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MINIATURE
MIL TYPE

Metal case hermetical-
ly sealed to MIL-T-27B. I‘
Gold Dumet leads

¥ spaced on 0.1 radius, §
for printed circuit ap- |
plication.

Transistor output;
matches any PP tran- |
sistor to 4, 8, 16 O

i speaker. Primary 48,
36, 12 2 C.T,; 20 —
to 20 KC; 40 watts. i

CATHODE
FOLLOWER
OUTPUT

HIGH POWERED
AUDIO

| g Provides equal volt- |1
3 - | ages to 5 loads. Pri- i
Low distortion 2.5 KW ) mary inductance main- &
¥ output transformer, PP tained to 5% with J
|| 450 TH's 18,500 ohms |8 20% change in DC §
C.T. to 24/6 ohms, I unbalance and 30% §&
] 20 KV hipot. 520 Ibs. change in AC voltages. U
I R \lr
| HI-FREQUENCY &

CARRIER TO
MIL-T-27B

Electrostatically
N shielded, humbucking,
+30 dbm level. With.
in .5 db 250 cycles §¥
to 110 KC. 600,135:
600 centertapped to

Two transformers each
600 2 primary. 40K
Q C.T. secondary 250
cycles to 5 KC within
Ya db. 40 db isolation

.1% tolerance. over band. )|
SUBMINIATURE || BOLOMETER *

MOLDED | TRANSFORMER |
TRANSFORMER | ‘

Primary 10 ohms, sec-
ondary 530K ohms,
0 230:1 ratio, response
from Y2 cycle to 25 cy-
cles. 120 db magnetic
shielding, plus full
electrostatic shielding.

Grade 3 with printed
clrcuit leads for tran-
sistor application. 150
 to 150 {2 at 10 dbm
level. Size ¥2 x V2 x
15", weight 5 grams, )

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE

-

CHOPPER

\\\"

# Magnetic shielded plus

electrostatic shield for
voltage isolation of
2x10¢. Primary 200K
C.T. to within 0.1%.
Secondary 50K.

“SPECIAL” CUSTOM BUILT

AUDIO TRANGFORMERS

TO YOUR SPECIFICATIONS

- ]

MICROMODULE

Life tested per mi-
cromodule specs.: no
failures. 10K §2 C.T. to
10K 2, 100 mw from
400 «— to 20KC.

ULTRA-
MINIATURE

! Electrostatically &

magnetically shielded
output transformer %,
D. x %” H. Pri. 15K
CT, Sec. 8K CT; max.
level 50 mw;
range response. To
MIL-T-278B, grade 4.

"

|

——

audio &

Y-

Exceptional quality and reliability is provided in all
UTC designs. Over 30 years of engineering knowledge
and experience substantiated by extensive field per-
formance assure the highest quality and most re-
liable components in the industry. Complete en-
vironmental testing facilities are incorporated to
prove out new designs. Full analysis and evaluation
of materials are conducted in UTC's Material and
Chemical Laboratories. Rigid quality control mea-
sures coordinated with exhaustive statistical find-
ings and latest production procedures results in
the industry’s highest degree of reliability. Range
covered in Audio Transformers is from 0.1 cycles
to 400 MC . . . microwatts to 50 KW.

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART
&

POWER TRANSFORMERS e AUDIO TRANS-
FORMERS e INDUCTORS e PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS e
LUMPED CONSTANT DELAY LINES e HIGH
Q COILS ¢ MAGNETIC AMPLIFIERS e SAT-
URABLE REACTORS e REFERENCE UNITS

UNITED TRANSFORMER CORP.

150 VARICK STREET, NEW YORK 13, N.Y.

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.

from your local distributor.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE : “ARLAB”

Circle 900 on reader service card



NEW I]VM + t

This special version of the popular, field-proven
Hewlett-Packard 3460A Digital Voltmeter pro-
vides an accuracy and stability that makes 1 ppm
resolution realistic.

ACCURACY-—The HO4-3460A can measure up to
1200 v and maintain an absolute accuracy of
+0.002% of reading or +0.0004% of full scale
for 24 hours after calibration. Long-term absolute
accuracy is £0.005% of reading or 0.0005% of full
scale, guaranteed for 90 days (over 20°-30°C).

STABILITY —Typical stability of the internal refer-
ence is 0.001% per month. Readings are typically
repeatable to better than 2 ppm.

USES—Low-level (strain gauge, thermocouple,
transducer) measurements with an absolute accu-
racy not obtainable before (0.005% of reading at
100 mv). Semiconductor temperature coefficient
and long-term stability monitoring. Standard cell
intercomparison with 1 uv resolution (ten times
more than previously available). Null detection
applications with typical 2 uv error.

Besides programmability and BCD output, the
HO4-3460A has front and rear isolated inputs so
that measurements can be compared against a
rear-connected standard cell by using the conveni-
ent front-panel switch.

With the low price of $4250, you may want to
call your Hewlett-Packard field engineer or write
for more information to Hewlett-Packard, Palo Alto,
California 94304, Tel. (415) 326-7000; Europe:
54 Route des Acacias, Geneva.

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

HO4 @ 3460A DIGITAL VOLTMETER

MEWLETT - PACKARD

IQC?C?C?C?

Tuvinty,

1 mv in 1000 v-
six full digits,
plus a seventh

for 20%
overranging!

e W T2 Em — =" =y {
B+ 1199999 ~

HEWLETT ﬁ PACKARD

An extra measure of quality

1188

See it at IEEE, 3rd floor New York Coliseum, March 21-24

Electronics | March 7, 1966
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new disciplines in DG

HARRISON 6823A POWER SUPPLY - AMPLIFIER
HEWLETT « PACKARD 220v $0.54

— . : MODE
VOLTS SUPPLY  AMPLIFIER B

. ‘ ’/\//

METER 8 VOLTS O GAIN

VOLTS  AMPS FINE o ZERO

ouTPUT COM

@ ®

take the model that leads a double life

Functions as power supply or amplifier  DC output is variable through zero

As a DC Power Supply, Model 6823A can be controlled from
the front panel, or remotely programmed with resistance or High Speed Programming 10-Watt Peak Output
voltage; the low output drift and noise combined with high DC Power Supply DC Power Amplifier
speed programming adapt this supply to a wide variety of
laboratory and production testing applications.

As a DC coupled Power Amplifier, the unusually low output
impedance, distortion, ripple and noise make the 6823A useful
in servo systems, as a pulse or oscillo'tor om.plifier,. and for Ripple & Noise: 2 MV rms +3 DB from DC to 20 KHz
motor c.ontrol. Constant Ct:vrre'm ou?p.ut is readily ochleved. by Programming Speed: Less than 100 Distortion:  0.02% at 1 KHz
connecting a current monitoring resistor to the rear terminal usec for a 40V output change Input Impedance: 2000 Ohms
barrier strip—makes an ideal driver-amplifier for deflection coils!

Output: —20 to 420 VDC @ 0-0.5A Output: 40 volts P-P @ 0-0.5A
Load Regulation: 0.02% -5 MV Voltage Gain: Variable 0-10 (20 DB)
Line Regulation: 0.02% +5 MV Frequency Response: At full output

All Semiconductor Design ¢ Short Circuit Proof, Current Limited Output Size: 312" H x 13” D x 8V4” W—half rack width

No Overshoot for Turn-On, Turn-Off, or Power Removal » Rack Mounting Weight: 16 Pounds Price: Model 6823A—$194.

Hardware Available ¢ Two Fixed Auxiliary Outputs, —20V and +20V
@ 0-100 MA, for powering ouxiliary circuits.

HEWLETT =W

PACKARD P, HARRISON

700 Locust Ave., Berkeley Heights, New Jersey 07922 area cone 207 464-1234 wx 2071-464-2117
See it at 1.E.E.E.—March 21 Through 24 Third Floor at the New York Coliseum

Contact your nearest Hewlett-Packard Sales Office for full specifications.

2 Circle 2 on reader service card Electronics | March 7, 1966



EleCtron ics Electronics Review

Page 33 Monolithic hybrids 36 Explaining the budget

34 Perspectiveontv - 40 Extras for Vietnam
35 Electron beam’s 41 C-5A race continues
new field 42 Braking the copying
March 7, 1966 35 Bloodless surgery habit
Volume 39, Number 5 36 Kraftsmanship 44 The copper squeeze
for Apollo 46 Electronics notes
Page 4 Readers Comment
8 People Probing the News
14 Meetings
16 Meeting Preview 151 Washington dims CATV picture
23  Editorial 156 Wanted: electronics engineers
25 Electronics Newsletter 169 Narrowing the search for information
49 Washington Newsletter 178 Satellite’s hidden talent
196 Reprints 189 Navy gives rescue sub top priority
207 New Products
273 New Books
278 Techni.cal Abstracts Electronics Abroad
294 New Literature
299 Tighter defense 302 Diamond in the sky
300 Cores by deposit 304 New memories
300 Growth industries 306 Bitter patent medicine
301 Mountain-top 308 Around the world
fuel cells

Technical Articles

Product development 88 IEEE Show: no surprises
New products reflect continuing technical trends
rather than startling innovation

Circuit design 104 Designer's casebook
= Adapter for curve tracer tests FET's at
high voltage
= High-speed level shifter
® Low-current alarm
® Thermistor regulator responds quickly
® Adjustable current limiter regulates power supply

Manufacturing 110 Automated electron beams process thin films
East German scientists have developed techniques
that promise high volume production
M. von Ardenne, Siegfried Schiller and Ullrich
Heisig, Manfred von Ardenne Research Institute

Instrumentation 117 Noise simulators spot power-line defects
How to build in safeguards against disturbances
in power sources
M.L. Tandon, International Business Machines Corp.

Industrial electronics 123 Microwaves on the production line (cover)
After a lot of talk about the possibility, microwaves
are finally doing process heating
P.W. Crapuchettes, Litton Industries

Title R registered

B omaiont Toce Circuit design 133  Powerful logic from power-less circuits

|29 Rl Ul Inexpensive transistors acting as switches eliminate
All riohts reserved,

inclu%lng t?ﬁ "%':.':etr?u external power sources

reproduce e C N

of this publication, P. Abramson and A.X. Widmer, |BM

in whole or in part.
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Readers Comment

A missing link

To the Editor:

In vour report on Japan [Dec.
13, 1965, p. 100] you say:

“When NTT [Nippon Telephone
and Telegraph Public Corp.] com-
pleted its first broadband 4-Ge/s
system in 1954, the telephone com-
pany was the first in the world
with a traveling-wave tube in a
commercially operated repeater.”

Our records show that in 1952
Standard Telephones and Cables
Limited installed a microwave link
between Manchester and Edin-
burgh for the British Post Office,
and the repeaters used traveling-
wave tubes.

Geoffrey Charlish
Standard Telephone
and Cables Ltd.
London

Wrong steer

To the Editor:

As the research engineer in
charge of the electronic system for
the automatic steering car at the
Government Mechanical Labora-
tory in Japan, I was delighted to see
the description of our “Automobile
pilot” [Aug. 23, 1965, p. 168].

Though the story was an excel-
lent description of our system. a
few minor errors crept in. They
were: the pumnping frequency (we
called it the exciting frequency) is
300 ke/sec. rather than 600 ke/sec;
the inductance loops are activated
by the oscillating current of the
parametrons—its frequency is 150
ke/sec, rather than 300 ke/sec; and
finally, one input to the detecting
parametron is a 150 ke/sec signal—
not 300 ke/sec from an inductance
loop. The other input from a pure
resistance gives a threshold level
to the parametron at the same fre-
quency, but 180° out of phase.

Shuntetsu Matsumoto
Government Mechanical
Laboratory
Tokyo

Computer talk

To the Editor:
In the article entitled “Time shar-
ing: one machine serving many

Electronics | March 7, 1966



Did you know

Sprague makes...?

UNICIRCUIT® RTL
INTEGRATED CIRCUITS

P 70-5 CASE
2

Types US-0708 through
US-0721. .. Fully inter-
changeable mW digital
building blocks featur-
ing power consumption
of 4 mW/node and pro-
pagation delay of 40
nanoseconds.

Circle 562 on reader service card

UNICIRCUIT® CUSTOM
HYBRID CIRCUITS

Combine monolithic silicon circuits
with Ni-Cr alloy resistors. Close
resistance tolerances, low tempera-
ture coefficient, =+=29% resistor
matching.

Circle 565 on reader service card

DUET* HIGH-VOLTAGE
DUAL-EMITTER TRANSISTORS

CouscTor

New Type 3N123 low-cost transistor
with 25-volt rating now available.
e o o

Sprague makes more dual-emitter
chopper transistors than any other
source.

YeTrademark

Circle 568 on reader service card

Electronics | March 7, 1966

DIFFERENTIAL AMPLIFIER
TRANSISTOR PAIRS

NPN or PNP Matched characteristics.
h ge = 10-20%. AVge = 5-20 mV.
AVgg/Temp = 5-20 uV/°C.

Circle 563 on reader service card

LOW-COST HERMETICALLY-
SEALED PLANAR TRANSISTORS

TN55-TN58
Low Level Amplifiers
TN59-TNG4
General Purpose
Switch/Amplifiers
TN79-TN8O
Chopper Transistors

‘ TN81
“ ‘ Power Amplifier

TN237-TN238
7&‘512 Gold Doped Core Drivers COA'SSE

Circle 566 on reader service card

TWIN DUET* DUAL-EMITTER
TRANSISTORS IN FLAT PACKS

Sprague leads again with two dual-
emitter chopper transistors in one
flat-pack case, with tight Vgpp
matching of both devices.
YeTrademark

Circle 569 on reader service card

UNICIRCUIT® RCTL
INTEGRATED CIRCUITS

(8x actual size)

Sprague Series US-0100 . . . a com-
plete line of monolithic digital build-
ing blocks featuring low power
consumption (2 mW typ.)

Circle 561 on reader service card

MULTIPLE TRANSISTORS
(NPN-PNP PAIRS/QUADS)

>/ ,
2L, % 7 /
7T Ty,

AMPLIFIERS  SWITCHES CHOPPERS

Pairs Quads

2 NPN 4 NPN
2 PNP 4 PNP
1 NPN—1 PNP 2 NPN—2 PNP

Circle 564 on reader service card

SILICON ALLOY
REPLACEMENT TRANSISTORS

FULL PLANAR RELIABILITY

2N327A 2N945 2N1026
2N328A 2N946 2N1469
2N329A 2N1025 2N1917

Sprague makes 82 standard high-
emitter-voltage full planar silicon
alloy replacement types.

Circle 567 on reader service card

For complete technical data on any of
these products, write to Technical Liter-
ature Service, Sprague Electric Com-
pany, 35 Marshall Street, North Adams,
Massachusetts 01248.

485-5152

THE MARK OF RELIABILITY

“Sprague’ and ')’ are registered trademarks of the Sprague Electric Co,




The Coherent Tone Burst ®

...an interrupted periodic wave...invaluable for audio and ultrasonic testing

Useful for: Recovery-from-overload tests of wide-band amplifiers. ® Amplifier peak-power tests which
avoid overloading the power supply, shifting the bias points or excessive power dissipation. ® Sonar-signal
simulation for testing and training. ® Determining distortion and envelope rise and fall times in narrow-
band amplifiers. ® Calibrating transducers, such as sonar projectors. ® Measuring the transient response
of bandpass filters without the ringing effects associated with pulse waveforms. ® Loudspeaker distortion
tests, such as the measurement of ‘“hangover” time. ® Reverberation-time measurements of concert halls
and acoustic enclosures. ® Measuring transmission loss in acoustic materials. ® Determining efficiencies
and time constants of detector, AGC, and rectifier circuits. ® Testing low-speed digital equipment with
bursts of square or rectangular waveforms. ®* Measuring meter ballistics. ® Stimulating the subject in physi-
ological experiments. ® Generating calibrated ac transients.

S W

.ﬁ ;JHW LTIV

Tone-Burst Shaping for Narrow-Band Appllcatlons

When making tests of auditoriums and concert halls, acoustical engineers often
must separate, identify, and measure room resonances that may be quite close to-
gether in frequency. For these tests, a filtered tone burst with very low spectral
content can be helpful. Figures 1a and 1b show an unfiltered sinusoidal tone burst
and its corresponding spectral distribution. This 2.0-kHz sine wave is gated on for
7 cycles and gated off for 32 cycles. Figures 2a and 2b show the same signal after it
has passed through a one-third-octave filter. Note the reduced spectral content,
which permits greater resolution in searches of closely spaced resonant frequencies.
The burst nature of the original signal is preserved to allow observation of the echo
signal for reverberation-time measurements.

MI

2b

The Type 1396-A
one-Burst Generator.. $4S0 in Us.A.

vq—mt-ﬁu—_—.

M’.m I
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This instrument is basically an electronic gate
that alternately passes and blocks a selected
number of cycles of any input waveform from dc roNE.BURST TESTING OF RECTIFIER CIRCUITS
to 500 kHz. Burst durations are adjustable from
one cycle to 128 cycles of input signal. Aperiodic
signals may also be gated with or without an

auxiliary timing signal.
Open- and closed-gate durations can be inde- the resulting output waveform across the
capacitor. Scope scales remain the same.

pendently set to 2, 4, 8, 16, 32, 64, or 128 cycles - Note how easily the time constants of the
(or periods) of timing signal, and to 1, 3, 7, 15, 31, CERLGEGIE IR CIRRIVI  Circuit can be determined.

63, or 127 cycles with the aid of a “MINUS ONE" SMALL-SIGNAL SILICON DIODE

switch. Gate-closed interval can also be set in
one-period increments over a 1-millisecond to /\__m "W\r-‘\Nl:— ._L
1o k@ 330 nF

Figure 3a shows a 10-kHz tone burst of
32-cycle duration. Scope scales are 2 V
per major vertical division and 2 ms per
major horizontal division. Figure 3b shows

10-second range. Maximum output level with gate
open is =7 volts. Feedthrough with gate closed is
less than 140 mV, peak-to-peak (—40 dB, with
maximum signal input).

Circuit used for test

BOSTON o NEW YORK » CHICAGO « PHILAOELPHIA » WASHINGTON, DC
SYRACUSE « DALLAS « SAN FRANCISCO « LOS ANGELES » ORLANDO G E N E R

CLEVELAND « TORONTO » MONTREAL

GENERAL RADIO COMPANY (Overseas), ZURICH, SWITZERLAND W E s T C o N C o R D ; M A s SA C H U S ETTS

GENERAL RADIO COMPANY (U.K.) Ltd . BOURNE END, ENGLAND

Circle 6 on reader service card



masters” [Nov. 28, p. 72] reference
is made to “problem-oriented lan-
guages.” The article implies that
Cobol and Fortran are examples of
such problem-oriented languages.

In the vernacular of the digital
computer professional, such usage
or definition of the term problem-
oriented language is contrary to
the accepted practice.

A procedure-oriented language is
one which is oriented toward ex-
plicit specification of procedures
for the solution of gencral prob-
lems, e.g. Fortran, Cobol, etc.

A problem-oriented language is
one which is designed to solve a
particular type of problem. The
procedures to be followed are im-
plicit in the language and are not
normally stated by the user. Cobol
and Fortran are not problem-ori-
ented languages since they are for
general problem solving and rely
on cxplicit procedures. Problem-
oriented languages are usually
limited to a specific problem area,
e.g. data retrieval languages, num-
erical machine-tool languages, and
others.

The distinction between these
two types of languages is not a
semantic one and I believe a clari-
fication of your loose terminology
is warranted.

Jason I. Adleman
NASA
Electronics Research Center
Cambridge, Mass.

= Reader Adleman is correct.
However, the article referred to
programing languages that let a
user concentratec on his problem
without having to remember all the
details of a computer’s instruction
set. This is true of both procedure-
oriented and problem-oriented lan-

guages.

;T e e e 1

It figures

To the Editor:

I was very interested in the
article “Big increase in military
spending to aid electronics” [Dec.
27, 19635, pp. 92-94]. because it
gives a very good idea of the
effort being made in France in the
electronics field.

Nevertheless, I found that the
figures shown on pages 92 and 93
are very much higher than those
forecast by the French professional
organization, Syndicat des Indus-
tries de Matériel Professional Elec-
tronique et Radioélectrique, SPER.

I am assuming that the item,
computers and related equipment,
amounting to $203.4 million in 1965
and $250.6 million forecast for 1966
in Electronics, is related only to
business machines and not to
scientific machines. I would be
very grateful to you if vou could
help me in getting a clearer view
of the French electronics market
in:
1) Confirming the assumption
that computers and related equip-
ment are only business machines.

2) Giving me, if possible, the
names of the French documents
from which Electronics’ figures
were taken—for instance, such as
the Fifth Plan, 1966-1970.

R. Sagnial
Seine, France

= The discrepancy occurs be-
cause Electronics” figures are for
consumption, a term which in-
cludes both production and im-
ports. SPER’s figures are limited to
production onlv. To obtain the
figures in the Dec. 27 issue, Elec-
tronics conducted a large number
of personal interviews at industrial
companies, trade associations and
government agencies in France.

- e = e = — —— —
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YOU GET EXACTLY
WHAT YOU PAY FOR-
WITH A PLUS -
WHEN YOU ORDER OUR
RHODIGM SOLUTION

Every bottle of our Rhodium Plating
Solution you order is accompanied
by a signed certificate stating its
exact Rhodium content. Every batch
of solution we make is checked by
chemical analysis in our laboratories
... We always add an extra amount
to the content of each bottle. Result:
when you order a 10 gram bottle of
Sigmund Cohn Rhodium Solution, you
get 10 grams plus (the plus at no
additional charge).

SIGMUND COHN ., co, inc.

121 So. Columbus Avenue,
Mt. Vernon, New York

Consult our staft about plating problems. ..
65 years of specialization



VACUUM+

CERAMIC

RF10A RJ2A

B
yfﬂﬂ/;lf !

RJ1A

: i

JENNINGS TYPE RF10A RJ2A RJ1A
Operating Voltage (16 mc) 10 KV Peak 8 KV Peak 2 KV Peak
Test Voltage (60 cycle) 20 KV Peak 18 KV Peak 5 KV Peak
Continuous Current (16 mc¢) 30 Amps RMS 15 Amps RMS 7 Amps RMS
Interrupting Rating 50 KW 1 KW

(dc resistive loads) (up to 5 amps or 10 KV) (upto 1l amp or 1 KV)
Weight (0z.) 16 3 1

Vacuum ptus ceramic adds up to a new
line of Jennings vacuum relays that
brings you (1) High voltage hot switch-
ing capability (2) Highest RF current
carrying ratings (3) Shock resistance
(4) Small size and light weight (5)
Greater reliability (6) Low unchanging
contact resistance.

These new relays eliminate the neces-
sity to redesign circuits in order to
avoid difficult switching problems. Now
small lightweight systems can be de-
signed in the sure knowledge that the
new Jennings vacuum relays offer as
much as or more reliability and high
performance than any other component
in the circuit.

The RF10A relay features high power
dc interrupting capability up to 50 KW.

The RJ2A and RJ1A are essentially rf
relays capable of withstanding high
voltage and carrying high rf currents.
Even so the RJ2A will interrupt a rather
remarkable 1 amp at 1000 volts for
many thousands of operations.
Jennings also offers many glass vacu-
um relays, each designed to provide
maximum performance to the partic-
ular segment of the electronic field for
which they were created.

Our new catalog 102 describing our
complete line of vacuum relays is avail-
able at your request.

Jennings Radio Manufacturing Corpo-
ration — Subsidiary of International
Telephone and Telegraph Corporation,
970 Mclaughlin Avenue. P.O. Box 1278
San Jose, California 95108.

ITTgslmin_gs
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People

“The Vietnam war has shown
there is a definite need for better
detectors and other devices for
identifying tar-
gets,” says John
L. Wilson, a 20-
vear veteran of
research and de-
velopment  in
the Army Signal
Corps. He has
spent the last
five years man-
aging electronics programs in in-
dustry.

Now, as general manager of
Honeywell, Inc.’s Radiation Center
in Boston, the 50-year-old Wilson
will be supervising stepped-up ac-
tivity in detector techniques and
materials for use at bands from
radio-frequency through ultraviolet,
during the day, the night and under
adverse weather conditions.

The Radiation Center is one of
two R&D facilities serving the
Military Products group of Honey-
well. A division in Minnecapolis
stresses systems R&D, while the
Boston center concentrates on radi-
ation devices and subsystems.
These include millimeter, infrared
and visible radiation detectors. and
the applications of lasers and elec-
tro-optics in general to military
problems.

The center develops advanced
components and subsystemns for
reconnaissance surveillance and
high-frequency signal processing.
It does a minimum of production
work.

Wilson goes to Boston from St.
Petersburg, Fla.. where he was
director of space systems for Hon-
evwell’s Florida Aeronautical divi-
sion. Before that, he was general
manager of the Semiconductor
Products division at Riviera Beach,
Fla., until Honeywell sold that
division to Solitron Devices. Inc.
Wilson joined Honeywell in 1961
and became manager of the com-
pany’s Gemini inertial guidance
program beforc going to the Semi-
conductor division.

A graduate of the Georgia
Institue of Technology, Wilson re-
ceived a master’s degree in clec-
trical engineering at the Massa-
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Looking for rugged 3 amp transistors?

Prabodh Shah speaks your language.

Prabodh Shah is one of our applications engineers. We
call him Pete. Customers call him just plain great, because
he’s made available both 3 amp germanium DAP and
alloy power PNP transistors. Over 60 types in all. All
competitively priced. Available in TO-5, TO-37, stud
nut MT-27 and hexagonal nut MT-28 packages.

You can use our DAP® (Diffused Alloy Power) tran-
sistors for audio amplifiers, pulse amplifiers, relay drivers
and switching. Featured are switching times in micro-
seconds without worry of secondary breakdown: high
collector-to-base voltage Vg to —200V; high DC current
gain:hpg=30t090at Veg= —1V,Ic= —0.5A;low collector
cutoff current: Icgo= —8 mMA maximum at +85°C; low
saturation voltage: Vg = —0.2 V typical with Ic= —1A,
Ig= —0.5 mA; excellent frequency response: fab > 2.5
MHz. All are SOAR (Safe Operating ARea) specified.

Use our Alloy power transistors for solenoid drivers,
small power supplies (inverter/converter), audio ampli-
fiers and control circuits. They feature Vegpo to —100 V,
Vceo to —60 V, Ic= —8 to —3.5 A, Vo= —0.25 V
maximum with Ic= —1 A, Ig= —0.1 A; high DC current
gain: hre=20 to 60 at —8 A; fT > 0.25 MHz. All Bendix
3 amp Alloy transistors are SOAR specified.

Ten types are now available meeting military specifica-
tions. In addition, our commercial DAP and Alloy lines
offer packages that meet MIL-S-19500, MIL-STD-750
and MIL-STD-202 environmental and mechanical re-
quirements.

More information? Just phone or write our nearest sales
office. If it's a particularly tough application, we’ll have
Prabodh Shah translate it into casy terms for you.
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T0-37 TO-5

TYPE Ic Vi V2
NUMBER Amps | Volts | Voits
DAPS
2N2282—2N2284 3 30to |70to
2N2467—2N2469 70 110
ALLOYS
2N1038—2N1045 | 3to |30tc |60to
2N2552—2N2567 | 3.5 60 90 mT-27 mMT-28

Bendix Semiconductor Division T

enc/jl/

CORPORATION

HOLMDEL, NEW JERSEY

Baltimore, Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JO 6-1420; Holmdel, N. J.—(201) 747-5400;
Los Angeles—(213) 776-4100; Miami—(305) 887-5521; Minneapolis—(612) 926-4633; Redwood City, Calif.—James S. Heaton Co.,(415)369-4671;
Seattie—Ray Johnston Co., Inc., (206) LA 4.5170; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.—(617) 899-.0770; Export—(212) 973-2121,
Cable: *‘Bendixint," 605 Third Ave., N. Y.; Ottawa, Ont.—Computing Devices of Canada, P.0. Box 508—(613) TA 8-2711.
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Did You Know
Sprague Makes 32 Types of
Foil Tantalum Capacitors?

125 C TUBULAR
TANTALEX® CAPACITORS

85 C TUBULAR
'TANTALEX® CAPACITORS

—— =0T

Type 120D polarized plain-foil
Type 121D non-polarized plain-foil
Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

Circle 332 on reader service card

RECTANGULAR
TANTALEX® CAPACITORS

g o
e
’

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
eteied-foil

Type 303D non-polar-
ized etched-foil

ASK FOR BULLETIN 3650

Circle 334 on reader service card

RECTANGULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL51 polarized plain-foil

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

Circle 336 on reader service card
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Type 1100 polarized plain-foil

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

ASK FOR BULLETIN 3601C

Circle 333 on reader service card

TUBULAR TANTALUM
CAPACITORS TO MIL-C-3965C

— e

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

CL36, CL37 85 € non-polarized plain-foil

Circle 335 on reader service card

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

48C-8161

SPRAGUE

THE MARK OF RELIABILITY

*Sorague’ and “(2' are registered 11ademarks of the Sprague Electric Co.

People

chusetts Institute of Technology.
He retired from the Army as a
colonel in 1961. His military work
concerned what he calls “the non-
communications areas of the Signal
Corps: radar, avionics and surveil-
lance. ”

Manfred von Ardenne, one of the
authors of a technical article in
this issue on the use of electron
beams (pp. 110-
115), is among
the leading sci-
entists in East
Germany and
heads a large
rescarch labora-
tory that was
named after
him, in Dresden.

Von Ardenne, who was in the
vanguard of electron-beam tech-
nology, wrote several articles on
cathode-ray-tube technology for
Electronics between 1936 and 1940.
This is his first article for the maga-
zine since then.

Under the Nazis, von Ardenne
developed radar techniques and
engaged in atomic resecarch. After
the war he went to Russia and re-
ceived the Stalin Prize for his work
on that country’s first cyclotron.

His interests include other fields
of science and technology as well
as electronies and nuclear physics.
In 1956 he invented a device
which, when swallowed, transmits
data on disorders in the stomach
and digestive tracts.

Von Ardenne has been critical of
the East German educational sys-
tem and recently complained about
the low level of knowledge of uni-
versity freshmen.

He has his pick of coworkers
from the 17,000 students at the
Dresden Technical Institute. Al
though he reportedly prefers, in
his own work, to surround himself
with a small elite group, believing
that scientific achievements are
gained this way, he now has about
270 coworkers.
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Machlett is the
word for power in
transistorized circuitry...

Use Machiett planar triodes:

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

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

for Low Noise/Frequency Ratio

for Low Operating Cost

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

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

new water jacket: 400 watts and higher
with water cooling

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

A SUBSIDIARY OF RAYTHEON COMPANY
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Planar II
is the purest
manufacturing
DrOCESS ever
put into mass
production.




BY 1970 every
semiconductor
manufacturer
will use if.
You can wait.
Or get it now
irom Fairchild.

Planar is a patented Fairchild process.
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CRYSTAL
FILTERS

MODEL

P119BA

Microsonics manufactures crystal
filters that provide high selectivity
with excellent temperature stabil-
ity and a wide range of frequency
characteristics. Center frequency
of the filters range from 10 KC
to 150 mc. Bandpass, band re-
ject, and linear discriminators are
produced to the highest stand-
ards including qualification to
MIL-F-18327.

Microsonics has unique ability to
design and measure actual phase
characteristics of crystal filters to
a tolerance of a fraction of a de-
gree. For example the character-
istics of our Model P119BA are
shown below:
SPECIFICATIONS

Center Frequency 10.7 mc *1 ke
Bandwidth at 1db

at 3

at 60 db
Differential phase between two filters
over 3 db bandwidth =+3.5° max

Phase slope over the
3 db bandwidth +400° approx.

insertion Loss 3 db max
Ripple 0.5 db max
Z2in/2Z out 400

Operating Temperature Range
—45°C to +485°C

Write for Bulletin 6350, P119BA

MICROSONICS, INC.

a subsidiary of the
SANGAMO ELECTRIC COMPANY

60 Winter Street
Weymouth, Massachusetts 02188
Area Code 617 337-4200

Circle 14 on reader service card

Meetings

Application of Computers to the
Problems of a Metropolitan Society
Conference, ACM; Statler-Hilton Hotel,
New York, March 18.

Automation 66, Finish Automatic
Control Society; Helsinki, Finland,
March 21-24,

International ISA Aerospace
Instrumentation Symposium, ISA,
College of Aeronautics; College of
Aeronautics, Cranfield, England,
March 21-24,

International Convention and
Exhibition of the IEEE; New York
Hilton Hotel and the Coliseum,
New York, March 21-25.

Microwave Measurement Symposium,
Weinschel Engineering Co.; Essex
House Hotel, New York, March 21-24,

Seminar on Computers and
Automation in Europe, Lomond
Systems, Inc.; Washington, and
European tour, March 21-April 7.

National Association of Broadcasters
Convention, NAB; Conrad Hilton
Hotel, Chicago, March 27-30.

International Conference on Electronic
Switching, Union of International
Technical Associations, Societe
Francaise des Electroniciens et des
Radioelectriciens; UNESCO
Conference Hall, Paris, France,

March 28-31.

Digital Electronics Seminar, RCA
Institutes, Inc.; Hotel New Yorker,
New York, March 28-April 1.

Physics Exhibition, Institute of Physics;
Alexandra Paiace, London,
March 28-31.

Automatic Control in Electricity
Supply Meeting, IEE; Renold
Building, Manchester College,
England, March 29-31.

Conference on Analysis and
Synthesis of Networks, IEEE-NTG;
Stuttgart, West Germany,

March 31-April 1.

Industrial Engineering Conference,
AlIE; Hotel Pontchartrain, Detroit,
March 31-April 1.

Symposium on Computer Graphics,
University of California; Los Angeles,
April 4-6.

Advanced Seminar for Automatic Data
Processing, International Computation
Center; International Computation
Center, Rome, April 6.

Symposium on Electron and Laser
Beam Technology, |IEEE, University of
Michigan; Ann Arbor, Mich., April 6-8.

Conference on Ground-Based
Aeronomic Studies of the Lower
lonosphere, AFCRL, DRTE; Defense
Research Telecommunications
Establishment, Ottawa, Canada, April
11-15.

IEEE Region 11l Convention, IEEE;
Mariotta Motor Inn, Atlanta, April 11-13.

Cleveland Electronics Conference,
Cleveland section of IEEE; Engineering
and Scientific Center, Cleveland,

April 12-14.

