope the dis-
play will be that of the envelope of the waveform,
and the probability density function of the envelope
is needed to properly interpret the oscilloscope
presentation,

The probability density function of the envelope
of Gaussian noise (as measured at the output of a
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Measuring signal-to-noise ratio of a 455-kc signal
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D 10 mV/CM
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E 10 mV/CM

SNR=10.2
F 20 mV/CM

Oscilloscope display of noise and signal-plus-noise.
Varying intensity in the cross-section

through the peak represents the probability density
function of the waveform envelope.
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G 50mv/CM
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signal-to-noise ratios. At low values of SNR, curve has Rayleigh shape; at higher values it becomes Gaussian.

linear envelope detector) is shown in the figure
on page 38. This is known as a Rayleigh curve.
Its peak represents the rms value of the waveform
on the amplitude scale. The probability density
function of the envelope of a sinusoid plus noise is
shown in the figure above as a function of the
sinusoid-to-noise ratio (SNR). For low values of
the SNR, the curve has the Rayleigh shape re-
sembling that for noise alone; for high values of
the SNR, the curve becomes symmetrical about its
peak value and, in fact, approaches a Gaussian
curve in the limit.

Using an oscilloscope

When band-limited Gaussian noise or a sinusoid-
plus-noise is displayed on an oscilloscope, and the
oscilloscope sweep is triggered by the signal itself,
the waveform has the appearance of a sinusoid with
a frequency equal to the center frequency of the
band-limiting filter (the i-f strip itself) or of the
sinusoid, respectively. Oscilloscope displays of a
455-ke signal of this type are given in the figure
on page 39. When the oscilloscope is adjusted so
that one cycle of the waveform is displayed, the
presentation consists of a number of in-phase sinu-
soids, cach of different amplitude. This can be seen
in the photographs. These sinusoids are a super-
position of the individual cycles of the carrier fre-
quency of the waveform in the top figure on page
37. Because of the triggering action of the oscillo-
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scope, the scope trace can sweep across the oscillo-
scope tube at the beginning of each cycle of the
carrier frequency. Thus the scope presentation con-
sists of the superposition of an ensemble of wave-
forms chosen on a cycle-by-cycle basis from the
time waveform, (the waveform that exists in time
at the output of the i-f strip, as plotted on a chart
recorder). By close examination of the oscilloscope
waveforms, it can be seen that there is a varying
intensity in the cross-section of the waveform taken
through its peak. That is, near the base line, the
population of sinusoids is small, the population in-
creasing with increasing amplitude and then de-
creasing with further increases in amplitude. This
intensity or sinusoid population profile through the
peak of the waveform is precisely the probability
density function of the envelope of the waveform.
For the case of noise alone, the intensity profile has
the Rayleigh shape, with the point of peak intensity
corresponding with the rms value of the noise. Thus
by calibrating the vertical scale of the oscilloscope,
a fairly accurate measure of the noise may be ob-
tained.

The case for a sinusoid-plus-noisc is analogous
to that for the noise alone, except that the intensity
profile is now the probability density function of
a sinusoid-plus-noise, as given by the figure above.
The point of peak intensity now depends upon
the signal-to-noise ratio and is, in fact, the sum
of the peak signal voltage and the noise volt-
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Graph for computing signal-to-noise ratio, given the ratio of the signal-to-noise voltage to the noise voltage.

age. Since the sinusoid and noise voltages are un-
correlated, the voltage at the point of peak intensity
is the square root of the sum of the squares of the
peak sinusoid voltage and the rms noise voltage, as
given by

V' =V8 4+ N? €))

where V is the voltage at the point of peak intensity.
S is the square of the peak signal voltage and N
is the rms noise voltage. Thus by noting the voltage
at the point of peak intensity as neasured with
signal-plus-noise, and knowing the noise voltage
as measured with the signal absent. one can solve
for the signal alone. Solving directly for S will yicld
the peak signal voltage and from this, the rms sig-
nal voltage can be solved for. Hence the signal-to-
noise ratio can be found on either a peak or rms
signal basis.

One example will illustrate this procedure. Refer
to A in the figure on page 39, which shows the noise
alone, and to D which shows carrier-plus-noise. The
point of peak intensity in A is at 9 millivolts, which
is the rms value of the noise alone. The point of
peak intensity in D is at 29 mv, which represents
the sum of the peak signal voltage and the rms
noise voltage. Since the two voltages are uncorre-
lated, the sum is given by equation 3. Solving this
equation for S, knowing V (== 29 mv) and N (= 9
mv), gives a value of S = 27.5 mv, which is the peak
value of the signal. From this, the rms value of the
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signal is 19.53 mv. Thus the ratio of mean signal
power to mean noise power is (19.5/9)% = 4.7. This
computation can be reduced to a graphical proce-
dure by using the figure above. This graph is
entered with the ratio of the signal-plus-noise
voltage to the noise voltage and yields the ratio of
mean signal power to mean noise power. The
dashed-line curve on the graph will yield the ratio
of peak signal power to mean noise power by enter-
ing the graph with the same ratio as above; that is,
the signal-plus-noise voltage to the noise voltage
as measured from the oscilloscope presentation.
For the example given, this ratio is off the graph,
at 9.4.
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100-Mc pulse generator
provides 50% duty cycle

By William T. Rhoades

Hughes Aircraft Co., Fullerton, Calif.

Most commercial pulse generators are capable of
only 5% duty cycle (ratio of pulse width to interval
between pulses) at high repetition rates. Nearly
50% duty cycle can be obtained with the circuit
shown because the input shaping network is simple,
and consists of fast-recovery type diodes. The cir-
cuit uses transistors and is operated with low
power dissipation. The maximum available output
voltage swing is one-fourth as large as that avail-
able in most commercial pulse generators (peak-
to-peak output voltage is 5 volts instead of 20 volts).

The output waveshape is completely free of ring-
ing and has a typical rise time of 1.5 nanoseconds

and a fall time of 3.5 nanoseconds (measured be-
tween 10% and 90% of peak amplitude of the wave-
shape leading and trailing edges). Voltage spikes
have been eliminated at the end of each pulse
with fast-recovery diodes and by operating the
output transistor in the nonsaturated mode.

The generator input is a sine wave that deter-
mines the amplitude and frequency of the output
pulse. The variable d-c¢ source controls the width
and also the amplitude of the output pulse. The
usual procedure is to adjust the generator input
and then adjust the variable pulse width control,

. | i el il
5) 10 15 20 25 30 35 40
NANOSECONDS + —>

Output pulse shape shown for 50-megacycle sine wave
input. Typical rise time at output pulse is 1.5
nanoseconds. Fall time is typically 3.5 nanoseconds.

OUTPUT (VOLTS)
T
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repeating in that order until the desired output
amplitude and pulse width are obtained.

Note that although the input and output im-
pedance levels are 50 ohms, terminating the out-
put in a purely capacitive load of 300 picofarads
does not affeet the rise and fall time adversely.

Point B of the circuit must not exceed 415 volts
(the reverse breakdown voltage rating of diode D).
For square-wave operation, this limitation typically
results in a maximam output voltage amplitude of
about 4 volts. The maximum amplitude can be
increased but the pulse shape deteriorates. An
inverting transformer would be necessary at the

output to obtain a negative pulse.

For fixed frequency applications, power can be
conserved by replacing the 50-ohm resistor (Rj)
with an impedance-matching network as the input
termination. The component values in the imped-
ance-matching network depend on the fixed input
frequency. In this network, a 15-turn coil that is
tapped 333 turns from its ground side, gives a
20:1 step-up in voltage from input to output. A
snap-off diode circuit added to the output will
produce narrower pulses, if required.

R; is a ferrite core used as an r-f resistor. Its
purpose is to suppress ringing in the output circuit.

Electronically controlling
auto’s engine spark

By A.R. Hayes

Royal College of Advanced Technology, Salford, England

The ignition-advance system in an automobile con-
trols the time at which the spark occurs in a
cvlinder in relation to the position of the piston.
The timing of the spark is a function of engine
speed. Automatic ignition advance is usually con-
trolled by a mechanical system of rotating weights
and aneroid capsules incorporated in the engine
design. An electronic method of automatic spark
advance would be simpler and more reliable and
would perform better.

With the exception of the spark-distribution sys-
tem, it is possible to build a completely electronic
automobile ignition syvstem, including spark gen-
eration and automatic advance.

The block diagram above shows that ignition
timing is controlled by engine speed. Trigger in-
puts A and B shown in the illustration are ob-
tained from inductive pickups on the ¢ngine crank-
shaft. A trigger at either A or B generates a spark.
Trigger A occurs at a fixed crankshaft angle that
is greater than any ignition advance required by
the engine. The crankshaft angle is related to the
topmost position of each piston during its stroke
(generally referred to as BTDC—hefore top dead
center).

Trigger B occurs at the lowest advance angle
required by the engine (engine turnover). The
ignition system is designed to operate in either of
two modes—at normal running speeds or at start
and idle speeds.

At running speeds, input A triggers the delay
circuit whose output generates a spark. The delay
is controlled by the spark repetition rate which is a

A
| DELAY
FROM —1 0 SPARK T0
TRIGGER B CIRCUIT J—»- —»DISTRIBUTOR
SOURCES ] GENERATOR AND PLUGS
4
!

SPARK RATE=DELAY CONTROL

Diagram of electronic system for controlling spark
repetition rate in an automobile. System is
superior to mechanical technique.
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First step in controlling ignition firing time.
Equally spaced magnets on crankshaft rotating at
engine speed, induce voltage in trigger coiis A and B.
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Electronic ignition advance is better than mechanical
ignition advance. Curve shows that the electronic

system advances more smoothly than mechanical systems.
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Automatic advance transistor ignition circuit. The circuit contained within the
dashed lines is similar to the commercially available Delcotronic. Ignition advance
response time is dependent on the value of C; and the spark rate.

direct function of engine speed.

At start, input A again triggers the delay circuit,
but in this mode the delay is terminated by input
B, which triggers the spark generator and resets
the delay circuit,

In the automatic advance transistor ignition cir-
cuit shown above, each input trigger occurs three
times per revolution due to the rotating magnets
fixed 120° apart at one end of the engine crank-
shaft.

Transistors Q, and Q. are a monostable pair in
the delay circuit; the delay is controlled by the
value of capacitor C, and the collector current of
Qs. The delay begins with input trigger voltage
A turning on Q, and ends with either the dis-
charge of C, or input trigger voltage B turning on
Qs, whichever occurs first.