Symposium on Remote Sensing of
Environment, Office of Naval Research;
University of Michigan, Ann Arbor,
April 12-14.

Quantum Electronics Conference, |[EEE
Groups on Electron Devices and
Microwave Techniques; Towne House,
Phoenix, April 12-14.

International Symposium on
Generalized Networks, Polytechnic
Institute of Brooklyn, AFOSR; Hotel
Commodore, New York, April 12-14,

International Conference on Magnetics
(INTERMAG), Magnetics Group of the
IEEE, Stuttgart, Germany, April 20-22.*

Call for papers

National Electronic Conference and
Exhibition, NEC; McCormick Place,
Oct. 3-5. May 1 is deadline for sub-
mission of 75-word abstract and 15
copies of 700-word summary on all
scientific and engineering aspects of
electronics. problems in antennas. cir-
cuit theory, and magnetics, to John C.
Hancock, School of Electrical Engi-
neering, Purdue University, Lafayette,
Indiana 47907.

American Vacuum Society Annual
Symposium, American Vacuum So-
ciety; San Francisco Hilton, Oct. 26-
28. July 1 is deadline for submission
of 150-word abstract on high-vac-
uum technique and its application
to electronics and physics to E. E
Donaldson, department of physics,
Washington State University, Pull-
man, Washington 99163.

* Meeting preview on page 16

Electronics | March 7, 1966



IIJ

Chances are 9999999 to 1
this system’s on the air

A new target figure for reliable uptime (.9999999) is
now being demonstrated with an Astrodata system in
one of this nation's key defense communications net-
works. Unlike other instruments and equipment with
high reliability for limited intervals, Astrodata's Model
6600 Timing System is designed to be up and available
around the clock.

Chances that it will be off the air even momentarily are
one in 107. This outstanding availability is the result
of several design concepts:

Triple redundancy and majority logic ensure that the
6600 will continue functioning before, during and after
component failure. Triple redundancy is designed into
power, oscillation, and all other functional components.
Majority logic (best two out of three) is used for all

{

divider circuitry at every stage of the system.

The 6600 need not go off the air for maintenance.
Alarms, both audible and visible, are energized upon
failure of any component. Localized error condition
lights on each circuit card enable the operator to pin-
point any malfunction immediately. And the test point
of any circuit card may be accessed from the front with-
out making another circuit card inaccessible.

Whether redundant or non-redundant design, Astro-
data has supplied well over 50 percent of the free
world's timing instrumentation.

For more information concerning timing, data acquisi-
tion, processing, telemetry, hybrid. or analog computer
techniques, please write for our timing and/or systems
experience brochures,

N—ﬁ

o

ASTIROIDAT A,
P.O. Box 3003 » 240 E. Palais Road, Anaheim, California = 92803

Electronics | March 7, 1966
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5VIC LABORATORY
FREGQUENCY

STANDARD

5 x 10-10 per day frequency stability.
1 x 10-° temperature stability over
—15°C to +65°C ambient.

Output frequency can be adjusted to an exact value with a
resolution of approximately 1 x 10—10 per minor division.

The standard uses silicon transistors and a polished,
high precision, fifth overtone quartz crystal having a Q in
excess of 3 million. Model JKTO-66 features a double pro-
portional control oven with a Dewar flask to provide maxi-
mum temperature stability.

Chassis is ruggedly constructed to withstand shock and
vibration. Front panel mounting.

Write for Data Sheet JKTO-66 for complete specifications.

CTS Knights, Inc.

of Sandwich, {llinois
(formerly The James Knights Co.)
a subsidiary of CTS Corporation, Eikhart, Indiana

16
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Meeting preview

Intermag goes abroad

About 600 scientists and engineers,
including 130 from the United
States, are expected to participate
in the Fourth International Confer-
ence on Magnetics in Stuttgart,
Germany. The three-day mecting,
April 20 to 22, is sponsored jointly
by the Institute of Electrical and
Electronics Engineers Magnetics
Group and the German Arbeitsge-
meinschaft Magnetismus  (study
group on magnetism). Host society
is the Verband Deutscher Elektro-
techniker. This year’s Intermag
Conference will be the first held
outside the U. S,

Experts, including some from
Eastern bloc countries, will discuss
computer magnetics, ferrite micro-
wave devices and magnetic mate-
rial properties. Other subjects will
be magneto-optics, magnetic re-
cording and superconducting de-
vices.

Of special interest will be a 40-
minute paper on the “Special Ap-
plications of Magnets™ by Gerhard
R. Hennig of the electrical engi-
neering department at the Oskar
Von Miller Polytechnikum in Mu-
nich. One part of his paper will deal
with the use of magnets-field-de-
pendent semiconductors, magnetic
resistors and hall generators. The
author will also discuss applica-
tions of magnets in brushless d-c
motors, signalling devices and
brushless variable resistors.

The other part of Hennig’s paper
will deal with measurements on
three groups of permanent magnet
systems at temperature ranges from
300° Kelvin down to 4° Kelvin, the
point at which helium becomes a
liquid.

Superconductivity. K. J. R. Wil-
kinson of the Associated Electrical
Industries in Rugby, England, will
present a paper on the possibilities
of applying superconductivity
phenomena to transformers and
cables. A paper by B. H. Burnier of
Alsthom, an eclectrical firm in Paris,
will deal with pure metals for a-c
application at cryogenic t¢mpera-
tures. J. Volger of the Philips Re-
scarch Laboratory at Eindhoven,
Holland, will discuss the progress
made in superconductivity.
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for every application

EARTH 10 MOON
DEFENSE OR PEAGE ..

. . . there is a WATERS time-tested
and proven potentiometer.

WATERS' extensive line of potentiometers enables you
to select: m thin-film design using Waters MystR® ele-
ment with infinite resolution, low noise and extremely
long life m wirewound design with thermo-welded con-
nections, long rotational life, and wide resistance
range s potentiometers to meet your specification with
a minimum of characteristic compromise = potenti-
ometers offering excellent stability under varying
environmental conditions = the most economical
potentiometer for your specific application . . .

Of a wide choice of manufacturers, only WATERS
gives you an experienced background in depth — 15
years of advanced design, development, and manu-
facture of industrial, commercial and military potenti-
ometers. WATERS potentiometers have been engi-
neered to a wide range of electrical, mechanical and
environmental specifications.

You too can depend on WATERS proven line and qual-
ity engineered potentiometers. Thousands of our
customers are doing it now.

Application engineering assistance available through
+ qualified local representatives or directly from the
factory.

e Write to Waters Manufacturing, Inc., Dept. EP-1,
533 Boston Post Road, Wayland, Mass. for your
illustrated 40-page brochure.

WATERS

MANUFACTURING INC.
WAYLAND,  MASSACHUSETTS

For copy of 40.page brochure see uddress above
See us at Booth I1B23. IEEE Show, March 21-24

EXPORT: Contact Charles Reed, Export Director, Waters Manufacturing, Inc., Wayland, Mass. 01778, U.S.A.
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We've been keeping 5,180 low-cost precision motors under our hat.
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That's right, three of them. Which is
why we've been keeping it quiet. You
see, we developed a method of manu-
facturing custom-designed motors at
off-the-shelf prices. But we wanted
to test it before talking. By making
ultra-high precision motors for some
of the most critical communications,
computer, and space programs. We
did, and it worked.

Now, we can offer you precision
motorsin 4", 114", and 114" diameters
at realistically economical prices.

Electronics | March 7, 1966

Here they are.

With delivery in 6 to 8 weeks instead
of the normal 12.

How do we do it? By mass-produc-
ing most of the motor components.
Only the few variables needed to meet
individual specs are ever made spe-
cial. And that doesn't happen very
often. We can produce 5,180 motors
from standard components. Chances
are one will be your custom-design.

Are they really high precision?
Well, they're made under a ‘Zero
Defects” program. Tolerances are

often held to .0001”. And they're as-
sembled in a ‘'clean room."”

We'll be glad to send complete
technical details on our low-cost 4",
1%” and 1%"” diameter precision
motors. Plus information on the gear-
heads available with each. Write to
R. D. Wright, Manager of Sales,
Indiana General Corporation,Electro-
Mecnanical Division, Oglesby, IIl.

INDIANA GENERAL K==1

CUPYRIGHT 1966, INDIANA GENERAL CORPORATION.
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LOOK TO THE LEADER
IN INTEGRATED CIRCUITS

1/ Adds Linear Integratea

a

SN723 General-purpose Differential Amplifier

9 —O
Input "‘r Output
TYPICAL CHARACTERISTICS _rg }1
Voltage gain (Differential) 2500 < _ 8 )
Input impedance 10k Q) 2
tnput offset voltage 2myv  Input J{;
D-c drift referred to input 5 “V/°C Obtput
Output signal swing, single-ended 6.5V
Common-mode rejection 90 dB
Temperature range 0° to 4-70°C
= 12 v
2] SN724 General-purpose Operational Amplifier
+12v
O
TYPICAL CHARACTERISTICS
Voltage gain 1200  inverting Nontinverting
Input impedance 1M input input | Output
Input offset voltage 12 mv Q Q
D-c drift referred to input 20 ,v/°C ) = =
Output signal swing, single-ended +=7.5V \10
Common-mode rejection 55 dB 12 v
Temperature range 0° to 4-70°C = Rolloft

3]

TYPICAL CHARACTERISTICS

Input threshold voltage level 17 mv
“Off" output level 32V
“On"' output level 03V

Common-mode rejection 2V
Propagation delay 70 nsec
Temperature range 0° to 4-70°C

SN7500 Magnetic-core Sense Amplifier

+45v
o— —

Input If ] | HQI
A hH |t i‘ |

Input T

Stro:l:e' )—7*7 H()ut
it 1o W +

-45v

20

Two general-purpose amplifi-
ers and a sense amplifier have
been added to 39 digital units
in Tl's line of economy inte-
grated circuits for industrial
applications.

SN723 and SN724 integrated circuits from
Texas Instruments are limited-temperature
versions of lincar circuits first offered for
high-reliability military applications. Tem-
perature range — 0°C to 70 C — is adequate
for industrial environments. yet makes pos-
sible prices competitive with discrete-compo-
nent amplifiers of equivalent performaunce.

Applications include buffer amplifiers,
comparators, differential amplifiers, differ-
entiators. integrators, level detectors, muiti-
vibrators, summing amplifiers, and voltage
regulators.

[@] The SN723 features both differential
inputs and differential emitter-follower out-
puts, providing considerable design flexi-
bility. The amplifier is designed with a resist-
ance network in the emitters of the input
stage, allowing gain to be adjusted over a
wide range (40 to 70 dB) simply by short-
ing various lead combinations. Frequency
response is typically dc to 150 kHz.

(2] The SN724 features an unusually high
input impedance. resulting from the Darl-
ington-type connection of the input trans-
istors. It has a large dynamic output range
providing an input common-mode voltage
range of = 5 volts, which permits a high
degree of flexibility in circuit design. In addi-
tion to the standard flat pack. the SNT724
is available in a TO-78 package (modified
TO-5)

(3] The SN7500 is a complete sense amplifier,
including strobe gate and pulse-shaping out-
put circuits. It detects bi-polar differential
input signals from a magnetic-core memory
and provides a one-shot output interface be-
tween the memory and logic circuitry. It can
be used for other applications requiring sig-
nal-fevel detection with an extremely sharp
threshold.

39 Digital Industrial Circuits

[4] TI's expanding line of IC's also includes
39 digital circuits. Typical gate characteristics

Electronics | March 7, 1966



Lircuits to Industrial Line

for cach of the five logic families are listed
in the table at right.

5) Types of circuits available are also listed
at right. All these circuits. except Series 70,
are reduced-temperature (0° to +70°C)
versions of established military integrated
circuit lines. They feature the same high per-
formance. same high reliability, and same
multi-function economies.

By fabricating two. three and four circuits
simultancously in a single silicon bar, the
cost-per-circuit-function is drastically
reduced. Reductions are also obtained in the
number of circuit packages, interconnec-
tions, and circuit boards — and in inven-
torics, testing, and handling.

New Plug-in
Industrial Flat Package

6] TI's new 16-pin plug-in flat package
(shown right) has been developed to reduce
handling and assembly costs for industrial
applications. The two rows of sturdy plug-in
pins with 100-mil spacing facilitate automatic
handling. assembly. and flow soldering to in-
dustrial-type PC boards. The hermetic pack-
age is designed for excellent reliability as well
as for handling convenicence and cconomy.

The new package is availablc at no addi-
tional cost for Scries 74, 74 930, 1580, and
most units in Scries 73. Standard package
for all series is the five-year-proved 1/4” x
178" flat pack.

New Integrated Circuits
Designer’s Kits Available

[7] Now, you can get everything you neced
for a headstart in modern logic design. Tl
Designer's Kits include a useful selection of
integrated circuits. breadboarding sockets,
applications guide, and performance data
for Series 73 or Series 74 digital or Series
72 lincar circuits.

Demonstrate for yourself the many econo-
mies and the high performance inherent in
integrated-circuit design. Start now to design
and breadboard integrated-circuit assemblies.
Order your designer’s kit today from the TI
distributor in your arca.

Electronics March 7, 1966

@ TYPICAL GATE CHARACTERISTICS OF Ti's INDUSTRIAL LOGIC FAMILIES
Parameter Senes 73 Series 74 Senes 74 930 Series 70 Series 1580
Propagation delay, nsec 30 13 13 5 25
. ' == ) [ It
Power dissipation, mW 10 10 10 | a0+ 5
- = — - — _— — —.{ — — e ——
Fan~out_ ) =100 ‘L - 10 ) 4*_ 10 N/A y 8
Noise immunity, mv 300 1000 1000 250 | 750
Supply voltage, V { 3104 | 47510 525 4.75 to 5.25 +1.25, —35 | 4.5 10 5.5
Temperature range, °C 0° to 4+70° | 0° to 470° 0° to 470° 0° to +70° 0° to +70°
‘E] TYPES AVAILABLE IN TI's INDUSTRIAL LOGIC FAMILIES
Series
Series 73 74930 TTL Series 1580
Modified DTL | Series 74 TTL (Replaces Series 70 ECL DTL
NAND/NOR NAND 930 DTL) OR/NOR NAND
SN1590
J-K Flip-flop R SN7470 SN74 948 SN1591
e W | Y | o W 1 SN1593
Dual J-K Flip-flop gn;g&z
_Quad gate i SN7360 | SN7400 | sn7a 9ss d | snise3
Triple gate | SN7331 SN7410 SN74 962___ 1 -
BuSh e SN7311 SN7420 SN74 930 SN7000 SN1581
E | sN7330 SN7440 SN74 932 | sN7001 SN1584
Single gate } SN7310 SN7430 _Sn74 965 | il
Dual EXCLUSIVE-OR SN7370 [ SN7450/51 | SN74 966 j%‘ B =
Expander SN7320 | SN7460 - - ~ SN1580
Inverter, Buffer ] sn7sso - 7 | snisa2
“*One Shot" T snraso ]

Cut-away view of Tl's new 16-pin plug-in pack-
age, optional for all 39 digital industrial circuits.

Tl Designer's Kit for integrated circuits. Three
different kits are offered by TI distributors.

i TEXAS INSTRUMENTS

INCORPORATED
13500 N CENTRAL EXPRESSWAY
P O BOX 5012 + DALLAS 22 TEXAS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE. FRANCE « DALLAS, TEXAS
21676
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IN HIGH POWER
MODULES

‘kepco’

MAKES THE
DIFFERENCE!

MORE OUTPUT WATTS PER POUND
PER DOLLAR... PER CUBIC INCH!

B Wide coverage of fixed output voltages
from 4.5V dual to 120V single

B Kepco patented Flux-O-Tran® provides

line regulation and current limiting

I —20°C to + 55°C ambient operating

temperature
¥ Highly reliable MTBF > 140,000 hours
B Convection cooling
M Short circuit proof
| All silicon rectifiers
B Dual output and extra filtered models

B Versatile mounting (cased and uncased)
Rack adapters available to mount 1 to 5 units

Applicable Patent Nos. furnished on request
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PERCENT OF RATED LOAD CURRENT

TYPICAL LOAD CHARACTERISTICS

NEW 52 PAGE CATALOG
CONTAINING COMPLETE
SPECIFICATIONS AND

= APPLICATIONS NOTES
i
IS NOW AVAILABLE
K
»EP.SD WRITE FOR YOUR
\ FREE COPY!

SIZE “B” — 120 SERIES
CASED UNIT — $99.00**
31%," H x 5” W x 13%," D

| DC OUTPUT
MODEL | yoLTS: AMPS
PRM6-15 | 6.3 | 0-15

"PRM12-10 | 12 0-10
PRM 18—6.7 | 18 0-6.7
PRM 24-5 24 0-5

"PRM28-43 | 28 0-43

"PRM 36-33 | 36 0-33
PRM 48-25 = 48  0-25

'PRM 60-2 60 0-2

"PRM 120—1 120 0—1
**Available cased only

SIZE “A” — 180 SERIES
UNCASED UNIT — $119.00*
63" Hx 43" Wx10%" D

PRM6-25 = 63 0-25
PRM12-15 | 12 0-15
PRM18—10 | 18  0-10
| PRM 248 24  0-8
PRM 287 28 0-7
PRM 36-5 36 | 0-5
| PRM 48-4 . 48 0-4
PRM 60-3 60 0-3
[ PRM 120-1.5| 120 | 0-15

EXTRA FILTERED MODELS
SIZE “C” — 180F SERIES

UNCASED UNIT — $169.00*
63" Hx4%"” W x 14%” D

PRM6-25F | 63 ' 0-25
PRM 12—15F 12 | 0-15
| PRM 18—10F | 18 | 0-10
| PRM24-8F | 24 0-8
PRM 28—7F 28 | 07
PRM 36—5F | 36 0-5
“PRM 48—4F | 48 0-4
PRMo03F | 60 0-3
PRM 120—1.5F 120  0—1.

5

DUAL OUTPUT MODELS

SIZE “C” — 300 SERIES

UNCASED UNIT — $179.00*
63" Hx 43" Wx14%" D

PRM 2X 45-20? 3;2 i 8:38
PRM 2X 6-20 | 2;3 E:%S
PRM 2X 12—15T }2 3:}%
PRM 2X 15—10T1§ { 2:}3
PRM 2X 1 8;8-T1g 2:3
PRM 2X 24-6 3‘; | 2:2
PRM 2X 28———5-7 32”' 8:2

| PRM 2)5(5—4—32 12:3
PRM2x48-3 | 45 93

| PRM 2X 6025 o9 9~23

*Case optional — add $10.00 to price

KEPCO, INC.  131-38 SANFORD AVENUE o FLUSHING, N.Y. 11352 o Phone: (212) 461-7000 « TWX #212-539-6623 « Cabie: KEPCOPOWER NEWYORK

SEE QUT LATEST PRODUCTS AT IEEE
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Editorial

The search for
instant experts

In its annual survey of employment opportunities
(pp- 156 to 166), Electronics finds the welcome
mats are out for job-hunting engineers at almost
every electronics company in the country. Per-
sonnel men are calling today’s engineer market
the tightest since the wild recruiting days of 1935,
1956 and 1957 when there was a severe shortage
of engincers as a result of the explosive growth
of the clectronics industry.

Once inside the plant gate, however, the job
secker is likely to find that the job opportunities
arc not as unlimited as the advertisements
painted them. The personnel men are looking for
the instant expert, the man who can fill a specific
narrow specialty with no additional training or
orientation. Few companies arc willing to spend
the time or money to train well-grounded engi-
neers or to upgrade their own. The engincers at
whom recruiters are aiming their most seductive
pitches are currently working for competitors,
doing the same job the recruiter is trying to fill.

At the very moment personnel men are calling
today’s shortage of engincers the worst in history
they are ignoring a huge body of available men,
prefering to pirate the employees of competitors,

A Chicago personnel recruitment firm, for ex-
ample, is looking for a chief engineer to head
the technical effort of a company that makes
magnetic core equipment for computers. Says
the president of the recruiting firm, with no
embarrassment at all, “The man we are looking
for is now the chief cngineer of a company
that makes magnetic core cquipment for com-
puters. He’s happy and hasn’t thought about
changing jobs. Give us his name and we’ll per-
suade him to switch.” That same attitude per-
vades hundreds of employment agencies and
personnel departments of clectronics companies.

The reason for the interest in the instant ex-
pert is easy to sce but hard to justify over the
long pull. To the personnel man, hiring the in-
stant cxpert is an easy ont—there’s no worry
about whether the new man can do the job
since he has been doing the same job for a
competitor. If he doesn’t work out, it’s clearly
the engineering department’s fault, not person-
nel’s.

“We hire a first rate linear-circuit engineer

who knows microelectronic processing and we
are in the microcircuit business,” goes the rea-
soning. Or, “One expert in navigation systems
engineering and we will have a whole new busi-
ness going.” Or, “A varactor diode expert can
spcarhead the development of our new com-
munications systems.” But this reasoning is
specious,

The scarch for the instant expert is expensive.
One personnel man estimated it costs nearly
$5,000 to find and hire such a specialist. It would
be much cheaper to hire a well-grounded engi-
neer with talent and energy and less expertise
in the narrow specialty. It would even be cheaper
to upgrade a competent engineer already on the
company’s payroll, even if he had to go to
graduate school for three months or six months
to bone up on the particular technology.

Companies like to kid themselves into be-
lieving that the instant expert won’t require any
time to learn their procedures and ways of
doing business. The facts are that it takes a
new cngincer, even an expert, from three to six
months to get acclimated depending on how
complicated it is to order items from pencils to
prototype transistors. A Ph.D. fresh from the
campus is likely to take even longer to get into
production.

Pirating instant experts is likely to open the
door to a raft of legal problems too. The courts
now take a dim view of an engineer carrying
proprietary information from one emplover to
another. The surge of pirating currently taking
place among electronics companies will benefit
only the lawyers and load up the court dockets.

Probably the one bright spot in this picture
is that many enginecrs are examining these
tantalizing offers carefully, and then rejecting
them. There is not the mobility there once was.
Too many enginecrs remember the layoffs of 24
months ago. Out on the West Coast, personnel
managers complain that many Eastern engincers
won'’t even listen to their blandishments because
of the reputation the industry out there has
earncd for severe ups and downs.

Clearly evervbody—companies and engineers
—would benefit if electronics firms ended their
search for instant experts and, instead, tried to
build engineering departments of competent men
with talent and energy. Part of this building
would include upgrading current employees so
they could keep pace with advances in tech-
nology.

The really crushing blow is that in three or
five years these companies will be laving off
the experts they are hiring today and scarching
for the current instant experts. The practice, like
a cat chasing its tail, is exercise but it’s not very
productive.
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PERMANENT MAGNETS: Cast Alnico,
Sintered Alnico and Ceramic Magnets (Arnox).
MAGNETIC CORES: Silectron-C Cores and
Distributed Gap Cores. Tape Wound Cores of
Deltmax, Supermalloy, Permalloy, Supermendur

and Silectron. POWDER CORES: MO-Permalloy
Powder Cores, Iron Powder Cores and MSS Iron
Powder Cores. TRANSFORMER LAMINATIONS
AND HARDWARE: Nickel-Iron, Silicon-Steel
Laminations, Transformer Cans and Hardware, Tube
Shields. SPECIAL MAGNETIC MATERIALS:
Vicalloy, Permendur and Vibralloy.

And they are all precision engineered. The Arnold
engineering facilities are among the world’s largest
and most complete, devoted exclusively to helping solve ®
your magnetic device problems. RNOLD

In addition, Arnold is a prime source for precision SPECIALISTS in MAGNETIC MATERIALS
metal rolling . . . ferrous and non-ferrous strip, close e ——— e T
tolerances and ultra-thin gauges . . o SRAMCH OFFICES ond REPRESENTATIVES m PRINCIPAL CITES
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Synchronous orbit
gets Comsat nod

Move to launch
MOL at Vandenberg
sparks debate

Soviet lands
probe on Venus

Westinghouse offers
materials guide

Electronics Newsletter

March 7, 1966

Proponents of the synchronous, or so-called stationary, orbit of com-
munications satellites have won out over backers of near-synchronous,
random and high- or low-altitude orbiting systems. Last week the
Interim Communications Satellite Committee (Intelsat) gave its approval
to synchronous orbit for its global communications system. The Com-
munications Satellite Corp. acts as manager on behalf of Intelsat.

The decision will be an empty victory for the Hughes Aircraft Corp.,
which lost the Comsat global system contract to TRW, Inc., last Decem-
ber. Hughes has been a steadfast supporter of synchronous orbit and in
the early days of communications-satellite planning stood alone in back-
ing that approach.

Comsat’s decision to give the contract to TRW was reportedly based
on its desire to have more than one company in the communications

. satellite business and TRW’s promise to subcontract some of the satellites’

subsystems to foreign electronics companies.

Following the committee’s approval of the synchronous system, Comsat
filed a request with the Federal Communications Commission for author-
ity to build six advanced communications satellites for the global sys-
tem. Each satellite will have a capacity of 1,200 or more voice channels.
Four satellites will be orbited sometime in 1968: two will he held in
reserve. '

The Air Force’s plan to launch the manned orbital laboratory (MOL)
from Vandenberg Air Force Base in California is bringing cries of protest
from Florida congressmen. Members of the Florida delegation argue that
Cape Kennedy has adequate facilities to launch the Titan-3 booster to
be used by MOL, and building new facilities at Vandenberg would be
a duplication. They estimate the extra cost at more than $150 million.

However, the Air Force considers Vandenberg the best spot in the
U.S. to achieve a polar orbit without overland flights. Conceding it could
attain a polar orbit from Cape Kennedy, the Air Force points out that
this would require a dogleg maneuver to avoid land. The maneuver
would require reducing the payload.

A political fight will probably develop in a month, when the Air Force
will bring to Congress its request for authorization to build facilities at
the Western Test Range.

Evidence is piling up fast that the Soviet Union has caught up with—and
perhaps outdistanced—the United States in space electronics. Last week,
as Soviet scientists were recording biomedical data telemetered from two
dogs in orbit, the Venus 3 probe landed. It was the first interplanetary hit
ever made.

The Russians launched Venus 3 last autumn and corrected its course
on Dec. 26. Venus 2, launched a few days earlier, missed Venus by 150,-
000 miles; but the Russians claimed it was not meant to hit the planet.

The Westinghouse Electric Co. is offering a 70-volume guide to more
than 10,000 raw materials, 500 machine parts and 1,000 finishes and tests.
The 17,000-page loose-leaf guide will be updated every two weeks. The



FTC ruling
cuts tv tubes
down to size

Television disk?
CBS says
itisn't so

Night and day
weather watch

Incoherent light
pumps maser
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service is priced at $25,000 a year, with duplicate guides costing $1,350.

Microfilm will eventually replace the guide, which is called Empis,
for engineering materials and process information service. Later, says
Westinghouse, the data will probably be placed on tape for use with
time-shared computers.

The Federal Trade Commission has ruled that, starting July 1, television
tube manufacturers will have to change the way they measure the size
of a tube. Under the ruling, producers must give the corner-to-corner
distance of the picture area; they now include outside areas in their
measurcments.

The ruling will cut the advertised size of most black-and-white tubes
by one inch and the size of most color tubes by two inches if measure-
ments are rounded off to the nearest inch. The deadline for compliance
with the new ruling is July 1. However, the Electronics Industries Asso-
ciation is expected to ask for a postponement because most manufac-
turers have already printed tube-size specifications for this year.

Despite denials from Columbia Broadcasting Systems, Inc., reports per-
sist that the company is working on a system that uses a metal disk—
instead of magnetic tape—to store television programs. In London,
Dennis Gabor, a professor at the Imperial College, says he has been work-
ing for many years on theories of compressing the bandwidth of tv
signals so they could be recorded on a metal platter. Gabor commented
that he has been “in touch” with CBS. He says that all his efforts so far
have “been on paper” and further discussion now would be premature.

In the rumored CBS system, a 33-minute tv show was said to have
been stored on a disk. A pick-up, similar to a phono pick-up, was said to
transmit the signal to the set’s antenna for reproduction on the screen.

The rumors caused CBS’s stock to rise sharply on the New York Stock
Exchange, even after trading was halted long enough to advise brokers
and investors of CBS’s denials.

A second operational weather satellite, Essa 2, was orbited last week,
giving the world an around-the-clock team of global weather watchdogs.
Essa 2 will flash weather pictures every five minutes to any ground
station within its range. Essa 1, orbited Feb. 3, works differently: it
photographs the earth’s cloud cover and stores the pictures on tape
for feedback to stations at Wallops Island, Va., and Fairbanks, Alaska.

A team of researchers at the Radio Corp. of America has produced milli-
meter waves by pumping a solid state maser with an incoherent light
source. The work is under the direction of Henry Lewis, director of
RCA’s quantum electronics division. He says the next step is the produc-
tion of submillimeter waves with an incoherent light source.

The experiments presage the development of simple, low-noise milli-
meter and submillimeter wavelength amplifiers.

Lewis’s group used a mercury arc lamp to activate doped calcium
fluoride crystals. The solid state material was placed in a microwave
cavity and cooled to 4°K.
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GOE RELAYS

MINIATURE GENERAL PURPOSE: Ideal for
commercial and light industrial applica-
tions. Available in single pole (A, B or C) or
3 pole (2C-1A) contact combinations; AC
or DC coils (15,000 ohms max.); standard,
intermediate or ultra sensitive models;
contacts dry circuit to 5 amps 26VDC/
115VAC resistive. Wide variety of mount-
ings, terminals and enclosure options.
Standard types stocked by many CDE
Authorized Industrial Distributors.

GENERAL PURPOSE RELAYS: CDE general
purpose relays incorporate significant de-
sign improvements for added reliability
and life expectancy. Available in type 30
(open) and types 31 and 32 (enclosed); 1,
2 or 3PDT; 5 or 10 amps 26VDC/115VAC
resistive contacts; AC or DC coils (10,000
ohms max.). Available with a wide variety
of optional terminals, mountings and en-
closures. Standard types stocked by many
CDE Authorized Industrial Distributors.

PROGRAM AND BI-STABLE RELAYS:
Unique program relays provide up to 5
SPST contacts and 2, 3, 4, 6 or 12 step
sequential switching. Designs based on re-
liable intermediate (1450) or miniature
(1403) telephone type frames. Bi-stable
relays on intermediate frame available with
up to 6 form C contacts. Contacts rated dry
circuit to 5amps 26VDC/115VAC resistive;
AC or DC coils (20,000 ohms max.); wide
variety of mountings, terminals and enclo-
sures. Standard types stocked by many
CDE Authorized Industrial Distributors.

TIMERS AND TIME DELAY RELAYS:
Rugged solid state circuitry insures accu-
rate time delays, excellent repeatability
and fast reset time. Available as timers or
time delay relays; knob or screw driver ad-
justable, fixed delay or remote resistor ad-
justable. Timing range 200 milliseconds to
300 seconds. Reset time less than 25 milli-
seconds. Stability +=10%; accuracy =10%;
repeatability =2%. Available for AC or DC
input with a wide variety of optional enclo-
sures, mountings and configurations to
meet individual application requirements.

CORNELL-
CoE DUBILIER
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Superior thermal and electrical properties make Mystik 7000 suitable
for an unusual range of cryogenic and elevated temperature appli-
cations. Uniquely inorganic, it has a tightly woven high tensile glass
cloth backing with a pressure-sensitive silicone adhesive. Mystik
7000 has exceptionally high dielectric strength and offers high con-
formability and excellent shear resistance.

Here is a remarkable tape, perfect for insulating motors, gener-
ators or other components which must perform in critical operating
environments.

This is only one of the Mystik family of tapes for the electrical
industry. If you have an insulating problem or extreme temperature
requirement, call your Mystik distributor. He’s in the Yellow Pages

under ‘“Tape”. Or write: The Borden e
Chemical Company, Mystik Tape Div., Y BORDEN
1700 Winnetka Ave., Northfield, Illinois. % CH E MICAL
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Quality in a full line of

Engineered in the tradition of P&B relays.
Same pride of craftsmanship, same ex-
cellent cost-to-quality ratio. Specify with
confidence in our ability to deliver the
switches you want when you want them.




A New Reliable Source for Your Precision Snap-Action Switch Needs

P&B’s new line of precision snap-action switches is
designed to meet or exceed industry standards for
electrical ratings and life characteristics.

Operating forces, actuating characteristics and mount-
ing dimensions make these switches directly inter-
changeable with many competitive types. P&B
precision snap-action switches meet Underwriters’
Laboratories and Canadian Standards Association
requirements.

Wide Variety of Stock Switches for New
Applications and Direct Replacements

A wide variety of types is carried in P&B's stock.
These include: General purpose, miniature, subminia-
ture, and appliance. All four basic types are available
with various actuators, terminals, and contact arrange-
ments. They can be used for both AC and DC voltages.
Mounting holes, terminals, operating and release
forces, pretravel, overtravel, differential travel and
pertinent dimensions meet industry standards.

Precision General Purpose

P&B general purpose snap-action switches are recom-
mended for applications where loads may be heavy
and space is not the primary consideration. They are
available for 15 and 20 amperes with a broad variety
of actuators, such as pin and overtravel plungers, rigid
lever, roller lever, panel mount plunger and others.

Precision Miniature

P&B miniature snap-action switches are highly sensi-
tive and especially suited for compact installations
where precision is a primary factor. Their small size
and high electrical capacity recommend them for appli-

cations of multiple installations in limited space. Avail-
able with various contact and terminal arrangements.

Precision Subminiature

Designed for applications requiring exceptionally small
size and low operating forces. Especially suited for
electronic equipment, business machines, military
apparatus and other precision electrical equipment.
Available for operation by pushers, cams, or lever ac-
tuators with or without rollers. Solder, turret and
quick-connect terminals are available.

Precision Appliance

Economical, reliable and durable, P&B appliance
switches are compact and easy to install. A white nylon
enclosure gives protection for most applications.
Quick-connect terminals are furnished in side or front-
connected configurations. Pin plunger, plain lever,
formed lever and panel-mount actuators are available.

For complete information and engineering assistance,
contact your local P&B representative or call direct
(812) 385-5251. We'll be happy to send you Catalog 1-A
on request.

P&B Precision Switches
are available
at leading
Electrical and
Electronic
Distributors.

POTTER = BRUMFIELD

Division of American Machine & Foundry Co., Princeton, Ind.
Export: AMF International, 261 Madison Ave., New York, N.Y.
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New PAR Lock-In Amplifier Measures Signals
in the Presence of Noise by Crosscorrelation

e -

The PAR Model HR-8 Lock-In
Amplifier represents a significant ad-
vance in signal processing equipment
for experimentalists who must meas-
ure low-level signal intensities in the
presence of noise. It employs the the-
oretically optimum technique for sig-
nal recovery, and can be incorporated
into a large class of experiments in
which the signal of interest is, or can
be made periodic, and in which a ref-
erence voltage related in frequency
and phase to the signal can be ob-
tained. The Model HR-8 first ampli-
fies and bandlimits the input signal
and then crosscorrelates it with the
reference signal, suitably phase shifted
and shaped. The crosscorrelation of
input and reference signals yields a
DC output voltage proportional to the
signal of interest, while the cross-
correlation of the reference and noise
results in no net DC voltage. The sys-
tem can also be described as a con-
tinuously integrating, highly sensitive,
phase conscious voltmeter, the re-
sponse of which is “locked” to that
particular frequency and phase at
which the signal information has been
made to appear.
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Technical Features:
Frequency Range: 1.5 cps to 150 KC
continuously tunable in 5 ranges.
Time Constants: 11 values in 1-3 se-
quence extending from 0.001 to 100
seconds. Single or double section RC
filtering.
Pre-Amplifiers: Interchangeable low-
noise pre-amplifiers, operable either
within the HR-8 or remotely, are used.
Type A: Differential 10 megohm input.
Type B: Low impedance transformer
input for low source impedances.

Sensitivity: 21 calibrated full scale
ranges in 1-2-5 sequence.
With Type A Pre-Amplifier: 100 nano-
volts to 500 millivolts rms.
With Type B Pre-Amplifier: 1 nanovolt
to 5 millivolts rms.

Output: =10 volts full scale, single-
ended with respect to ground. Will
drive galvanometric and servo
recorders.

Frequency Selective Amplifiers: Notch
network in negative feedback loop used
in both signal and reference channel
tuned amplifiers. Reference channel
Q of 10. Signal channel Q adjustable
from 5 to 25 with calibrated dial (no
gain change with Q adjustment).
Phase Adjustment: Calibrated 360°
phase shifter, providing continuous ro-
tation as well as a four position quad-
rant switch which shifts phase in 90°
increments.

Price: $2,250 with either Type A or
Type B Pre-Amplifier.
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Contours of constant noise figure for a
typical PAR Type A preamplifier plotted
to show dependence on frequency and
source resistance at 300° K. Amplifier
operated single-ended.

Write for bulletin No. 120 on the
HR-8 or ask for informationon PAR’s
complete line of Lock-In Amplifiers
and accessories.

PRINCETON
APPLIED RESEARCH CORP.
Dept. D

Box 565, Princeton, N, J., Tel, {600) 799-1222
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Integrated circuits

Monolithic hybrids

A new form of dielectric isolation
for integrated circuits—one which
mates hybrid and monolithic tech-
niques to gain the performance ad-
vantages of hybrid IC’s and the
processing advantages of mono-
lithic IC’s—is being evaluated by
the Radio Corp. of America.

The company has high hopes
that the new technique will speed
up the use of linear IC’s in radio
and television sets, radar and other
microwave systems, and in com-
munications equipment in general.

Scientists at RCA’s David Sarn-
off Research Center in Princeton,
N. J.. have made experimental ar-
rays of radio-frequency circuits by
binding together thousands of sili-
con chips in a high-quality dielec-
tric matrix of glassy ceramic. In
this respect, the arrays resemble
the hybrid circuits now used for
high-voltage, high-frequency linear
circuits. However, RCA doesn’t
process the chips and then assem-
ble them on an insulating substrate
—it uses bare chips and then
processes the entire array as
though conventional monolithic
IC’s were being made in a wafer
of single-crystal silicon, including
the deposition of thin-film inter-
connections.

The technique is expected to al-
low monolithic processing methods
to produce circuits with frequen-
cies beyond 100 megacycles per
second, by providing a tenfold re-
duction in parasitic capacitances
and a hundredfold increase in
breakdown voltages that can be
tolerated between devices of a cir-
cuit or hetween stages of complex
circuits.

Few linear monolithic IC’s are
usable beyond 100 Mc or at high
voltage at present hecause of isola-
tion problems. RCA’s dielectric is
said to retain its isolation prop-
ertics well into the microwave fre-
quencies.

=

Ceramic mosaic contains 8,000 silicon tiles. The small squares that
are visible in this picture are groups of tile. The entire array

will go through semiconductor diffusion and metalization processes
and will emerge as 440 intermediate-frequency amplifiers.

Tile setters. RCA calls its arrays
“mosaics” and its chips “tiles” be-
cause the isolation process resem-
bles tile-setting. The chips are ar-
ranged in the desired pattern and
the dielectric is molded around the
chips, leaving a bare, virgin layer
of epitaxial silicon on each chip.
The method was conceived by
Arthur I. Stoller of the RCA Labs.

One of RCA’s experimental mo-
saics contains 440 r-f mixer cir-
cuits, each composed of 10 pin-
point-size tiles, However, RCA still
hasn’t determined what circuit de-
signs are best suited to the process.

“We are on the threshold of a
new kind of substrate for circuits
that people haven’t designed as
yet,” says Nicholas Wolff, who is
head of materials processing re-
search, Adds the labs’ vice presi-
dent, James Hillier, “This can lead
to radical advances in the design,
capability and economy of many

types of systems.”

Multistage circuits. One type of
circuit that could be built, accord-
ing to Wolff, is a multistage ampli-
fier. Such high-gain amplifiers re-
quire voltage and feedback isola-
tion.

Conventional isolation — back-
biasing to block current flow or
forming oxidized silicon barriers—
break down at about 60 volts. Wolff
says the dielectric isolation can
“easily withstand several thousand
volts.” This overcomes the coupling
problems which exist when there is
a large difference in gain between
onc side of an amplifier and an-
other.

Another type of isolation now
used to make monolithic IC’s is the
formation of polycrystalline moats
between silicon “islands” [Elec-
tronics, June 14, 1965, p. 40]. That
works for digital IC’s but not linear
r-f circuits, Wolff continues. The
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polycrystalline  silicon becomes
very lossy when frequency rises
to 100 Mc, causing impedance-mis-
match problems.

The RCA dielectric is a low-loss
material with a dielectric constant
of five to six. The composition of
the dielectric has not been re-
vealed. But Wolff says it is a glass-
ceramic whose thermal coefficient
of expansion can be adjusted to
exactly match that of the silicon
chips, a necessity if the mosaic is
to hold together during tempera-
ture changes in processing and
use.

Complex circuits. The technique
is not restricted to a single form
of chip. Wolff says the sizes of the
tiles and the combinations of base
crystals and epitaxial layers can
readily be changed. These factors
determine the nature and size of
the devices or circuits bonded to-
gether by the dielectric. The mo-
saic can be cut up into groups of
tiles.

It would be feasible, Wolff adds,
to make complex circuits by re-
serving some tiles for IC’s, some
for r-f power devices such as
overlay transistors, and some as
substrates for precision, thin-film
passive components. The ceramic
is a good heat sink, but Wolff thinks
that if high-power circuits are
made, the most effective way of
cooling them would be to use an
inert refrigerant such as Freon.

Shorter diffusion. Although the
tile-setting procedure adds one
step to the regular monolithic IC
processing procedure, it can avoid
those now employed to provide
isolation. Making a polycrystalline
moat requires deposition and etch-
ing, while isolation based on deep
diffusions into the silicon requires
lengthy heat treatment. Wolf says
it takes 16 hours to make a typical
diffused isolation.

The new process is being de-
veloped as part of a long-range
process research and development
program directed by C. Price
Smith, of the labs. The evaluation
is being done at RCA’s Electronic
Components and Devices group at
Somerville, N.]J., where RCA de-
signs and makes its production
IC’s.
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Industrial electronics

New perspective

Imagine trying to thread a needle
with remote-control manipulators
by watching what you're doing on
a television screen. If the necdle
stood upright before the camera,
with its eye hidden from view, it
would be difficult to determine its
distance from the camera; or if the
needle was seen from above, it
might be impossible to find the eye
at all. But if the tv camera could
be moved in such a way that the
viewer was able to change his an-
gle of view—or perspective—he’d
have much less trouble guiding the
thread through the eye.

On the head. A tv viewing sys-
tem that provides just this kind
of flexibility—by allowing the
viewer to change his perspective
with respect to the object being
manipulated, simply with a natural
movement of his head—has been
developed by the National Ar-
gonne Laboratory. The system is
composed of a tv camera and mon-
itor that are slaved to a lightweight
headpiece worn by the operator.
When the operator moves his head,
the camera and monitor follow
suit. If, for instance, he moves his

head to the left to gain a new per-
spective, the camera pans to the
left; at the same time, the viewing
screen moves to the left and re-
mains in front of the operator’s
eyes. Technicians testing it were
able to perform tasks satisfactorily
after an hour of practice.

The system is designed to im-
prove the way scientists and tech-
nicians can watch their work in
areas inaccessible to them, such as
in a radioactive chamber. Other de-
vices still under development by
Argonne will allow the operator to
zoom in for a closcup of his work
by moving his head toward the
monitor.

Ray Goertz, director of the Re-
mote Control Engineering division
at Argonne, says the objective now
is “to make it work pretty much the
way your own head and eyes do.”

‘Dead zone.’ Originally, the sys-
tem was designed so that the mon-
itor and camera closely and ac-
curately followed the motions of
the operator’s head. But small in-
advertent head motions produced
annoying effects. These were elim-
inated by creating a slight “dead
zone” in which the operator’s head
could move without causing a
movement of the camera or moni-
tor.

Argonne National Laboratory,
which is operated by the Univer-

Motion of the head, as shown in this double exposure, produces a similar move-
ment on a television camera and the monitor, providing a change of perspective
for the operator of a remote-controlled manipulator. If the operator moves his
head to the left, the camera that's trained on the ‘“hands’* of the manipulator
(picture on the left) moves to the left and the tv monitor also moves to the

left, remaining within the operator’s field or view.
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sity of Chicago for the Atomic En-
ergy Commission, has helped de-
velop the conceptual design for
much of the equipment used in the
nuclear-controls industry,

Electron beams' new field

For the past several years electron
beams have been used on a limited
scale in industrial applications.
Their job has been mostly in weld-
ing, cutting and vaporizing metal.
Now, the Ford Motor Co. has de-
veloped a process that may lead to
a host of other applications: curing
of paints and plastics and the pro-
duction of printed-circuit boards
and multilayer boards [Electronics,
Feb. 21, p. 25].

Crucial to the Ford process was
the development of a chemical
that’s sensitive to clectron beams.
When the chemical—its composi-
tion is proprietary—is mixed with
paint, and an electron beam is
trained on the wet paint, the elec-
tron beam cures the paint by poly-
merizing it. In conventional paints,
which contain solvents, heat cures
the paint by evaporation; the cur-
ing is usually done in ovens—
typically at 130°F for about 10
minutes. With the Ford process,
curing is accomplished in three
seconds at room temperature.

Another use. William J]. Burlant,
manager of Ford’s Scientific Re-
search Laboratory’s materials ap-
plications department, concedes
that his lab is now exploring the
possible application of the process
for production of printed-circuit
boards. This work is being done in
conjunction with the Philco Corp.,
a subsidiary of Ford,

Although Burlant declines to dis-
close the specific areas of explora-
tion, they presumably would in-
clude both the curing of laminating
adhesives and curing or developing
etching and plating resists.

At present, heat and pressure
are required to bond the laminate
materials. If the laminating can be
done without heated presses, it may
lower tooling costs, avoid the prob-
lems of material degradation and
stress-warping—which make con-
trol of the laminating process diffi-
cult—and make it possible to use
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new materials for the laminates.

The simplest way of using the
beam in the etching process would
be for rapidly curing printed resist
patterns. Currently, printed resists
are air-dried. which requires han-
dling and storage, or the laminate is
heated. One automatic printed-cir-
cuit production line now in use has
an oven 13 feet long.

Making patterns. The process
might also be used as a substitute
for photographic development of
resist patterns. Experimenters in
other laboratories have been using
electron beams to trace microcircuit
wiring patterns in photoresist
[Electronics, Nov. 16, 1964, p. 82].
Researchers are using a pinpoint
beam controlled by a flying-spot
scanner to polymerize the photo-
resist. Ford might be able to
achieve the same cffect, on the
much larger scale required for
printed-circuit boards—by poly-
merizing patterns in a plastic coat-
ing and by better scanning the
beam or directing it through a
mask.

Part of the problem in develop-
ing the paint-curing process in-
volved designing a rugged clectron
gun that provided a wide beam.
The gun that was produced emits
a quarter-inch wide beam that exits
through a cooled window that’s 33
inches wide,

To achicve the broad beam, Ford
physicist Allen Turner installed
a-c scanning coils below the clec-
tron accelerator. The coils deflect
the beam over a 33-inch arc. pro-
ducing the effect of a beam 33-
inches wide. The gun’s accelerating
voltage is 300 kilovolts, but Burlant
declined to state the beam current.

In its first industrial application,
the beam is being used to cure the
paint on the metal steering columns
of automobiles.

The electron-beam curing proc-
ess also provides a stronger bond
between the paint and the surface
on which the paint is applied. In
one experiment, for example. paint
cured on a wood surface withstood
immersion in boiling water for up
to 15 minutes without blistering.
Conventional paint would have
peeled away, the Ford scientists
say.

The broadest application, a Ford

Ford physicist Allen Turner makes
adjustment on electron-beam gun
developed by company to cure paint
on wood, metal and plastic. The process
may be adapted for producing printed-
circuit boards and multilayer boards.

spokesman says, will be for curing
paint on wood and plastic because
these materials can’t withstand the
heat of conventional heat-curing
ovens.

Ford has signed an agrcement
with the Boise Cascade Corp,,
licensing it to use the process for
factory prefinishing of wood for the
building industry.

Medical electronics

Bloodless surgery

In January a 350-year-old man
was wheeled into surgery at Chil-
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dren’s Hospital in Cincinnati. Con-
sidering the relatively simple sur-
gery involved—removal of a tumor
in his thigh—the operating-room
team was unusually large: five men
plus the usual complement of
nurses. However, two of the men
weren’t doctors; they were engi-
neers from Bell Telephone Labora-
tories and they were making the
final adjustments on what may be
the forerunner of medicine’s newest
and handiest tool: a laser knife.

Within two hours the laser beam
had bloodlessly burned through
the several roots of the tumor and
the growth was removed. As the
beam moved through the leg tis-
sue, its heat left a clean cut and
simultaneously  cauterized  the
wound, eliminating one major
problem in surgery—tying off small
blood vessels and sponging up
spilled blood.

Two-watt output. The laser, de-
veloped by Eugene Gordon, a
physicist at Bell Labs, was an
argon-gas device with a maximum
continuous-wave output of two
watts.

To aim the instrument, Gordon
and his associates, E. F. Labuda
and A. M. Johnson, rigged up a
mirror that swiveled on a gimbal.
The mirror reflected the beam from
the laser cavity onto the patient’s
thigh. The surgeon guided the
beam by aiming the mirror.

The surgeons, under the direc-
tion of Dr. Leon Goldman, a pio-
neer in medical applications of
lasers, reported they were de-
lighted with the results.

Goldman, however, added cau-
tiously: “We’ve got to make many
more tests before we can be sure of
the instrument. Right now we're
waiting to find out how effective
our treatment was.”

This is not Goldman’s first ex-
perience with laser surgery. In de-
veloping the technique, he per-
formed tests on dogs, including
heart surgery. Goldman plans to
test the laser-beam technique in
animal brain surgery.

In selecting the wavelength of
the laser, the Bell Laboratories re-
searchers selected two that exhibit
the strongest power levels of trans-
mission: 4,800 and 5,145 ang-
stroms.
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Christopher C. Kraft, flight director for the Gemini series, is moving out
of his job and over to a new one: flight director for the Apollo mission.

Space electronics

Kraftsmanship for Apollo

When Gemini 8 takes to the air in
mid-March. a familiar figure will
be missing from the flight director’s
console in the Mission Control
Center at the Manned Spacecraft
Center in Houston. Christopher C.
Kraft will be preparing for his new
job as flight director on Project
Apollo— the mission to place a man
on the moon by the end of this de-
cade. However, Kraft will continue
to function in his primary post. as
assistant director of the MSC for
flight operations of future Gemini
flights.

Kraft, 42 years old, has been
around mission control centers for
the entire manned flight program.
He was flight director for all the
Mercury flights.

He first joined the staff of the
old National Advisory Council for
Aeronautics in 1945 and was one
of the 35 people assigned to the

Manned Spacecraft Center when it
was formed in 1958.

In addition to his mission control
duties, Kraft also supervises mis-
sion analvsis and recovery opera-
tions work.

Military electronics

Explaining the budget

Defense Secretary Robert S. Mec-
Namara laid before Congress last
week a 220-page rationale of the
$58.3-billion military budget for
fiscal 1967, beginning July 1. These
highlights of the posture statement
emerged:

» McNamara has changed his
mind about cutting back the Navy’s
aircraft carrier fleet over the next
five years.

= He has decided to convert an-
other Army division into a heli-
copter-borne unit.

= The potential of satellites for
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tactical communications will be
exploited.

» More emphasis will be placed
on antiaircraft missiles.

® An airborne warning and con-
trol system will be pushed for both
continental defense and tactical
use.

A scries of advanced-planning
briefings based on the posture
statement will be given for defense
contractors over the next few
months. Pentagon officials  will
speak in Atlanta March 9 and 10,
St. Louis March 16 and 17, San
Francisco April 12 and 13, and
Washington April 27 and 28.

McNamara also said that studies
of the antisubmarine threat indi-
cate a need for 68 attack subma-
rines and possibly more. To reach
68, 11 more must be built; Mec-
Namara is seeking funds for five in

The program to improve the
Hawk antiaircraft missile and to
make it self-propelled will also be
stepped up. The improved Hawk
will substitute for the Mauler mis-
sile, which should have bcen in
operation but was canceled after
developmental problems.

Looking ahead. The Army is be-
beginning development of a new
antiaircraft missile, known as
Sam-D, for the 1970’s. The missile
will be capable of knocking down
short-range ballistic missiles as
well as planes.

Devclopment will begin on a
new Navy missile system to sup-
plement three other programs in-
tended to straighten out the Navy’s
air-defense muddle. The programs
constitute an effort to correct de-
ficiencies in the Tartar-Talos-Ter-
rier family of missiles on ships built

Navy's only nuclear-powered aircraft carrier, the Enterprise,
stationed off the coast of Vietnam, will soon have three
sister ships. One is already in the budget and defense

chief McNamara last week approved plans for two more.

fiscal 1967. This fleet does not in-
clude the 41 Polaris missile subma-
rines that are either at sea or being
built.

Flying Army. The decision to
convert a sccond Army division
into an air-mobile unit similar to
the First Air Cavalry Division in
Vietnam will require the purchase
of more than 400 helicopters.

MceNamara emphasized air-de-
fense missiles. The Army plans to
“increase very substantially” the
number of new air-defense battal-
lions, which use 32 20-millimeter
guns and 32 Chapparal missiles.
The Chapparal program, which be-
gan last year, involves conversion
of the air-to-air Sidewinder to the
air-defense role.
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or under construction; development
of a new and more effective “stand-
ardized” missile for use on Tartar
and Terrier launchers, and devel-
opment of an advanced surface-
missile system for the 1970’s.

The supplementary program will
provide a ship-based version of the
air-to-air Sparrow missile (called a
Sea Sparrow) to provide “close in”
air defense for combat ships and
give a missile capability to am-
phibious ships now armed only
with antiaircraft guns. McNamara
said preliminary tests with the Sea
Sparrow system have been en-
couraging and that it can be de-
veloped quickly, using existing
hardware and possibly some com-
ponents from Mauler.

Giving warning. McNamara’s
earlicr doubts about efforts to de-
velop an airborne warning and con-
trol system have abated, and he is
allowing the program to proceed.
It will require development of an
aircraft as a semiautomatic com-
mand post from which both air-
strike and air-defense operations
could be directed—a kind of “flving
Sage” system. Along with the plane
would be developed a radar ca-
pable of detecting and tracking air-
borne targets over land despite
severe ground clutter.

McNamara seeks $3 millien in
fiscal 1967 to undertake contract
definition leading to two aircraft
prototypes and $12 million to be
added to $9 million alrcady spent
on radar development for them.
The Air Force plans to flight-test
five different types of radar during
the coming year.

After snmmarizing plans to put
up an interim satellite system for
strategic communications in the
next six months and plans for a
more advanced system later, Mec-
Namara said the time has come to
consider satellite communications
for tactical use.

Strategic systems will use
satellites of relatively simple de-
sign and sophisticated ground ter-
minals. But now, says McNamara,
technology makes possible complex
and heavy satellites and small,
highly mobile terminals for tactical
use.

McNamara also disclosed that:

» The short-range attack missile
being developed for the strategic
bomber version of the F-111 won’t
be utilized on the G and H models
of the B-52. But development work
will be continued to permit use in
B-52’s “if it should become desira-
ble later.”

* The Air Force will undertake
engineering development and test
of a new terminal guidance system
for the Hound Dog air-to-ground
missile, which will be used by
B-52’s remaining in the bomber
fleet.

* Though he still sees no need to
order production of a new manned
interceptor for continental defense,
work on the experimental YF-12A
will continue and $5 million will be
spent for “certain improvements”
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in the ASG-18/AIM-47 fire control
and missile system it employs.

* Another $23 million will be
spent in fiscal 1967 on top of the
$42 million outlay in fiscal 1966 for
over-the-horizon radars.

» Problems in development of
the Phoenix air-to-air missile and
the airborne missile-control system
for the Navy version of the F-111
“have not as yet been fully re-
solved and some delay in the
F-111B program appears inevita-
ble.”

= Also, $4 million is being re-
quested to start studies on a new
antiradar missile that looks beyond
ARM-1, which is a missile being
developed by the Navy as a follow-
on to Shrike.

Extras for Vietnam

Aircraft, helicopters and air-to-
ground missiles dominate the mili-
tary’s shopping list which is to be
financed by new appropriations
now being sought from Congress
to suport the war in Vietnam.
Congress is cxpected to approve
the extra $12.3 billion requested by
President Johnson despite the cur-
rent debate over the war and de-
spite any attempt by opponents to

rescind the 1964 resolution author-
izing the President “to take all
necessary steps” for the war.
Once it gets the money, the De-
fense Department will begin plac-
ing contracts for aircraft still in
production—the McDonnell F-4 for
both the Air Force and Navy;
the Grumman A-6A Intruder and
the Douglas A-4E Skyhawk for the
Navy, and the Grumman OV-1C
Mohawk for the Army. In addition,
it will commit itself to the first
production orders of the Ling-
Temco-Vought A-7TA for the Air
Force and the North American OV-
10A for the Marines and Air Force.
The A-TA and OV-10A are now
in the prototype testing stage. The
A-7A was developed for the Navy,
and the first procurement for that
service was decided upon earlier.
Buying new COINS. The OV-
10A, called COIN, for counterin-
surgency aircraft, will become op-
erational in mid-1967 and the A-7A,
late this year. The OV-10A is a
light armed-reconnaissance plane
that will be used primarily for di-
recting air strikes in support of
ground troops. The A-7A is an at-
tack aircraft that will aid ground
forces by carrying out strikes
against heavily fortified targets.
The Pentagon will also buy re-

e i

Damaged by Viet Cong fire, a Chinook helicopter gets a lift
from a Skycrane back to a military base for repairs.
Production of both craft will be stepped up for the military.
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connaissance versions of the F-4
for the Air Force, training versions
of the A-4E and the North Ameri-
can T-28C trainer for the Navy,
and modifications of the Boeing
B-52 bomber and the Fairchild
C-123 transport for the Air Force.
The bomb-carrying capacity of the
B-52 will be cnlarged, but the in-
crease is classified.

The helicopter purchase will in-
clude the Bell UH-1B and D Iro-
quois, the Vertol CH-47A Chinook,
the Sikorsky CH-544 Skycrane, the
Bell TH-13T instrument trainer
and the Beech U-8F utility trans-
port, all for the Army. The Navy
and Marines will get additional
Vertol CH246A Sea Knights, Sikor-
sky CH-33A Sea Stallions and the
Bell UH-1E. The Air Force will
buy Sikorsky CH-3E transports and
HH-3E rescue helicopters, as well
as Helio U-10A Couriers.

Missiles, too. In missiles, the
Pentagon will buy more Maxson
air-to-ground Bullpups, Texas In-
struments’” Antiradar Shrike missile
and Raytheon ground-based Hawk
antiaircraft missiles. In addition,
the Air Force will receive addi-
tional target drones to train pilots
in the usc of the Raytheon Spar-
row-3 air-to-air missiles.

The exact quantities of the air-
craft, helicopter and missile orders
are secret.

New research-and-development
funds for Vietnam will finance
modifications of the F-4 and A-7TA
“to improve their effectiveness for
close troop-support missions”; con-
tinued development of the Grum-
man EA6B electronic countermeas-
ures aircraft; an electrolumines-
cent runway lighting system; an
aircraft photo-flasher system to
light the ground for night photog-
raphy, and additional work on air-
borne electronic warfare equip-
ment. Details on these projects are
classified.

Avionics

C-5A race continues

Last October, when the Lockheed
Aircraft Corp. won the $1.4-billion
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Drawing of the C-5A, which is being built for the Air Force.

contract for the Air Force’s C-5A
cargo plane, it looked as if the los-
ing competitors. the Boeing Co.
and the Douglas Aircraft Co.. were
out many millions of dollars—the
cost of preparing their complex
proposal—and that the C-5A com-
petition between the three aero-
space companies was over. Not so.
Last month the three giant com-
panies indicated that the competi-
tion will continue, and perhaps in-
tensifve Lockheed announced it
plans to produce a commercial ver-
sion of the C-5A, labeled the 1.-500,
which could carry as many as 900
passengers, 140 tons of cargo, or
a combination of both. Boeing and
Dounglas hinted that they. too, were
considering a commercial version
of their designs.

‘Excellent’ reaction. The Bocing
and Douglas designs, however. will
probably be scaled-down versions
of the behemoth, capable of carry-
ing between 3530 and 3550 pas-
sengers.  Boeing and Douglas ex-
ecutives have alrcady approached
the major airlines with the proposal
for the scaled-down models.

Boeing’s model. called the 747,
“has received an excellent” initial
reaction, says a Boeing spokesman.
A decision, however, on whether to
produce the aircraft isn’t likely un-
til next month, the Boeing spokes-
man says.

Lockheed also is weighing the
market for a scaled-down version
of the C-53A.: it’s considering a craft
that would haul about 400 pas-
sengers.

The designs of all the giant air-
planes are based on the companies’
research on the C-5A project.

Lockheed’s C-5A is scheduled
for delivery to the Air Force in
1968. Lockheed’s vice president

and program manager of the C-5A,
T. R. May, says the company “fully
expects” to have the L-500 on regu-
lar air routes by the carly 1970’s.
He adds: “Our predictions indicate
that the market would support 30
to 40 all-passenger airplanes of this
tvpe in the 1970’s.” In addition, he
savs. a hundred or so all-cargo
planes will probably be sought by
the airlines.

The clectronics industry is await-
ing the decision on production of
modifiecd C-5A’s with more than
casual interest: the sophisticated
electronics such giant planes would
require would mean big new busi-
ness.

Electronic systems. Lockheed’s
C-5A. for example. will contain a
malfimction detection system that
gathers information on breakdowns
and potential malfunctions for nse
both in-flight and during check-out
on the ground. The system will col-
lect data on about 1.000 points
throughont the aircraft and relay
the information to the flicht ~ngi-
neer.  Aside from pinpointing
tronble. the system will indicate
whether spare parts are on hand
and what special tools are needed
to install them.

The C-5A will also carry station-
keeping equipment and multimode
radar that will handle such jobs
as gronnd mapping, terrain avoid-
ance and navigation.

Consumer electronics

Braking the habit

Officc  managers complain that
copying has become so much a part
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of office life that secretaries have
forgotten how to use carbon paper,
which is much cheaper, and that
employces now feed everything—
from junior’s term paper to instruc-
tions for knitting a sweater—into
the voracious copying machines.

To put the brakes on the copying
habit, cost accountants for some
companies have required that users
sign charge sheets and indicate the
number of copies they’ve made;
but employees falsify, forget or just
don’t bother to sign the charge
sheet. Now, two inventors at the
Savin Business Machines Corp. of
New York, Frank LaBella and Rob-
ert Peisner, have developed what
thev believe is a fool-proof auto-
matic billing machine for electro-
static office copiers—called the
Copytrol. If they are right, Copy-
trol should become as ubiquitous
as the copiers themselves.

Can’t stop it. The biggest pro-
ducer of electrostatic copying ma-
chines, the Xerox Corp., can’t be
too happy with the development
since it will tend to cut down on
the number of copies that are
made. But Xerox can’t do a thing
abont it because Copytrol isn’t con-
nected to the copyving machine—
excent that the copying machine’s
power cord is plugged into Copy-
trol.

The Copytrol is a small cabinet
with rows of kev-operated switches
—one key switch for every group
or individual authorized to use the
copier. The copier will not work
unless a key, inserted in one of the
switches, turns it on. Underneath
each key switch is a meter that
registers the number of conies or
the cost to the user, depending
upon the type of copier.

The secret of Copytrol’s opera-
tion is a current-measuring circuit
that detects a current surge inher-
ent in cach copving cycle. Since
this current surge will vary from
one machine to another and with
local line voltages, the threshold
of the trip-current is adjustable.

No cheating. In the case of the
Xerox 914, a popular model, the
machine runs for about 50 seconds
after the last copy is made to allow
its belts and drums to cool. To pro-
tect the copier, Copvtrol also has
a time-delay mechanism that con-
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Relays

Commercial
Relays

CONTROL

Industrial
Relays

PLUG-IN 600V

9 GLUES
TO FINDING
R RELAY...FAST!

-

Notice the range of the relay types above. You'll get
an idea of what's availabte in the world's largest line
of relays . . . at Struthers-Dunn. Including standards
and specials. In fact, if we can't come up with the
relay you're looking for, well . . . we have a feeling
you'll be in for a long, hard hunt. Write for details
on any type.

Pitman, New Jersey 08071
tel: 609-589-7500 twx: 609-589-1548

SALES ENGINEERING OFFICES IN: Albuguerque  Atlanta « Belmont, Calif. « Birmingham, Ala.  Boston
Buffalo « Cedar Rapids » Charlotte - Cincinnati « Clearwater, Fta. « Cleveland « Clifton » Dallas « Encino

MOTOR STARTERS

Englewood - Glen Ellyn, 11l. » Houston « Kansas City » Las Vegas « Memphis » New York « Phoenix » Pitts-
burgh « St. Louis » St. Paul + Salt Lake City - Richardson, Tex. « Seattle - Southfield » Towson, Md.
Wichita « Wilmette. Canadian Licensee: Renfrew Electric Co., Ltd., Toronto. Export Dept.: 1505 Race St.,
Philadelphia, Pennsylvania 19102, U.S.A.

At the IEEE Show see us at Booth 2J41 and 2J43
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We‘re into electronics
up to our ears...

that’s why
Bausch & Lomb V.0.M. Recorders
ASSURE YOU

outstanding performance!

V.0.M. Recorders are backed by vears of experience in engineering the
most sophisticated electronic circuitry for a wide variety of precision
scientific instruments. An entire division is devoted exclusively to the
development and production of electronic products. Result? Outstanding
performance and reliability .. . with exclusive important advantages for
vou at surprisingly low cost. Like recording multiple inputs... volts,
ohms, milliamps. .. directly. without extra converters. Or the 5 chart
speeds, and many more. People who buy them, like them and buy more.
The V.0.M. Recorder in use is its own best salesman!

V.0.M.-5 V.0.M.-6 V.0O.M.-.7 V.0.M.-8
Voltage range: 10 mv—-500 v DC 2.5 mv—-125 v DC 0.5 mv—-10 v DC Absorbance/
Transmittance
Current range: 10 xa—100 ma 2.5 pa-—-25 ma 1 pa—-10 ma Measurement
fvoltage, current,
Resistance range:| 1 ohm-—100K ohms|0.25 ohms—25 K ohms|1 ohm- 100 K ohms resistance

ranges same as
Prices: V.0.M..5

(suggested list) $595 COMPLETE $700 COMPLETE $885 COMPLETE | $900 CbMPLETE

We also have the capability of designing special recorders ... modified
to handle whatever applications you wish. For complete information
on our standard recorders and the many time-saving accessories available
for them, write for Catalog 37-2068. Let us know if vou are interested in
modification for special needs. Bausch & Lomb, 99727 Bausch Street,
Rochester, New York 14602.

BAUSCH & LOMB (§)

ELECTRONICS DIVISION

Visit our Booth 3K43 at the IEEE Show, N. Y. C., March 21-24
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tinues to provide power to the
copier for 30 scconds after the op-
erating key has been removed.

However, if someonc tries to
cheat the machine by making a
copy during this cool-off period,
the machine will turn off, trapping
the unauthorized copy within the
machine. The next person to insert
a key into the Copytrol will get
charged for the unauthorized copy
but since he will get a copy of the
document it should be easy for him
to identify the person who pre-
ceded him.

Copytrol units have been de-
signed for just about every electro-
static copier on the market. The
price varies depending on the
copier for which it is used and the
number of key switches desired.
An eight-key unit for a Xecrox 914
will cost about $540 and for a roll-
fed machine about $375. For some
types of machines, an eight-key
unit will cost only about $225.

The metering machine is being
produced by Copytrol, Inc., and
initially it’s being distributed by
Savin.

Copytrol, Inc., has already ap-
plied for a patent on a similar auto-
matic billing machine for time-
shared computer terminals. Its
name? Datatrol.

Manufacturing

The copper squeeze

For the past few years the copper
shortage has been getting tighter
and tighter. Until recently, the
squeeze affected only the large in-
dustrial users of the metal. But
now electronics companies are be-
ginning to feel the pinch.