The circuit contained within the dashed lines
(Qs, Qs, and Q; and associated components) is
similar to a basic Delcotronic spark generator. Q;
and Q; form a monostable multivibrator in which
Qs is normally off and Q, is normally on, supply-
ing current to the ignition coil through the am-
plifier Q:. A positive trigger from the collector of
Q: to the base of Q; causes Q; to conduct for a
period determined by the R;; C, time constant.
While Qs conducts, the ignition coil current de-
creases to zero. The voltage supply to Qs is held
constant by the zener regulator D; and Q; is fully
saturated when it conducts—therefore, the average
collector current of Q; is a function of the trigger-
ing rate, which is directly proportional to the
engine speed. After smoothing by Cs, part of the
Qs collector current passes through Qy to the delay
circuit, and an approximately constant amount of

current leaks away through Dz and Rjs.

Circuit component values are chosen to insure
saturated mode operation of the switching circuits
and to enable fast recovery of timing capacitors.

The speed-advance performance is controlled by
resistors Ry and Rjs. Resistor Ry is adjusted at
low engine speed and Ri; is adjusted at high en-
gine specd, alternately, until the required delay is
obtained at each speed. (1,000 and 4,000 revolutions
per minute are suitable speeds.)

The speed-advance performance of a mechanical
system and this electronic advance system are com-
pared on the graph (p. 43). The electronic system
performance is approximately the same as the me-
chanical system, but the ignition advance is con-
tinuously variable with engine speed.

Variations in the 12-volt supply caused negligible
effects on the timing due to the zener regulator
D;. Temperature variation from 0°C to 70°C caused
advance variations of less than one degree at high
engine speed and less than three degrees at low
engine speed.

The response time of ignition advance to change
in speed is dependent on the value of C; and on the
spark rate. With C; = 500 uf, a change in speed
from 1,000 to 2,000 rpm, gives a response time of
less than 1 second. Higher speed changes give a
time response much less than 1 second. This lag
in response is not of importance in most engines.
It has the effect of retardation while accelerating,
and advance while decelerating, but in either case
its effect is negligible.

This unit was designed for a particular six-cylin-
der engine, but the basic circuit is suitable for any
engine having an even number of cylinders.
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Applications

Analog switching circuits
use field-effect devices

Transformerless circuitry with junction FET's simplifies design,
offers flexibility and high-speed delivery of accurate signals

By Mark Shipley Sr.

Siliconix, Inc., Sunnyvale, Calif.

When the field-effect transistor first appeared five
to seven years ago, cngincers used it mostly in
linear amplifiers. Since then, the device has been
improved technically so it also works well in analog
switching applications. By early 1964, these im-
provements had opened a new area for the FET.

One big advantage in such applications is that
the FET climinates the transformer drive that is
usually required for analog gate circuits that use
conventional chopper transistors.

There are also other benefits. Since FET circuitry
does not have input-output offset voltage, trans-
mission at the microvolt-signal level is possible.
Because FETs are compatible with integrated-cir-
cuit techniques, switches can be made much
smaller. An engineer can use discrete components
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or build a fully integrated switch, or any com-
bination of these. Finally, small shifts in the FET's
characteristics are not critical; therefore the switch
has long-term stability.

Analog switches are used in all modern data-
handling systems in multiplexer, sample-and-hold,
modulator, and chopper circuits, and in analog-to-
digital converters and analog computers. The ana-
log switch either transmits a signal without distor-
tion or completely blocks it. A digital switch, on
the other hand, transmits only the state of the input
signal (the sense of on or off).

The use of transformerless circuitry for most ana-
log switching applications by employing field-effect
transistors simplifies circuit design and gives the
designer considerable flexibility. The circuits dis-
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cussed in this article use recently developed junc-
tion FETs. Still, even the latest junction FETs,
developed specifically for switching, cannot pro-
vide the low on resistances obtainable with dual-
emitter chopper transistors.

It is only with the recently marketed large-geom-
etry devices with high pinchoff-voltage that drain-
to-source resistances below 100 ohms are being ob-
tained (with associated gate-to-drain capacitance
less than six picofarads). By comparison, some
chopper transistors provide on resistances of 10
to 20 ohms with an equivalent capacitance value.
However, most circuits work as well with the higher
impedance values typical of FET’s. Moreover, the
FET circuit is highly flexible and capable of high-
speed delivery of an accurate signal.

Equivalent circuits

The output characteristic curves at low values of
drain current I,, for a conventional p-chaunel FET
are shown at right. When the gate-to-source voltage
Ves = 0, maximum channel conduction occurs; for
large positive values of Vgs, the channel is com-
pletely depleted of carriers and therefore has zero
conductance.

A simple on-condition equivalent circuit with no
externally applied voltage is shown at right. The
switch, therefore, has no offset and may be repre-
sented as a passive resistor from source to drain.
The off-condition equivalent circuit shown at right
indicates that if the gate voltage is positive with
respect to both source and drain by a voltage
greater than pinch-off voltage Vp, the ohmic con-
nection between source and drain is opened and
the only d-c imperfection in the switch is the diode
reverse current from gate to source and gate to
drain. The rest of the FET characteristics for
voltages from Vgs = 0 to Vgs = Vp can be de-
scribed by the small-signal resistance rqs between
source and drain for zero Vg volts.

Drive circuits

The scries switch shown on p. 47 forms the
basis for a discussion of analog-gate circuits in a
typical commutator configuration. The source is con-
nected to an input signal and the drain to an out-
put bus. The applied voltages are shown on p. 47.
The input voltage has a range from zero to Ei,mao;
the output voltage is equal to E;, when the switch
is on, and the gate voltage is switched from a large
positive value to the fixed level Ein(may). For Eiy =
Einmax) N0 reverse bias exists on the FET. For E;,
— 0 the bias is Vgs = Ein(uaxy hence Vp must be
large enough to keep the FET in conduction. The
value of Ei,maxy 18 ¥2 Vp and there is a 2:1 variation
in r4s. The switch is turned off by Vgs = Eininaxy +
Vi + 2 volts. The reason for adding 2 volts in arriv-
ing at a turn-off voltage is discussed later.

Rapid switching speeds are obtainable with this
circuit since the gate may be driven directly from
a fast, low-impedance switch. Fixed-gate-voltage
levels may be used in many other switching cir-
suits; for example, the drain may be connected to

46

-8.0

Ip (MILLIAMPERES)
! !
> o2}
o o
-

+6v
S ¥ 4]

-08 -12 -16
Vps (VOLTS)

+20 +6 +.2 +08

-04 -20

—142.0
_1
—1+40
_1

—1+46.0

—+8.0

+10.0

Low-level output characteristic for the 2N3386,
a p-channel junction FET. Drain current is
plotted for various positive gate-to-source volts.

S

S 77\ D D
vGS\ %v, IM

Vps=0
SOURCE S ~UM DRAIN

N
\\ GATE
T

Vgs=0

Mds
D
MV

On and off equivalent circuits. In the on
condition, there is no offset voltage and the
switch may be represented as a resistor.

Equr

Ein

"= GATE
DRIVE

E>0

EIN (max). |
ElN.._..__.

[ Vs = O DURING
CONDUCTION FOR

ANY E |y
Egut

Ein Mg — ———— ’

This circuit provides a zero gate-to-source
voltage for any input signal. Positive gate
(see waveform) turns the switch off.

— = oo

Electronics | December 28, 1964



the summing junction ot an operational amplifier,
hence the gate drive could be exactly zero for the
on condition.

A circuit that provides Vqg = 0 for any input
signal is shown on p. 46. Waveforms are also shown,
When the gate drive voltage is negative, diode
D, is reverse-biased and the gate is allowed to as-
sume the same voltage as the source; thus ry. is al-
ways at the minimum possible value. Application of
positive gate drive turns the switch off. The speed
of the gate circuit depends on the resistor R, and
a compromise must be made between fast gate
turn-on and the amount of current fed back to the
input from R, when the switch is off. In many cases,
this simple circuit arrangement is entirely suitable,
illustrating how a FET can provide dependable
switching without complex gate-drive circuitry. In
addition, there is no limitation on duty cycle (ex-
tremely low-frequency operation is possible).

The circuit shown at right uses a coupling ca-
pacitor to turn the gate on. The value of the capaci-
tor depends on the number of interconnected gates
and the magnitude of the drive signal. This circuit
is well suited for systems with fixed sampling rates
and a zero clamp between samples. It can be modi-
fied easily by changing the size of the capacitor or
the magnitude of the drive voltage. Components
may be added to protect against overloading.

Direct-coupled switch

A direct-coupled switch circuit is shown at
right. Q. replaces the previously discussed turn-on
resistor for Q,. Transistor Q. prevents excess cur-
rent from being injected into the signal path. The
drive voltage on the gate of Q. is sufficiently posi-
tive to hold Q. off and the gate of Q, is held positive
enough to keep Q, off. There are two reverse-cur-
rent components that flow back into the signal
source from the gate-source junction of Q, and Q..
Only the gate-drain reverse current of Q, flows into
the output signal bus. When the drive voltage is
negative, diodes D, and D. are reverse biased, Vi
of Q. becomes zero; hence Q. has a low value of ry..
Transistor Q, is turned on by Q.. The on channel
is isolated from the driving circuitry by the two di-
odes D, and D.. Both speed and power dissipation
when the circuit is off are determined by R;.

Transistors Q; and Q. are not neccessarily the
same devices. For example, Q; may have a higher
pinch-off voltage than Q.. A gate drive larger than
the sum of Vy, and Vy. is required. This circuit can
be used in integrated form to provide a high-qual-
ity switch controlled by one noncritical voltage
drive. Assuming that the resistor R, is in the 10,000-
t0-30,000-ohm range, such a switch would have
submicrosecond speed and a 1- to 10-milliwatt dis-
sipation when off. Two such switches operated from
one voltage drive would provide a differential chan-
nel. A differential channel has two input lines with
an analog switch in cach. The desired signal is the
difference betwcen the two signals.

An alternate version of this switch is possible.
In it two field-effect transistors are in series, with
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waveforms. The input signal is supplied to the source.
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Instead of a turn-on resistor, this circuit
employs another field-effect transistor, Q..
Transistor Q. prevents excess current
from being injected into the signal path.

D,, D. and R, connected to turn both off together.
Isolation from drive voltage is achicved at the cost
of twice the on resistance in the signal path. How-
ever this alternate version works on a lower drive
voltage, has lower power dissipation and is readily
compatible with integrated circuit techniques.
Another circuit is shown on p. 48. It has a unity-
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gain buffer amplifier to absorb the turn-on current
through R;, thus providing zero Vgus for the on
channel and complete isolation of all channels from
the gate-driving voltage. Low power dissipation in
the off channels can be traded for speed of re-
sponse. The output signal is available either before
(for very accurate signal amplification) or after the
buffer amplifier, making the amplifier design flex-
ible.

A low-dissipation version of the previous circuit
in which the turn-on resistor R, is replaced by a
bipolar transistor switch is shown at right. Satura-
tion voltage or cut-off currents of the bipolar tran-
sistor switch do not affect signal quality in the FET
portion. The circuit uses a two-phase driving volt-
age for each channel. An alternative method would
be to return the gate of the FET to a positive volt-
age through a large resistor and then let the bipolar
transistor pull the gate down to the proper voltage.
If this method were used, only a single-phase drive
voltage would be required with slightly more power
dissipation in the on channel. The FET switch-
buffer amplifier circuit configuration offers the wid-
est variety of interconnections available for FET
switches.

Commutator circuit

A look at a typical commutator circuit will show
which FET parameters are important and how a
field-effect transistor should be selected for opti-
mum switching performance.

A commutator with N number of channels using
an FET switch-buffer amplifier configuration is
shown at right. The pertinent FET parametcrs are
Tas, Vi, Incorm, and Cgg. The circuit condition for
the commutator with channel 1 on and the rest of
the channels off is shown at right. Including the
signal source resistance R,, the transmission ratio
of the on channel is

Izin
TR B Rin + Rs + 1 ds

(1)

Thus, R 4+ r;. must be small compared with the
amplifier R;,. When E;, = 0, there is an output
offset voltage generated by the sum of reverse cur-
rents from all off switches.

Eou = (N i 1)(ID(OFF))(Rs + Tds) (2)

The value of Iy,0p varies as the square root of
the arplied gate voltage and doubles approximately
every 11°C. For a given group of FETs, Inorm
should vary no more than 4:1 below the maximum
specified. This means that the error voltage in equa-
tion 2 will have roughly the same average value for
all channels. The Ijopr maximum specification
guarantees both maximum off channel conductance
and reverse current from gate to drain. Off channel
conductance for a good switching FET should be
far less than the reverse current.

The pinch-off voltage Vp determines the gate
voltage in excess of maximum signal voltage neces-
sary to turn a channel off. In low-level applications
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Series switch with a buffer amplifier. The unity-gain

buffer amplifier provides complete isolation between

the channels and the gate-driving voltage. As indicated by
the alternate connection shown, the output signal may

be taken at a point before the buffer amplifier as

well as after it.
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An alternate version of the series switch with a

buffer amplifier. A bipolar transistor, Q. is used
instead of a turn-on resistor in this circuit.
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Typical commutator cricuit uses the FET switch
configuration with a buffer amplifier.
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"OFF" Ip (OFF) Ichqs"clM
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Commutator network with the first channel
on and the remaining channels off.
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input signals of 50 millivolts or less are typical,
where allowance for common-mode voltages of
5 to 10 volts is usually made.

Commutating speed is determined by the on re-
sistance of one channel, ry; + R., and the total ca-
pacitance C; on the output bus. Capacitance C,..
is defined as the capacitance of each FET drain
with respect to ground for specified source and gate
voltages. Thus, including the amplifier input ca-
pacitance,

CT =N - Cdas + Cin (3)

The commutated signal therefore changes levels
with a time constant of = (if it is assumed that the
gate drive voltage changes state much faster).

7: - (Tda + Rs)(N ) Cdgs + Cin) ('1')

It should be noted that the transients coupled from
the gate-drive voltage decay with the same time
constant.

These problems of system offset, current feed-
back into the on signal source, and speed are com-
mon with all solid-state switches and are usually
solved by breaking a large system into smaller
groups and subcommutating.

Parameters for analog gates

The dimensions of the conducting channel are
expressed as the length, L, between source and
drain contacts, the width, \V, of the channel, and
the channel thickness, T, measured into the silicon
wafer. For a given FET geometry, T is controlled
by the diffusion process, while L and W are con-
trolled by photographic masks and are quite con-
stant. Once L and W are determined, all reverse
current and capacitance parameters are fixed. A
smaller value of L is desirable to achicve lower r,.
values. The two series of devices (2N3376 and
2N3382) in this discussion have equally small L
dimensions but different W dimensions. Variable
channel thickness results in a range of ry. and V.
The FET physical mechanism causes these two
parameters to be related: ry. varies inversely as the
0.7th power of Vy, i.e., for a thin channel, a high
ri« and a low Vp result. As the channel is made
thicker, vq4 decrecases and V. increases. This rela-
tionship is shown at the right, above.

The channel resistance rys has a temperaturé co-
cfficient of 4-0.7% per °C. The channel conduct-
ance varies linearly with applicd gate voltage Vgs.
Thus,

Tas = T,ds/<1 = I{,‘f) 6))

where 1’4y — the value of rg, when Vgg = 0. This
relation is most useful for small values of Vgs in
the vicinity of zero even where the gate-channel
diode is slightly forward-biased. A normalized
graph is shown at right.

Capacitance in the FET analog-gate results from
the package, the internal contact areas, and the
gate-channel diode. Only the gate-channel diode
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Analog gate circuit uses a 2N3376 junction FET.

This transistor has a Vr of 2 volts, an ry,s of 1000 ohms
and an Iperr of less than 0.4 nanoamperes. Output

of gate is —10.0025 volts for an input of + 10 volts
and +9.9975 volts for an input of —10 volts.

Field-effect transistors

How modules make
complex design simple

4 basic switches offer flexibility

By John Gulbenk and Thomas F. Prosser*

Amelco Semiconductor division of Teledyne, Inc.
Mountain View, Calif.

In chopper and telemetry multiplex applications,
there is a need for switching circuits that can han-
dle a wide range of signals of either polarity with-
out distortion. This is accomplished by using analog
switches. When very complex multipole switching
circuits are required, the design is simplified by
analog switch modules as building blocks, using
field-effect transistors.

A basic FET analog switch is a three-port device
consisting of input, output and control terminal

* Now with Stewart-Warner Microcircuits, Inc., Sunnyvale, Calif.
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capacitance is sensitive to voltage and temperature.
For the two FET types under discussion, Cgg. at
Vgs = +10 volts and Vi, = 0 is 3 and 6 pico-
farads respectively, and the total charge in the
channel is 32 and 145 picocoulombs for Vgg = 410
volts. That is, if both source and drain are grounded
and if the gate makes an excursion from 0 to 410
volts, then the current spike in either source or
drain carries half this charge. In a practical circuit,
the external capacitance affects the switching spike
coupled from the gate since it is usually much
larger than the gate-to-drain capacitance.

The circuit shown at left is a typical FET analog
gate. The FET is connccted directly to the sum-
ming junction of an operational amplifier used
to effectively switch the input resistor Rs in or
out. This circuit is typical of analog-to-digital con-
verter applications. The gate drive is either 0 or
+16 volts. When the signal voltage E;, is +10
volts, the positive gate drive makes Vgg = -6
volts, which is sufficient to cut off all devices with

pairs. A typical analog switch module used as an
electronic commutator is shown on page 51. The
module includes an n-channel FET, a pnp junction
transistor, and a junction diode.

Basic switch circuit

In the circuit, Q; is the analog switch transistor
and Q. is a pnp transistor that controls the on or
off state of Q;. During the on condition, the current
that flows from V,y to the load resistor is:
I!.\' = VL\'/(R;: -+ Rnx' + RL)

where Viy = signal voltage

(1)

R, = Resistance of signal source
Rox = I'ET source-to-drain resistance
R, = output load resistance

The on resistance is fairly constant at low source-
to-drain voltages. For a typical FET, it is approxi-
mately 125 ohms for source-to-drain voltages below
0.5 volt. By using a value of Ry, which is much
greater than either Roy or Rg, equation 1 reduces to:
liv = Vix/Ry 2

To insure that Q; remains fully in the conduction
state, the gate-to-drain voltage must be kept at
nearly zero for all values of the input signal. This
is accomplished by placing an isolation diode D,
in scries with the gate. The diode is back-biased
when
| Vix| <£Viee = Verean
where Vg = Q. emitter bias voltage

V ¢bayy = Q2 collector-to-emitter saturation
voltage

When the diode D, is back-biased, the gate of Q,
is isolated. The gate voltage, under this condition,
directly follows the source voltage. It also follows
the drain voltage which differs slightly from the
source voltage because of the small drop across the
channel.

Transistor Q, is turned off with a negative gate-
to-drain voltage equal or greater than the pinch-off
voltage. The pinch-off voltage is the voltage ap-

(3)
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1== V. =5 volts. Iope, is 0.50 nanoampere for
the 2N3376 with a gate-to-drain voltage of 16 volts.
(Data sheet max Tiyorr, of 0.4 nanoampere is for
Ve = 11 volts.) When the input voltage is —10
volts. the gate-source junction has a 26-volt bias:
this is within the breakdown rating of 30 volts.

The switch is turned on by dropping the voltage
on D; to zero or lower. The FET gate is held at
zero by R;. The on resistance is 1000 ohms for a
typical 2N3376 with V,. of 2 volts. The amplifier
has been set up for unity gain. When the input
voltage is 10 volts, there is a +100 microampere
current through the FET making Vix — —0.1 volt,
i.c., the source is 0.1 volt positive with respect
to the gate. Since Vi = 2 volts. rq. is actually
0.1/2.0 or 5% lower than 1000 ohms. Similarly.
for —10 volts input the source voltage is —0.1
volt from the gate. making the effective rq. 5%
higher. The small-signal gain of the amplifier there-
fore varies #+0.053% for the =10 volt input range.
In terms of d-c lincarity, the output is —10.0025

plied between the gate and the drain. which
pinches the channel current down to a given level.
tvpically one nanoampere. This forward-biases D,
and clamps the gate to Ve

The function of Q. is to apply the necessary posi-
tive and negative voltages to the isolation diode to
turn Q, on or off.

Transistor Q, will be maintained in the on state if
+‘.|\' S+“I‘}I‘ - "('I:(«nl) - ‘.NI) (4)
where Vgp = voltage required to keep Dy reverse-

biased (typically under 50 millivolts)

The drain current Iy for the stage is given by
Iox = [l.l-.'li — =N (,'I:'(sub)l Rp (3)
where Ve = Qs colleetor supply voltage

Transistor Q, will be turned ofl if
—Vix S Vee = Vip— Vo (6)
where V5 = forward voltage drop of the isolation

diode (typically 500 to 800 millivolts)

Analog switch used as an electronic
commutator. The basic module

volts for 410 volts input and +9.9975 volts for
~10 volts input (these caleulated errors are about
twice the actual errors since the channel voltage is
distributed).