So far, the tight market for cop-
per hasn’t reached crisis propor-
tions, but it’s making the life of
purchasing agents—whose job is to
find, among other things, supplies
of copper—a bit livelier. Typical of
the comments heard from agents
around the country is this one from
John E. Morgan of the Collins
Radio Co.: “We used to get (cop-
per) magnet wire in four to six
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weeks, but now we face a delay of
eight to ten months.”

Wait, wait. The delays in getting
orders filled and the spiraling
prices of some copper items is more
of an inconvenience to electronics
companies than a hardship.

Says a spokesman for the Gen-
eral Radio Co.: “The rising price
(of some copper) is somewhat of a
(problem), but we’re bothered
much more by the scarcity. . . . The
price of copper in our equipment
is small compared with the over-
all cost.”

Adds Edward Mason, purchasing
manager of the Giannini Controls
Corp.: “Orders for hook-up wire
take from 12 to 14 weeks to fill,
when only a month ago it was an
off-the-shelf item.”

Generally, producers of priority
military equipment aren’t affected
by the pinch. If a military-cquip-
ment company runs into trouble
getting copper. the company’s pur-
chasing agent simply calls Wash-

boeor B Bhsinass and| Defanse ll,p frant are blg g er.

Service Administration, and a gov-

ernment purchasing agent tracks
down the required metal. In addi- n etter.

tion. the military-gear producers

are able to write off the copper There's no comparison between DDC's new Assured Reliability Opera-

price rises in their bill to the gov- tional Amplifiers and that flat pack —unless you /nust trade off size for

ernment. far inferior offset current. And stability. And output current. And volt-
Something else. The tight market age swing. And ease of installation. And price. And so on.

is having other effects. For ex- But don’t just limit your comparison to IC amplifiers —check DDC’s

ample. explains Ray Kondrat. mar- parameters and prices with whatever you’re using.

Check the specs of our new economical D-8. And our new high-
current, high-stability D-22. And their costs. Optional configurations
let you drop a DDC amplifier right into your present PC board or

keting manager for the Metal Prod-
ucts Group of the Metals and

Control division of Texas Instru- connector.
ments Incorporated: “We've heen Both amplifiers are all silicon. They're virtually indestructible, and
‘stretching’ copper by using cop- need no external components to make them stable. And delivery, hap-
per-clad metals—such as copper- pily, is usually from stock.
clad aluminum and copper-clad
steel—to replace solid copper in OPERATIONAL AMPLIFIERS
some applications.” CHAR‘:’:ER'ST'CS gene e

Other companies, convinced fll?l,t VaUTAPEN . e .. 11V (MR-, +10V (min)
the end to copper shortage isn’t 10UT orvee . 2.2 ma (min)... ... *20 ma (min)
in sight, are stepping up efforts :’g:F'SN - :g:: i‘:‘g:o ~~~~~~~ - :g" ‘ib(“yp))

3 0 ET - 9 nA {max

to find substitutes. Vomn/rsm ............. 20 4V/°C (max) .. 15 uV/°C (max)

George Paterson, purchasing di- Freq. for ;ulIOUtput . 18 Ke (min)... .. 10 Kc {min)

. . 73 Price (1-9).......cccovenviinnns $290.....0 ... o v et | $05

rector for the Simplex Wire & Standard Packages ........ S H x 18" x 1%” ... D-22: %" H x 1%” x 1%a"*
Cable Co., notes that there has (Optional Configurations)0.4” H x 1Va” X 1%a”....... D-22-9; .6” H x 1.2 X 1.8"%*
been a “heavy influx” of aluminum ST R & L)
as a substitute for copper. T E— B cdd _—

Tha' thderal government Ras eck? Now check the reply card, or check us direct—

g call or write for complete information, free Applications Booklet.
taken scveral steps recently in an

effort to hold down the price of BB DATA DEVICE CORPORATION

copper. .In November, for example, 240 Old Country Road, Hicksville, L.1.,,N. Y. 11801
the White House ordered the re- 516-433-5330 TWX 516-433-5779

lease of some 200,000 tons of stock- See us at IEEE Booth 2B07-09
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UNLIMITED  FLEXIBILITY

‘.\“: _‘.‘-x. - e

WASP® AND =55
MINIWASP®

MODULAR

CONNECTORS <

CAN BE ROUNDING
ROUNDED #7544
WWHERE IN <

HE CIRCUT

]

WITH
NEAR ZERO
RESISTANCE

With the new grounding sieeve you can ground your circuit anywhere
in the WASP or MINI-WASP Connector System with 1 milliohm or
Jess resistance. This adds an additional feature to the system's
unmatched flexibility.

The Malco Plate-Type Connector System starts with an aluminum
matrix on which you can plot your connectors to suit your specific
applications; add mating Wasp or Mini-Wasp components as you
need them. Terminals can be wire wrapped, welded or soldered to a
density of up to 100 connectors per square inch. They ground
directly to the aluminum matrix, eliminating the need for wiring.

Just tell us how you want it—we'll convert your concept into a
reliable, compatible system ready for automatic wire wrapping as
it comes from the package.

WRITE FOR COMPLETE INFORMATION

VISIT BOOTH 1A33 AT IEEE SHOW

l. FRECISION ELECTRONIC TEAMINALS ANO CONNECTORS

MALCO MANUFACTURING CcOompPANY INC
4049 WEST LAKE STREET « CHICAGO. ILLINOIS 60624

Circle 46 on reader service card

Electronics Review

piled metal to the domestic mar-
ket, and in January a virtual em-
bargo was ordered on shipments
abroad.

The government is continuing its
efforts to alleviate the copper short-
age. Moves that are in the works:

s Congress will probably move
quickly to suspend the 1.7-cent-a-
pound import duty on copper.

= Another stockpile release is
likely—perhaps as much as another
200,000 tons—despite the fact that
the stockpile level is already be-
low the quotas set by the Office of
Emergency Planning.

= And the government may act
to subsidize inefficient mines in
order to get marginal copper- prod-
ucing facilities operating.

Electronics notes

= Apollo’s first. A Saturn IB
rocket fired an unmanned Apollo
moon capsule from Cape Kennedy
5,500 miles down the Atlantic test
range in the Apollo’s first subor-
bital flight test. The payload, a
37,500 pound capsule, was the
heaviest ever lofted by the U. S.

* Aiming a missile. A laser-as-
sisted guidance system will stretch
out the range of an antitank missile
now under development by the
British Aircraft Corp. and Bel-
ginm’s Fabrique Nationale d’Arimes
de Guerre for the North Atlantic
Treaty Organization. At ranges up
to one mile, the missile runs so true
that it can be aimed dead on the
target and needs no guidance. The
antitank laser-assisted system takes
over for longer ranges. Then, the
missile is fired in a trajectory over
the tank. A laser near the launcher
marks the target with an infrared
beam. About 100 yards from the
target, sensors in the missile war-
head pick up the reflected laser
beam; this triggers the firing circuit
for a small explosive, embedded in
the missile, which kicks the missile
down onto the target.

= Japanese tv sets. Japanese
color-television set producers have
agreed to establish minimum ex-
port prices. This year at least cight
Japanese producers will be export-
ing color-tv sets to the U.S.
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300 VOLT VCER TRS 301LC

HFE>40 IC=20 MA VCE 10V T0-5 PACKAGE
5 WATTS 25°C CASE TRS-3015LC ' TRS-3016LC

TRS 301LC

1 A
5 WATT MD14 15 WATT

TO 66 FLANGE

contact any Industro
distributor or

TRANSISTOR CORPORATION  ies office
35-10 36th Ave., Long Island City, N. Y. 11106 - Phone (212) 392-8000

/,,. l | N D U s @o For complete specifications
\A

REPRESENTATIVES: Alpine Industries, 2236 Hepburn Ave., Dayton, Ohio, 513-CR 8-5861 « Argus Associates, Inc., P. 0. Box 68, Warminster, Penna,, 215-675-4131 e
Domac, Inc., 1950 Bank St., Ottawa, Ontario, Canada, 613-733-3390 + Dorado Elec. Reps., 13615 Victory Blvd., Van Nuys, Calif., 213.-873-4124 « Al Hubert Associates,
P. 0. Box 143, Brookline, Mass., 02145, 617 C0 2-0027 = J. R. Sales Eng’g Co., 6446 W. Bloomingdale Ave., Chicago, Ili., 312-889.6662 = Machine & Products (European
Export), 52 Wall St., New York, N. Y., WH 4-4370 « Melvin Sales, 113 Camino Real, Millbrae, California, 415-697-6922 + W. J. Stulgis Co., Inc., 698 W. Crockett St.,
Seattle, Washington, ATwater 2-7870 « Western Elect. Components, 4301 Birch St., Newport Beach, Calif., 714-540-1322 « White Sales Co., P. 0. Box 8432,
Minneapolis, Minnesota, 929-5710
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INTERNATIONAL RECTIFIER

PROUDLY PRESENTS
THE CONTROLLED RECTIFIER FAMILY
WITH RATINGS UP TO

350/550

AVERAGE AMPS. AMPS.-RMS

UP TO 1200 VOLTS PRV

1l N Y\l (> FN -
N B L PRV E ML o 1

1,000,000 TO 1 RATIO, FIRING POWER TO RATED POWER

Proven performance backed by years of intensive
research and environmental testing.

World's most advanced line of

HIGH POWER EPITAXIAL SCRs UP TO 1200 VOLTS PRV

m 350 Amps epitaxial SCR

m 300 Amps epitaxial SCR (standard)

m 300 Amps epitaxial SCR (fast switching)
m 250 Amps epitaxial SCR

IR opens new vistas tn the field of power control and conversion with these
compact SCRs. They are indispensable tools of the engineer in meeting
demanding design requirements for higher performance Increased effi-
ciency, increased reliability, reduced size and reduced weight are merely a
few of the advantages engineered into IR's high power SCR line

The inherent capabilities in the design of these devices. combined with the
application experience of our engineering staff offers you an opportunity
to utilize the most advanced SCR technology avallable today in the design
of your high power equipment.

350 Amps - Bulletin A 116 ‘msw=mea
300 Amps (standard) - Bulletin A 114 " l
300 Amps (fast switching) - Bulletin A-115 p — =1
250 Amps—Bulletin A 113 | -;.I

CALL MR. RECTIFIER

He 1s your Sales Engineer He s experienced
Understands your problems Has the an
swers. Works closely with you You can
dea!l in confidence with “Mr. Rectifier’ —
your rectifier specialist. Call him

WORLD'S LARGEST RECTIFIER SPECIALISTS

<= INTERNATIONAL RECTIFIER

EL SEGUNDO, CALIFORNIA

102R G INTERNATIONAL RECTIFIER, EL SEGUNDO, CALIF.
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DOD may regroup
itsownR&D labs...

... widen research
by spreading funds
over more colleges

Pilots may get
altitude warnings
by audio signal

- -

Washington Newsletter |

March 7, 1966

A plan to reorganize the Defense Department’s research and develop-
ment laboratories, under discussion since early 1964, is picking up speed.
Any changes that might be approved aren’t expected to result in an
expansion of the Pentagon’s in-house research role, but could involve the
creation of “technical centers,” under whose roof some smaller labs might
be grouped. Such centers might be full-spectrum institutes that would be
involved with major projects—such as space exploration—from the ear-
liest basic research to testing and contractor relations. Firm plans for the
centers, however, must await the outcome of Pentagon surveys just
getting under way.

The Defense Department operates 147 laboratories housing 30,000
scientists and engineers. The plan does not cover the not-for-profit firms,
such as the Aerospace Corp. However, Pentagon sources say a reshuffle of
the military’s in-house labs might result in some changes in its use of the
nonprofit companies.

The current reexamination was originally proposed while Harold
Brown, now Secretary of the Air Force, was director of the Pentagon’s
research and engineering office. Under his successor, John S. Foster Jr.,
each of the services has, within the last month, hired a new director of
laboratories to supervise a reshuffle. For the Army it’s Jay Tol Thomas,
former chief scientist and director of research at the Northrop Space
Laboratories, a division of the Northrop Corp., of Hawthorne, Calif.,
the Navy has Gerald W. Johnson, former associate director of the
Lawrence Radiation Laboratory, and the Air Force reportedly is hiring
a Midwestern university physicist.

The Defense Department will soon begin to spread its support of academic
research in clectronics and other sciences among a wider group of uni-
versities [Electronics, May 3, 1965, p. 37]. It is acting in response to
congressional concern over the concentration of government research in
a relatively small number of the larger schools. It will tie its effort in with
the program of the President's Office of Science and Technology to
develop centers of technical excellence in all parts of the country.

Defense research officials plan to visit colleges that have not bid on
military research, determine their capabilities and counsel them on pre-
paring proposals.

The Boeing Co. is testing whether an electronic aid, originally designed
for military planes, can be adapted as a possible safety device for the
727 jet. The device—aimed at meeting suggestions that the airliner’s high
rate of descent may have played some role in recent 727 crashes—would
provide pilots with audible signals as their altitude changes.

The altitude-warning package would link a radar altimeter with an
audio apparatus. As the plane’s altitude changes, pilots would be warned
by a beep or possibly even a prerecorded woman’s voice. Similar, and more
complex, devices have been designed for military planes to give warnings
of trouble in various flight systems. Boeing declined at this time to make
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Industry unit seeks
to streamline
total-package bids

Is the Pentagon
fairly rewarding
efficient producers?

High Court stiffens
patentability rules

50

Washington Newsletter

public estimates of installation cost. Up to one-third of the 727's now
coming off production lines already are equipped with radar altimeters
for use in bad-weather landings.

Boeing has discussed the idea with the Federal Aviation Agency, but
the FAA and industry sources indicate that if the plane’s descent rate
is indeed involved, the cockpit device alone would not solve the prob-
lem—and could have some practical drawbacks.

Investigations of the four 727 crashes—three in the United States and
one in Japan—are still in their early stages, and no “probable cause” has
been assigned. But officials insist there are no grounds for suspecting the
airworthiness of the three-engine jet. Late last month the FAA held a
conference with airlines representatives and suggested that they study
possible changes in operating procedures to make the pilots more aware
of the plane’s rate of descent.

The Defense Industry Advisory Council is setting up a subcommittee to
aid the Defense Department in its future application of the total-package
procurement concept. The total-package techniquc involves buying under
a single, competitively awarded contract that wraps together develop-
ment, production and follow-on support.

The council group will study the possibilities of reducing the massive
volumes of data required in bidding on such huge contracts, of reducing
bidding expenses and of obtaining better labor and material cost indexes
to cover the long periods of the contracts.

The Defense Department plans to collect data from 50 to 60 contractors
over the next six months to determine whether its procurement policies
are promoting a healthy defense industry and are adequately rewarding
efficiency.

The Pentagon hopes to learn the impact of incentive contracting and
the application of weighted guidelines on profits. Under incentive con-
tracts, a target cost, target profit and ceiling price are negotiated at the
outset; after performance, final cost and price are determined.

Weighted guidelines set forth a wide range of factors to be considered
in arriving at an acceptable profit and assign a percentage weight to each.
Among other things, the guidelines take into account the difficulty of the
job and the degree to which the contractor accepts risk.

The Patent Office and the courts that review its decisions will have to
revise their requirements for a patentable invention as the result of last-
month’s Supreme Court decision. The court broke 15 years of silence
to demand “strict observance” of standards of invention.

Strict observance, according to patent specialists, means that an inven-
tion has to represent some advance over prior art. It will a)so mean that
both patent applicants and Patent Office examiners are going to have te
make a thorough search of prior art before filing or acting on a patent
application.

The decision comes at a time when a Presidential commission, due to
report late this year, is reviewing the function and structure of the Patent

Office.
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Powder Metal Products only asked
Blackstone and FREON"
to solve a cleaning problem...

...but got a new product as a bonus!

Powder Metal Products, Inc., St. Marys, Pa., makes gears, bushings and
bearings for motors in phanograph turntables, car heater fans and other
fractional horscpower equipment. All types of soils—even microscopic

remnants of grease, oil, ash and metal particles—must be completely ool alfaranmas

removed to insure trouble-free, noiseless operation. Standard degreasing o et U @]EID

couldn’t do the job alone. ——
Now, FREON-TF solvent in a Blackstone ultrasonic vapor degreaser ~  F————————————m—————__

Du Pont Co., Room 3678
LI Wilmington, Delaware 19898.
FREON Please send me more information on
[Mewtetdy FREON solvents for use in cleaning

meets this critical cleaning requirement. It gets parts so clean, they operate
noticeably longer and quieter. So quiet, in fact, that Powder Metal Products
can now turn out parts for more demanding tape recorder motors.

Like all FREON fluorocarbon solvents, quick drying FREON-TF offers - i
... high density to loosen and carry away particulate matter . . . excellent Name
stability to permit repeated distillation for reuse. It requires no extra safety Company
precautions, because it is nonflammable and relatively nontoxic. per.
FREON solvents could be the answer to cleaning problems for your City State -

products. And, like Powder Metal Products, it might even help you market
anew one. For more information on FREON solvents, mail the coupon today.

(In Europe, mail to Du Pont de Nemours International S.A., **Freon*

s
I
I
!
I
I

low surface tension to completely penetrate the smallest pores and crevices l
|
|
I
I
!
l Products Div., 81 Route de I'Aire, CR1211 Geneva 24, Switzerland.)
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Go modular
the easy way

Circle 52 on reader service card

This entirely new approach to modularization is the AMPMODU* Interconnection
System. It permits almost unlimited design flexibility, high production speed, and
economies resulting from automation and low per line cost.

Specifically designed for modular applications using printed circuit boards, it
enables mounting module cards at 90° to a mother board, stacking them, or
putting them end to end. The female contacts may be staked directly to a printed
circuit board or enclosed in molded housings. Male contacts may be staked
directly to a printed circuit board, used in nylon incremental connectors, or
moupnted with nylon bushings in aluminum grid plates. Two sizes of contacts are
available: the standard size, which uses .031 x .062" posts for mounting on .156"
centers, and the miniature size, which uses .025 x .025" posts for mounting as
dense as .100”. Electrical and mechanical efficiency are enhanced by the simplic-
ity of the female contact design, which includes dual cantilever-beam springs for
redundant contact action and anti-overstress devices to ensure reliability. The
long life of the phosphor bronze contacts is a result of AMP’s special gold plating.
New modular ideas don’t have to dead-end at the design stage. For information
on how you might use the AMPMODU Interconnection System to modularize your
product and lower your costs, write us today.



A. AMPMODU Male Incremental
Connectors

B. Mimiature AMPMODU Female
Contacts in strip form

C. Standard AMPMODU Female
Contacts in strip form

D. Miniature contacts in two-row
housings

E. Grid Plate Header

F. Horizontally staked AMPMODU
Contacts with incremental
connectors

G. Vertically staked AMPMODU Contacts
H. Flexible tape cable AMPMODU
Connectors

I. Molded-in AMPMODU Pin
Header and printed circuit board
connector

J. Miniature Crimp-Barrel
AMPMODU Female Contacts

K. Individual Standard AMPMODU
Female Contacts

+ Canada - England - France » Holland - ftaly + Japan « Mexico

Automatic machines can stake contacts to
printed circuit boards at rates of up to
1800 an hour

Miniature AMPMODU contacts may be
mounted ten to the inch

The AMPMODU female contacts may be
mounted in one of three ways for modular
connection versatility

Visit us at The IEEE Show
Booths 2E45-2E49
March 21-24, 1966

ANMP

INCORPORATED

Harrisburg, Pennsylvania

- Spain « West Germany #Trademark of AMP |ncorporated
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Tough Recorder
Environments:

Kid Stuff!

Try leaving a couple of kids alone for ten minutes with a brand
new toy. Result: the kind of chaotic environment Leach recorders
thrive on. Like in-flight testing, automotive torture tests, hydrofoil
recordings, etc. . . . if you can keep a transducer on it,

we’ll monitor the output.

Take the MTR-3200 for example. For a modest power input of as
little as 50 watts at 28vpc, this compact 44 pound package records,
stores and reproduces data under the toughest conditions.
Conditions like 10g shock with less an a 3% peak to peak

flutter. 10g vibration with less than a 6% peak to peak flutter.

25g acceleration.—40° to 71°c operating temperatures.

95% humidity. 150,000 foot altitude. Check these specs against any
other recorder/reproducer and see if they’ll operate through
conditions like that.

And the MTR-3200 is versatile, too. Plug in electronic modules
provide up to 14 analog and M or 16 digital channels usable in any
combination. Six tape speeds are selectable in speed pairs.

Even data bandwidths are extended beyond 1ric standards, and the
entire unit is compatible with 1r1G standard data reduction
equipment. For those special applications, Leach offers a wide
range of little luxuries such as analog to digital, serial to parallel
and parallel to serial conversion equipment.

If these specs meet your immediate requirements, or if you have
a highly improbable environmental situation to be challenged and
accommodated, write us. No one knows more about high
environmental tape recorders than Leach Corporation, Controls

Division. 717 North Coney Avenue,
LEA H Azusa, California Phone: (213) 334-8211.
o | Export: Leach International, s.a.
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“ANNULAR TRANSIST
PLANAR TYPE DEV
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FOUR PATENTS
ISSUED

ON ANNULAR
DEVICES

PHOENIX, ARIZONA —
A series of four patents cov-
ering generic developments

ture of semiconductor de-
vices has been issued to
Motorola’s Semiconductor
Products Division. The pat-
ents, according to Dr. C.
Lester Hogan, vice president
and general manager of the
Division, cover annular semi-
conductor devices which, he
savs, represent the only prac-
tical method for making pas-
sivated, high-voltage PNP
transistors and related prod-
ucts.

in the design and manufac- |

b g
.

-y

Jack C. Haenichen (right), inventor of the annular transistor, receives congratu-
lations and formual copies of the U.S. patents on annular semiconductor devices
from Foorman Mueller, patent attorney for Motorola Ine.

According to Hogan.
Motorola’s invention of an-
nular semiconductors over-
comes some of the basic
functional limitations of pas-
sivated semiconductor de-
vices. Prior to this invention,
he said, it was impossible to
manufacture these widely
used device tvpes to operate
above approximately 30
volts without seriously de-
grading their performance
and reliability capabilities.
With annular construction,
however, Motorola is already
marketing transistors capa-
ble of operating at several
hundred volts while main-
taining, in all other respects,
the highest level of perfor-

PHOENIX, ARIZONA —
Motorola Semiconductor
Products Inc., a company
which, until 1961 had not
produced and marketed any
silicon transistors, now
claims to have out-distanced
all of its competitors in the
silicon transistor field. The
company now says it manu-
factures silicon transistors
for more different applica-

mance currentlv achievable

semiconduc-
tor manufac-
turer.

The major
reason for this
advance, ac-
cording to
Dr. C. Lester
Hogan, vice
president and

Dr. Hogan
general manager of Mlotor-
ola’s Semiconductor Prod-

ions thay anv, other cingle

~Division, was_the

ANNULAR SEMICONDUCTORS TO GIVE
MOTOROLA SILICON TRANSISTOR LEAD

invention of the annular
structure.

The annular invention, he
pointed out, made it possible
for Motorola to introduce a
steady stream of improved
devices, in both the NPN
and PNP trausistor areas. It
led to new breakthroughs in
the high-voltage area, mak-
ing such devices ideal for the
production of line-operated
equipme chich hi

Electronics March 7, 1966
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tor News

JRS ARE RE
CES”-MOTO

PLACING
ROLA

DEMAND FOR HIGHER

PHOENIX, ARIZONA — Motorola’s patented
silicon annular transistors, which now offer much
higher voltage ratings than previously available,
are replacing many planar devices in newer state-
of-the-art designs, according to Dr. C. Lester
Hogan, vice president and general manager of
Motorola’s Semiconductor Products Division in
Phoenix, Arizona.

VOLTAGE SPURS USE

Motorola’s development was successful in solving the
channeling problem which limits the voltage rating
achievable with PNP planar transistors to spme relatively
low value and annular devices have proved equally suc-
cessful in providing similar advantages for silicon NPN
tvpes as well.

According ta Dr. Hogan, Motorola has almost univer-
sally applied the annular device structure to its silicon tran-
sistors and the tell-tale “ring” that is characteristic of those
devices is seen with increasing frequency in silicon devices.

“Ever since the invention
of the transistor,” according
to Jack C. Haenichen, in-
ventor of the Annular struc-
ture for semiconductor
devices, “we have been
searching for a way to manu-
facture devices whose char-
acteristics were not limited
by process considerations.
Thus, we have seen the
many variations of the
grown -
junction tran-
sistor give
way to the
improved
charac-
teristics of
alloy and dif-
fused-base
micro-alloy

Haenichen
devices, which vielded

higher-frequency response
but were ﬁimited to low-
breakdown voltages. These,
in turn, were superseded by
the mesa structure with its
high-speed, high-voltage

P4 ANNULAR BAND
TERMINATES CHANNEL

P-TYPE EPITAXIAL COLLECTOR REGION

$10, PASSIVATION

A
COLLECTOR-BASE JUNCTION
PROTECTED BY SURFACE
PASSIVATION

/ P-4~ SUBSTRAIE

INDUCED
M-TYPE CHANNEL

capabilities which. for

PNP Annular Transistor Structure

awhile promised to be the
ultimate structure.
Although the silicon tran-
sistor with a passivating film
was advertised as the answer
to the shortcomings of the
mesa transistor, it too fell
short of the “ideal device”.
The passivating film gave
rise to a phenomenon called
“channeling,” which limited
such transistors to low-volt-
age applications.
Channeling is a random
effect that tends to invert the

onductivity tvpe of the cal-

Electronics | March 7, 1966

lector region underneath the
S,0, film and, therefore, pro-
duces a channel that extends
the base region from under-
neath the film to the unpro-
tected edges of the transistor.
When this occurs, the appar-
ent leakage current rises to a
point where the transistor
becomes useless.

Even in low-voltage struc-
tures, the tendency towards
channeling is present and its
random nature can affect
transistor stability even be-

fore jungtion detorioration is

“This is not surprising,” he said, “because the Motorola-

ANNULAR DEVICES A “GIANT STEP"

invented annular structure
represents the only known
method for conquering the
high-voltage limitation of
planar transistors while pro-
viding the advantages of
low-leakage protection.”

For example, the company
presently manufactures both
PNP and NPN annular tran-
sistors with voltage ratings
as high as 300 volts! And,
Motorola says even higher
voltages are in the offing.
An important aspect of these
transistors is that the high-
voltage rating has been
achieved without any sacri-
fice in gain and collector sat-
uration resistance — normal
trade-offs for high voltage
with other device structures.
The 300-volt transistors
(types 2N3742 and 2N3743)
are designed for either
amplifier or switching appli-
cations and feature the
multifinger geometry of
Motorola’s Star transistor
line. They are packaged in
a solid-header TO-5 pack-
age.

The annular device struc-
ture is also applicable to sili-
<y eiconduct~a ds S~
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We'll be looking for you at the IEEE Exhibit in Booths M22-25 March 21-24, 1966

If it’s your job
to evaluate and specify
electronic test instruments. ..

YOUR JOB
JUST GOT EASIER

Figure it on features or price...
Monsanto’s new line adds up to ““buy””’

ELECTRONICS |
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PULSE GENERATOR

e Extremely clean waveforms ¢ inde-
pendent width and delay on double
pulse mode ¢ Both pulses referenced
to the same trigger in double pulse
operation * Provides sweep delay for
oscilloscopes notsoequipped * Three
trigger output signals, all available in
bothsingleanddouble pulse operation.

All-silicon, solid-stateinstrument pro-
vides both single and double pulse op-
eration. A great number of the active
circuits are integrated for reliability
and performance in a compact pack-
age only 3% inches high. 41 ,100.00

20 MHz COUNTER/TIMER

e Stored Display * Modular Construc-
tion ¢ Front panel only 3% inches
high ¢« Weight only 16 pounds °
Versatile instrument measures fre-
quency, frequency ratio, period, and
time interval.

. (R eiat?
‘i\‘?;—;'i (" "'ll 5’ _?JQ{%’/ 22 ‘ ‘@‘_;{“‘3\
B ] o am V.
S

Reliability, accuracy and compactness
because Monsanto designs this
counter-timer with 90% integrated
circuits. Seven of its sixteen printed
circuit boards are interchangeable for

easy maintenance. $1,975.00

5 MHz COUNTER/TIMER

* Time base range from 1lu second to
100 seconds in decade steps ¢ Reso-
lution for frequency measurement of
0.01 Hz. « Compact, light package—
only 3% inches high and 16 pounds.

Electronics | March 7, 1966
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Integrated circuits in 90% of the active
circuits build big performance into a
small package. Plus speed, accuracy,
reliability, and easy maintenance. Six
of the 13 printed circuit boards are in-

terchangeable. $1,575.00

DIGITAL VOLTMETER

e Fully floated and guarded ¢ Input

impedance—10 megohms (all ranges)
e Accuracy .01% on all ranges ¢ 4dig-
its + 100% over-range digit * Common
mode rejection: DC>140DB;AC>120
DB at 60 Hz.

Auto-ranging digital voltmeter with
integrated circuits that hold size down
to 3%z inches high and only 20 pounds.
Automatic operation—ranging, deci-
mal point and polarity—built in at the

basic price. $1,975.00

Let us fill you in with details.
Just return the coupon.

Monsanto Electronics Department
St. Louis, Missouri 63166

Details, please, on the

|

|

|

|

[] Pulse [] 20 MHz l
Generator Counter/ :
[J 5 MHz Timer 1
Counter/ {] Digital I
Timer Voltmeter i
Name/Title :
Company :
Address l
City :
State Zip |
|

Circle 59 on reader service card

59



One dozen
g00d reasons
for you to
specify AE

Buy from AE, and you never have to settle for a relay
that’s only “matginally” right.

You can choose exactly, from a line that’s broad
enough to give you what you're after — in weights,
types, dimensions, configurations, mountings.

And you always get the benefit of AE’s experience.
Decades of experience in product design, manufactur-
ing techniques, and methods of quality control.

Want some helpful, detailed design information? Ask
for Catalog 4071: Sclection Guide to AE Rclays and
Switches. Just drop a line to the Director, Relay Con-
trol Equipment Sales, Automatic Electric, Northlake,
Illinois 60164.

AUTOMATIC ELFCTRIC

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GrlglE

Maximun life
and reliability

CLASS B RELAY. Finest quality telephone-type.
Provides hundreds of millions of operations
under all mounting and service conditions —
with unfailing contact reliability. Combines
sensitivity, contact stability, and circuit adapt-
ability. Bifurcated twin-contacts. Long or short
armatures for wide range of practical timing.
Also for quiet AC operation.

Minimum size
and weight

CLASS S RELAY. Miniaturized telephone-type
for aircraft and similar applications. Small
mass, low self-inductance. Provides high con-
tact pressures and absolute contact reliability
under extreme vibration, shock and humidity.

Minimal size,
large contact
capacity

TYPES 40, 44, 80 and 88 ROTARY STEPPING
SWITCHES. Small switches with large, flexible
capacities. Fit almost any DC application. Pro-
vide swift, sure, impulse-controlled response

. plus self-interrupted operation that's
smooth and trouble-free. Up to twelve 10- or
11-point levels. Prewired, hermetically sealed
units available.

60
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High performance,
small size

CLASS E RELAY. A lightweight space-saver
with most of the features of the Class B. Life
exceeds 200 million operations. Industry’s
widest terminal options: taper pin, integral
socket, conventional solder, taper-tab, solder-
less wrap and printed circuit terminals.

Economy and
small size

CLASS Z RELAY. Small and lightweight, but
designed for service where flexibility is most
important. Provides adequate coil volume to
permit slugging for long operate and release
timing. Four types for DC, one for AC, and
two with snap-action contacts.

Maximum capacity—
unusual versatility

TYPE 45 ROTARY STEPPING SWITCH. Larger
capacity: up to twelve 25-point levels, eight
50-point levels. For any DC voltage up to 110,
or 115 volts AC with rectifier. Can be impulse-
controlled or self-interrupted. Available with
normally open or normally closed circuits
(Type 45NC). Also available as prewired, her-
metically sealed units.

Economical
telephone-type

CLASS A RELAY. Sturdy and dependable. Can
be mounted in any position. The original
“‘workhorse’’ telephone relay — recommended
when the extremely high performance of the
Class B is not mandatory.

Multiple circuit
transfers

CLASS W RELAY. 17, 34 or 51 form C con-
tact-spring combinations. Features low loss in-
sulation, high insulation resistance. Extremely
low inter-spring capacitance. Life in excess of
one billion operations. Gold contacts available
for low-level switching.

High-speed
control

CLASS V MERCURY-WETTED RELAY. For com-
puters, data processing and control equip-
ment. Up to 200 operations per second. No
contact erosion, no bounce. Over 1 billion
operations without change, maintenance or ad-
justment. Can be operated within 30° of ver.
tical. Polarized and nonpolarized versions. 1
pole to 4 pole double throw contact forms.

Premium quality
space-saver

CLASS C RELAY. Incorporates many of the fea-
tures of the Class B relay—but is only half as
wide. Use where quality is a must, but space
is at a premium. Quick- and slow-acting types,
for operation at up to 150 volts DC. Two to
twelve contact springs.

Customized
programming

SERIES OCS RELAY. Compact and low in cost.
For ‘‘packaged” programming: will follow or
initiate a prescribed series of events at 30
steps per second impulse-controlled — or 65
per second self-interrupted. Much better than
an interlock relay — when you're designing
for shock, vibration or easy field maintenance.

Dry reed switches
for printed
wiring boards

PRINTED CIRCUIT CORREEDS.* Strong, mois-
ture-resistant, compact. Unstressed contact
leads provide firm, positive connections. Glass-
filled plastic bobbins prevent moisture absorp-
tion. Low profiles and magnetic shielding
permit high density within standard PC termi-
nal spacing (multiples of 0.200 inches). Avail-
able with 1, 2, 3 and 5 capsules and magnetic
latching. Contact forms A, B, & C.

*U.S. Patent applied for

Electronics | March 7, 1966
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A design advance

Broadest line of standard
silicon modular power
supplies for fixed
voltage applications

UP T0 60 VDC  UP TO 90 AMPS

Features and Data

Meet Mil. Environment Specs.
RFI-MIL-1-16910
Vibration: MIL-T-4807A
Shock: MIL-E-4970A Proc 1 & 2
Humidity: MIL-STD-810 * Meth. 507
Temp. Shock: MIL-E-5272C

(ASG) Proc.1

Altitude: MIL-E-4970A * (ASG) Proc. 1
Marking: MIL-STD-130
Quality: MIL-Q-9858

Convection cooled —no heat sinking or
forced air required

Wide input voltage and frequency
range —105-132 VAC, 45-440 cps

Regulation (line) 0.05% plus 4MV
(load) 0.03% plus 3MV

Ripple and Noise -1MV rms, 3MV p to p

Package B

Package A

Circle 62 on reader service card

PATENTS PENDING

Package E

Package D

RACK ADAPTERS
LRA-5—3'%" height by 27" depth.
Mounts up to 4 A package sizes;

3 B or C package sizes; or 2 Aand 1 B or
C package sizes. Price $35.00

LRA-4—3'2" height by 14” depth.

(For use with chassis slides)

Mounts up to 4 A package sizes; 3B or C
package sizes; or2 Aand 1B or C
package sizes, Price $55.00

LRA-3—5'4" height by 271s” depth.
Mounts up to 4 A, B or C package sizes;

2 D or 2 E packages sizes; or2A,Bor C
and 1 D or 1 E package sizes. Price $35.00

LRA-6—5'4" height by 14” depth.

(For use with chassis slides)

Mounts up to 4 A, B or C package sizes;

2 D or 2 E packages sizes; or2 A,Bor C
and 1 D or 1 E package sizes. Price $60.00

Package F

LA M B DA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD + MELVILLE, L. I., NEW YORK ¢ 516 MYRTLE 4-4200



from Lambda

Ordering Information
METERS-31,” Metered pane! MP-3 is used

OVERVOLTAGE PROTECTION—Externally

with rack adapters LRA-4, LRA-5 and pack- mounted adjustable crowbar type overvolt-
aclkcageFAWR 7 6jix|3 e x (6 2 ages A, Band C. age protection accessory for use with A, B,
o ' 5%” Metered panel MP-5 is used with rack ~ C and D packages—$25.
' adapters LRA-6, LRA-3 and packages A, B . ! s
! MP3 ..m L C Igand E J P g j E, F and G packages available with built-in
Accessory Metered Panels: $40.00 T’ ord t.h c tered | overvoltage protection. To order crowbar
— 0 order these accessory metered panels,  tyne gvervoltage protection for E, F and G
ADJ. VOLT. LIMAKIAMD specify panel number which MUST BE FOL- k dd suffix OV h del
L s s P e A xR X packages, add suffix to the model no.
< LOWED BY the MODEL NUMBER of the d $60 he E k . d $90
LM - 201 07 085| 075 | 070 | 055 | $ 79 ; : H o and $60 to the E package price an to
. ’ power supply with which it will be used. B erd © k ;
LM-202 o7 17 15 | 14 11 » the F an package price.
e Y st oot om T os T 791 Examples For Lambda Panel Model No.
T e e 0.80 0'75 0'55 3 Metered Panels Model and Price FIXED VOLTAGES—In addition to the fixed
e == e e MP-3 LM-B2 MP-3-LM-B2 $40 voltages listed, any fixed voltage is available
=208 e AT SR | e ) MP-5 LM-B2 MP-5-.LM-B2$40  up to 65 VDC at moderate surcharge.
LM 207 0-60 013 | 012 | 0.11 | 008 89 Note—F and G LM Packages are full rack power sup- models, add suffix M to the Model No. and $30 to
LM —208 0.60 0.25 | 023 0_2,’{'7_15_ 109 | plies available metered or non-metered. For metered the non-metered price.
Package B 33" x 41%¢" x 6% Package € 3% x 41%," x 9%" Package D 41%¢" x 7%" x 9%
ﬁ - ‘ T '
p— . :
— mp3 “ MP.S . n MP3 “ mps 05 nxy
Accessory Metered Panels: $40.00 Accessory Metered Panels: $40.00 Accessory Metered Panels: $40.00
ADJ. VOLT. TV TAMES -] ADJ. VOLT. T MAX. AMPS! ADJ. VOLT. T MAX. AMPS!
Model RANGE vOC [40C| s0C| 60¢C| 71°C | Price Model RANGE vDC | 40°C] so'C| 60°C| 71°C]| Price Mode! RANGE vOC (40 ¢ [ s0¢C [ 60C [ 71°C | Price
tM-217 [ 8514 21 [ 19 [ 17 | 13 |89 w-225 | 0 7 40 | 36 | 30 | 24 | 8139 [ M-234 07 83 [ 73] 65 | 55 | s199
M-218 | 1323 15 [ 13 [ 12 [ 10 [ ne LM-226 | 8514 33 | 30 | 25 | 20 | 139 LM—235 | 8514 77 | 68| 60 | 48 | 199 |
w219 | 2232 12 | 1a 10 | 080 119 M-227 | 1323 23 | 21 17 14 | 139 | LM—236 1323 58 | 51 | 45 | 36 | 209
LM 220 | 3060 070 | 065] 060 | 045 | 129 | tm-228 [ 2232 20 [ 18 | 15 | 12 | 139] LM -237 2232 | 50 | 44| 39 | 31 | 219
LM 82 2 *5% |34 30 23 h,g 119 LM-229 30-60 191} 1.0 080 | 060 149 LM -238 3060 2.6 23 2.0 1.6 239
M-83 3 5% 34 30 23 14 119 LM-C2 2 *S5% | 49 42 35 24 139 LM -D2 2 =5% |13.1 113 9.2 6.2 199
M- B4 4 5% |34 | 30 23 14 e LM-C3 3 *5% |49 42 35 24 139 | LM -D3 3 *5% [131 | 113 | 92 62 | 199 |
LM-B4PS|  45-5% (33 | 29 | 22 | 14 | 19 | LM-ca 4 =5% |49 | 42 | 35 | 24 ) 139 CNS04, O3 B[R vl e ORI 40
TR 5 5% |33 29 22 4 119 LM- CAPS 45+5% [49 | 42 34 2.4 139 | LM —D4PS 45=5% |131 [ 113 | 92 62 199
LM-B6 6 *5% |32 | 28 | 22 | 1.3 | 19 [ Lm-cs 5 +5% {48 | a1 | 33 | 24 | 139| [M-DS SSS5% [JeeT | N08 £ 92 el i99
Tibes TR Iz Bl T =11 LM-C6 € =5% | 46 | 40 | 31 | 24 | 139 LM D6 6 =5% 1124 [ 106 | 89 | 60 | 199 |
s - : - : : 4 M_C8 8 =5% (44 | 38 | 30 | 20 | 139 | LM -D8 8 =5% 122 [103 | 88 | 59 | 19
- 9 =s5% |27 | 25 | 21 13 | 119 e
= TOMEe) oo IF oo s LM-C9 9 =5% |42 | 36 | 30 | 20 139 | LM-D9 9 *5% |113 [ 100 | 86 | 57 199
EM5.B10 0=k s : L[ 2 TEGT To BERN =S e | TR i3 LM-DI0 | 10 =5% [108 | 97 | 85 | 57 | 199
LM-812 U | e BEEETR uM-c12 | 12 =5% |38 | 33 | 28 | 20 | 139 tw o120 120 =S% il o ) 92 183 Szt [T 199
t:—::: I :: ::: f; i: :; R [tM-c1s 15 =5% |34 | 32 | 27 | 18 | 139 L™ D18 15 =5% | 90 | 84 | 79 | 53 | 209 |
: 7 [ ] 12 | 119 Cw-cis oy a1 Taa SRR 1 D LM-D18 18 =5% [ 79 | 74 | 69 | 50 | 209
WIECED | P =600 O ERCIR ST Bahag S LM-C20 | 20 =5% |29 | 27 | 24 | 17 | 139 [mM-020 | 20 *5% | 74 | 69 | 65 | 49 | 209
LM-B24 24 =% [13 [ 12 [ 11 10 | 119 htutean sl 2l e Ri22 | us [ 139 LM-D24 | 24 =5% [ 67 | 63 | 58 | 48 | 219
| LmM-B28 28 *5% |12 11 1.0 090 | 119 LM-c28 28 =5% | 23 21 20 14 | 139 | M-Dz8 | 28 =5% | 60 | 56 | 52 47 219
LM -836 36 =5% |11 1.0 090 | 085 | 129 T LM-C36 36 5% r' 20 18 17 | 13 149 LM D36 36 *5% | 54 50 | 47 43 239
LM - B48 48 *5% | 0.90 0.85 0.80 0.75 129 LM-C48 48 *5% Il_s 14 13 1.0 149 _I.M -p‘l 48 =5% 41 39 36 31 239
Package E 4% x 7% x 11%” Package F 3% x 19" x 16%” Package G 5% x 19" x 16%"
- - = { ? ! - |
3 - - ! 3 o ! | - ! b 5 !
NP5 : 4 ’! ~=] |
Accessory Metered Panels: $40.00 For metered models. add suffix (M) 10 model number and $30 00 to the price balow. For metered models, add suffiz (M) to model number and $30 00 to the price below
A0J. vOLT KIMAXTAMESS ADJ. VOLT T MAX. AMPS' e T MAX. AMPS! i
L ) . A b ) e _
Mode! RANGE VDC |40°C | 50°C | 60°C | 71°C | Price Model RANGE VDC (40°C | 50'C | 60°C | 71 C| Price Model RANGE VOC | 40°C | S0°C | 60C | 71°C| Price
M-€2 2 =5% [180 | 160 | 150 | 10.0 [ $269 M- F2 2 5% |440| 390 320 | 240 | sa25 | u-G2 2 -5% | 900 | 830 620 | 430 | 8575
LM-E3 3 =5% |180 [ 160 [ 150 | 100 | 269 M- F3 3 =5% |440| 390 | 320 | 240 425 LM-G3 3 °5% [ 850 | 800 | 620 | 430 | 875
LM-E4 4 »5% [170 | 160 [ 150 [ 100 | 269 [ 4 =5% (440 | 390 | 320 | 240 425 LM G4 4 »5% | 770 710| 610 | 430 578
,,,,, LR L S L 7Sl
LM-€4Ps| 45=5% (160 | 150 | 140 [ 100 | 269 LM-FaPS | 45°5% | 440 | 390 | 320 | 240 | 428 LM-GAPS | 45-5% | 720 | 680 | 600 | 430 [ 575
M-E5 5 =5% [160 | 150 [ 130 | 100 [ 269 LM~ FS 5 =5% | 440 | 380 | 310 | 240 425 LM-GS 5 5% | 680 | 640 | 590 | 430 575 |
LM-E6 6 5% |150 | 140 | 120 | 100 | 269 LN-F6 6 5% |430| 370 | 300 | 230 425 LM—-G6 6 -5% | 600 | 550 520 [ 430 828
LM-E8 8 =5% |140 ] 130 120 95| 269 M- F8 8 =5% |400 | 340 | 280 | 220 | 425 M-G8 8 -5% | 590 | 540 | 480 | 390 s28
LM-E9 9 ~5% | 135 | 125 110 | 95| 269 LM-F9 | 9 =5% |380| 320 | 260 | 210 | 425 LM-G9 9 ~s% | 580 | 530 [ 470 | 370 525 |
IM-E10 | 10 =5% |130 | 120 | 100 | 92| 269 LM-FI10 | 10 =5% [360 | 310 | 250 | 200 425 M-Gl0 |10 ~5% | 560 | 520 350 | 528
LM-E12 | 12 =5% |120| 110| 95| 90 | 269 (M—F12 | 12 =5% (300 | 260 | 210 | 160 | 425 | LM-Gl2 |12 *5% | 480 | 440 290 | 528
LM-E15 | 15 =5% |110| 100 | 90| 85| 269 IM-F15 | 15 =5% | 250 | 220 | 180 | 150 | 425 | ww-61s |15 *5% | 390 | 370 310 | 240 525 |
| tM-E18 | 18 =s% [105| 95| 85 81| 269 LM-FI8 | 18 =5% (230 | 200 | 170 | 130 | 395 -G8 |18 +5% | 320 | 300 210 s28 |
1 LmM-€20 20 *5% 10.0 90 83 77 269 M- F20 20 =5% 21.0 19.0 16.0 12.0 395 LM-G20 | 20 *5% | 300 280 | 200 | 254
LM-E24 | 24 =5% 90| 85| 77| 70| 269 LM—F24 | 24 =5% |180 | 160 | 130 | 100 | 380 {M-G24 |24 =5% [ 270 | 250 160 | 480 |
IM-E28 | 28 =5% | 85| 80| 73| 66 269 LM-F28 | 28 =5% [17.0| 150 | 130 | 95| 380 | |LM-G28 {28 =5% | 250 | 230 | 190 | 150 | 480
LM-E36 | 36 =5% 68 | 63| 59| 52| 279 LM-F36 | 36 =5% | 130 | 110 | 100 | 75| 395 | LM-G36 |36 =5% | 220 | 200 0 [130] s25
LM-Ea8 48 =5% 50 46 4.3 39 299 LM-Fa8 48 *5% 10.0 9.0 255, VG.O— 425 LM -GAS 48 5% tn.o 14.0 90 575
1 Current rating is from zero to I max. Current rating applies for input voltage 105-132 VAC 55-65 cps.
Current rating applies over entire output voltage range.  For operation at 45-55 cps and 360-440 cps derate current rating 10%.




STROKE... STROKE...STROKE...

What sounds like a helmsmar's cry is
really the objective of a leading drug manu-
facturer. To operate his compacting equip-
ment for a preset number of strokes, index
and reset, the man from E.A.G.L.E. suggested
the beautifully simple system shown at left,
START button activates a Cyc|-Flex® counter
which energizes an oscillating cylinder.
After correct strokes, counter shuts off the
cylinder and resets. HZ170 Series Cycl-
Flexs are available in 40 and 80 count
ranges. They have famous plug-in feature
C for removal and replacement in seconds.
<) Full details are in Bulletin 725, for a copy
use Reader Service Card, circle number 101.

NO. STROKES
HZ 170 AG

CYLINDER

|

COUNT
START  SWITCH

IN WINE THERE IS TRUTH... "

Although Pliny the Roman lived nearly
SHED LA 2,000 years ago, he must have known the

HELL0S 26 vintner for whom the man from EAGL.E. dg-
veloped the system at.the.le{:‘. Natukresf
ently programmed portion in the wor 0
@ it lit svine making must be aided by exacting

man-made blending te%hniq%eslaFnld ?1%81‘83
rocedures. To control these, Cycl-Fiex Ha

}?ébfgéiss TANK ?imers are used as follows: the first timer
fills the main vat from various pressings to
@ create desired blend. Durc;n%.lts acgustable
-A VE “QFF" period, a second timer raws a

= precise sample. HG-100 series offer ranges

SAMPLE from 60 seconds to 30 hours, features plug-

in designs. Complete details are in Bulletin
321, for a copy use Reader Service Card,

circle number 102.

POSITION IS EVERYTHING...

qutt Ieast,t t'tgxt’ts;]what a rpachine tool man-
acturer to e man from EA.GLE. It
TIMER #1 TIMER # 2 seems he wanted to position a workpiece
HP 52 A6 HP 5046 automatically within a jig. The action must

Q be positive and reproduceable as the pieces

vary in size. The man from E.AG.L.E. sug-

|

gested the system at the left. Push button
starts timer #1 which permits cylinder #1
to advance to a preset position, tripping the
limit switch which activates timer #2. Cyl-
LIMIT ;)r:)dgtr. #Zbls tthen ex;f;deAd ihnto the desired
sition by timer . Although intercon-
SWITCH =11 nected, both timers have separate dial ad-
< justments to accommodate various sized
CYLINDER — workpieces, HP5 dial ranges extend from 5
# u— seconds to 60 hours. They also offer famous
plug-in design. Interested in the details?
Write for Bulletin 125, use Reader Service
Card, circle number 103.

#2

CYLINDER

1

i)

. Ask the man from E.A.G.L.E. to open his “showcase' of
ideas for you. Many of these ideas may help solve your
process control problems, Want our complete catalog? Use
the hangjy Reader Service Card, circle number 000, or write:
Eagle Signal Division, E. W, Bliss Company, Federal Street
Davenport, lowa 52803. '

[T [+[EAGLE SIGNAL

A OIVISION OF THE E. W. BLISS COMPANY

Visit with The Man From E.A.G.L.E. Booth 4M33-4M34 [EEE Show March 21-24
Electronics | March 7, 1966



UNDERCOVER OPERATOR

22AP Plug-in General Purpose Relay

. . the epitome of relay craftsman-

ship and design. Versatile to the Nth
degree on loads to 10 amps. Avail-
able in 8- and 11-pin styles for AC,
DC and plate circuit requirements.
Features include: forms to 3PDT plus
specials on request; standard units
have gold-plated contacts for longer
shelf fife; Tower pull-in voltages (DC.

25PS Medium Power Relay

%0 of nominal, AC; 75% of nomi-
nal); AC operating voltages 0.5 to
250, DC 0.2 t0 130
from .005 to 10 amp. Complete in-
formation is in our hew relay bulle-
tin. For your copy, use Reader Sery-
ice Card, circle number 104,

In current ranges

POWERFuUL

- . toss your toughest medium.
power-handling

workhorse, 25pS

assignments to this
types carry lpads to
amps. on a fast duty cycle in 4

breeze. UL listed. Features include:
rugged 3" diameter silver cadmium
oxide alloy contact; Jower pull-in
volgages (DC: 75% of nominal, AC:

%o of nominal); AC o

ages 4 to 250, DC | ¢

rent ranges from .02 to 10

full technical information on

other EagIe Signal genera| purpose
and medium Power relays, yse

the Reader Service Card, and circle
number 10s.

RELAY DESIGNERS’ RELAY

25AA Open Frame General Purpose Relay

/

Ask the man from E.A.G.L.E. to open
his ‘‘showcase’ of ideas for you.
Many can help solve y(:ur pro::;s

ur -
contro!l problems. Wan 3 e

te catalog? Use the handy

FS,lt:ar\:aice Card, circle number Ooo,xr
write: Eagle Signal Division, E. W.
Bliss Company, Federal Street, Dav-
enport, lowa 52803.

. and boy what a relay it is! Ve’r-
SaIile, deper);dable, economlcal.Ygu III
find hundreds of uses for the§eb.|_ct3
10 amps., UL listed high-relia Illd){
types. Standard units have go
plated contacts which permit longer
shelf life. Other significant feaIL(I[r)%s.
include: lower pull-in vooltages '
70% of nominal, AC: 75% ofonorr{I-
nal). AC operating voltages 0.5 to
250, DC 0.2 to 130 in current ranges
from .005 to 10 amp. Detailed specllA
fications on these and other Eagle
Signal general purpose relays ?:re
given in a new technical bulletin. %r
your copy, use Reader Service Card,
circle number 106.

SPECIFICATIONS
® Contacts: SPDT, DPDT, 3PDT
® Contact Rating: 5 and 10 amps.,

® Pull-in: 22 mifliseconds average

® Drop-out Speed: 72 milliseconds

average

® Size: 17" x 1%, x 1%
® Welght: 3 ounces

PARTNER

SPECIFICATIONS
® Contacts: SPpT

® Contact Rating. 29 amps. 115/230
VAC 60 cycle resistive o 1 Hp @
115/230 vacC motor-inductive

® Puli-in: 50 milliseconds max.

® Drop-out Speed: 30 m

illiseconds
max,

® Size: 2)4 " x 196+ x 73"

® Weight: 3 ounces

SPECIFICATIONS

e Contacts: SPOT, DPDT, 3POT

ing: A @ 715
ontact Rating: 5A and 10,
1 6AC-5A-7//0 HP @ 1715 VAC, 1/6
HP @ 230 VAC®10A-1/6 HP @ 115
VAC, 1/3 HP @ 230 VAC

® Full-in: 22 milliseconds average

® Drop-out Speed: 12 milliseconds
average

o Size: 15" x 1%,° x 114°
o Welght: 2 ounces

TG [ [EAGLE SIGNAL

MPANY
A DIVISION OF THE E. W. BLISS CO

March 21-24
t with The Man From E.A.G.L.E. Booth 4M33-:4M34 IEEE Show
Visit wi

Electronics | March 7, 1966
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GUDEBROD LACING TAPE CAN

SAVE YOU MONEY-

SPECIAL
FINISHES
SPEED HARNESSING

Gudebrod hasLacing Tape
that almost laces itself—
the worker guides it in-
stead of having to fight it.
Work goes fast!

BETTER
HARNESSES
~FEWER REJECTS

Gudebrod Lacing Tape
makes proper ties that do
not slip. Saves money on
assembly! Saves costly
rejects!

WORKER
SAFETY
APPRECIATED

Gudebrod Lacing Tape is
easy on the hands, feels
good to work with . . . so
the work goes better, is
faster. Saves money on
harnessing time!

GUDEBROD
CABLE-LACER
another money saver

Handle holds bobbin of
lacing tape, feeds tape as
needed, grips it for knot-
ting. Speeds harnessing.
Has paid for itself in aday.
Another money saver.

66

Gudebrod Lacing Tape is engineered for the job it has to do—saves money where it counts—in the
harness room. More than 200 different tapes in the Gudebrod Line—Write for our Product Data Book!

o

Wg“ 12 SOUTH 12th STREET, PHILADELPHIA,PENNSYLVANIA 19107

FOUNDED IN 1870

Area Code 215, WA 2-1122

UDEBROD BROS. SILK CO., INC.

Circle 66 on reader service card

Electronics | March 7, 1966




NEW suBmMINIATURE

ERIE RFl FILTERS

Feature INSERTION LOSS OF

IN}@150 KC.

670 DB

NEW -

ACTUAL
SIZE

ACTUAL SIZE
CONVENTIONAL FILTER

...LESS THAN %3 The Volume

ERIE’'S NEW FILTER TECHNOLOGY PERMITS DRASTIC REDUCTION IN SIZE

Now, from Erie's Project “ACTIVE"” (Advanced Components Through increased
Volumetric Efficiency) comes a new line of subminiature high pass, low pass and band
rejection L, T and T Section Fiiters.

Volume reduction of these high reliability filters ranges to 13 times smaller
than conventional filters of equal capability. Weight is correspondingly reduced, thus
providing ideal RFI (electromagnetic interference) Fiitering for equipment in
aerospace, military and commercial markets.

Erie’s new filter technology permits insertion loss ratios of 670 DB/cubic inch at 150 KC
...volumetric efficiencies which were never before possible.

In addition to the standard line filters described at right, Erie offers a full line
of compact Bypass Capacitor Systems for transmitting tubes. Also, if you have particular
electromagnetic interference problems not covered by standard Erie filters,
we will be happy to custom design a filter connector package to suit your application.

Write TODAY for Bulletin 9000 and the name of your nearby Erie Field Sales Engineer.

L4

AIR FLOW SOCKET SYSTEM AND
SCREEN GRID BYPASS CAPACITORS

Erie now provides effective and reliable capacitive
bypassing and coupling or filtering of all

RFI signals in the range of 10 to 3,000 megacycles
and beyond. Screen grid values from 1000 pf.

to 10,000 pf. at 1000 WVDC. Variety of systems
to meet your design requirements.

Write for Bulletin 9800.

.9‘
e

Erie’s Project “ACTIVE"”
Advanced Components Through Increased Volumetric Efficiency

Actual Size

HERMETICALLY SEALED
BROAD SPECTRUM

REJECTION
FILTERS

100 Volts DC line Filter; For
L, and T Circuits; Inser-
tion Loss...67 DB at 150KC
DC Current Ratings to 8.0
Amp. 14-28 Thd. mounts in
chassis.

115 Volts AC ?) 60 cycles;
or

500 Volts DC. L, v and
T circuits; Insertion Loss
.. .26 DB for AC; 1/4-28 Thd.
mounts in chassis.

SUBMINIATURE
STRIPELINE FILTERS

&

HERMETICALLY SEALED

AIR DIELECTRIC STRIPLINE
FILTER AND DIODE HOLDER
Two components in one for
Tcircuits...1. Precision
capacitor values for selec-
tive bias ... 2. Signal line
filter network. isolation
shaped as requi.red.

SUBMINIATURE STRIPLINE

T and T SECTION FILTERS
Ribbon leads; DB @ Mega-
cycles. Excellent VSWR. Ef-
fective filtering beyond 4 GC.

TECHNOLOGICAL

PRODUCTS, inc.

Erie, Pennsylvania

Electronics | March 7, 1966
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SINGLE-CHANNEL

Economical ‘“‘briefcase-size’’ re-
corders. [] MODEL 7701A —
100 mm chart. Frequency Range
DC to 30 cps. Linearity 0.5%.
Sensitivity (depending on “8800”
Preamp used) 1 uv/div to §
v/div. Four chart speeds, 4 more
optional. With case: $1,325 plus
preamp. [ ] MODELS 299, 301 —
32 mm chart. Frequency Range
DC to 100 cps. Linearity 0.625%.
Sensitivity 10 mv/div  (Model
299), 10 uv rms/div (Model 301).
2 chart speeds. Model 299: $800,
Model 301: $850.

<
< ’\,
)
: r
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>
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DUAL-CHANNEL

In portable, rack-mount, or mobile cart
units. [] MODEL 7702A — Two 50 mm
channels. Frequency Range DC to 125
cps. Linearity 0.5% Sensitivity (depend-
ing on ‘“8800” Preamp used) 1 uv to
5 v,div. Four chart spceds, four more
optional. $1,675, plus preamps. []
MODEL 7712A — Uses *350” Preamps.
Sensitivity 2 uv to 5 v/div. With mobile
cart: $1,770, plus preamps. [] 320
SERIES — Two 50 mm channels. Fre-
quency Range DC to 125 cps. Linearity
0.5%. Sensitivity: 0.5 to 20 mv/div and
v/em (Model 320), 10 vy rms/div to 2

mv/div (Model 321), 10 mv to 10 v/div
(Model 322). Four chart speeds, more
on special order. Model 322 has zero
suppression. Prices with cases: Model
320: $1,650, Model 321: $1,650, Model
322: §$1,395.
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FOUR-CHANNEL

Sanborn MODEL 7704A recorder provides improved overall re-
liability, wider dynamic range, higher gain and more versatility
through all solid-state “8800" Series preamps. Frequency range
DC to 150 cps. Linearity 0.5%. Horizontal chart plane, nine chart
speeds. Sensitivity (depending on “‘8800” preamp used) 1 uv/div
to 5 v/div. In vertical cabinet, $4,020 plus preamps. | | MODEL
7714A combines the convenience of horizontal chart plane with
the flexibility and high performance of interchangeable individual-
channel 350 Series preamps. Four 50 mm channels. Frequency
range DC to 150 cps. Linearity 0.5%. Sensitivity (depending on
350 preamp used) 2 uv,div to 5 v/div. Nine chart speeds. With
vertical cabinet, $3,970 plus preamps.

)
gl 5
<
)
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See all measurements —
down to the last microvolt

with high resolution Sanborn thermal writing oscillography

Resolve and read the smallest variations in your test parameters
— even at higher frequencies, small amplitudes, and at slow
chart speeds. Sanborn heated stylus oscillographic recording on
matching Permapaper® charts gives you an immediate, permanent
and clear record of test variables . . . lets you make “straight
across” comparisons and correlations of multiple channels quickly
and accurately because of rectangular coordinate traces . . . lets
you clearly see what happened — as it is happening, and at any
future time for more study or proof of performance.

The advantages of Sanborn thermal writing are available in many
combinations of standard catalog system choices. The extensive
Sanborn line allows you to select the number of channels, chart
speeds, and the type of signal conditioning circuits you need, and
to choose the packaging method that best suits your facnlmes
The wide range of signal conditioners includes low-cost built-in
units, all-channels-alike amplifiers in six or elght-channe] modules,
and two series of individual channel plug-in units — miniaturized
solid-state signal conditioners and highly sophisticated, maximum
performance units.

See H-P at I|EEE—March 21-24, Third Floor—New York Coliseum

f . :
SIX AND EIGHT-CHANNEL

These versatile recorders have a wide range of
input capacities, are completely integrated from
signal input to galvanometer, and field-proven elec-
tronics. Six channel systems have 50 mm charts,
and eight channel systems have 40 mm charts.
All have DC to 150 cps frequency range. Linecarity
0.5%. Nine chart speeds, nine more optional.
O MODELS 7706A, 7708A — Sensitivity (depend-

L]
ing on “8800" preamp used) 1 uv/div to 5 v/div. [+ i pmi s
With 6-<channel cabinet (7706A) $4,820 plus pre- YR AR AR
amps, with 8-channel cabinet (7708A) $5,495 plus  FOr RPN
preamps. [] MODELS 7716A, 7718A — Sensitivity L R
(depending on “350” preamp used) 2 uv/div to

5 v/div. With 6-channel cabinet (7716A) $5,325
plus preamps, with 8-channel cabinet (7718A)
$6,350 plus preamps. [J MODEL 7728A — Sen-
sitivity (depending on %950” amplifier used) 10
uv/div to 5 v/div. With 8-channel cabinet $3,425
plus amplifiers. [] MODEL 7709A 8-channel ‘‘con-
trol panel” recorder for basic inputs such as tele-
metry and computer outputs and other relatively
high level ac-dc signalc. Economical system uses
no preamps, but has individual-channel front panel
controls for gain, position, sensitivity selection (7
positions) and calibration. Polarity reversal is op-
tional, Frequency range DC to 150 cps. Linearity

4
ranges nas neen collipleLery vitiiaveu.

Type A467 is designed for forward gain
controlled stages and features a typical
feedback capacity of 150 mpf. Type A473

por v
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the design engineer with a range of silicon
planar small sxgna] transistors unequaled
in the industry on price and performance.

Check the brief specifications of the systems shown
below or call the H-P field engineering office in
your locality for complete technical data and appli-
cation engineering assistance. Offices in 47 U.S.
and Canadian cities, and major areas overseas.
Sanborn Division, Hewlett-Packard Company,
Waltham, Massdchusetts 02154. Europe: Hewlett-
Packard S.A., 54 Route des Acacias, Geneva,
Switzerland.

HEWLETT

PACKARDH SANBORN

DIVISION

Circle 69 on reader service card
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0.5%. Sensitivity 50 mv/div to 250 v/div. Nine chart
speeds, nine more optional, Solid-state power ampli-
fiers, constant 1 megohm input impedance, low drift.
In vertical cabinet $5,030.

ke

.oy
[
.

A415/200 Me | 0.7 pf —T;_ l
Amperex

71

| 30db

Circle 71 on reader service card
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If we at Amperex could develop a transistor
that wouldn’t have to be neutralized....

EXPANDED
D1l line
I nsec at 10

S[16

ol dlsswatmn

All Radiation integrated circuits are dielectrically isolated.
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See all measurements —
down to the last microvolt

with high resolution Sanborn thermal writing oscillography

Resolve and read the smallest variations in your test parameters Check the brief specifications of the systems shown
— even at higher frequencies, small amplitudes, and at slow below or call the H-P field engineering office in
chart speeds. Sanborn heated stylus oscillographic recording on your locality for complete technical data and appli-
matching Permapaper® charts gives you an immediate, permanent  cation engineering assistance. Offices in 47 US.

and clear record of test variables . . . lets you make *straight and Canadian cities, and major areas overseas.
across” comparisons and correlations of muitiple channels quickly ~Sanborn Division, Hewlett-Packard Company,
and accurately because of rectangular coordinate traces . . . lets Waltham, Massdchusetts 02154. Europe: Hewlett-
you clearly see what happened — as it is happening, and at any Packard S.A., 54 Route des Acacias, Geneva,
future time for more study or proof of performance. Switzerland.

The advantages of Sanborn thermal writing are available in many

combinations of standard catalog system choices. The extensive

Sanborn line allows you to select the number of channels, chart

speeds, and the type of signal conditioning circuits you need, and

to choose the packaging method that best suits your facilites. HEWLETT =
The wide range of signal conditioners includes low-cost built-in g
units, all-channels-alike amplifiers in six or eight-channel modules, PACKARD b SANBORN
and two series of individual channel plug-in units — miniaturized

solid-state signal conditioners and highly sophisticated, maximum DIVI S I ON
performance units.

See H-P at |EEE—March 21-24, Third Floor—New York Coliseum Circle 69 on reader service card
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SIX AND EIGHT-CHANNEL
These versatile recorders have a wide range of 0.5%. Sensitivity 50 mv/div to 250 v/div. Nine chart
input capacities, are completely integrated from speeds, nine more optional. Solid-state power ampli-
signal input to galvanometer, and field-proven elec- fiers, constant 1 megohm input impedance, low drift.
tronics. Six channel systems have 50 mm charts, In vertical cabinet $5,030.

and eight channel systems have 40 mm charts.
All have DC to 150 cps frequency range. Linearity
0.5%. Nine chart speeds, nine more optional.
O MODELS 7706A, 7708 A — Sensitivity (depend-
ing on “8800" preamp used) 1 uv/div to 5 v/div.
With 6-channel cabinet (7706A) $4,820 plus pre-
amps, with 8-channel cabinet (7708A) $5,495 plus
preamps. [] MODELS 77i16A, 7718A — Sensitivity
(depending on *350 preamp used) 2 uv/div to
5 v/div. With 6-channel cabinet (7716A) $5.325
plus preamps, with 8-channel cabinet (7718A)
$6,350 plus preamps. {J MODEL 7728A — Sen-
sitivity (depending on *950” amplifier used) 10
uv/div to 5 v/div. With 8-channcl cabinct $3,425
plus amplifiers. [] MODEL 7709A 8-channel ‘“‘con-
trol panel’ recorder for basic inputs such as tele-
metry and computer outputs and other relatively
high level ac-dc signalz. Economical system uses
no preamps, but has individual-channel front panel
controls for gain, position, sensitivity selection (7
positions) and calibration. Polarity reversal is op-
tional. Frequency range DC to 150 cps. Linearity




If we at Amperex could develop a transistor
that wouldn't have to be neutralized....
we'd all have something to smile about!

3 P P —
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We've solved the circuit designer’s problem
of how to utilize the maximum available
gain of his system and still maintain good
stability. We've made this possible with the
introduction of the first two of a series of
extremely low-feedhack-capacity silicon
planar transistors in hermetically sealed
TO-18 envelopes. With these transistors,
types A467 and A473, the need for neutral-
ization within their operating frequency
ranges has heen completely eliminated.
Type A467 is designed for forward gain
controlled stages and features a typieal
feedhack capacity of 150 mpf. Type A473

Electronics | March 7, 1966

is designed for output stages where power
handling capability is of paramount impor-
tance. Typical feedback capacity of type
A473 1s 230 mpf.