\When the FET is off, the Inorr, value causes
a worst-case output of 30 microvolts at room tem-
perature. The gate-to-drain  capacitance causes
ahout 20 picocoulombs to be injected into the sum-
ming junction cach time the gate voltage shifts,
the effect of which will depend on amplifier re-
sponsc and capacitance.

The author

Mark Shipley is a senior applications
engineer at Siliconix, Inc. He
provides customer assistance and
handles requests for special device
selections. Prior to joining

Siliconix, he was with General
Precision, Inc. and the Ampex Corp.
He received a master’s degree from
Stanford University in 1963.

Vp = pinch-off voltage

In the off state. a very small drain current flows
because of FET transistor leakage current. Capac-
itor C, is used as a speed-up capacitor. It helps
remove the charge stored in the FET gate when the
FET is cut off. A large value is chosen for the load
resistor Ry to limit the power dissipation for the
stage.

Equivalent circuits

The ofl and on conditions may be represented by
a set of equivalent circuits as shown on page 52.
The upper circnit illustrates the off condition (Q,
not conducting). Resistors R, and R, represent the
source-to-gate and drain-to-gate resistances through
which FET leakage current flows because of the
reverse biasing of the gate. Capacitor Cy is the
strav capacitance. Resistor Ropp is the source-to-

cowprises an FET transistor,
a hipolar pnp transistor and a diode.

R‘J
VN
INHIBIT
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l —2 54K
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drain resistance. The source-to-gate and drain-to-
gate capacitances are Ciorry and Cocorry.

During conduction, the lower equivalent circuit
applies. Here Re represents the path for the flow of
leakage current I;. from the reverse-biased isolation
diode. Its value is a few hundred megohms. Resis-
tor Roy is the source-to-drain resistance during con-
duction, and R, is the signal source resistance.

In the design of analog switching circuitry, a
choice must be made between the use of an FET
with a relatively small value of Cjopry and a high
value of Riy on the one hand, and an FET with a
larger Ciorry and a smaller Rox on the other. The
first type of FET provides a switching waveform
with a faster rise time than does the sccond. The
second is better for handling very accurate voltages.

Capacitance C,orr, shunts a part of the switch-
ing transient to ground (which is desirable), but its
magnitude limits the number of switches that may
be paralleled for a given switching rate.

FET analog switches may he designed in a wide
variety of circuit configurations. Four configura-
tions have been selected that can be applied in the
design of complex switching functions. Six con-
figurations are shown on page 33 because two al-
ternate versions are included that use npn transis-
tors in place of the pnp transistors.

Alternate versions of the analog switch modules,
using npn instead of pnp transistors, allow power
consumption to be held to a minimum in either the
ofl or the on state. This is especially advantageous
if the off or the on state is held for a long time.

Consider a multipole commutator where the on
time of the switch is very short compared with the
ofl time. For minimum power consumption, a basic
module should be used that maintains the FET
switching transistor, the bipolar transistor and the
drive logic circuitry when all are usually off.

The analog switch can be controlled by the Dbi-
nary levels of a logic element such as a gate, flip-
flop or shift register.

The commutator

A single-pole multithrow switch, composed of
several spst switches, can be used as a commutator
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Switch in the on condition (FET. conducting) is
represented by lower circuit. Upper circuit applies
for the off condition (Qrrr not conducting).

in many time-division multiplexing systems. The
basic spst configuration (top left circuit on p. 53)
is used with control logic to form a high-level,
single-ended comutator.

The output waveform for an experimental 10-
channel commutator is shown on page 54 The
switching rate here is 10 kilocycles per second, al-
though megacvele switching is feasible with avail-
able devices. With this type of arrangement, it is
possible to build commutators for sequential sam-
pling of several separate data inputs (the analog
output voltages of many sensors), or for data-acqui-
sition systems where channels may be addressed
directly by a computer, or advanced sequentially,
or for continuous monitoring of a single channel.

Voltage comparator

The voltage comparator has found widespread
use in analog-to-digital converters. FET switches
of the spdt tvpe can be used with suitable logical
control to switch a reference voltage (it might be
ground) to successive points on a binary voltage
ladder until a comparator determines that the out-
put of the voltage ladder is equal to that of some
unknown voltage. The circuit and the output wave-
form for a voltage comparator stage, using the basic
spdt module with a pnp transistor, are shown on
page 54. A sine wave and a square wave of the
same frequency are applied to the two inputs.

One problem inherent in instrumentation sys-
tems using strain gauges with low-level d-¢ signals
is the presence of ground-loop currents that tend
to obscure the desired signal. This problem is
overcome by breaking the ground loop and using
a floating or differential signal connection between
the transducer and its associated amplifier, which

Electronics | December 28, 1964



Analog switch building blocks
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Modular analog switches allow compact design of complex switching functions. The four basic
building blocks and two alternate versions are shown. The two alternate-version switching

circuits substitute an npn transistor for the pnp transistor.
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may be far away. The differential system tends to
allow induced noise signals to flow so that they are
cancelled out by virtue of their common mode
while the signal is not attenuated because of its
differential mode.

The differential system has two floating signal

c
M-
c

lines going to the transducer. If it is desired to
switch several transducers into a common ampli-
fier, the dpst FET analog switch on page 53 may
be used. Because the FET contributes little noise
and has no offset voltage, it is well suited for low-
level differential switching.

+—OQUTPUT

A
SINE Q4
WAVE 2N3436

100 pF T ) 4

8
Qs SQUARE
2N2499 \J§ WAVE Ry

¥ 0, 0, & T100pF =
10K
AN —10V
5.1K
_!—'_ :' ------- —MW * { { ’ Q,
{ 51K
"k 3 Voltage comparator circuit used spdt configuration.
\ A sine wave is applied to point A and a square wave
1 of the same frequency is applied at point B.
e +10V Output appears at point C.

Upper trace shows two frames of a staircase waveform
applied to the 10 input positions of an experimental
10-channel commutator built with spst modules. The lower
trace shows the voltage applied to the logic units.

- - -

\RANARS

Upper trace represents the output waveform for the
voltage comparator. Lower trace shows the control
inverted waveform. The scales are: vertical, one volt per
centimeter; horizontal, 20 microseconds per centimeter.
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Output waveform for a voltage staircase input waveform
applied to the first nine input positions of a 10-channel
commutator is shown in the upper trace. A sine wave was
applied to the 10th input position as shown by the bright
portion at the right of the upper trace. The lower trace

is the output for the 10th channel with an expanded time
scale.

lhll!l—:v. { i 1 ‘aglyv
e WM ‘WW U& zvh ki,

Output waveforms for a differential analog switch.
the dpst module (see circuit on p. 53) receives

a square wave at point A and a sine wave having
the same frequency at point A’
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Field-effect transistors

FET complementary
integrated circuits:
aerospace natural

Simplified NOR and NAND circuits built
by combining p-channel and n-channel
MOS field-effect transistors

By P.J. Coppen

Raytheon Co., Mountain View, Calif.

Digital logic circuits in satellites and other aero-
space equipment must be small and must operate
on limited power. Engineers are discovering that
they can design simplified NOR and NAND circuits
that have these characteristics by combinine p- and
n-channel field-eflect transistors.

F. M. Wanlass and C. T. Sah have investigated
novel logic circuits using insulated-gate metal-oxide
FET’s with both p- and n-channel polarities.

In this article, this complementary approach to
logic circuitry is applied to integrated circuits.

A three-input circuit that performs the NOR func-
tion (shown on page 57) produces a logical zero at
the output when at least one input has a logical one.

Logic circuit

This circuit has three p-channel FET’s connected
in series and three n-chanmel FET’s connected
in parallel. The drain leads of the n-channel units
are connected to the drain lead of one of the p-chan-
nel units and the output is taken from this connec-
tion. The source leads of the n-channel units are
grounded and the source lead of the first p-channel
unit is connected to a positive supply voltage. Each
input connection is tied to a pair of FET gates.
One of the gate leads is from an n-channel tran-
sistor and the other is from a p-channel device,
All of the FET’s are enhancement mode types, that
is, when the gate of a particular unit is connected to
its substrate, there is no induced channel and the
drain-to-source resistance is high, typically greater
than 1,000 megohms.

When all three input positions of the circuit are
connected to ground, the gates of the n-channel
units are connected to their substrates. Thus the
n-channel units have very high drain-to-source re-
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sistances. The gates of the p-channel units are
biased negatively with respect to their substrates;
if the positive supply voltage is larger than the
threshold voltage for the p-channel units, they will
be turned on and will have relatively low drain-to-
source resistances. The output voltage will nearly
equal to the positive supply voltage, as determined
by the relative resistances of the p-channel units,
which are on, and the paralleled n-channel units,
which are off. If one or more of the input positions
is connected to the positive supply voltage, then
corresponding numbers of p- and n-channel units
turn ofl and on, respectively, and the output voltage
falls to nearby ground voltage. This circuit thus
performis the NOR function.

Power dissipation

The low power consumption of the circuit is a
major advantage to the designer. When the circuit
is quiescent in either the on or off state, the resist-
ance between the supply and ground is about 1,000
megohmns through the string of FET’s. Also, if the
circuit is followed by other FET circuits, the input
impedance of the next stage is completely capaci-
tive and draws no output current. Therefore, the
power consumption in either quiescent state is
very low. An appreciable amount of power is con.
sumed only during a switching cvcle, when the in-
put capacitance of the next stage is charged, and
when current may flow through the string of FETs.
The power consumption is proportional to the
switching rate, and is at a maximum when the
circuit is freely oscillating.

If the n-channel units had heen connected in
series and the p-channel units in parallel, a three-
input NAND circuit would have resulted. Either
the NAND or the NOR circuit can be directly
coupled and the fan-out may be as large as desired.
The only limitation on the number of fan-out stages
is that the high capacitance caused hy a high fan-
out limits the switching speed.

Design considerations

For the NOR or NAND gates to be used in scries.
the output voltage must swing over a range as
nearly equal to the supply voltage as possible. The

QUTPUT
:._‘ L8 CONNECTION

INPUT |

GROUND +V SUPPLY
CONNECTION CONNECTION
View of NOR integrated circuit shows the
n-channel transistors on the left side and the
p-channel units on the right.

55



Waveforms show propagation delay for a pair of NOR
circuits. The upper trace represents the input pulse to
the first NOR circuit. The lower trace is the output
waveform for the second NOR circuit. Each vertical
division (y-axis) is 5 volts. Each horizontal

division is 1 microsecond.

supply voltage must sufficiently exceed the magni-
tude of the FETs’ threshold voltage to provide an
impedance change of at least 10° ohms between the
off and on states. For operation with a supply volt-
age of less than 10 volts, the threshold voltage
should be no more than about 5 volts. Noise im-
munity requirements may limit the threshold volt-
age. The maximum supply voltage that can be used
is limited by one of several factors: the gate-to-sub-
strate breakdown voltage, the drain-to-source or
drain-to-substrate breakdown voltage of any FET
in the circuit, or, for an integrated circuit, the break-
down voltage of the reverse-biased p-n substrate
junction.

Switching speed

The output voltage reaches the positive supply
level for the NOR circuit shown here. This output
is connccted to the capacitive input of the next
stage. If one input is made positive by a rise pulse
that is fast—compared with the switching time of
the circuit—then the series string of p-channel units
offers a high resistance. The high resistance occurs
since one p-channel device turns off and the par-
alleled n-channel imits offer a low resistance be-
cause one n-channel unit turns on. The output volt-
age falls to ground and the input capacitance of the
next stage discharges through the relatively low
resistance of the conducting n-channel unit. The
switching-time constant is the product of the effec-
tive channel resistance of the conducting n-channel
unit and the input capacitance of the next stage.

With a positive input to a NOR circuit that is
being driven by the output of a similar NOR circuit,
the time for the voltage of the input to become posi-
tive is comparable to the circuit’s switching time.
As the voltage of this particular input rises, the
channel resistance of the associated conducting
p-channel unit increases rapidly. This alters the
impedance ratio of the p- to n-channel units and
causes the output voltage to fall. However, until
the input voltage has risen high enough to exceed
the threshold voltage of the n-channel units, the
only way for the output voltage to fall is by the dis-
charge of the input capacitance of the next stage
through the very high resistance of the nonconduct-
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ing n-channel units. The output voltage does not
change appreciably until the input voltage is sufli-
ciently positive to turn on one of the n-channel
units. After this happens, the output voltage falls
rapidly. For fast switching then, not only should
the on-channel resistance and the input capacitance
for the next stage both be as small as possible, but
the threshold voltages must be as low as possible
(consistent with noise immunity requirements) to
reduce delay in output switching, while the input
is changing by the magnitude of the threshold volt-
age.

Switching time constant

A simple expression for the transconductance of
an insulated-gate FET is:
g, < W/Lt (1)
where g, is the transconductance in the saturation
region (when the drain current is constant with
drain voltage) W and L are, respectively, the width
and length of the induced channel, and t is the
thickness of the dielectric under the gate electrode.
The on-channel resistance measured for low drain-

to-source voltages is given by R,, = 1/g, at the
same gate voltage. Therefore:
Ron «< IJt/]V (2)

The input capacitance C;, of the next similar
stage is determined by the area of the induced
channel and the thickness of the gate diclectric. It
may be expressed by:

C'y <« LW/t 3
We have then, for the switching time constant:

7
RoCin = = - = I )

If L approaches zero, this time constant is very
small. Also, since the width, W, of the channel docs
not appear in the R,,Ci, expression, the individual
FET’s may be made very small with a consequent
higher yield because of the reduced probability of
a pinhole in the gate diclectric. This increased yield,
as well as the small size of the FET, allow the de-
sign of integrated circuits far more complex than
simple NOR gates.

Although C;, varies reciprocally with R,,, stray
capacitances and the capacitance associated with
bonding areas and interconnections do not vary.
These capacitances play a part in determining
switching speeds. Once a minimum value of L, the
channel length, is found, then W must be kept
sufficiently large so that C,, is larger than the stray
capacitance. With very small interconnections—
possible because continuous high currents do not
flow in this device—and thick oxide surrounding
the activated areas, the stray capacitances may be
minimized. This confirms the advisability of fab-
ricating complex integrated circuits rather than
assembling complex circuits from smaller, sepa-
rately packaged, simpler circuits,

Power considerations

In fabricating the integrated circuit version of the
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NOR circuit, separate p- and n-type portions of the
starting wafer are required. Since the p-substrate
of the n-channel units is maintained at ground and
the n-substrate of the p-channel units is positively
biased, the p-n junction in the substrate is reverse-
biased. In parallel with this junction are the reverse-
biased drain junctions of whichever FET’s arc
turned off. The leakage currents of these FET’s add
up and are typically a few nanoamperes. The
(uicscent power consumption is, at most, a few
tenths of a nanowatt.

During switching. current flows to charge or dis-
charge the capacitance of the next stage. In a cir-
cuit designed for fast switching, as has been noted,
the threshold voltages must be low, and so, as the
input voltages change, the off units will turn on
before the on units turn off. Consequently, for a
part of the switching cvcle, all units in the circuit
will be on and the power supply will be connected
to ground through a moderate resistance. Current
will then flow momentarily through the FET’s. If
the threshold voltages are just larger than half of
the supply voltage, then the on unit will turn off
before the off units turn on. Conscquently, there
will always be a high resistance present and so only
leakage currents will flow through the FET’s. This
situation represents a lower power consumption
than is the case when the threshold voltage is low
and switching is fast. But this lower power con-
sumption is realized at the expense of a much
longer delay time and hence a much slower speed.

Experimental results

The n-chanuel units have sharp breakdown at
about 412 volts. Measurements were made with a
supply voltage of 49 volts.

With the input voltage level at either 0 or 4-9
volts, and the circuit quiescent in either state, the
current drawn from the supply is about 1 nano-
ampere. The quiescent power consumption is about
10 nanowatts.

The testing arrangement shown at right meas-
ures the propagation delay through two integrated
NOR circuits. Two NOR circuits are connected
here with extra capacitance added to give effective
fan outs of three for cach NOR circuit (the capaci-
tance at each input is 6 picofarads). One input of
the first gate is driven by a pulse gencrator with a
50-ohm source impedance. The scope traces ob-
tained are shown on page 56. The input pulse is
superimposed on the pulse obtained from the output
of the second NOR circuit. The delay time is evi-
dent, especially as the input pulse is falling. The
curve isn’t symmetrical because, while the threshold
voltage for the p-channel units is about 2 volts, it is
about 5 volts for the n-channel units. The delay
time for the rise of voltage at the output of the
second NOR circuit is, therefore, less than the
delay time for its fall.

A microammeter shows a current drain of 760
nanoamperes for the circuit test arrangement, when
the input pulse repetition rate is 1,000 per second.
This gives a power consumption of about 3.5 mi-
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Set of oscilloscope traces shows drain characteristics
for one n-channel unit and three p-channel! units in
series in the NOR circuit. The upper traces are for the
n-channel unit. The highest trace is for a Vas of 49
volts; the lowest trace is for a Vs of —9 volts. Each
vertical division (y-axis) represents 0.2 milliamperes.
Each horizontal division is 5 volts.

One-volt gate steps were used.

+V

Q

Q2
INPUT 1 ———¢

Q3
INPUT 2
INPUT 3 OUTPUT

Q4 Qs Qg
L B

NOR circuit uses three p-channel MOS FET’s (Q,, Q., and
Q:) and three n-channel MOS FET's (Q., Qs, and Q).

Low dissipation of circuit during both on and off

states makes it attractive for use in equipment

where space and power are limited.
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Circuit arrangement for measurement of propagation
delay and power consumption for a pair of NOR
integrated circuits. The simulated fan out for

each NOR circuit is three,

NOR GATE
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Ring oscillator using three NOR integrated circuits
is an example of how the FET's can be used. Each
integrated circuit has an effective fan out of three.

Field-effect transistors

crowatts per NOR circuit for 2,000 switching oper-
ations per second, with a fan-out of three.

Three integrated circuit. each containing a NOR
circuit, can be connected to form a 500-Kc ring
oscillator as shown at the left. A current of 540 ma
was drawn, giving a power consumption of ahout
1.6 milliwatts per NOR circuit, when oscillating
with a fan out of three. This is the maximum power
consumption for this circuit with this fan out.

The results obtained have heen sufficiently en-
couraging to justify further work. First, the effec-
tive channel length must be reduced in order to
increase the speed. Very small channel lengths
would change the characteristics of the FET’s by

Space radiation affects MOS FET’s

Theory that the MOS FET has inherent resistance to nuclear radiation has
now been disproved; this will limit MOS units in some applications

By Harold L. Hughes and Ronald R. Giroux

Naval Research Laboratory, Washington

According to a popular view, the metal-oxide semi-
conductor transistor is inherently resistant to nu-
clear radiation because of its majority-carrier na-
ture. If this immunity to nuclear radiation really
exists, the qualities of high input resistance and
low input capacitance coupled with radiation re-
sistance would make the MOS transistor ideal for
many space applications.

As a result of the discovery of radiation surface
effects on transistors, it was decided to test new
MOS devices before they were used in a radiation
environment. MOS transistors of this study were to
be used in a satellite electrometer circuit. Conse-
quently, commercially available n-channel and p-
channel MOS transistors earmarked for this satel-
lite use were studied as a function of space-type
radiation.

The total dose (10° rads) used in the experiment
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is approximately equivalent to the amount of radia-
tion absorbed by the transistors after one vear in
space. Two dose rates (2.54 X 10* roentgens per
minute and 2.07 X 10? roentgens per minute) were
used to correlate accelerated radiation testing to
real conditions of space radiation. For the MOS
transistors to receive the dose of 10° rads required
45 minutes at the higher dose rate and 92 hours at
the lower dose rate. The unit rad is a measure of
the total amount of radiation absorbed by the ma-
terial of interest. One rad absorbed means each
gram of material has veceived 100 ergs of energy.
The term roentgen refers to the total exposure to
radiation; therefore, this term is used to describe
the magnitude of the radiation source rather than
the extent of interaction of the radiation. In the case
of silicon, to convert radiation-exposure expressed
in roentgens to radiation absorbed-dose expressed
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reducing output resistance, but this is of no con-
sequence in switching units. Oxide-mask source-to-
drain spacings of only 0.2 mil can be readily main-
tained with current photoengraving technology.

Induced channel area of the six FET’s in the ex-
perimental circuit discussed is about 130 square
mils. If L is reduced to about 0.5 microns, and if
VWV is made small, then a shift register could be
made, with six NOR circuits using a total of 32
FET’s in a total active area of less than 20 square
mils. The irterconnection pattern of such a shift
register is simple. NAND circuits, which operate
very much like NOR circuits, have been made by
interchanging the source-drain diffusion masks

over the appropriate parts of the substrate, to con-
nect the p-channel units in parallel and the n-chan-
nel units in series.