Typical applications include Television
IF amplifiers, Widehand Radar IF ampli-
fiers and premium performance FM-IF and
RF service.

Types A467 and A473 combined with the
new Amperex high performance general
purpose silicon planar type A415 provides
the design engineer with a range of silicon
planar small signal transistors unequaled
in the industry on price and performance.

For complete data on these and other
Amperex silicon planar epitaxial RF am-
plifier transistors, write: Amperex Elec-
tronie Corporation, Semiconductor and
Receiving Tube Division, Dept. 371,
Slatersville, Rhode Island 02876,

45 Me [10.7 Me

AGC {Useable{Usecable

Type| fop Cre |Range| Gain | Gain
A467|330 Mc [150 mpf |55 db | 33db | —

A473|550 Mec 230 mpf| — 36 db
A415/200Me | 0.7 pf — 30 db

Amperex

Circle 71 on reader service card 71

34 db




EXPANDED
DIl ling

7 nsec at 10

peed,
ot T

All Radiation integrated circuits are dielectrically isolated.
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Having procurement problems?
Check our delivery time on
monolithic DTL circuits!

Why compromise on DTL performance
or delivery? Radiation offers immediate
shipment of industry’s finest line of cir-
cuits! Radiation’s dielectric isolation tech-
nique assures the best combination of
speed, power dissipation and noise im-
munity.

And Radiation supplies a full line of
DTL integrated circuits—17 in all. They
include Series 200 and 300, designed

|
for military use, and Series 500 for in-
dustrial applications. Compatible fan outs
in each series are maintained over the
full specified temperature ranges.

Other characteristics include: 7.0 nsec
propagation delay (tpa); 250mv “0” out-
put voltage (Vsat); and 10.0na “1” input
current (linr).

All circuits are specially engineered to

provide superior performance for their
specific applications. All are supplied in
TO-84 flat packages.

Why hot keep up to date on the latest
advances in integrated circuits! Write or
phone for our data sheets which include
worst-case limits, and contain all infor-
mation required by design engineers.
We'll also send a brochure describing our
broad range of engineering and manufac-
turing capabilities.

Radiation Incorporated, Physical Elec-
tronics, Department EL-03, Melbourne,
Florida 32901. Phone: (305) 723-1511,
extension 554,

RD 209 Line Driver Speed/Load Characteristics

35 -
C, = 1000 pf
Veec = 5.0v
. Tp=25°C
25
E «  Cp=500pf
= 20
Expanded Radiation DTL Line* 3 & an 200 ot
| RrD 200 SERIES RD 300 SERIES | RD 500 SERIES 8 . T b
Temp. Range Temp.Range Temp. Range E,, 15
—551t0125°C —55t0125°C ‘ 0to75°C §_ ¢ =100 ot
Circuit | Type FOf | Type FOt | Type FOt & V
Gates 10 . L: "o o
Dual 4 210 8 310 5 510 8 G
Triple3 | 205 8 305 5 l 505 8
Quad 2 206 8 306 5 506 8 5
RS Flip Flop | 208 7 308 4 508 7
Line Driver 209 12 309 8 509 12
o ailg - - S 72 4 6 8 10 12 14 16 18 20
*New high-speed JK Flip Flop soon to be introduced.
tMaintained over full temperature range. Fan out

See these and other Radiation

products at the IEEE Show, March RA DIA TION

21-24 (Booth 2B34 & 2B36) INCORPORATED

Sales offices: 650 North Sepulveda Blvd., Suite 622, El Segundo, Calif. (213) 772-6371—600 Old Country Road, Suite 438, Garden City, N. Y. (516) 747-3730
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8 pushbutton
units in 3 colors

3 facenuts

i

T
<
Cal

S'

<

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

with optional seal

=
W

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

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

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

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

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

MICRO SWITCH

FREEPORT, ILLINOIS 61033
A DIVISION OF HONEYWELL

IN CANADA HONEYWELL CONTROLS LIMITEO, TORONTO 17. ONTARID

HONEYWELL

HONEYWELL INTERNATIONAL—SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD. MANUFACTURING IN UNITED STATES, UNITED KINGDOM, CANADA, NETHERLANDS, GERMANY, FRANCE, JAPAN.

74 Circle 74 on reader service card

Electronics | March 7, 1966




CONSIDER
THE SOURCE!
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Avoid systems problems
by careful evaluation of
klystrons vs. solid-state
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A premature stampede to solid-state for microwave
power sources can cause serious problems for system
designers. This is the major finding of recent Sperry
studies which objectively compared solid-state sources
with klystron oscillators.

While substantial solid-state progress cannot and

advantages when operated well within the design
envelope. However, when solid-state devices are
applied too near their state-of-the-art, some perform-
ance degradation and loss of reliability must be ac-
cepted. Power handling considerations are particularly
critical, because of the extreme temperature sensitivity

should not be denigrated, compara-
tive data prove that the era of the
klystron is far from over. For sys-
tem designers, the net result is this:
microwave source selection now de-
mands more careful attention than
ever.

The drawing above approximates
today’s state-of-the-art. Solid-state
sources show clear superiority only
at low levels. The dominance of
the Kklystron is unchallenged for
high-level applications, and source
selection in the large mid-range
area demands extremely careful
consideration.

In general, power-frequency re-
quirements will be the most influen-
tial factors in making the choice.
Solid-state devices offer many

When system designers need
a basis for comparison of
complex alternatives, where
can they turn? To Sperry’s
Storehouse of Knowledge. Ob-
jective, in-depth technical in-
formation is a major advan-
tage of keeping in touch with
the world's first builder of
klystron tubes.

il

DIVISION OF
SPERRY RAND
CORPORATION

of solid-state devices.

Klystrons, on the other hand, still
enjoy numerous inherent advan-
tages. At frequencies of X band or
higher they are usually the more
attractive choice, even for low- and
medium-power applications.

In general, klystrons satisfy band-
width requirements better than
solid-state sources. They also offer
superior AM and FM noise char-
acteristics, much better temperature
stability and longer, more predict-
able life.

Details of Sperry’s comparative
studies are available on request. For
your free copy of this unusually use-
ful technical paper, contact your
Cain & Co. representative or write to-
day to Sperry, Gainesville, Florida.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives:

San Francisco, 948-6533

Cain & Co.,, Los Angeles, 783.4700; Boston, 665-8893; Arlington Heights, 253.3578; Dallas, 357-8645;
Dayton, 228-2433; East Chester, 337.3445; Philadelphia, 828-3861;

296-8265; South Amboy, 727-1900; Huntsville, 534.7955; Montreal, 844-0089.

; Syracuse, 463-0462; Washington,
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VARIAN
CENTER

electron tube and device group

IEEE
2nd Floor

BOMAC division Palo Alto Tube division
EIMAC division S‘F-D Laboratories, Inc.
LEL division Varian of Canada, Ltd.

over 100 NEW
microwave products
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FACTS MAKE FEATURES:

1 Comprehensive overload protection.
2 One selector switch minimizes chance of incorrect settings

3 Polarity reversing switch

Additional protection is provided by Model 630-PLK’s new transistorized relay circuit.
Transistorized overload sensing device does not load circuit under test, eliminating
the possibility of damaging circuit components. A special meter shorting feature on
“off”” position offers high damping when moving tester. The exclusive patented Bar
Ring Movement provides self-shielding and is not affected by stray magnetic fields.
Wider spread scales, and unbreakable clear plastic window assure maximum read-
ability. Diode network across meter protects against instantaneous transient voltage.

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

\,_!;J \v_};ﬁ g

630 630-A 630-PL €30-NA 630-NS 630-PLK

RANGES

s -
DC Volts:

AC Volts:

Decibels:

DC Microamperes:

DC Milliamperes:
DC Amperes:

Megohms:

PROOF
V-O-M

© 0-2,5-10-50-250-1,000-5,000 at 20,000

ohms/volt. 0-0.25 at 100 microamperes.

0-3-10-50-250-1,000-5,000 at
5,000 ohms/volt.

=20 to 411, 421, +35, 449, +61,
-+75; 0" DB at 1 MW on 600 ohm line.

0-100 at 250 Mv.

0-10-100-1,000 at 250 Mv.

0-10 at 250 Mv.

0-1,000-10,000 (4.4-44 at center scale).
0-1-100 (4,400-440,000 at center scale).

Output Velts (AC): 0-3-10-50-250-1,000 at 5,000 ohms/valt}
jack with condenser in series with AC ranges.

CARRYING CASE

Model 639-0S black leatner carrying case,
built-in stand, Flapssopen ttodpermlt use of

tester in the case
Net.

U.S.A. User

THE WORLD'S MOST COMPLETE LINE OF \BO-M'S AVAILABLF FROM YOIUIR TRIPIFTT DISTRIRIITORS STOCK
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WHEN SOMEONE
LOWERS PRICES
ON HIGH- FREQUENCY
GERMANIUM

TRANSISTORS
BY AS MUCH AS 81%...

The reason we did it is really very simple. Since
we first announced our new ‘“‘selective metal etch” HERE ARE THE BOLD NEW PRICE CHANGES:
process for fabricating germanium mesa transis- & =~y [T
tors, we’ve found our production yields going up, Price Price" %
up, up — and, at the same time, we found such Einoland Coce Drivers
added benefits as lower noise performance, nar- 2N1204, 2N1204A $ 4.25 $ 1.10 74
rower beta spread, and tighter overall parameter gmﬁgg' 2N1494A oy 1R 5
distributions on both switching and amplifier types. 2N1496 5.70 2.55 55

When you add to this the fact that we can now 3%5839 &40 230 &
obtain complete freedom of emitter geometry and, e 258 AEE H
at the same time, achieve much better resolution E 2% 320 i
and closer spacing than ever before — with obvious 2N3883 1.50 90 20
improvement in all high-frequency characteristics RF and IF Amplifiers
— you’ll understand why Motorola is now able to N 3208 504 4
announce significant price reductions on line and 2N3279 5.00 3.00 40
core driver transistors and small-signal RF and IF ML 300 f%?; =
amplifier devices! | e g | s

Take that order you have right now and call 2N3284 1.35 95 29
your Motorola representative — and be sure you %N%igé 130 ] %
get the most device for the price. If you would like R 2 20 1
detailed technical information on any of these gsg;gg 30‘88 20'88 %g
types, simply drop a note to the Technical Infor- 2N3784 20.00 10.00 50
mation Center, Motorola Semiconductor Products AEEEe e — e
Inc.,, Box 955, Phoenix, Arizona 85001. *100-999 quantities

MOTOROLA "] BootHs 1A18-1A24

Semiconductor Products Inc.

Circle 78 on reader service card Electronics | March 7, 1966



BOURNS TRIMPOT*POTENTIOMETERS

TRIMPOT®
POTENTIOMETERS—UNSEALED

General-Purpose Wirewound
Model 200. Max. temp. 105° C /
L, S, P terminals / 0.50 watt at
70°C / 10 ohms to 100K.

goq,n.us R

General-Purpose RESISTON®
Carbon Element Model 215. Max,
temp. 125°C / L, S, P terminals
/0.25 watt at 50°C /20K to 1 Meg.

\Foumme, 5‘

High-Temperature Wirewound
Model 260. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K.

TRIMPOT
POTENTIOMETERS —
HUMIDITY PROOF

General-Purpose RESISTON
Carbon Element Model 235. Max.
temp. 135°C / L, S, P terminals
/0.25 watt at 50 C/20K to 1 Meg.

General-Purpose Wirewound
Model 236. Max. temp. 135°C /
L. S. P terminals / 0.8 watt at
70°C / 10 ohms to 100K.

Micro-Miniature High-Tempera-
ture Wirewound Model 3000.
Max. temp. 175°C / P terminals
/ 0.5 watt at 70°C / 50 ohms to

20K, _
1

Micro-Miniature High-Tempera-:
ture RESISTON Carbon Element
Mqde! 3001. Max. temp. 150°C /
P terminals / 0.20 watt at 70°C
/] 20K to 1 Meg.

)
Sub-Miniature High-Tempera-
ture Wirewound Model 220. Max.
temp. 175°C / L, W terminals /
1.0 watt at 70°C / 10 ohms to

30K / Mil-Spec style RT10 and
meets MIL-R-27208A.

High-Temperature Wirewound
Model 224. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil.
Spec style RT12 and meets MIL-
R-27208A

Ultra-Reliable High-Temperature
Wirewound Model 224-500. Max.
temp. 150°C / L, P terminals /
0.5 watt at 70°C / 100 ohms to
20K. Performance and reliability
statistically verified to customer.

High-Temperature, High-Resist-
ance RESISTON Carbon Element
Model 3051. Max. temp. 150°C
/ L, S, P terminals / 0.25 watt
at 50°C / 20K to 1 Meg / Mil-
Spec style RJ11 and meets MIL-

High-Temperature High-Resist-
ance PALIRIUM# Film Element
Model 3052. Max. temp. 175°C
/L, Pterminals / 1.0 watt at
70°C / 20K to 1 Meg.

High- Temperature Low - Resist-
ance PALIRIUM Element Model
3053. Max. temp. 175°C / L, P
terminals / 0.5 watt at 70°C / 2
ohms to 100 ohms.

High-Temperature Wirewound
Mo deI 3010. Max. temp. 175°C
/L, Pterminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil-
Sp

ec style RT11 and meets MIL-
27208A.

BT

High-Temperature RESISTON
Carbon Element Model 3011.
Max. temp. 150°C / L, P termi-
nals / 0.25 watt at 50°C [/ 20K
to 1 Meg / Mil-Spec style RJ11
and meets MIL-R-22097B.

il

High-Temperature High-Resist-
ance PALIRIUM Element Model
3012. Max. temp. 175°C / L, P
terminals / 1.0 watt at 70°C /
20K to 1 Meg.

=B

3%'"-Square Wirewound Model
3280. Max. temp. 175°C / L, P,
W terminals / 1.0 watt at 70°C /
10 ohms to 50K.

3 LR

%' -Square RESISTON Carbon
Element Mode! 3281. Max. temp.
150°C / L, P, W terminals / 0.5
watt at 50°C / 20K to 1 Meg.

) )

“.Square, ngh Temperature
erewound Model 3250. Max.
temp. 175°C / L, P, W terminals
/ 1.0 watt at 70°C / 10 ohms to
50K / Mil-Spec style RT22 and
meets MIL-27208A.

) N

%”.Square High-Temperature
RESISTON Carbon Element
Model 3251. Max. temp. 150°C /
L, P, W terminals / 0.50 watt at
50°C / 20K to 1 Meg / Mil-Spec
style RJ22 and meets MIL-R-
220978B.

rial3- 134+
A { A' d 8

BOURNS®
SINGLE-TURN
POTENTIOMETERS

aa ®

X"-Diameter Micro-Miniature
High-Temperature Humidity-
Proof Wirewound Model 3300.
Max. temp. 175°C /W, P, S termi-
nals /0.5 watt at70°C /10 ohms
to 20K.

DS @

¥,-Diameter Micro-Minjature
High-Temperature Humidity-
Proof RESISTON Carbon Ele-
ment Model 3301. Max. temp.
150°C/ W.P,S terminals / 0.25
watt at 70°C / 10K to 1 Meg.

2 I

-
Sub-Miniature Wirewound Model
3367. Max. temp. 105°C / P, S
terminals / 0.5 watt at 70°C / 10
ohms to 20K / meets steady-
state humidity.

=

Sub-Miniature RESISTON Car-
bon Element Model 3368. Max.
temp. 105°C / P, S terminals /
0.25 watt at 50°C / 20K to 1
Meg /| meets steady-state hu-
midity.

LOW-COST
COMMERCIAL
POTENTIOMETERS

Wirewound TRIMIT® Potentiom-
eters Models 271,273, 275. Max.
temp. 105°C / L, S,P terminals /
0.5 watt at 25°C / 50 ohms to
20K.

RESISTALOY* Carbon Element
TRIMIT Models 272, 274, 276.
Max. temp. 105°C / L, S,P termi-
nals / 0.2 watt at 25°C / 20K to
1 Meg.

T

Wirewound E-Z-TRIM® Potenti-
ometer Model 3067. Max. temp.
85°C / S, P terminals / 0.5 watt
at 25°C / 50 ohms to 20K /
Priced under $1 in production
quantities.

Carbon Element E-Z.-TRIM Poten-
tiometer Model 3068. Max. temp.
85°C / S, P terminals / 0.2 watt
at 25°C / 20K to 1 Meg.

SPECIAL-PURPOSE
POTENTIOMETERS

High-Power (2 watts) High-Tem.
perature Wirewound Model 207.
Max. temp. 175°C / L terminals
| 2 watts at 50°C / 100 ohms to
100K. As Rheostat Model 208,
available 100K to 200K.

-

BOURNS
1200 COLUMB A AVE
PHONE 684-17

Unsts shown approxsmately 3/5 actual size,

High-Power (5 watts) Humidity-
Proof Wirewound Model 3020.
Max. temp. 200°C / L terminals
/ 5.0 watts at 25°C / 100 ohms

to 50K. ’
P un iz T
BOURNS /j4}

Dual-Element Wirewound TWIN-
POT#® Potentiometer Model 209.
Max. temp. 135°C / L terminals
/ 0.50 watt (each element) at
70°C / 10 ohms to 50K.

D mouRNS Hisrer®

o, sans
T sin @Ry

S
@ 3030L-1-502 5K &
=

15 watts, High-Temperature
Wirewound Model 3030. Max.
temp. 265°C / L terminals / 15
watts at 25°C / 10 ohms to 10K.

Somoww o) ax |
TRiMpeor* "

«1 Y, & 3«

Radiation - Resistant, High-Tem -
perature Wirewound Model
3040. Max. temp. 350°C / W ter-
minals / 150 megarad / 5X 10
neutrons per sec. / 5.0 watts at
70°C / 500 ohms to 20K.

PANEL-MOUNTED
POTENTIOMETERS

Most models are available with
panel mounting. Unique design
permits quick tactory assembly
to “on-the-shelf’’ units. In addi-
tion, mounting screws, brackets
and clip brackets are available
to meet almost any mounting
requirement.

KEY TO TERMINAL TYPES
L=Insulated stranded leads
S=Solder lugs (includes panel-

mounting bushing on Mod-
els 3367S, 3368S, 3300S and
3301S only)
P=Printed-circuit pins
W=Uninsulated wires (edge-
mounting 3250, 3251, 3280
and 3281).

Write today for detailed speci-
fications on any model in the
large Bourns® Potentiometer
and TRIMPOT® Potentiometer
line and a list of Factory Repre-
sentatives.

TRIMPOT®means BOURNS,

BOURNS means QUALITY, 50
remember.

Don’t MIL-SPECulate ... SPECify
BOURN

TRIMPOT s a registered
trademark of Bourns, Inc.

BOURNS

INC . TRIMPOT DIVISION
RIVER (=] ALIF
TWx 714-682 9382

CABLE BOURNSING

MANUFACTURER: TRIMPOT* & PRECISION POTENTIOMETERS, RELAYS; TRANSOUCERS FOR PRESSURE, POSITION, ACCELERATION PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA. TORONTO, CANADS
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NEW CONVENIENCE
AND ACCURACY

IN MICROWAVE

POWER MEASUREMENT

The new Hewlett-Packard 431C Power Meter offers
1% instrumentation accuracy, plus a front-panel
control that lets you set in the correction factor
indicated by nameplate efficiency charts on each
Hewlett-Packard thermistor mount. No calculation
necessary for major accuracy improvement in mi-
crowave power measurements, 10 microwatts to
10 milliwatts full scale. All sources of error are
taken into account.

The hp 478A and 486A Thermistor Mounts con-
tain nameplate calibration of both Effective Effi-
ciency and Calibration Factor (which takes into
consideration thermistor mount swr) ... calibration
of the mounts is directly traceable to the National

Bureau of Standards, where applicable.

Now 431C instrumentation accuracy has been
improved, coupled with convenience that lets you
“normalize” measurements for the efficiency plots
indicated on your thermistor mounts.

The 431C offers the same low drift character-
istics of its predecessor, the 431B, plus one zero
setting for all ranges, automatic and direct read-
ings, solid-state design, grounded recorder output
and linear power scale, plus portable operation
with optional battery pack. Accuracy is enhanced
with a taut-band, mirror-backed, individually cali-
brated meter, with the milliwatt scale greater than
412" long, for increased resolution.

VERNIER
e
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Efficiency-calibrated thermistor mounts

-+ New 1%

Microwave
Power Meter!

Performance in the presence of RF fields is
dependable: the 431C meets MIL-I-6181D interfer-
ence specs. A voltmeter output permits increased
resolution of the reading with the appropriate
digital or differential voltmeter, and a dc calibra-
tion input jack permits calibration of instrument
and thermistor mount with the companion 8402B
Power Meter Calibrator (see description).

Check out the brief specifications here, then call
your Hewlett-Packard field engineer for a demon-
stration or for complete specifications. Or write
for full details to Hewlett-Packard, Palo Alto, Cali-
fornia 94304, Tel. (415) 326-7000; Europe: 54
Route des Acacias, Geneva.

Major specifications, 431C Power Meter

Instrument type:

Power range:

Accuracy:

Calibration
factor control:

Zero carryover:

RFI:
Additional features:

Price:

automatic, self-balancing power meter for
use with temperature-compensated
thermistor mounts

7 ranges, 10 gw-10 mw full scale; also
calibrated in 5-db steps, —20 dbm to 410 dbm
full scale

+1% of full scale, +20°C to +35°C; +2.5%
of full scale, 0°C to +55°C

13-position switch normalizes reading to
account for thermistor mount Calibration
Factor (or Effective Efficiency); range, 100%
to 88% in 1% steps

less than 0.5% of full scale when zeroed
on most sensitive range
meets all conditions specified in MIL-[-6181D

» outputs for precision dc differential or
digital voltmeter and for recorder/ leveler

- input for precision dc calibration (using
hp 8402B)

- optional rechargeable battery pack

$475

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

0.15% uncertainty. Model 84028, $475.

With the 8402B Calibrator, you can quickly and
easily calibrate your 431C Power Meter—including
determination of thermistor operating resistance—
with an overall uncertainty of only 0.16% (20° to
30°C). And with an appropriate dc voltmeter and
the 84028, you can establish dc substitution power
levels between 1 uw and 10 mw with less than

a1 7)) P
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HEWLETT

 PACKARD

An extra measure of quality

Visit Hewlett-Packard at IEEE, 3rd Floor
New York Coliseum—March 21-24

1293
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What is it ?

Clue No. 1: Its development made application of single side-
band practical.

Clue No.2: Its applications range from Citizens Band radios
to such highly complex telemetry systems as that of the Saturn
Rocket.

Clue No. 3: It offers the greatest combination of selectivity,
simplicity, compactness and reliability ever developed in a
component designed for its particular purpose.

Clue No.4: It resists aging to such a remarkable degree in ac-
celerated tests that aging need not be a consideration.

Clue No.5: It's a classic circuit component associated univer-
sally with the Collins name.

Answer: It'’s the Collins Mechanical Filter. It'’s used in single

sideband applications. High performance transmission and re-
ceiving equipment. Missile guidance systems. Multiplexing
equipment. Frequency synthesizers. Doppler radar. Data trans-
mission systems. Precision navigation equipment. Spectrum an-
alyzers. FM communication receivers and Citizens Band trans-
ceivers.

It’s available in frequencies from 60 KC to 600 KC, and in
bandwidths of .19 to 10%.

If you build any of this equipment and have a selectivity/
reliability requitement, call Collins Radio Company, Com-
ponents Sales Department, 19700 Jamboree Road, Newport
Beach, Calif. Phone: (714) 833-0600. Or call your author-
ized Collins components sales representative.

See these and other advanced components at New York |EEE, Booths 2H18 and 2H20.

COMMUNICATION / COMPUTATION / CONTROL -

82 Circle 88 on reader service card

COLLINS RADIO COMPANY / WORLD HEADQUARTERS / DALLAS, TEXAS
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From all viewpoints...better, faster, more economical scribing

THE NEW TEMPRESS SCRIBING MACHINE, WITH SELEC-
TIVE ELECTRONIC CONTROL, BRINGS NEW EFFICIENCY
TO SEMICONDUCTOR MANUFACTURE. One microscope . . .
one group of positioned sequence controls . .. one stream-
lined package as small as an office typewriter . . . these are
advantages you can see at a glance. Look closer and
you will find all electronic circuitry on easy-access
circuit boards, silent life-lubricated mechanical com-
ponents, and a surprisingly low price. The Tempress

Scribing Machine, in development for over two years, would
not be offered today, if it did not effectively set a new
standard, comparable to the Tempress line of diamond
scribers, lead-bonding tools, diamond lapping points, and
other miniature semiconductor manufacturing tools. Let us

arrange a demonstration at your early convenience.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, California
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Achieve optimum strike potential
with Ferranti F1600

The family of computers that permits initiation of real-time retaliation
within two radar sweeps.

Before the antenna has completed its second
sweep the F16oo carries out a thorough threat
evaluation and presents Central Command
with an overall picture of the national defence
situation. Subject to human decision, retaliation
can proceed instantly.

This is how member nations of NATO can achieve
strategic superiority with a defence system based on
the F1600 — organised in a radically new mode
pioneered by Ferranti to make it the world’s fastest
and most powerful computer for advanced military
applications.

The F1600 compiles ‘track files’ on attacking aircraft
and missiles, evaluates the state of readiness, perfor-
mance and location of individual units in the defence
network, and selects the most likely weapon for
effective combat from the nation’s armoury. Performs
all these functions in micro-seconds.

Based upon information gathered from surveillance
radar the F1600 then calculates and transmits vital

Circle 84 on reader service card

‘kill point’ data to a fighter aircraft before it leaves
the ground, to a fighter already in the air, or toa
surface-to-air missile complex.

This very high speed stored program computer has
been chosen to form the heart of the British Royal
Navy’s Action Data Automation System (ADA) for the new
generation of aircraft carriers and guided missile
destroyers.

Within a few hours flight of every European capital,
Ferranti have unequalled experience in the creation
of real-time computer-based systems to meet specific
Service requirements. Having worked closely and
successfully with members of NATO, Ferranti are
uniquely qualified to provide an individual solution
to problems of national defence.

Ferranti Ltd., Digital Systems Department, Moston,
Manchester 10, England.

DSD Research and Development Laboratories,
Bracknell, Berkshire, England.

Ds8
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New F111 uses 50 miles of wire jacketed with Kynar:
Why ? Primarily because KYNAR is tough. Its mechanical
strength and abrasion resistance make it possible to use
thinner jacketing without compromising performance.
Result: savings in space...savings in weight amounting to
several hundred pounds per plane. Wire jacketed with
cross-linked KYNAR is described in MIL-W-81044.

If you have a problem with space, weight, cut-through,
abrasion or temperature, consider using wire insulated
and/or jacketed with KYNAR. For detailed information,
write Pennsalt Chemicals Corporation, 3 Penn Center,
Philadelphia, Pa. 19102.

Kynar...the fluoroplastic that’s tough! \‘ I'ENNSI\I.T,L

*Registered trademark of Pennsalt Chemicals Corporation for CHEMICALS @ EQUIPMENT
its vinylidene fluoride resin.

Circle 85 on reader service card
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Dealers across the country.

Here it is! Our all-new NIXIE tube—the industry’s lowest-
Before you freeze a new design, before you commit your

cost electronic readout*, and one sure to usher in a whole new

generation of low-cost digital instrumentation.

But—don't be misled by its low, low cost. It’s all NIXIE
tube—in name, in design, in construction, in performance, in
quality, in long, trouble-free life.

Important new design and manufacturing techniques have
made its low price possible. Now check the important new
features shown—they make the new NIXIE tube more func-
tional and easier to use.

The new NIXIE tube Type B-5440 is available now—from
stock—both from the factory and from Burroughs Stocking

company to a costly and irreversibly uneconomical position,
call, wire or write for samples or prototype quantities.

Remember—the low cost of thc ncw NIXIE tube Type
B-5440 precludes consideration of other types of numerical
readouts such as electro-luminescent and projection types where
cost is a major factor. Get a real NIXIE tube with real NIXIE-
tube performance and acceptability.

Use the reply card for full information on the new NIXIE
tube and complete readout-application assistance.

*$4.95 in quantities of 1000.

Only Burroughs manufactures NIXIE Tubes

9

Circle 86 on reaaer service card

Burroughs Corporation

ELECTRONIC COMPONENTS DIVISION
PLAINFIELD, NEW JERSEY 07061
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Technical Articles

No product surprises
at IEEE:
page 88

Automated electron beams
process thin-film
components:

page 110

Microwaves on the
production line:
page 123

Powerful logic from
power-less circuits:

With order backlogs building up, many electronics firms are
more concerned with meeting deliveries than developing
radically new products. In the main, products at the show
will reflect continuing trends. Instruments are becoming
easier to use and more flexible; more commercial products
are using microcircuits; and the frequencies and power
handling capabilities of semiconductor devices continue to
rise.

One of the pioneers in electron beam technology, Manfred
von Ardenne, has applied the electron beam to the manu-
facture of thin-film components in East Germany. With two
associates he has written a rare report on Eastern European
production. Though the techniques are not surprising, they
have been combined in an unusual way that should lead
to high production rates.

After a lot of talk about using microwaves
for chemical and food processing, a few
applications are actually under way. De-
signing for proper heating and coupling
is still an inexact, trial and error procedure.
For the cover, Art Director Saul Sussman
painted an imaginary microwave installa-
tion for food processing.

Electronics

g

Inexpensive silicon transistors act as controlled switches to
eliminate external power sources. The resulting circuits are

page 133  simpler and more efficient than those built with diodes.
Coming sPacemaker powered by body fluids
March 21 *FET's make better tv tuners

» Some analog microcircuits
*New approach to space navigation: the star tracker



Product development

|IEEE Show: few surprises

This year's products will continue the trends started last year.
Order backlogs are building up, so companies are concentrating
on increasing production rather than on radically redesigning products

At the annual exhibit of the Institute of Electrical
and Electronics Engineers, March 21 to 25, there
will be few radically new products or surprises.
Rather, most companies with new offerings will be
unveiling products that continue trends started last
year: instruments are being made easier to use,
measure with higher accuracy, and are more ver-
satile and flexible; more commercial products are
using integrated circuits; frequencies are being
raised; and larger numbers of components are
being squeezed onto the substrates of microelec-
tronic circuits.

Behind the slowdown in radical innovations is
the tremendous business surge the industry is
enjoying. Because order backlogs are building up,
more companies are concentrating on increasing
production than on radically redesigning products.
The pressure that many companies felt last year
from declining military sales has been dissipated
this year by Vietnam buying, the continuing mush-

rooming sales of color-television receivers and the
record general prosperity the economy of the
United States is enjoying. In fact, at this year’s
IEEE show, some of the keenest interest will be
on new production equipment—machinery that will
make electronic components and products faster
and cheaper, such as the automatic flatpack welder
developed by the Weldmatic division of the Unitek
Corp. and described on page 102.

Electronics’ reports on a sampling of the new
products to be shown two weeks from today at
the IEEE show begins on this page and continues
to page 103. More new products appear on pages
207 to 270. Tracing how the ideas for many of these
new products originated, Electronics’ reporters
found that suppliers were becoming increasingly
involved with the problems of their customers.
By solving these problems, and by listening to cus-
tomers’ new product ideas, companies developed
many of the products that will be displayed.

Instruments

Differential voltmeter
balances itself

For convenience as well as improved accuracy,
man is diminishing his role in laboratory measure-
ments. He is relying more on automatic instruments
such as a digital voltmeter introduced by Ballantine
Laboratories, Inc. The voltmeter does away with
the multiknob adjustments and nulling operations
required with differential voltmeters that have to
be balanced manually.

An electromechanical system provides a readout
of four significant figures, with over-range to five
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figures, using only one range knob and one expan-
sion knob.

Ballantine’s Model 353, designed for fast and
accurate d-c voltage measurements, features a
servomotor-driven, three-digit counter. The position
of the last digit can be estimated to the nearest
tenth, avoiding the =1-digit ambiguity of fully
digitized displays. A rotating counter wheel per-
mits slowly varying signals to be observed.

The incoming signal to the instrument is passed
first through a dividing network, or range selector.
A comparator circuit matches the attenuated input
signal with a signal derived from a variable refer-
ence supply. Any difference is amplified and used
to drive a servomotor, which in turn adjusts the
reference supply until its voltage is equal to that
of the input. The motor shaft is coupled to a
mechanical counter which provides the in-line
digital display.

Ballantine’s engineers increased the accuracy
and resolution of the instrument by adding a num-
ber of precision resistors in series with the poten-
tiometer in the reference supply. As these resistors
are switched into the balancing circuit one by one,
the reference-voltage range is narrowed in discrete
steps, and errors introduced by the potentiometer
are minimized. The resistors are manually added
to the balancing circuit by what is known as
an expand dial on the instrument’s front panel.
The dial is backlighted to display the number of
discrete steps added.

To measure an unknown voltage, the range
switch is first set to the expected value. With the
mode selector in the normal position, the precision
resistors are not in the balancing circuit and only
the most significant digits of the on-scale reading
appear on the counter. The expand dial is then
set to the first digit of this reading.

When the dial is turned, an internal signal is
generated which disables the servomotor drive cir-
cuit to prevent the counter from rotating during
this manual operation. Once the expand dial is set
at the desired digit, the hold circuit is deactivated
and the meter rebalances in an expanded mode,
displaying the unknown voltage to four significant
figures.

Since it is possible for the reference supply
potentiometer to approach the upper or lower limits
of the expanded range, it is necessary to provide a
means for changing the manually set digit to the
next higher or lower number, preferably without
having to reset the expand dial and make the meter
rebalance itself.

The 353 incorporates a torqueless digit transfer
which gives these overlapping ranges and still pro-
vides the correct reading quickly.

The reference step display is made opaque, with
three rows of transparent numbers around the cir-
cumference of the dial. Each number, from 1 to
10, in the middle row has the next highest number
on its left and the next lowest on the right. A
three-square by three-square flag, with clear
squares along the diagonal, is positioned behind the
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dial. If the potentiometer is at the high or low end
of the range, the flag is moved up or down and the
next higher or lower number from the one manually
set in the expanded range is visible.