The author

Peter J. Coppen heads the
field-effect transistor development
section at the semiconductor
division of the Raytheon Co. -

Exposed 20 seconds
(60 rads)

Before radiation

Exposed 8 minutes
(1.45 x 102 rads)

Exposed 20 hours

Exposed 15 minutes
(2.1 x 105 rads)

(2.7 x 10° rads)
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Exposed 43 hours

Exposed 20 hours
(4.7 x 107 rads)

(2.1 x 10° rads)

Exposed 64 hours
(6.9 x 10° rads)

ol

Removed after 88 hours Three days later

(9.6 x 10° rads)

Effects of radiation on two p-channel MOS field-effect transistors. Top set of curves was produced by a transistor
that was not biased during exposure to radiation. The transistor represented by hottom set of curves was biased
continuously during exposure. In the top set of traces, each veritcal (y-axis) division represents one milliampere.
In the bottom set, each y-axis division represents 0.2 milliamperes. In both sets, radiation dose rate is 2.07 x 10*
roentgens per minute. Each horizontal division is one volt. One-volt gate-voltage steps are used. Load is 50 ohms.

in rads, the roentgen is multiplied by 0.875.

Six commercially available p-channel (enhance-
ment type) MOS transistors and five commercially
available n-channel (enhancement-depletion type)
MOS transistors were exposed to 10° rads of gamma
radiation. Cobalt 60 was used as the radiation
source. On bombarding the MOS transistors, the
gamma radiation emitted by this type of source
produces Compton electrons which cause ionization
in the transistor. For the ahsorbed dose of 10° rads,
changes in bulk semiconductor conductivity and
lifetime are negligible.

It has been found that both p- and n-channel
MOS transistors are very susceptible to space-type
radiation. Both transconductance (gn) and channel
conductance degraded after exposure to 10° rads.
Gencral trends of the radiation damage can be ob-
served from the tables of the electrical characteris-
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tics of MOS transistors before and after exposure.

The channel conductance at a given gate voltage
is decreased as much as 650 times for the p-channel
transistor and as much as 15 times for the n-channel
transistor. This data is obtained from the columns
of drain current (Isp) at a given gate voltage.

Channel conductance

The decreasing of channel conductance Isp/Vsp
appears to be at least a partial cause of the large
decrcases in transconductance at a given gate volt-
age. The radiation effect of decreasing channel con-
ductance causes the drain current at a given drain
voltage to decrease, thus producing a decrease in
transconductance since the transconductance natur-
ally falls off at lower drain currents. However, con-
sidering the transconductance before and after ex-
posure to radiation at equal drain currents, the data
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Effects of space radiation on n-channel MOS transistors

Unit Leakage Current Transconductance Transconductance Source-to-Drain Current
(ex) (9m) (gm) (Isn)
Ves = 100V Vep = 100V Vso 10.0V Vep = 100V
Van =0 Ves =0 Isp = 0.bma 1'¢s =0
Before After Before After Before After Before After
Radiation 108 rads Radiation 108 rads Radiation 10° rads Radiation  10° rads
(Ampere) (Ampere) (xmhos) (umhos) (umhos) (umhos) (ma) (ma)
1 1.0 X102 10X 10" 600 200 450 200 2.1 2.1
2 1.0 X101 2.0X10™" 500 160 400 160 2.0 0.9
3 3.1 X107 5.0 X10™*® 600 30 400 20 3.0 0.2
4 2.5 X102 1.5 X10°® 750 40 400 60 4.7 0.9
5 2.0Xx 1072 3.0X 10" 1400 200 375 120 4.5 0.6

Vus = Gate-to-source voltage Vsp = Source-to-drain voltage

Effects of space radiation on p-channel MOS transistors

Unit Leakage Current Transconductance Transconductance Source-to-Drain Current
(IGS) (.(/m) ((]m) (ISD)
Vs = 5.0V Ves = 5.0V Vsp = 5.0V Vsn = 5.0V
Vsn =0 Vsp =—10.0V Isp = 1.0ma Ves =—10.0V
Before After Before After Before After Before After
Radiation 106 rads Radiation 10° rads Radiation 108 rads Radiation 108 rads
(Ampere) (Ampere) (umhos)  (umhos) (umhos) (umhos) (ma) (ma
1 1.0 X 10~ 1 X 10~ 1500 600 800 600 5.6 0.8
2 1.0 X 107 1 X 10 1300 35 500 Not measurable 5.4 <0.01
3 1.5 X 10~ 1 X 10 1700 100 600 Not measurable 6.5 <0.01
4 1.0 X 107% 1 X 107+ 1700 Q00 1000 900 6.5 0.8
D 1.0 X 107" 3 X 10~ 1025 425 1100 600 2.7 0.4
6 1.0 X 107 1 X 10— 1250 725 750 725 3.5 0.7

Vs = Gate-to-source voltage Vs = Source-to-drain voltage

still indicates considerable reduction in this param-
cter.

Both n- and p-channel MOS transistors experi-
enced little or no permanent degradation of gate
leakage current.

It has been observed that matched pairs appear
to be damaged equally up to about 2 X 10° rads of
radiation. As can be seen from the output charac-
teristics of two matched p-channel MOS transistors
measured on a Tektronix 575 Curve Tracer during
exposure, radiation degradation of the output char-
acteristic has already begun at the very low dosc of
60 rads (equivalent to only one half hour in space).
After 2 X 10* rads (2.5 months in space) the
matched nature of degradation no longer exists.

The results of exposing commercial MOS tran-
sistors to radiation indicate that caution must be
exercised when utilizing this type of device for
space applications. Further testing of MOS tran-
sistors is being conducted to derive a suitable model
which can be used to predict the radiation damage
experienced by MOS transistors.

60

The authors

Ronald A. Giroux has been with the
Naval Research Laboratory for five
years. He is currently engaged in
the development of instrumentation
for rockets and satellites. He

is working for a master’s degree at
George Washington University.

Harold L. Hughes is a member of
the Experimental Device Section
at the Naval Research Laboratory.
He is engaged in semiconductor
device and thin-film research
programs. He is also studying for
a master’'s degree at George
Washington University.

Reprints of this report are available. See the
reader service card at the back of this issue.

© copyright 1964 Electronics ® A McGraw-Hill Publication

Electronics | December 28, 1964



Space electronics
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environments these circuits must withstand

By Henning H. Lind Olesen

Reentry Systems Dept., General Electric Co., Philadelphia

The space age has confronted clectronics engincers
with some new words and concepts: trapped radia-
tion, albedo protons, solar x-ravs, ionization eflects,
fast neutrons, rads, dosce rates and many more.

Planning for space vehicles that must withstand
radiation exposure has imtroduced a new environ-
ment with which the engincer must become famil-
iar.

Over the years, the engineer has leamed to use
semiconductor devices and components to reduce
size, weight and power consunption. As expericnce
with nuclear radiation has inercased, it has become
apparent that it affects these components drasti-
callv. Nuclear radiation has had an even greater
effect on transistors than on the vacuum tubes that
they replaced.

The most obvious solution—shiclding—is often
impossible because it adds too much weight.

To design against nuclear radiation, the engineer
must know how radiation aflects materials and cir-
cuit clements, and how some design techniques
can avert some problems.

Part one of this article will describe nuclear
environments and the interaction of radiation with

The author

At age 32, Henning Olesen is one

of the General Electric Co.’s
nucleonics experts. Educated in
Denmark as an electronics engineer,
he has crossed disciplines to train
himself in nuclear physics. Besides
heading some of GE's nuclear
radiation projects, he conducts

a company course on

radiation effects on electronics.
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the material atomic structure. In the next issue, part
two will deseribe how this affects electronic com-
ponents, and radiation-hardened  circuit  design
techniques together with some design examples.

The Van Allen belts

A nuclear radiation environment can be estab-
lished by any of three sources. One is the steady-
state radiation of the Van Allen belts surrounding
the carth, or that produced by solar flares. Another
is steady-state radiation cmanating from a nuclear
reactor such as may be found in a nuclear propul-
sion system. A third is pulsed nuclear radiation
produced by a nuclear weapon burst, a pulsed
nuclear reactor, or other sources of short (milli-
second) pulses of radiation. A combination of these
may be encountered, as in the case of a nuclear-
powered space vehicle passing through the Van
Allen belts.

The penctrating nuclear radiation of near and
solar space may be further divided into cosmic radli-
ation, trapped radiation (Van Allen belts), auroral
radiation and solar-flare radiation. Other, less im-
portant sources are solar winds, solar x-rays, neu-
trons and albedo protons.

Cosmic radiation consists principally of hydrogen
nuclei (protons) whose speed indicates that their
kinetic energy is one billion to 10 billion clectron
volts. It is impractical to shicld against cosmic par-
ticles of such great penetration.

The cosmic-particle flux is about two particles
per square centimeter per second. This flux con-
sists 90% of protons and 10% of alpha particles
(helium nuclei). The ionization dose rate attribut-
able to cosmic radiation is about 10 rads per hour;
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Trapped radiation particles from a toroid circling the earth about its geomagnetic equator.
Chart shows Van Allen belt fluxes as a function of distance from the center of the earth and
latitude. Colored high-level flux contours are separated by a low flux shot.

that attributable to secondaries produced by the
primary particles is about 10-* rads per hour. Most
materials and electronic components are unaffected
until an ionization dose of 10* rads has been ab-
sorbed. Consequently, cosmic radiation does not
pose a severe threat to the performance of elec-
tronic equipment.

Van Allen radiation consists of a great number
of electrons and protons of various kinetic energies,
all trapped by the earth’s magnetic field. The con-
tour plot of the belts shows these in cross-section.!
The particles form a toroid around the earth’s geo-
magnetic equator. The charged particles—electrons
and protons—are restricted to spiral paths sur-
rounding magnetic field lines, and they continually
drift between the southern and northern extremities
of the magnetic field lines. A slight longitudinal
drift is also evident; this makes the toroidal con-
figuration complete.

The contour plot shows how the belt is repre-
sented as having an inner and outer belt. Recent
data® shows that the toroidal volume is permeated
with protons and electrons. The proton flux peaks
at about 2,200 miles and the electron flux at 9,900
miles. It is postulated that the volume of low-par-
ticle flux separating the two peaks, the so-called
“slot,” is created by some phenomenon that reduces
the lifetimes of the particles in this region.

The inner Van Allen belt starts at an altitude
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of 248 to 744 miles depending upon the longitude.
It extends up to about 6,200 miles where it begins
to overlap the outer belt. The inner belt extends
from about 45° north magnetic latitude to 45° south
magnetic latitude. The region of highest flux occurs
at 2,232 miles above the magnetic equator. The
flux is strongly directional with most particles mov-
ing perpendicular to the magnetic field. The table
on page 63 lists the fluxes at various particle encr-
gies. The energy gives an indication of the pene-
trating capability of the particular particle.

The outer Van Allen belt begins at an altitude
of about 6,200 miles near the magnetic equator and
extends up to 37,000 to 52,000 miles. The upper
boundary is influenced by solar activity. The flux
in the outer belt changes 10 to 100 times during the
peak of a solar storm.