The switch of the stepped reference supply, ex-
pand selector, and the switch in the input dividing
network, range switch, are electronically coupled
so that the attenuation in the input network is
decreased in a decade step the moment the expand
switch is set to any position other than the normal
mode. This keeps the difference-signal magnitude
constant. No change is needed in the gain of the
difference amplifier and motor circuits, the refer-
ence supply voltage, or the input dividing network
to compensate for the decreased reference signal.
This allows making a coarse measurement in the
normal mode and a fine measurement in the ex-
panded mode with the same range setting. The
decimal point and range display are coupled to the
range selector.

Specifications

Voltage range
Accuracy

0 to 1,000 v d-c

0.029% of reading plus 0.019%
of full scale

Input impedance

Weight 7.7 |Ibs

Price $490

Ballantine Laboratories, Inc., Boonton, N. J.

10 megohms

Low-power regulator
cleans up noise

Not only is the customer always right; he frequently
shows the way to new products. Late last year, the
Wanlass Electric Co., brought out a different kind of
high-power voltage regulator [Electronics, Dec. 27,
1965, p. 119]. Now the company is following it up
—at customer suggestion, says the president—with
a low-power, low-cost voltage regulator line.
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The instruments are strictly a Wanlass family
affair. “Six years ago, we made our younger brother
Kent an offer,” suys S. Dean Wanlass, president.
“We agreed to pay himn a competitive wage to go
into the laboratory and be clever.” Kent came up
with the high-power regulator, so Dean and Chris
quit the Philco Corp. and set up a family comnpany.
Chris then developed the new low-power regulator.
“And next month, it’s my turn to be the inventor,”
says Dean.

The first regulator included a new development,
a variable inductor, operating at power levels from
1 to 10 kilovolt-amperes. The new instrument,
rated from 15 to 250 volt-amperes, consists simply
of a transforiner, a heat sink, transistors, passive
components and a zener reference. “The trick is in
the circuitry,” says Dean Wanlass. The circuitry
provides a response time of less than 50 micro-
seconds, compared with 23 milliseconds for a typi-
cal 60 va transformer of the ferroresonant type. The
response time, says Wanlass, effectively cleans up
noise; it prevents voltage spikes from riding
through a power supply and triggering digital cir-
cuitry by accident.

The low-power regulator operates over the fre-

quency range from 47 to 63 cycles per second. Its
output is a symmetrically clipped sine wave. Spikes
are eliminated by clipping them, much as the sine
wave is fHlattened. Details of the clipping technique
are not disclosed. “It is not a conventional opera-
tion, where the zener diode shorts everything above
a certain level to ground,” says the company presi-
dent.

The new line, designated R-3200, stresses econ-
omy, light weight and small size. R-3200 is de-
signed primarily to hold peak voltage constant, and
the manufacturer says it is relatively insensitive to
power fluctuation. It will go out of regulation to
accommodate voltage surges, and will blow a fuse
if subjected to a sustained overload.

Specifications

Nominal input voltage 100 to 130 v

Line regulation *+1%

Load regulation +19%

Power factor Intensive up to = 0.7
Weight 2.5 ibs.

Size (approximate) 3 in. by 3% in. by 3% in.
Price $22 (60-va rating)

Delivery 30 days

Waniass Electric Co., Santa Ana, Calif.

Insertion loss
measured to 0.02 db

When a systems engineer is struggling for each
decibel, as in advanced military radar and radio
astronomy, he needs to know the precise loss in
received signal strength for each component he
inserts in a system.

This loss can be determined to an accuracy as
high as 0.02 decibel with instrumentation developed
by Weinschel Engineering, Inc.

The swept-frequency insertion-loss measuring
system, Model 1830, operates at frequencies from
500 megacycles to 12.4 gigacycles, depending on

which of four radio-frequency packages is used.

The system also has a wide dynamic range. It
measures losses over a 30-db span. According to
Weinschel, this can be extended to 40 db with
only a slight degradation in accuracy.

The r-f package which determines the frequency
range also provides the means for leveling the
power source. A power splitter divides the r-f
signal almost evenly between the reference and
measurement channels. The difference signal be-
tween the reference and measurement channels is
displayed on a synchronous differential null de-
tector. An additional unit resets the d-c potential
in the synchronous detector to develop an unbal-
anced d-c voltage which drives a pen. recorder.

The entire system uses improved type N con.
nectors. The voltage-standing-wave ratio of the
source and reference load is below 1.05 from 500

Versatile, sensitive measuring system operates over wide range of high frequencies to pinpoint insertion losses.
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Mc to 4 Gc and below 1.10 from 4 Gce to the upper
limit of 12.4 Ge. This minimizes errors from re-
flected signals.

Weinschel’s system is based on the substitution
method. To make a measurement, it is first neces-
sary to usc the attenuator in Weinschel’s model
BA-5 attenuation calibrator. The setting of the
attenuator is made slightly higher than the antici-
pated value of the insertion loss of the component
under test. The sensitivity of the model ND-2
differential null detector and of the chart recorder
is set so that the expected variation of the in-
sertion loss over the frequency range of interest
does not exceed the recorder’s limits. Reference
lines are then drawn with the recorder according
to the desired resolution. For example, if the at-
tenuator has an expected loss of 0.3 db over the
frequency band, seven reference lines would be
drawn to achieve a resolution of 0.05 db. With test
unit inserted, the attenuation calibrator is reset
to zevo, The actual insertion loss is then recorded
on the same plot on which the reference lines
were previously drawn.

The long-term stability of the system is such

that the reference lines will be valid over a period
of one hour to an accuracy of better than 0.01 db.
In this way, over 20 unknown items, each having
about the same frequency sensitivity, can be tested
by sweep measurements.

Insertion loss measurements can be made to an
accuracy of 0.02 db over the limited range of 1 db
or to 0.07 db over the maximum range of 30 db.
Additional errors are introduced by the connector,
but with the improved type N connectors, this er-
ror is kept to 0.05 db at 10 Ge.

The system, including the four r-f sources, sells
for $13,260. The only additional units nceded
are a pen recorder and a sweep oscillator.

Specifications
Frequency range 500 Mc to 124 Ge

Signal 100% square wave modulated by 1 kc
Stability greater than 0.01 db/hr
Resolution To 0.02 db/cm for small dynamic ranges
Sensitivity Variable up to 0.005 db

(0.005 db is sensitivity which displaces
seven minor divisions on recorder)

Power input 105 to 125 v, 60 cps, approximately 575
v-amps

Weinschel Engineering, Inc., Gaithersburg, Md.

Simple, high-rate
pulse generator

The reaction against complexity—virtually a cru-
sade in systems engineering—is making itself felt
in instrumentation, too.

Reflecting this trend is a 100-megacycle pulse
generator that will sell for less than $1,000. The
General Radio Co. says the instrument’s perform-
ance characteristics are comparable to those of
units costing twice as much.

The “how” is simplicity, according to General
Radio. For pulse delays, model 1394-A has co-
axial cable delay lines cut to precision lengths,
in place of more expensive clectronic circuits. The
unit’s pulse-repetition-frequency (prf) oscillator is
a simple one, with two transistors. Says James
Skilling, the General Radio engincer who designed
the instrument: “The waveform of the prf oscilla-
tor never appears at the output—so you can live
with a simple one,” which keeps the cost down.

The 1394-A, high-rate pulse generator has rise
and fall times of 2 nanoseconds, the output ampli-
tude is variable in 0.5 volt steps to 4 volts, Also,
all the output pulse controls are calibrated so that
continuous oscilloscope 1monitoring is unnecessary.

During operation, a train of pulses from the prf
oscillator is simultaneously applied to the first
cable-delay circuit, which introduces delay T; as
shown in the top diagram on page 92, and to the in-
strument’s synchronization signal output. This out-
put can trigger an oscilloscope’s horizontal signal
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if required. The delayed pulse train, applied to a
bistable output circuit, initiates the output pulse
at the same time it is applied to a second delay
line, introducing an additional delay, To.

Pulses from the second delay line reset the bi-
stable output circuit, turning off the output. The
first delay controls the period between the syn-
chronizing pulse and the leading edge of the output
pulse; the sccond controls the duration of the
output pulse.

The pulse rate is selected by a front-panel dial
which is used to vary the capacitor of an LC tuned
circuit in the prf oscillator. The delay circuits,
coaxiable cables cut to lengths corresponding to

B+ B+

|

ALY
o

OUTPUT

Q2

Q

CONSTANT-CURRENT
SOURCE

Simple LC tuned circuit determines the frequency of
pulse repetition oscillator. The feedback to sustain
oscillation is fed to Q. through inverted transformer.
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for bistable output circuit. The pulse delayed by second

CIRCUIT (T,)

cable resets output circuit. Sync pulse is used to trigger

oscilloscope if required.
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In bistable output circuit, the set and reset pulses are kept from appearing at the output by the
differential amplifier, which allows only the difference voltage at the bases of Q. and Q. to be amplified.

delays of 1, 2, 4, 2, 10, 20, 40 and 20 nanoseconds,
are switched in and out of the signal path by rows
of front-panel miniature-toggle switches to control
both delays, T; and T.. In this way, delays of 1
nanosecond to 99 nanoseconds can be introduced
in l-nanosecond increments.

A distinct advantage of the cable delay over con-
ventional methods is the lack of restriction on duty
cycle and the improved accuracy.

In the prf oscillator, a constant-current source
is switched between the diodes D, and transistor
Q: by the large signal that appears at Qy’s base.
A square wave current appears at the collector of
Q;. The LC-tuned circuit filters out the funda-
mental to produce a large-amplitude sinusoidal
voltage at the base of Q.. This voltage is amplified
by Q.. A portion of this output voltage provides
the feedback necessary to sustain oscillation. The
feedback is applied to the base of Q, through the
wideband, inverting transformer T,. This design
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has the advantage of being able to use a simple
tuned circuit. Also, because the signal amplitude
is proportional to the constant-current generator’s
magnitude—in this case, the collector of a tran-
sistor in the automatic gain control circuit—keep-
ing the output amplitude constant is easy.

To compensate for any waveform degeneration
caused by the coaxial delay lines, the pulses are
amplified by a class-A video amplifier before being
applied to the output circuit. Passing this ampli-
fied signal through a bistable tunnel diode re-
establishes the high-frequency content of the orig-
inal, undelayed pulses.

The set and reset pulses are then applied to
tunnel diode D, in the bistable output circuit
through a 100-ohm coaxial cable. Only the differ-
ence voltage, appearing at the bases of the two
transistors, Q; and Q., is amplified. So, the set and
reset pulses do not get amplified and do not appear
at the output terminals. Qs and Q, are grounded-
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base stages that drive a second differential ampli-
fier whose output is transformer-coupled in the
output terminals of the generator.

A pulse-offset control unit, available from the
company as an accessory, inserts a d-c component
in the output pulse so the base line of the pulse
can be continuously adjusted, if desired, from —2
to 4-2 volts.

Specifications

Pulse repetition frequency

Internally generated 1.0 Mc to 100 M¢, =5 %

of setting
Externally controlled d-c to 100 Mc
Synchronizing pulse Bipolar pulse, 4-ns dura-
tion, 250 mv peak-to-
peak

Output pulse

4 to 99 ns, 2.5% of setting
(50-ohm load)

*1 ns, duty ratio limited

Duration only by sum of rise and
fall times.
Amplitude 0 to 4 vin 05 v steps
Waveshape rise and fall times 2 ns
+20%, 129% typical over-
shoot
Power 100 to 125/200 to 250 volts,
50 to 400 cps, 20 watts
Price $995

General Radio Co., West Concord, Mass.

VAW meter rated
as accurate to .5%

A single instrument to measure an applied a-c
voltage, the load current and the absorbed power
is available from the Greibach Instruments Corp.
The volt-ampere-watt meter concept is not new.
But, Greibach’s VAW meter, a passive instrument
inserted between an a-c source and its load, is
more sensitive and accurate, has a wider frequency
response and can withstand greater overloads than
other VAW meters, including electronic ones, the
company says.

The meter can measure rms voltages to 250 volts,
currents to 1,000 milliamperes, and power to 10
watts. The current and watt ranges can be extended
to 100 amperes and 10 kilowatts by adding a small
current transformer the company provides. The
meter has an accuracy of 0.5% and measurements
can be made over the frequency range of 30 cycles
per second to 10 ke.

The complete absence of active electronic ele-
ments—amplifiers and power supplies—contribute
to the accuracy, reliability and long-term stability

MULTIPLIERS

Greibach claims for its model 560 VAW meter.
Simplicity is stressed in the watt meter configura-
tion-—essentially the system consists of a coupling
transformer which feeds a pair of matched true
rms transducers whose outputs are fed into the
coils of a sensitive differential d-c microammeter.
The coupling transformer supplies a voltage pro-
portional to the line voltage, precision shunts sup-
ply a millivolt drop proportional to the load current,
and the differential meter registers the difference
between the outputs of the two transducers, which
is proportional to power.

The success of the meter hinges on two of
Greibach’s developments in the instrument field—
the Transquare true rms transducer and the bifilar
suspension meter movement.

The transducer is a solid state voltage-to-current
analog squaring component that is completely pas-
sive. It is made up of stable solid state elements
arranged and matched in a network so that the
instantaneous output current is proportional to
the square of the instantaneous input voltage. Thus
the transducer’s output is a true parabola. A d-c
meter movement integrates this output and gives
an analog reading proportional to its true rms
value.

The meter movement overcomes the limitations
caused by friction in conventional pivot and jewel
movements. With Greibacl’s system, the moving
coil is suspended on two taut wires which are

VAW meter is a multirange, multifunction instrument that
is moved from the current to voltage mode by a single
knob which switches the precision shunt in or out of the
circuit. The power measurements are made with both the
shunt and multipliers in the circuit; the coil current is
proportional to the product of the appilied voitage and
current.

el
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parallel to and symmetrically arranged about the
coil’s axis of rotation. The opposite end of each
pair of suspension wires is precisely anchored in
a spiral disc spring which supplies a restoring
torque. This suspension system not only reduces
friction greatly but permits use of a differential
coil with both windings completely insulated from
each other without the cumbersome and friction-
inducing springs and strips found in conventional
coils. A mirror on the movable coil reflects a light
beam on a scale as the coil turns.

The torque developed by a d-c meter coil is
proportional to the coil current. As shown in the
diagram, a precision shunt is used in the ammeter
configuration, a precision multiplier in the volt-
meter configuration and both in the wattmeter.

The input voltage to the instrument is applied
across the primary of the transformer, altered only
by the range setting of the multiplier. The input
current is applied to the shunt resistor. The voltage
across the shunt is added to one-half of the sec-
ondary voltage and subtracted from the voltage in
the other half. The sum of these two voltages is

fed into one of the Transquare transducers and the
difference into the other. The output currents are
then fed into the coils of the differential meter.
Since one of the voltages is proportional to the
applied voltage and the other to the applied cur-
rent, the current difference is proportional to the
product, or the power absorbed by the load. Un-
like the readings in the voltage and current con-
figuration which are directly related to the output
of one of the transducers, the meter reading in
the power measuring setup is linear.

Specifications

Voltage ranges 25, 50, 125, 250 vrms
(for both volt and watt
measurements)

Input impedance

Current ranges

(for current measurements)

One kilohm/volt
100, 200, 500, 1,000 ma
at 50 mv

Watt ranges 1,2,5, 10 wat 25 v
Frequency response 30 ¢cps to 10 Ke
Accuracy +0.5% full scale over

frequency range and
power factors from 1.0
to 0.5 lead and lag

Greibach Instruments Corp., 315 North Ave., New Rochelle, N.Y,

Curve tracer sensitive
to 1 microampere

A transistor curve tracer with sensitivity to one
microampere per scale division provides a finer
readout than in any previous instrument, according
to its manufacturer, the Fairchild Camera & Instru-
ment Corp.

Up to now, complexity, lack of sensitivity and
somewhat ambiguous readouts have restricted such
tracers to testing a limited number of semiconduc-
tors.

The base-driving current of the Fairchild tracer
can be adjusted down to 330 nanoamperes, about

Calibrated controls beside
curve-tracer screen provide
unambiguous readout of vertical
and horizontal sensitivity.
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one-third the amplitude of the lowest base drive
found in other curve tracers, according to Fairchild.

This low value requires that noise and transients
be held to a minimum. The instrument’s mechanical
layout is designed to minimize stray capacitance,
leads are kept as short as possible and reed relays
perform the switching at critical points.

The step-voltage generator for the base bias has
a maximum of 10 steps in each range from 10 micro-
amperes per step to 10 milliamperes per step. Each
of these ranges can be multiplied by factors of 0.3
to 3.3 with a continuously adjustable control on the
tracer’s front panel. It is possible to reduce the steps
with front-pancl knobs that control the number of
the first and last step between 0 and 10. The
operator can reduce testing time by eliminating any
curves not pertinent to a particular test. The bias
voltage can be either positive or negative.
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Fairchild’s tracer can be operated under test in a
pulsed condition. Power devices can therefore be
tested without dissipating excessive power since the
duty cycle is about 10%. Also, elaborate heat sinks
are not required to test power transistors in this
way.

Called the Fairchild curve trader Model 6200, the
unit consists of two synchronized power supplies
and a cathode-ray tube monitor. Both the vertical
and horizontal sensitivity can be programed re-
motely. Sensitivity of the vertical amplifier is adjust-
able from one microampere to 200 milliamperes per
division. The horizontal amplifier is adjustable to
give the following display ranges: collector voltage
from 0.1 volt to 20 volts, base voltage from 0.1 volt
to 0.5 volt. Peak collector voltage is also adjustable.
Price is $1,500.

Specifications

Base step generator:
Frequency

Twice the line frequency
Number of steps

Maximum of 10. First and last
steps independent variable be-
tween 0 and 10.

Current or voltage

Current

1 pa per step

10 pa per step

100 pa per step

1 ma per step

10 ma per step

*+3% of pro-

gramed value

Type of steps
Ranges Voltage

0.01 v per step
0.10 v per step
1.00 v per step

Programing accuracy *+49% of pro-
gramed value
Collector sweep generator:

Frequency Twice line frequency
Sweep voltage Continuously variable
Range 0 to 20 v, 2 amps max
0 to 200 volts, 200 ma max
Power 115 v, 50 to 60 cps, 250 watts

Fairchild Camera & Instrument Corp.,

844 Charleston Rd.,
Palo-Alto, Calif. 94303

RC circuit controls
oscilloscope camera

The Hewlett-Packard Co., which sells just about
all kinds of oscilloscope accessories except a cam-
era, has now come up with the first electronically
controlled oscilloscope camera.

In oscillography, pictures are taken at slower
speeds than in general photographic work, but
standard cameras modified to work with oscillo-
scopes are most accurate at faster shutter speeds.

To overcome this problem, H-P’s Model 197A is
accurate at slower speeds. An electronically oper-
ated shutter includes RC timing circuits which
provide exposure times from 1/30 second to four
seconds. The camera is operated from a side panel,
whose knobs control the f stop and the shutter
speed. The shutter may also be tripped remotely.
In addition, an output signal from the camera can
trigger the oscilloscope sweep at the instant the
shutter opens; this signal also can be used to syn-
chronize other equipment with the camera.

A variable-intensity ultraviolet light source, part
of the camera system, excites the phosphor on the
cathode-ray tube face, causing it to glow softly
and making the graticule lines show up black in
contrast to the trace. Oscilloscopes usually have
lighted graticule lines which blend with the trace.
Waveform axis crossings can be located more accu-
rately with the ultraviolet feature, according to the
manufacturer.

The camera back can be rotated from its nor-
mally horizontal position to a vertical position
while the lens remains fixed so small pictures can
be taken on one frame.

Model 197A, which weighs 10 pounds, can be
mounted on the face of any oscilloscope and it
swings out of the way when not needed.

Electronics | March 7, 1966

Timing circuits of camera can vary shutter action
throughout range of speeds in oscilloscope work.

Specifications

Lens 75 mm, /1.9
Optional: 88 mm, f/1.4
Shutter Speeds of 1/30, 1/15, Y, %, % and

1 sec, 2, 4 seconds; time and bulb, X
synchronization contact closure; input
jack for remote operation.

Polaroid Land camera using pack film,
type 107

Optional: Graflok 4x5-in. back

Moves vertically through 11 detended
positions at Y5 cm.per detent at 1:0.9
object-to-image ratio

Camera back

Multiple exposure

Focus Adjustable with lock
Power 115 V #+ 10%, 60 cps, 6 w
Price $475 for standard model 197A

$425 without ultraviolet source
Hewlett-Packard Co., 1501 Page Mill Rd., Palo Alto, Calif.
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Solid state

Tunnel diodes add
speed to hybrid IC’s

Many electronic equipment manufacturers are re-
luctant to design pulse and switching circuits with
tunnel diodes. In the face of this resistance, how-
ever, one component manufacturer, the Hoffman
Electronics Corp., is willing to take a risk, offering
a line of silicon tunnel-diode chips for fast switch-
ing circuits.

Most users have two objections to tunnel diodes:
their costliness in most designs and the difficulty
of finding a tunnel diode with the particular char-
acteristic a designer has in mind.

For example, some maintain that because of the
tunnel diode’s susceptibility to parasitics, they are
not practical in computers other than in the tiny
scratch-pad memories of small, fast computers.

Tunnel diode and switching circuits have been
tried in radar, telemetering, pulse communications,
and data-processing equipment.

Typical circuits in which they are employed are
relaxation oscillators, inverters, frequency dividers
and wave shapers.

Hoffman’s decision to offer the chips was based
on the growing market for hybrid circuits that use
uncased chips for active devices on ceramic sub-
strates. William R. Haymond, marketing director
for the company’s Semiconductor division says:

“The use of thick-and thin-film passive elements

on ceramic substrates is already widespread,” he
says. “Many of these applications need a compat-
ible tunnel-diode chip for very fast switching. In
some cases circuit designers have attempted to
avoid the use of a tunnel diode by using multiple-
transistor chips.” According to Raymond, this im-
poses additional cost and sacrifices some reliability
because more components are required, “And usu-
ally the performance of the tunnel diode is not quite
duplicated,” he adds.

For now, Hoffman is making four chips available:
designated the CTDI100, CTD200, CTD300, and
CTD400. A one-mil-diameter platinum lead is at-
tached. The base of the tunnel diode is the other
contact, The units may be attached to a substrate
by using conductive silver-base epoxy or paste.

The chips have an epoxy protective coating. The
base measures 0.045 inch maximum; the maximum
height is 0.06 inch.

The chips carry maximum forward current rat-
ings ot 1.0, 1.5, 5 and 10 milliamperes at 25°C. The
maximum reverse currents, respectively, are 2, 4,
20 and 30 millimmperes. The maximum operating
temperature range is —40° to +125°C.

The price per unit in quantities from 1 to 99 is
$12.50; they are available immediately.

Specifications
CTD100 CTD200 CTD300 CTD400

Peak current 0.47 1.0 4.7 10 ma
Valley current 170 .35 1.7 3.5 ma
Peak voltage 80 80 85 85 mv
Valley voltage 490 500 520 530 mv
Forward voltage:

minimum 670 680 700 700 mv

maximum 1,000 1,000 1,000 1,000 mv
Forward current D2 1.1 5.17 11.0 ma
Series resistance 3.0 2.0 1.0 1.0 ohm
Capacitance 100 150 250 400 pf
Hoffman Electronics Corp., Ei Monte, Calif.

225-diode circuit
contained in a chip

Single chips are carrying more and more functions
in responsc to increased demands of airborne in-
formation processing for military systems.

Radiation, Inc., now puts as many as 225 silicon
diodes in a monolithic chip and houses the struc-
ture in a 32-lead flatpack. And that’s far from the
end.

A year ago, the company decided to test the
market for diode-matrix integrated circuits by mak-
ing available a 40-diode, 14-lead IC. “We found
that nearly all the users of the diode-matrix needed
several of them in their applications,” says William
R. Weir, director of marketing at the company’s
physical clectronics laboratory. Since large matrices
would mean fewer interconnections, better reli-
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ability and less space, it was decided to extend the
multifunction concept further.

Weir says that other packages besides the flat-
pack are being considered, but there are no plans
to build arrays with more than 225 diodes. “How-
ever,” he cautions, “a year ago when we announced
the 40-diode matrix, we didn’t foresee a need for
matrices with more than 100 diodes.”

Radiation plans to explore integrated-circuit
matrices with higher current ratings during 1966.
Each of the diodes in the 225-unit matrix carries a
maximum current rating of 100 milliamperes.

After talking to customers, Weir says, the com-
pany also found that the recovery speed of the
individual diodes in the 40-diode matrix was not
fast enough for some applications. As a result, the
reverse recovery time of the individual diode in the
new 223-unit matrix has been reduced to 10 nano-
seconds from the 125 nanoseconds of the 40-unit
matrix.

The 225-diode integrated circuit is designated
the RM50. First, the diodes are connected in 5-by-
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Array of identical diodes gives multifunction capability to integrated circuit. Left photo
shows 225-diode matrix in unpackaged detail. At right, it is housed in 32-lead flatpack.

5 banks to form a 15-by-15 diode array. To form
desired interconnection patterns, unwanted diodes
can be removed by passing high currents through
key points. The elimination is similar to the burn-
ing out of a fuse. The current required to remove
a diode connection is more than four times the
maximum operating current, so short surges during
normal operation won’t accidentally remove a diode
connection.

Practically all the interest in the 40-diode inte-
grated circuits has been displayed by builders of
military airborne computer systems. But, says
Weir: “We hope the low cost per diode of the 225-
unit matrix and the reduction it permits in pack-
ages will make it possible for us to penetrate the
industrial-equipment market.”

Radiation will deliver the RM50 with all diodes
working or with diode connections arranged ac-
cording to the customer’s specifications. Automatic
programed equipment is used to check custom in-
terconnection patterns.

Matrices of 5 by 5, 5 by 10, 5 by 15, 10 by 10,
and 10 by 15 are also being made available. Prices
start below $25.

Specifications

Reverse voltage 60 v
Maximum forward current 100 ma
Reverse leakage current 4 na
Reverse recovery time 10 nsecs
Forward voltage drop at 20 ma 1v

Radiation, Inc., Melbourne, Fla.

Microwave

Latching phase shifter
Is also reciprocal

For designing some phased-array systems, micro-
wave engineers often have wished for a variable
ferrite phase-shifter with capabilities that seem to
be incompatible. The component would have recip-
rocal properties—the same phase shift in either
direction of propagation—and a latching capability
to reduce power; once the ferrite is pulsed into a
magnetic state, it should remain in that state when
the driving power is removed.

Such a shifter has been built by Scientific-At-
lanta, Inc., which says this is the first such com-
ponent to be offered commercially.

The device, of strip transmission line design, op-
erates at 5.4 to 6.0 gigacycles per second and al-
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lows microwave signals to be phase-shifted in
discrete steps of 2212° over a range of 0° to 3371%°.

It was developed for the Army Electronics Lab-
oratory at Fort Monmouth, N.]J., for use with a
phased-array antenna. Because of its reciprocal
properties, there is no switching time required in
going from transmit to receive conditions. As a re-
sult, targets that are relatively close to the antenna
may be monitored in range. Because of the latch-
ing property, power is required only to scan the

Ferrite phase shifter with reciprocal and latching proper-
ties is switched in 2214 ° increments by low-power pulses.
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beam; therefore, the total d-c power required for
the array is reduced considerably. Simple, high-
speed digital control, in which the phase shift is
changed in discrete steps, is a result of using four
sections of ferrite, each of different length and
each with a latching capability. Principles involved
in developing the phase shifter are also useful in
developing reciprocal ferrite switches, scanners
and modulators.

In a conventional reciprocal device, a require-
ment for latching imposes problems because an
attempt to latch to two different magnetic states
produces no change in phase shift. The problem
could be overcome by making the magnitude of the
field different in the two states, but Scientific-At-
lanta chose a technique called orthogonal switch-
ing, whereby the magnetic state is changed from
one in which'the field is perpendicular to the axis
of the transmission line to a state in which the field
is parallel to the axis. Both the longitudinal and
transverse states are reciprocal, but the phase shift
in each state is different, so there is a differential
phase shift when switching between states.

Orthogonal switching is accomplished in the
Scientific-Atlanta device by supplying one driving-
current circuit along the center conductor of the
strip-transmission line and another in a phase per-

pendicular to the center conductor.

Digital operation is achieved by combining four
ferrite sections whose lengths correspond to phase
shifts of 180°, 90°, 45° and 22%%2°. In the specified
frequency range, the ferrites produce a 100° phase
shift per inch. For the ferrite used in this device
the figure of merit is 212° of phase shift per decibel
of attenuation. This corresponds to a 1.6-decibel in-
sertion loss. By using improved ferrite material in
future units, the insertion loss probably will be
reduced to 1.2 db, Scientific-Atlanta says.

Switching time is less than one microsecond and
requires less than 50 microjoules of energy for a
180° bit. The phase shift is reciprocal to within 1°,
the measurement accuracy of the equipment used
to test the device.

A vphase shifter is also being developed for S
band.

Specifications

Designation Reciprocal TEM latching ferrite phase

shifter
Frequency range 5.4 to 6.0 Ge
Phase shift stens 2215°
Total phase shift 3371,°
Insertion loss 1.6 db
Figure of merit 212° per db

Scientific-Atlanta, inc., Box 30324, Atlanta, Ga.

High-power r-f load is
portable and shelf-size

Miniaturization is invading the high-power trans-
mission field, but in contrast to the semiconductor
field it’s a matter of scaling down from, say, the
size of a man to the size of a bowling pin.

In broadcasting and telemetry stations, engi-
neers frequently have to test the transmitter with-
out sending the power out through the antenna.
They dissipate the energy in a huge dummy load.
If the transmitter is too large to be moved, an
extra length of bulky cable must be connected
between the line and the load.

A 50-ohm radio-frequency coaxial load, devel-
oped by the Bird Electronic Corp., simplifies the
task. The device can dissipate 50 kilowatts continu-
ously, yet it can be carried by hand and is small
enough to be stored on a shelf.

Bird developed the new load to extend the power
capability of its Termaline series. The company
claims that model 8762 is 75 times lighter and 450
times smaller than coaxial loads with the same
power rating. It weighs 13 pounds—light enough
to be bolted to the end of a transmission line—and
measures approximately 3 inches in diameter by 18
inches in length. The load can be operated in any
position. Voltage standing-wave ratio is 1 to 1,
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Coaxial load held by the model can dissipate the same
50,000 watts of power as the larger load. The smaller
load is cooled by water flowing at half the rate and

at twice the temperature required for the larger load.
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extending over a frequency range from d-c to 500
megacycles per second.

Like its lower-power predecessor in the Terma-
line series [Electronics, March 8, 1965, p. 88],
Model 8762 is water-cooled. The water passes
through the inside of a dielectric tube, cooling the
resistor, which is deposited on the tube’s outer
diameter. Directly water cooling the resistor in this
way eliminates dielectric coolants, heat exchangers,
pumps and motors, which are usually required
for high-power coaxial loads.

The inlet water temperature can be as high as
60°C at a flow rate of 10 gallons per minute. The
larger 50-kw load manufactured by the Bird Elec-
tronic Corp. requires inlet water at a temperature
not higher than 30°C at a flow rate of 20 gallons
per minute.

For protection against coolant flow failure, the

Model 8762 contains a flow switch that activates
when the flow rate is less than required. The
switch can be interlocked to shut off the transmitter
when this happens.

The connector type for the Model 8762 is a 3V&-
inch flange, as designated by the Electronic Indus-
tries Association. For 51.5-ohm, unflanged lines, the
company can supply 50-kw loads, Model 8763, on
special order.

Specifications

Power dissipation 50 kw continuous

Frequency D-¢c to 500 Mc per second
Voltage standing wave ratio 11to1l

Impedance 50 ohms

Coolant 10 gpm, water at 60° C

Connector type 3l45-in. EIA flange

Bird Electronic Corp., 30303 Aurora Rd., Cleveland (Solon),
Ohio

Half-inch YIG filters
do job of 3-inchers

A line of yttrium-iron garnet filters one-half inch
in each dimension does the work of a three-inch
line which has been on the market for some time,
according to the developer, the Watkins-Johnson
Co. The YIG filter can be electronically tuned.

Available on special order, these miniature YIG
filters are suitable for electronically tuned receivers
that must be designed to a minimum size and
weight, regardless of cost. One application might
be for airborne receivers programed by a computer
to tune to a specific frequency at various intervals
—a method of circumventing jamming and eaves-
dropping.

A line of 1.4-inch YIG filters, introduced by Wat-
kins-Johnson a few months ago, costs five times
less.

The small filters were made possible by changes
in the design of the magnetic circuit that provides
the flux for tuning the YIG crystal. The magnetic
circuit is provided by a permanent magnet: plati-
num-cobalt disks form the magnet’s pole pieces.
The YIG crystals are located in the air gap between
the pole pieces. The other ends of the pole pieces
are connected to the filter’s housing, which is a
high-permeability material providing the return
path for the flux.

The flux provided by the permanent magnet is
enough to bias the crystal at a frequency within its
tuning range, usually at the lower end. The coil
inserted over the pole picces provides only the
additional flux required to vary the filter frequency
over the range.

With the permanent magnet used in this way, a
smaller coil and less current is required for tuning
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than is required for filters having a nonpermanent
magnet. Also, less power is dissipated in the coil.

Since the filter’s housing is a high-permeability
material, which offers a path of much lower re-
luctance to magnetic flux than air, very little flux
leaks from the filter; thus, a separate magnetic
shield is unnecessary.

The length of the air gap containing the YIG
crystals was also reduced, resulting in better line-
arity over the tuning range.

Cost and delivery upon request.

Specifications

Frequency S band (2 to 4 Gg)
Connector Type OSM

Insertion loss 2 db maximum
Selectivity 12 db per octave
Linearity 0.1%

Watkins-Johnson Co., Palo Alto, Calif.

Reduction in YIG filter size is shown by the Watkins-
Johnson Co.’s standard, compact and miniature filters.
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Three-port circulator
has double bandwidth

One component of a communications or radar sys-
tem can limit the bandwidth of the entire system
—and this weakest-link role is usually played by
the circulator, which connects the transmitter and
receiver to a common antenna.

When broadband performance is called for, it
has been customary to push narrowband circula-
tors beyond their rated limits. The penalty is re-
duced isolation between ports at frequencies be-
yond the rated passband.