Normally the highest flux is found 9,900 to 14,000
miles above the magnetic equator. Both the inner
and outer belts were affected by the United States’
high-altitude nuclear-bomb test on July 9, 1962.°
After the detonation, the flux of both belts increased
enormously, and the low flux separating the two
belts was temporarily eliminated. The inner belt has
regained its normal flux levels, although the average
energy of the particles appears to be higher. The
outer belt has returned to the intensity levels that
existed prior to the nuclear explosion. Solar condi-
tions can increase intensity of the outer Van Allen
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Maximum Van Allen Belt
Radiation Levels

Navy’s Transit 4A navigational satellite contains circuitry designed
to operate near the SNAP (systems for nuclear auxiliary power)
radioisotope generator power source built by the Martin Co.

belt as much as 1,000 times.

Protons are the most penctrating type of radia-
tion in the Van Allen belts because of their higher
average energy and their large mass. Shielding
against protons, thercfore, is difficult.

Althongh the average energy of clectrons in the
belts allows shielding, the secondary radiation they
create is more troublesome. A medium-energy elec-
tron (0.5 mev to 50 mev) expends its energy mainly
by ionizing materials; this results in a secondary
dose of ionization. A high-energy clectron (greater
than 50 mev) is ultimatcly absorbed by the brem-
strahlung process (braking or stopping clectrons)
which produces x-rays or gamma rays. X-radiation
is more penetrating than the electrons and causes
in ionization radiation doses inside the vehicle.

Other radiation in space

Auroral radiation, associated with the aurora
borealis, is encountered between 65° and 70° north

and south magnetic latitudes. It affects space vehi-
cles in polar orbits.

It is sporadic in nature, with the major flux de-
livered as electrons. Although an average yearly
dose could run as high as 108 rads on the surface
of a space vehicle, the secondary radiation amounts
to only about 50 rads a vear. Auroral protons have
cnergies no higher than 650 kev, and a typical sur-
face dose would be about 500 rads a year. Secon-
dary radiation would be negligible.

Solar storms produce large fluxes of energetic
protons. These arrive at the earth one hour after
a flare has been observed on the sun. The proton
flux generally lasts about 100 hours. If these oc-
cur about twice a year, about 10" protons would
be received annually in the Van Allen belts.

The protons have energies higher than 20 mil-
lion electron volts. The ionizing dose caused by
solar-flare radiation is approximately 10° rads a
year for the interior of a space vehicle orbiting in the

Altitude

Protons Protons
0.1to 5 Mev >:40 Mev
(p 'em? sec) (p ‘em? sec)

Electrons Electrons
>20 Kev > 200 Kev
(e em?/sec) (e’em?’sec)

Bikesat various pariie Inoer Belt 2,232 mi)  ~2 X 10° <108 <108 ~4 X 10
energies. The energy gives
an indication of a particle’'s Outer Belt 9,900 mi ~101 <10% ~108 <102

penetrating capability.
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outer Van Allen radiation belt.

Other types of space radiation are solar wind,
solar x-rays, neutrons produced by cosmic rays,
and albedo protons. None of these produce enough
internal ionizing radiation in the space vehicle to
be of concern to the designer of electronics sys-
tems.

Nuclear propulsion systems

Radioisotope generators are being used to pro-
vide power for some space vehicles. These genera-
tors have low output per unit mass and are, there-
fore, restricted to applications requiring power
levels of less than one kilowatt. The electronics
designer must be concerned with gamma radia-
tion from these sources.

The flux level and primary gamma energy depend
upon the type of isotope involved. Generally the
gamma-dose rate for an radioisotope source is low
enough so that the threshold for damage by ioniz-
ing radiation will not be exceeded in electronic
equipment.

As power requirements in space vehicles increase
beyond the kilowatt level, the radioisotope source
becomes costly and difficult to produce. It also
becomes difficult and hazardous to transport the
power plant. Nuclear power reactors become more
attractive when power levels from 100 kilowatts to
many megawatts are required to operate for months
or years. Nuclear reactors also can be used directly
for propulsion. For direct propulsion, however,
higher power levels are required—1,000 megawatts
and up. These are still far from ready to be used in
flight.

Although the operation of nuclear reactors in
these two applications differs somewhat, the emis-
sion of highly penetrating nuclear radiation is com-
mon to both. It is desirable to examine the radia-
tion environment created by such a power plant.

To the electronic-equipment designer, two im-
portant types of penetrating radiation emanate
from a nuclear reactor beyond the confines of the
reactor core. One consists of ionizing gamma radia-
tion of fluxes of about 10* rads (carbon) an hour.
The other consists of neutron particles which, be-
cause they are uncharged, can penetrate materials:
when these collide with the atoms of a material
they change the material’s mechanical and electri-
cal characteristics.

The neutron environment is expressed as the total
integrated dose per unit area. For a typical 100-kilo-
watt nuclear reactor with a mission time of 10,000
hours, if some shielding is interposed between the
reactor and the electronic system, the following is
a typical radiation exposure for the electronic sys-
tem:

» Total ncutrons with kinetic energies higher
than 10 kilo-electron-volts, 10!* neutrons per square
centimeter:

» Integrated ionizing dose, 108 Rads(c);

» Jonizing dose rate, 10* Rads(c) per hour (aver-
age gamma energy—1 mev).

Because electronic systems are usually located
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in the vicinity of the reactor cooling system, they
operate in an ambient temperature of about 250° F
and the component temperature is increased further
as the ionizing radiation expends its energy directly
in the component materials. The nuclear reactor’s
design is a major determinant of its neutron and
gamma leakage flux from a particular space-vehi-
cle’s reactor and of the energy spectrum of the
neutron flux. Fuel elements and coolants also in-
fluence the leakage flux.

The space vehicle’s design can also affect the
flux reaching the electronic system. Shadow shield-
ing—reduction of radiation in one direction—re-
duces the flux in the direction of the electronic
system, but the reduction of radiation by the in-

g

Glossary of radiation terms

As the nuciear environment becomes an area of increas-
ing concern for circuit designers, it becomes more im-
portant that the engineer understand the terminology
found in specifications and literature on radiation effects.

There are two basic types of radiation that can disturb
the operation of electronic equipment: electromagnetic
radiation and particle radiation.

Electromagnetic radiation

These radiation terms are generally identified with the
speed of light (electromagnetic) radiation.

Absorbed dose rate: The energy that a given material
absorbs per unit time from a radiation field.

Absorbed dose: The time integral of the absorbed dose
rate.

Photon: As the wavelength of gamma radiation de-
creases to below an arbitrary thresho!d of 0.124 angstrom
or 0.124 x 10°° centimeters, the behavior of eiectromag-
netic radiation resembles that of particles. These particles
are called photons, each with an energy in ergs equal to
Planck’'s constant (h = 6.625 X 10" erg sec) times the
frequency in cycles per second.

Compton effect: The effect resulting from a collision be-
tween a photon and an electron in the atomic structure
of a material. The electron may receive enough energy to
leave its atomic orbit and become a free electron, thereby
ionizing the atom. The photon proceeds on a deviated
course and with a lower energy.

Gamma rays: High-frequency electromagnetic radiation
emitted as photons. Energy fevels are expressed in million
electron volts.

Million electron voits (mev): A measurement of a pho-
ton’s energy, where one miilion electron volts corresponds
to 1.6 X 10® ergs. For most materials, the photons’
absorption probability can be assumed to be constant
from about 500 kilo-electron-volts to about two million
electron volts.

Ergs per gram (of material m,): The amount of energy
absorbed in the form of ionizing radiation per gram of a
particular material. Carbon or water is often used as a
reference. It appears as ergs/gr{m.).

Rate of energy absorption: Ergs per gram (m.) per sec-
ond. The rate of energy absorption of material m,. This
is expressed in the literature as ergs/gr(m.)/sec.

Photon flux: Assuming an average energy of 1 mev, this
flux is often expressed in terms of absorbed dose in car-
bon. It is expressed as mev/cm?/sec = 45  x 10°
ergs/gr(c)/sec.

Time-integrated dosage: Mev per square centimeter,
time-integrated dose of 1-mev photons intercepting a
unit area. This appears as Mev/cm®
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verse square of the distance can also be used to
advantage®.

Where a nuclear reactor is used directly for pro-
pulsion of the space vehicle, the comments about
the nuclear power reactor still hold. However, when
the reactor is to be used directly for propulsion, it
is operated in different modes. When the velocity
is to be changed, the reactor is programed for the
required thrust, generating very high gamma and
neutron fluxes during these short periods. This
introduces rate or transient effects in the clectrical
behavior of the electronic system, caused by high
ionization rates. These short-term electrical effects
produce temporary degradation of performance.
They can introduce false trigger signals in switch-

ing circuits, and result in a systcm malfunction.

Nuclear explosions

The main difference between radiation from a
nuclear reactor and that emanating from a nuclear
explosion is the time scale. The radiation from the
explosion is delivered at high neutron and gamma
dose rates, it is often referred to as pulsed radia-
tion, as is that produced by a pulsed reactor.

Radiation levels of the magnitude given for nu-
clear power reactors are received within millisec-
onds after a nuclear explosion. The resultant tran-
sient electrical effects, produced by the ionizing
gamma radiation, can cause temporary failures in
clectronic circuitry.

Roentgen: Often abbreviated R or r, this term specifies
the amount of ionizing radiation (x-ray or gamma-radia-
tion) released in standard temperature and air pressure.
It is the quantity of radiation that produces 2.083 x 10°
ion pairs per cubic centimeter of air at standard pressure,
760 millimeters, and standard temperature, 25°C or 77°F
at sea level. The rate of energy release is expressed in
roentgens per second.

Rad(m,): The quantity of radiation that releases 100
ergs of energy per gram of the material. (The energy can
be either x-ray or gamma-ray ionizing radiation). It is im-
portant to specify the material when this term is used.
Because carbon is a common reference material, ¢ is
often found in the parenthesis.

Linear absorption coefficient (LAC) or u: Each material
has a characteristic coefficient that expresses the effi-
ciency with which that material absorbs ionizing radiation.
It can be approximated as constant for most materials
between 0.5 to 2 mev's. It appears in the following equa-
tion: | = 1, exp (— ux)
where | = dose rate or dose per unit area after pene-
trating x centimeters of material, and I, = initial dose
rate or dose per unit area.

Rep: A term seldom used with respect to electronic
circuits. It is an acronym for roentgen equivalent physical,
and expresses roentgens in terms of absorption of ioniz-
ing radiation by tissue. This absorption is equivalent to
93 ergs per gram of tissue.

Radiation Term Conversion Chart

Rem: Another tissue term, standing for Roentgen equiv-
alent mammal. It corresponds to the quantity of radiation
that produces biological damage equivalent to one roent-
gen of x-radiation.

The radiation-term conversion chart at the right relates
the various terms to each other,

Particle radiation terms

These terms specify particle radiation. Neutron terms
predominate because neutrons in their uncharged state
threaten great damage to electronic systems. Neutrons
can travel farther from the source, and penetrate deeper
into materials, than any other particte of comparabile
energy.

Neutrons per square centimeter: Total of neutron par-
ticles that cross each unit of area during exposure to a
radiation source; > E kev. The energy in kilo-electron-
volts is a measure of kinetic energy that the neutrons
possess, and is therefore a measure of their penetrating
power and ability to create displacement damage in ma-
terials. Dosimetry convention calls for the energy to be
given as the lower limit of a spectrum. Other particles
could replace neutrons in this term; for exampie, protons
per square centimeter, without changing the concept.

Neutron dose rate: Neutrons per square centimeter per
second, > E kev.

nve,: The total dose of thermal neutrons. These are
neutrons with kinetic energies less than 0.025 electron
volt or expressed in terms of their velocity, of 2,200
meters per second. This can also be expressed as neu-
trons per square centimeter (< E kev),

Fast neutrons: Neutrons with high kinetic energies. The
energy level above which neutrons are considered to be
fast is not universally estabiished. Generally it implies
energies greater than 10 kilo-electron-volits.

Kinetic energy: Expressed in electron volts, this is a
measure of a particie’s energy due to its mass and veloc-
ity. Since the mass is known, it is useful to calculate the
velocity from

V= |-

)

el \2
muv

: T1
Mo

where m.c* = the particle rest energy (for neutrons =

931 mev)
mv? = particle energy i clectron volts

From To Multiplier
Rads ergs/gr 100
ev/gr ergs 'gr (c) 1.6 X 10—
Roentgen ergs/gr (c) 87.7
Rep ergs/gr (c) 841.6
Rad (tissuc) ergs/gr (c) 90.9
Rad (11,0) ergs/gr (c) 90.0
Mev/em? ergs/gr (¢) 4.5 X 10~8
Photons/cm? ergs, gr (c) 45 X 1078
Photons/cm?® rep 5 X 10—
Rep, hr neutrons/cm?/sec 7.1 X 104
Rad/hr neutrons/cm?/ see 8.3 X 10¢
Rem /hr neutrons/em?/sec 8.3 X 10®
(nv,) rad/hr 42 X 108
Roentgen rad (tissue) 1.036
Rep rad (tissue) 1.074
Rem rad (tissue) 91.29

Compton electron: An electron which, after interacting
with a gamma photon by the Compton process, is re-
moved from its atom and moves through the materiais
crystal structure as a negative current carrier; in the case
of electrons with kinetic energy > 200 kev, it moves as a
displacement-producing particle.
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The integrated neutron doses result in damage to
electronic systems similar to that produced by nu-
clear reactor neutrons. Because the gamma radia-
tion is applied only briefly, the gamma dose from
an explosion is generally less than a nuclear re-
actor’s gamma dose at a comparable neutron dose.

Radiation effects

Before considering nuclear-hard circuit design
techniques, it is important to know how radiation
interacts with materials. From a radiation stand-
point, an electronic system is only a collection of
many materials. If the electronic designer under-
stands the interaction of radiation with these mate-
rials, he will be better equipped to design circuits
and systems to meet a specified radiation require-
ment.

Radiation energy may be supplied in two forms:
as electromagnetic radiation, such as x- and
gamma-rays, or as particle radiation. The velocity
of electromagnetic radiation is equal to that of light,
and its energy can be determined by Planck’s law
(Energy = hf). Gamma radiation is the most pene-
trating form of electromagnetic radiation because
of its high frequency.

The second basic form of radiation energy in-
cludes all particles moving at speeds slower than
that of light. The particles may be positively
charged protons, negatively charged electrons or
uncharged neutrons.

The specific nuclear environment determines the
type of radiation that may be encountered. The
table above compares the various environments
with types of radiation. As shown, a specific type of
radiation may appear as primary radiation in one
environment and as secondary radiation in another
environment produced by the primary radiation.

High-energy electromagnetic radiation—x- or
gamma-rays—interacts mainly with the orbiting
electrons that surround the nuclei of the atoms of
the material upon which it impinges. There are
three dominant interactions: the photoelectric effect,
the Compton effect and the pair-production effect.

The photoelectric and pair-production eftects re-
sult in the complete absorption and ultimately in
the disappearance of the gamma photon. The
Compton effect causes a reduction of gamma pho-
ton energy which, after one or several Compton
interactions, is absorbed by the photoelectric effect.

In a photoelectric interaction, the gamma photon
gives all of its energy to an orbital electron. The

RADIATIONd—t——. EFFECTS

THERMAL EXCITED DECAY _ IMPURITY
NEUTRONS NUCLEUS  ATOMS
ABSORPTION
GAMMA SECONDARY RECOIL
RAYS RADIATION
Msmrsmm,;
| COLLISIONS i
FAST -~ i
DISPLACE~ .
ERCIEE 7—|—>IONIZATION MENT
7 EFFECTS
ELECTRONIC | ELECTRONIC
EVENTS EVENTS
CHARGED i COLLISIONS
PARTICLES | -
| IONS =
FAST COLLISIONS END OF ' THERMAL
NEUTRONS TRAVEL SPIKES

Effects to be expected from different types of radiation

electron is raised to an orbit of higher energy, or
attains enough energy to be ejected from the atom
and to appear as a frec electron in the conduction
band of the material. The ejected electron’s energy
is equal to the difference between the interacting
gamma photon and the electron-binding energy;
the latter ranges from 2 to 25 electron volts, de-
pending on the material involved.

The linear absorption coefficient is the sum of the
three interactions. Gamma energies of 0.1 mev are
the major causes of photoelectric effects. Gamma
energies from 0.7 to 2 mev produce Compton ef-
fects, and these energies are predominant in a nu-
clear reaction. Higher-energy gamma rays (greater
than 2 mev) are those that cause pair-production.

Gamina radiation interacts primarily with a ma-
terial’s electrons, removing these from the atomic
orbits. In so doing, it creates a radiation effect of
major concern to electronics designers—the ioniza-
tion or transient effect.

lonization effect

By ionizing a large number of atoms in the mate-
rials of electronic components and circuits, gamma

Solid-state pn-junction diode radiation
detectors for Telstar | are shown being
prepared by engineers at Bell
Telephone Laboratories, Inc.

Nuclear Environment vs.
Radiation Type

Environment Gamma Xray Electrons Protons Neutrons Cosmic
Outer Space Primary Primary Primary
Van Allen Belt Secondary Primary Primary Secondary

Nuclear Reactor Primary Secondary Secondary Primary

Pulsed Reactor Primary Secondary Secondary Primary
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LIGHT AND MEDIUM WEIGHT MATERIALS
HAVE APPROXIMATELY THE SAME LINEAR
ABSORPTION COEFFICIENT IN THE ENERGY
RANGE 0.5-2MEV

USE FOR SHIELDING
CALCULATIONS.

(USE APPROPRIATE
BUILD-UP FACTOR)

0.1)=
, USE FOR TOTAL -
- ENERGY ABSORPTION
= CALCULATIONS
0.01 : Ll T

0.1 ! 10
PHOTON ENERGY (MEV)

0.05

Linear absorption coefficient (LAC) of aluminum
is a measure of the efficiency with which the
material absorbs ionizing radiation.

photons provide many free electrons. When the cir-
cuits operate with all voltages applied, these elec-
trons are attracted to positive potentials and spuri-
ous current begins to flow: the amomt depends
upon the rate at which ganuma radiation is applied.

Summarizing. ionization or transient radiation
cflect is a short-term electrical effect associated
with fast application of gamma- or charged-particle
radiation. Tt momentarily interrupts operation of an
clectronic systems. but rarely causes any permanent
damage to the svstem. The clectronices designer
with full knowledge of the effeets and their esti-
nated magnitude can employ design techniques to
prevent erratic behavior resulting from the radia-
tion-induced currents.

High-cnergy particle radiation, however. intro-
duces permanent degradation in the operation of
an clectronic svstem. In this case. electronic com-
ponents and circuits are damaged during irradia-
tion and remain damaged when the radiation is
over, This occurs when particles expend their en-
ergy by direct collision with atoms.

In materials such as semiconductors, where the
bonds between neighboring atoms are weak, the
alfected atom receives enough energy to be re-
moved from its normal lattice in the crystal struc-
tures.® This is called the displacement effect.

Displacement effect

A displaced atomn and the vacancy it created
corresponds to the introduction of an impurity into
a crystal structure. In electronic components, where
electrical behavior is a function of the degree of
crystal purity in component material, a large num-
ber of radiation-induced displacements can com-
pletely change the behavior of the particular com-
ponent. Semiconductors are the most sensitive in
this respect. The quartz crystal used as a frequency
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Space systems that use nuclear reactors,
such as this reactor being test-fired, emit
ionizing gamma rays and neutrons. Nearby
circuits must be radiation-hard.

Pipe at right of nuclear reactor on test
stand in Nevada contains leads attached
to instruments for measuring pressures,
temperatures and vibrations. Reactor
controls are in building under the reactor.

Radioisotope sources, such as the SNAP-9A
generator in foreground, buiit by the Martin
Co., emit troublesome gamma radiation.
Glenn T. Seaborg, chairman of the

Atomic Energy Commission, at left compares
the SNAP-9A with a scale model of the SNAP-3
held by Robert T. Carpenter, SNAP project
engineer for the AEC.
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Components for a radiation-hardened missile-borne
amplifier undergo extensive testing at General Electric
Co.’s Reentry Systems division. Metal cannister contains
amplifier modules shown on the cover.

standard is also affected by imperfections in its
crystal structure.

If clectrons have sufficient kinetic energy thev
create displacements. Whether the clectrons origin-
ate in the Van Allen belt or as secondary clectrons
produced by gamma radiation, they create the same
effect. For charged particles, the interaction be-
tween the particle and the atom to produce a dis-
placement is caused by the clectrostatic force be-
tween the nuclear charge and the moving particle.
A charged particle produces a displacement if it
has sufficient energy for such an interaction and
if it passes within the radius of the innermost (k-
band) clectron orbit. On the other hand neutral
particles—neutrons—are required to pass within
the much smaller radius of the atomn’s nucleus.

The clectron being a charged particle, creates
ionization effects. Extra current is produced by in-
troducing free clectrons into a material. Electrons
must possess kinetic energies of more than 200 kev
to produce displacement ef<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>