To avoid this, Huggins Laboratories, Inc., has
developed four circulators that operate over bands
from 3.95 to 5.85 gigacycles, 585 to 82 Ge,
7.0 to 10.0 Gc and 8.2 to 124 Ge. Each circulator
has a minimum 20-decibel isolation across its
bandwidth. According to the company, the new
circulators have twice the bandwidth of any other
available circulator.

The devices ave three-port waveguide circulators
with 0.3-db insertion loss and a voltage standing-
wave ratio of 1 to 20.

The company says that for applications requir-
ing only 10% bandwidth, the new circulators can
be adjusted to reduce the insertion loss to 0.1 db
and the vswr to 1.05. The customer must specify
such narrowband applications, because the adjust-
ment is made at the factory.

Other than indicating that the spurious modes
of oscillation were analyzed and suppressed, Hug-
gins does not disclose how bandwidth was dou-
bled.

The circulators can be operated over a tempera-
ture range from 0° to 60°C.

Specifications
Type Frequency range Flange type
HC-8166 3.95 to 5.85 Ge¢ UG149A/U
HC-8167 5.85 to 8.2 Gc UG344/U
HC-8168 7.0t0 10.0 Ge UGS51/U
HC-8169 8.2to 12.4 Gc UG39/U
Full bandwidth
Isolation 20 db minimum
Insertion loss 0.3 db
Voltage standing-wave ratio 1.20
Ten percent bandwidth
Isolation 20 db minimum
Insertion loss 0.1 db
Voltage standing-wave ratio 1.05
Delivery 30 days
Huggins Laboratories, Inc., 999 East Arques Ave., Sunnyvale,
Calif.

Components

Coaxial connector
called the smallest

A Southern California company aptly named the
New Twist Co. came up recently with a pin design
for a coaxial connector. Shortly after, New Twist
was purchased by Microdot, Inc., and the new pin
became a vital part of Microdot’s newest connector,
the Lepracon.

Described as the smallest coaxial connector avail-
able, the Lepracon is %8 inch in diameter and 2
inch long for each half. Microdot says the limiting
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factor on further size reduction is the size of the
wire to which the connector is attached. The Lepra-
con will replace the discontinued 62-series con-
nector, which was also a subminiature but which
was produced only in small quantities.

The 62-series coaxial connector had a center pin
that was an extension of the center conductor of
the coaxial cable to which it was attached. This
proved unsatisfactory because the pin had a tend-
ency to bend when being inserted into the receiving
socket.

The new pin design has a core consisting of
three strands of 39-guage wire, twisted to the left
in a tight helix. This core is overlaid with seven
strands of 36-guage wire twisted in a slightly looser
helix to the right. The free ends of the two helices
are welded together.

Before connection the overlay helix has a slight
bulge, as shown in the sketch. The outside diam-

—3 o
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Strands, carefully twisted, form counterwound helices to give connector pin added rigidity and reliability.
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eter of this pin is slightly larger than the inside
diameter of the receiving socket.

As the pin enters the socket, the helix is forced
tighter to reduce its diameter. This self-tightening
serves a dual purpose: the force tending to unwind
the helix acts to lock the pin in the socket, and
the same force keeps the pin’s strands in line
contact with the socket. The counterwound helices
supply rigidity to the tiny pin.

Two models of the connector are available: a
straight-line and a right-angle type. The price will
be less than $1 for each half of the straight design
and slightly more for the right-angle version.

Specifications

Wire size:
Voltage drop:

RG 178 B/U or RG 196 A/U coaxial cable
25 mv at 3 amps

Microdot, inc., 220 Pasadena Ave., South Pasadena, Calif.

Thick-film circuits
for low-cost amplifier

An ever-increasing number of device manufacturers
are resorting to the thick-film process, rather than
the much-heralded thin-film process, because they
feel thick-film provides better components at lower
cost. Nexus Research Laboratory, Inc., the latest
such company, is producing operational amplifiers
with a hybrid thick-film technique.

The thick-film process uses a screen deposition
process instead of evaporation to construct the
circuits. This, says Alan Pearlman, company vice
president, permits more ohms per square, provid-
ing a wider range of resistor values. Closer toler-
ances are also possible with thick-film: 10% as
compared with 30%, which is considered good for
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thin film.

A wider range of component values is possible
with thick films. In thin-film amplifiers, capaci-
tors are usually limited to a few hundred pico-
farads. No such problem exists with hybrid thick-
film circuits. Besides the technical problems, thin-
film circuits are expensive to make.

Although the Nexus amplifier's volume is
slightly larger than its thin-filn counterparts, the
mounting surface is the same. The unit has a vol-
ume of 0.191 cubic inch and its performance is com-
parable to discrete component devices, says the
company.

The Nexus amplifier is self-contained, including
the damping network which is usually external to
the thin-film amplifier package. Damping stabilizes
the amplifier loops to prevent oscillation. Any size
advantage of the thin-film amplifier is usually off-
set by the disadvantage of the damping network
components.

Nexus’ device is direct-coupled with no chopper
in the input circuit. The company says this elimi-
nates the need for another power source and
eliminates problems such as compensating for the
chopper voltage. The unit has low drift—on the
order of +10 microvolts per degree centigrade and
a closed loop gain of 50,000. The gain can be very
closely set to the nominal value by trimming the
gain-setting resistance. The Nexus amplifier uses
a ceramic substrate to dissipate heat effectively.

Specifications

Supply voltage

*15 v (hom.)
Supply current at full output

Less than 8 ma

Open loop gain at d-c 50,000

(R, = 10 K)

Output current 200 na (max.)
Drift =10 uv per °C
Operating temperature range —25°C to 485°C
Bandwidth Better than 1 mc
Output voltage range #+10 v at =2 ma
(RL = 5 K)

Input impedance
(differential)
Price

0.1 megohms

$30(1to 9)

Nexus Research Laboratory, Inc., 480 Neponset St., Canton,
Mass. 02021

—ad
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Manufacturing

Optically programed
flatpack welder

The electrodes of flatpack-lead welders are usually
aimed by a pair of human eyes, aided by a binoc-
ular microscope. Since there is a limit to the time
that the operator, usually a woman, can stare into
a microscope without becoming fatigued, mistakes
oceur.

In a new welder, called the Autobond, a pair of
tireless electronic eyes replaces both microscope
and human eyes.

Developed by the Weldmatic division of the
Unitek Corp., the parallel-gap welder is optically
programed to make as many as 300 welds a minute,
which is much faster than the conventional hunt-
and-peck, manually operated welder. All the opera-
tor needs to do is put filin transparencies of the weld
pattern, together with a circuit board, on the ma-
chine’s X-Y table and then push the right buttons.
The table’s motions are controlled by the optical
reader, as shown in the diagram below.

A prototype has been operated in experimental
runs by Librascope, a division of General Precision,
Inc. After several months of tryouts, Librascope
says, there was no machine or weld failure. Libra-
scope’s test-welding boards have three circuit
strips. When simulated leads were welded to the
strips and the leads pulled, the strips were torn off
the board or the leads broke before any weld failed.

The welding electrodes are two wheels 17 inch in
diameter, mounted on a compliant arm. As the table
moves the circuit board under the electrodes, the
wheels roll down each row of leads in turn. The
table pauses momentarily as each weld is made.
The flatpacks are glued to the board in aligned
rows before the board is placed on the table.

The table is stepped laterally in preadjusted in-
crements after cach row of leads is welded. The
motion along the rows is controlled by a photocell-
sensing system that is programed by an opaque
mask with transparent slots at weld locations. The
mask can be an etched sheet of metal foil or a
photographic negative. To assure accurate matching
of weld positions on the mask with those on the
circuit board, the board pattern can be used to
prepare the masks photographically.

There are two photocells, to compensate for the
slope of the photocell output and the system’s
hysteresis. One cell controls the table as it moves
forward and the other controls the reverse motion.
The flatpack leads can be accurately positioned with
respect to the electrodes by matching the firing
thresholds on the photocell outpruts.

On the prototype machine, the gain of each cell
can be separately adjusted to balance them. On
production models, the outpnt of one cell will be
fixed at optimum and the other adjusted to match,
avoiding a balance at less than optimum gain.

Another problem encountered during develop-
ment was weld sputtering. This was solved by add-
ing a dispenser which puts a drop of alcohol on
the weld area just hefore the weld pulse is fired.
By cleaning the weld area, the alcohol improves
the clectrical contact of the clectrodes and the lead.
It also helps dissipate heat.

A third problem developed when rolling elec-
trodes damaged the lead or board. This was solved
by a force transducer that presses the electrodes on
the lead as the weld is made, but relaxes the pres-
sure while the table is moving.

Spzcifications

three ranges: 1 to 10 msec, 2 to 20
msec and 4 to 40 msec

up to 300 welds per minute at 10-
msec pulse duration, 200 at 20
msec and 35 at 40 msec

Pulse duration

Weld rate

Input power 100 to 130 v

Circuit board size maximum is 5 by 7 in.
Electrode spacing 0 to 0.03 in.

Price $11,985

Weldmatic division, Unitek Corp., 950 Royal Oaks Drive,

Monrovia, Calif.

GATED
FORCE
PHOTO-
! CONTROL ELECTRIC
FORCE CELL
TRANSDUCER
Y- MOTOR AND Y- MOTOR &0
DRIVE GATE CONTROL B o
HEAD
WELD IGHT
? FIRE é&ﬁacs
START Z-MOTOR | X-Y TABLE X- MOTOR PULSE
SIGNAL DRIVE INDEX SWITCH DRIVE SHAPER
I TO UNIBOND POWER SUPPLY

Pushbutton microwelder is controlled by an optical reader. A film pattern of the weld locations
and the assembly being welded are placed on a table that moves the assembly under the welding

head and pauses each time a weld is to be made.
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Diamond saw cuts
at compound angles

A simple crystal-holding fixture permits a low-cost
diamond saw to cut semiconductors and other ma-
terials at compound angles in the vertical and hori-
zontal planes simultaneously.

“Ingeniously simple” is the way Navan Prod-
ucts, Inc., describes its holder, which consists of
two crossed bars. The horizontal bar, which car-
ries the crystal, can be moved up and down, or
rotated by turning the vertical bar. These motions
allow cuts to be made at compound angles within
a range of 60° vertically and 45° horizontally. The
angles of the cut are set by dials.

The angles can be set to within 0.5°, allowing
semiconductors, sapphire, ruby and other mate-
rials to be cut along the crystal plane. The saw
is designed for quality control and laboratory ap-
plications.

A moving table brings the diamond saw to the

crystal. Circular saws with their cutting edges on
either the inside or outside diameter are used. The
wafers sawed can be as thin as the material will
allow, and as thick as an inch.

Navan, the invention-marketing subsidiary of
North American Aviation, Inc., developed the saw
at the request of companies which had bought
Navan’s Hamco saw, a production-line machine
which cuts on one plane. The customers asked for
a less expensive, more versatile machine for lab
work.

The target price for the lab version is $5,000,
half that of the Hamco saw. The one that will be
shown at the IEEE Show is a prototype. Navan
won’t promise to deliver machines in less than six
months.

Specifications

Saw travel 13 in. at speeds of 0 to 5 in. a minute
Wafer thickness Up to 1 in., calibrated to 0.001 in.
Cutting angles 60° range in vertical plane; 15° left

and 30° right in horizontal plane
Line current and shop air (60 psi min.)

Spindle bearings Class 7

Navan Products Inc., 1320 E. Imperial Highway, El Segundo,
Calif. 90246

Power required

Materials

Snhowballs for
semiconductors

In the highly competitive semiconductor business,
cost is crucial—from crucible to shipping room.

To reduce the cost of the containers used in the
melting of silicon, the General Electric Co.’s Lamp
Glass department has developed semiopaque
quartz crucibles. The crucibles are called snowballs,
because of their color and texture, but are formally
designated type 510.

Single crystals are drawn from the molten sili-
con in the crucibles, so the quartz must be ex-
tremely pure to avoid contamination of the semi-
conductor material.

Like crucibles made from clear quartz, the type
510 containers have impurities of less than 80
parts per million, GE says.

The new crucibles cost about 25% less than
GE’s line of clear-quartz units.

The company says the semiopaque quartz per-
forms well at high temperatures, resisting thermal
shock and remaining chemically inert. The ma-
terial can withstand temperatures as high as
1,200°C.

Electronics | March 7, 1966

It is produced by further purifying an already
high-purity quartz in a series of steps which GE
considers proprietary.

The containers are then formed by fusing pow-
dered quartz over hot molds.

Specifications

Sizes Up to 6-in. diameter, 6-in. height
Price: $11 (3%-in. diameter)
Coefficient of thermal
expansion 5.5 x 10-7
Delivery: Four weeks

General Electric Co., Lamp Glass Department, 1133 East 152nd
St., Cleveland, Ohio

Semi opaque quartz crucibles contain molten semicon-
ductor material during crystal formation process.
Crucibles are contaminant-free and virtually non-
breakable.
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Circuitdesign

Designer’s casebook

Adapter for curve tracer
tests FET’s at high voltage

By Robin Williams

Philips Laboratories, a division of North American
Philips, Inc., Briarcliff Manor, N. Y.

When a field effect transistor has to be tested at
relatively high gate and drain voltages, an adapter
circuit is used with a standard transistor curve
tracer such as Tektronix 575 or equivalent to con-
vert input current steps from the curve tracer into
output voltage steps for the FET gate. Output volt-
ages from ==0.1 volt/step to a total of =80 volts
allow a wide range of testing conditions making it
a useful cirenit to check FET parameters.

The circuit, shown below, is simple and sym-
metrical. The input stage consists of two similar
circuits, connected back to back. The curve tracer
supplies input current steps to the emitter of Q; or
Q., positive current to Q; and negative to Q.. The
emitter current is passed to the collector according
to the common base transfer ratio, approximately
0.980 to 0.995. Voltage steps proportional to the

Designer's casebook is a regular

feature in Electronics. Readers are invited

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

input current steps are thus developed across the
collector load. For Q,, this load consists of the par-
allel combination of Rs, (R, + 100 K) and the input
impedance of Q;—which is between 20,000 and

200,000 ohms. Q. has an equal load. The voltage

developed across this load is approximately 10 I,
where I is the input current in milliamperes.

The second stage, Qz, or Qy, has a gain of 10
and a common load resistance, Ry,. The value of Ry,
can be adjusted so that the ontput voltage will be
equal to —100 I, where the factor 100 represents
the total gain of both stages. Qs and Q, should be
selected to have approximately equal gain so that
positive and negative signals will be amplified
equally within +5%.

At zero input current, R; and R, are adjusted so
that Q; and Qq just conduct and are in their linear
ranges; simultaneously, Q; and Q collector cur-
rents are made equal. Under these conditions, the
collector currents will cancel out in Ry, to give zero
output voltage.

Because the circuit is intended only for FET
measurements and the gate terminal has a high
impedance—typically greater than 1 megohm—R;
will not be loaded down appreciably and the output
voltage will be accurate. A siall power supply is
shown to the right of the adapter, making the unit
complete and self-contained.
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Adapter converts input current steps from curve tracer into output voltage steps for FET gate.
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The only adjustments required are the usual ones
made on the curve tracer. The voltage scales for
the FET gate are then derived from the base cur-
rent scale of the curve tracer according to the
simple formula:

Volts/step at gate output = —100 X base cur-
rent in milliamperes.

For example, if the base current switch on the

curve tracer is set at 0.1 milliampere per step, this
gives an output gate voltage of —100 X 0.1 =
—10 volts/step. The negative sign is caused by the
signal inversion in the circuit; this is necessary to
retain simplicity and a zero voltage datum line.
The circuit was tested and found to be stable in

gain and insensitive to ambient temperatures from
0° to 50°C.

High-speed level shifter

By Gilbert Marosi

General Precision Inc., Palo Alto, Calif.

Transistor Q. in the common emitter circuit below,
shifts logic level from a plus 6.8 volts to a negative
level of 6.8 volts. Rise and fall times of 60 nano-
seconds are easily attained.

The collector of Q;, which might be the output
of a flipflop or a monostable is tied to the base
of Q.. When Q, is turned on it causes 15 milli-
amperes to flow through the emitter of Q.. This
lowers the voltage at the collector of Q- to ground.
When Q; is turned off, Q. also turns off. The col-
lector of Q2 then tries to rise to —30 volts, but is
clamped to —86.8 volts by the diode D.. Capacitor
C. decreases the rise and fall time of Q..

The shifting of the level occurs in the circuit
within the dotted lines. The output circuit, Qs acts
as a buffer for the emitter follower.

LEVEL SHIFTING CIRCUIT

ANAN
=

2

+6.8v|—-l
6D —L—«M— %

Ry 2N1711

2
N1132

=30V

Q3
2N1132

0
H
AAA
YV

Output pulse rise and fall

i
|
!
I
|
|
I
| Q
|
f
|
I
I
times are controlled by the !

id

|
|
I
| 6D
D2 | D3
IN9I4 1N914
e I > -6.8V
| Rs
| 10K
1
T

charge time of C;, Qs is a
buffer for the emitter follower.
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Low-current alarm

By W. Vollenweider

National Research Council, Fort Churchili,
Manitoba, Canada

A transistorized intruder alarm, on page 106, has
a current drain of only 500 microamperes, and
requires only one 1%-volt battery in the protector
loop. This results in versatility, low operating cost

and long life, making the alarm particularly useful
for protecting homes or stores.

The alarm may be used with a continuous wire
or foil loop as a sensor. If the loop is either open-or
short-circuited, the circuit will trigger. Because of
the low loop current, loop resistance is not critical,
and may range up to 1,000 ohms before the system
fails to operate.

Normally, transistor Q; is held at cut-off by the
protector battery B;, which is connected to the
emitter of Q; through diode D, and to the base
through R;. The collector of Q, is coupled through
C, to the gate of the silicon controlled rectifier, Q.
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TO SOUNDING
DEVICE (BELL)

Gy
Ra 21F/25V
120K P 1
2 2N1595
| V\/\l S e P e 01
R R
1.5v 1+ J PROTECTOR IN281 3
B I_ e ‘>LINES 10k
B e -
Solid state alarm circuit operates with a 6- or 12-v9|t ?&92 By St
alarm battery and a 114-volt battery in the protection loop. 60R 12 VOLTS
+ ALARM BATTERY -

Holding resistor Ry, is required if a conventional
alarm bell is used.

After turning on the circuit with key switch S,
current flows in the protector loop. If the loop is
broken, Q; is triggered into conduction through Re;
then a pulse appears across Rs; and triggers the
scr into conduction, sounding the alarm.

If the protector loop is short-circuited, current
from the protector battery is limited by R,, and D,
keeps Q; conducting. Q; is triggered into conduc-
tion through R. as before.

The circuit is reset by turning the key switch
S; off momentarily and then on again.

No moving parts add to unit reliability.

Thermistor regulator
provides fast response

By Gregory A. R. Trollope

Department of Chemical Engineering, University of
Birmingham, England

A sensitive but inexpensive temperature regulator
with a fast thermal response, is provided by the
circuit shown below. This circuit was evolved

COARSE, FINE TEMPERATURE CONTROLS

around an F22 glass-encapsulated, germanium-
bead, thermistor made by Standard Telephones &
Cables Ltd., a subsidiary of the International Tele-
phone & Telegraph Corp. With the main power
supply fed from a constant voltage transformer,
drift became negligible after about an hour.

An unconventional chopper circuit, V; and Va,
is used in the amplifier, where the chopper oscillator
plate modulates the power supply to the chopper
circuit. When the output of the thermistor-bridge
circuit is zero and the chopper circuit has been
balanced by VR;, the plate voltages of the chopper
tubes V,, V. fluctuate with the same amplitude,

Dy LOW FORWARD RESISTANCE

arx 50K 10K D, HIGH REVERSE RESISTANCE
_ _ 150V
—wv—y‘(—y“—— STABILIZED
15K
) 5%
65 9(100»( NOM) [ 1 AAA- EE‘L‘I\E
1/2 12417 Ry
F22 THERMISTOR ~ 4.7M T0
A T, _ L HEATER
13k LVR, ~ CIRCUIT
WA $ 500 0,x =
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o ) /Y%
—Q'W W s 1/2 12477
100K v s >
$—————4 172 12477 Lt $220K
= 100K
‘W‘V
M
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YVVv

Temperature regulator uses high-resistance thermistor in bridge circuit. Variation of its
resistance unbalances chopper circuit, generating pulses to control heater circuit.
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so there is no output from the transformer T;.
Variation of the thermistor resistance unbalances
the circuit, creating positive- or negative-going
pulses between the plates of the tubes. However,
positive-going pulses with respect to V; are con-
siderably damped by the low forward resistance
diode D;. An output is obtained from the chopper
circuit only when the temperature of the thermistor
is below the set-point.

The circuit using V3 is a Hartley, oscillator op-
erating at a frequency determined by the inductance
of the primary of T, and the 0.01 microfarad in
parallel with it. This frequency is approximately

400 cycles per second. T, acts as a plate modula-
tion choke so that the plate supply to the tubes
V1, V2 is about 250 volts d-c plus 50 volts a-c.

After the V, stage of amplification, the signal is
rectified by D, and fed to tube Vi, which in turn
operates a plate relay, controlling the heater circuit.

The transformer T, a small shielded audio inter-
stage transformer, must have a good common mode
rejection, Some adjustment of R; may be necessary,
depending upon the actual plate relay used.

Not all 12AT7 tubes function equally well in the
chopper circuit but it is not difficult to find one
which operates as required.

Adjustable current limiter
for regulated power supply

By Paul Galluzzi

Transistor Automation Corp., Cambridge, Mass.

The pass transistor in a series-regulated power sup-
ply is protected from excessive power dissipation
by the current limiting circuit below. The circuit
includes a l-ampere, 12-volt regulated supply; the
current limiting section is within the dotted lines.

This protective circuit automatically resets when
the overload is removed. The two transistors in
the limiter do not degrade the power supply regula-
tion.

The limiter operates by turning Q; on when Vg
exceeds 0.7 volt. This, in turn, switches Q. on.
The base of Qg is then effectively grounded, pre-

venting any significant current flow in Q.

R; is the current-sensing resistor and R, selects
the portion of the sensed voltage (Vs) required to
turn on Q,. Potentiometer R, is adjusted so that the
limiter functions at just above the normal load cur-
rent, in this case one ampere. Resistor R; limits
the base current in Q; while Ry and Rj perform a
similar function in the base of Q..

Under normal operating conditions, Q; and Q.
remain off, allowing Qs and Q; to function in the
conventional manner. The limiter also serves as
a short-circuit protector since a direct short at the
power supply output terminals will shut off the
regulator. Regulated output voltage reappears
when the overload is removed.

This current-limiter circuit may be designed for
use at higher or lower current levels through the
proper selection of components.

This current limiting circuit may be easily incor-
porated into existing power supply designs. Its
small number of components makes it simple to
package and it is an inexpensive protective feature.

UNREGULATED CURRENT LIMITER Q REGULATED
VOLTAGE B =2 e = -, oUTPUT
+20V . Ky 2N303 12V, 1A
T VWA +
l LR,
I VYWY l
I “FvsT 3R | 2Re 2R Re
n I $47K | $1K Q6 $390 <330
~d
=4 ' < [ ZHES7 ouTPUT
= | 4 VOLTS
| ¢ ‘: ADJ b~ C|
l :: R1° 0.01
I Q Qs 500
' @ 3% 30y
GND ! IN3155 > 330 > 1.2K
- -

Qp, Qq4, Q5 -2N3565

Current-limiting protection is added to a series-regulated power supply. The two transistors, shown
within the dotted lines, accomplish the protection without degrading the performance of the power supply.
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New CORNING® GLASS-K Capacitor
gives you 100,000 pf in this case size

with performance stability and reliability
that no conventional CK-type can match



Compare these unretouched photomicrographs
of cross-sections of three CK-type capacitors:

Dielectric of a conventionol CK ceramic

No holes in the Glass-K dielectric means greater uniformity
—so we can make thinner dielectric layers, put more pf in
a smaller case size.

No holes in the Glass-K dielectric—so naturally the
Glass-K gives you more stable performance . . . less change
because of environmental fluctuation.

No holes in the Glass-K means uniformity in the dielectric
—uwhich means greater performance predictability.

No holes in the Glass-K means greater dielectric density
and less chance for failure—so naturally, it gives you more
reliability.

Dielectric of a second make of conventionol CK ceramic

Dielectric of CORNING GLASS-K Capocitor

That’s the reason you get all these good characteristics
in the Glass-K:
® AC in life as tight as 29,
® |R greater than 10,000 megohms
® D.F. of 2.5% maximum
® pf ranges from 1000 to 51,000 in just .250” x .100”,
from 21,000 to 100,000 in just .250” x .140"
As you can see, now there is a material difference in CK-
type capacitors. Yet Glass-K prices are competitive.
Send for complete data today to Corning Glass Works,
3911 Electronics Drive, Raleigh, N.C.

CORNING

B GE  CR ITRERN@NIN

Circle 109 on reader service card



Manufacturing

Automated electron beams
process thin-film components

East German scientists feed substrates continuously into systems
that reduce variables and cut costs; the goal is uniform

fabrication of integrated circuits as well

By Manfred von Ardenne, Siegfried Schiller and Ullrich Helsig

Manfred von Ardenne Research Institute, Dresden-Weisser Hirsch, East Germany

Two thin-film production machines—both clectron-
beam systems-—have been automated so that thin-
film components can be produced at high speed
under uniform vacuum-processing conditions. One
machine is for film deposition and the other for
film shaping.

Continuous-transfer mechanisms that feed sub-
strates uninterruptedly through the vacuum cham-
bers make the processing rapid—which is good
economy, since vacuum processing is expensive.
The continuous transfer, plus process controls, also
eliminates the need to shut down the vacuum sys-
tem between production batches. This ensures that
processing is uniform, which is desirable because
component characteristics vary when process con-
ditions vary.

The machines are the first equipment developed

at the Manfred von Ardenne Institute for a multi-
station plant that eventually will make various thin-
film comyonents and thin-film integrated circuits.

Initially, the two systems will be used for the
production of close-tolerance resistors and resistor
networks resembling those on page 114. One sys-
tem employs eleetron-beam vaporizers designed for
the continuous deposition of thin-film materials dur-
ing long production runs. The system, shown in the
photograph on page 112, can handle on¢ resistor
substrate every three seconds and is designed to
produce 2 million to 5 million square centimeters of
film area a year. The other system, at the right,
emplovs an electron beam to balance as many as
threc resistors on a substrate automatically in 2.4
scconds and has an annual production rate of about
5 million substrates.

East Germany’s fast films

This article, submitted to Electronics by three East
German scientists, is a rare look at Eastern Euro-
pean production technology. It clearly indicates that
thin-ﬁllm sroduction is well advanced in East Ger-
many an({ that tooling up for the mass production
of hybrid integrated circnits has begun.

Individually, the techniques described are not
novel. The surprise is the way in which they have
been combined and the high production rates pre-
dicted. The accomplishment should provoke some
second thoughts on the American consensus that it
doesn’t pay to invest in high-cost, continuous-proc-
ess vacuum equipment for thin-film circuits because
such circuits are usually required only in small quan-
tities. The trend in the United States has been away
from thin-film circuits to thick-film and other types
of circuits that do not require vacnum processing.

The East Germans are certainly aware of this, yet
they are bucking the trend. Why?

The simplest answer may be that they can justify

equipment cost by concentrating production in state-
owned plants. But the versatility designed into the
equipment indicates that they expect it to pay off
in small-lot production, so long as total proHuction
volurues are high.

United States producers also face small lot, but
high volume production of hybrid circuits and pas-
sive networks. It’s a safe bet that more of those will
be needed as more monolithic integrated circuits are
used, because the hybrids and monolithics supple-
ment each other.

Another point worth thinking about is whether
American producers have shied away from electron-
beam micromachining because the equipment is ex-
otic as well as expensive. The anthors of this article
are matter-of-fact abont it, probably because of long
familiarity with such equipment. Manfred von Ar-
denne wrote his first paper on electron-beam metal-
working in 1938.

G. Sideris
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Electron-beam machining system trims thin-film resistors a a rate of one substrate every 2.4 seconds. Substrates

are fed continuously into the vacuum system over the trac

Continuous-transverse deposition

Systems that are periodically loaded are uneco-
nomical for production of large lots at the rate, for
example, of 1,000 substrates an hour. The systems
become too complicated; moreover, opening a vac-
uum chamber periodically to load it with fresh sub-
strates causes process variations. For example, it is
impossible to make uniform the length of time be-
tween the outgassing of the substrates and deposi-
tion or the time interval between deposition and
exposure to the air.

Not only does a continuous-transverse system
avoid such problems but it allows several processes
to be performed in sequence without exposing the
substrate to air and contamination between process-
ing stations.

Among the continuous-transverse systems in the

Electronics | March 7, 1966

in front of the operator. The programer is at right.

United States is one with which the Western Elec-
tric Co. makes sputtered-tantalum resistors,! and
another with which the International Business Ma-
chines Corp. makes thin-film circuits.

The systems developed by the authors have an
electromagnetic transfer mechanism. The substrates
and deposition masks are loaded into transfer blocks
that move through the system in a guide track,
as diagramed on page 113. The track is the rec-
tangular course shown in the photograph on page
112. After deposition, the blocks are unloaded and
reloaded as they return to the starting point at the
left in the photograph.

The blocks are moved around the course by elec-
trcmagnetic drives at the corners of the course.
Each block pushes the one in front of it, so that the
substrates are not subjected to mechanical stress.
The drives and the process stations are controlled
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Thin-film deposition
system. The substrates
move continuously
through the vacuum
chambers on the
rectanguiar course at

a rate of one substrate
every three seconds.

by central timing and programing equipment.
The present maximum substrate size is 10 by 15
millimeters.

The vacuum system

This mode of transfer prevents hermetic sealing
of the vacuum chambers since the chamber ends
must be open to permit entry and exit of the blocks.
However, a high vacuum is maintained in the inner
chambers by restricting the gap between the trans-
fer blocks and the course to 100 to 200 microns
(millionths of a meter) and by connecting roughing
pumps to the two pairs of fore and aft chambers.

The system diagram below shows the arrange-
ment and pumping speeds S of the six pumps used.
One roughing pump (S,) is shared by the input and
output chambers; the other roughing pump (S.) is

shared by the second and next-to-last chambers.
Rough pumping speed is given in cubic meters per
hour; high-vacuum pumping speed is in liters per
second.

The two baking chambers, in which the sub-
strates, masks and transfer blocks are heated and
outgassed to remove contaminants, are separated
from each other and from the deposition chambers
to prevent recontamination of the substrates and
excessive load on the high-vacuum pumps.

Electron-beam vaporizers

There are electron-beam vaporizers in the first
deposition chamber, currently used to deposit re-
sistor films of nickel-chrome alloy, and in the sec-
ond deposition chamber, where a protective film of
silicon dioxide is applied. The vaporizer design is

INPUT CHAMBERS BAKING CHAMBERS DEPOSITION Si0, DEPOSITION OUTPUT CHAMBERS
1 2 CHAMBER CHAMBER
30 TORR 3 TORR 3-10°4 TORR 10°4 TORR 10-6 TORR 3-10"4 TORR 3TORR 30TORR 760 TORR

GAS FLOW
DROPS

HEATERS SUBSTRATE
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Vacuum chamber arrangement in the deposition system. Vacuum pumping speed and pressure for each chamber are
in the lower part of the drawing. The substrate-transfer mechanism and the electron-beam vaporizer are in color.
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shown schematically on the following page.

The electron beam is deflected 90° by the electro-
magnetic field of a coil outside the vacuum cham-
ber.> The beam’s energy vaporizes the surface of
the material to be deposited, which is continuously
fed up through a water-cooled copper crucible. This
inverse extrusion is a reliable method of feeding
material during long evaporation periods. The
method also keeps constant the level of the molten
material in the pump and the vaporizing plane.

Process controls include a power-stabilizing unit
for the electron beam, resistance heaters that main-
tain the substrate at a uniform temperature, and
monitoring of the film’s resistance during deposi-
tion. A device at the end of the system detects
films that are unsatisfactory and removes them.

The system can be adapted for deposition of
other materials, including tantalum. In other proj-
ects, sputtering is accomplished by glow discharge
and by focused ion beams. The electron-beam va-
porizers can be replaced with resistance-heated wire
vaporizers. The beam requires 5 kilowatts of power;
a wire vaporizer requires up to 500 watts.

Electron-beam processing

The use of electron-beam energy for machining
thin films, welding and bonding materials and other
processes is well known. The institute has been
working in this field for a number of years®* and
has published several reports on laboratory process-
ing of resistors.”® Others have also reported de-
velopments.’? 11 Electron beams can process thin
films at beam working speeds of several meters per
second and the energy applied to the film can be
readily controlled.

However, an electron-beam system-is expensive

GAP BETWEEN TRANSFER BLOCK AND

SLOT IN THE GUIDE TUBE

LONGITUDINAL TRANSFER

ELECTROMAGNETIC
DRIVE

MOUNTED SUBSTRATE

Beam operating characteristics

Electron-gun power 150 watts

Accelerating voltage adjustable in steps of 25

kilovolts from 25 to 150 kv

Spot size (beam diameter
at the workpiece)

adjustable from 5 to 50 mi-
crons

Beam power density 1 megawatt to 100 mega-
watts per square centi-
meter, depending on spot
size and rate of beam de-
flection

because it requires electron-optic, vacuum and elec-
tronic equipment. If it is to be economical in pro-
duction, full use must be made of the beam’s high
working speed. Generally, the beam can machine or
bond in less time than it takes to load substrates
into the vacaum chamber and prepare the system.

To overcome this lag, the authors designed the
electron-beain processor for a high rate of output.
Workpieces are continuously transferred through
the vacuum chamber in which the beam operates
under the control of a digital programing system.

Scribing path in film

The institute’s thin-film concept includes electron-
beain processing and balancing (known as trimming
in the United States) of components to the specific
values required by specific circuits.

The electron-optical system is shown on page
115, and the table above gives the system operating

INPUT TO PRESSURE-DROP SYSTEM

TRANSVERSE TRANSFER

Transfer mechanism employed in the vacuum systems. The transfer blocks are pushed by electromagnetic drives.
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ELECTRON GUN

MAGNETIC LENS

Electron-beam vaporizer. The magnetic field, supplied
by a coil outside the vacuum chamber, deflects the beam
90° (shown in color) onto the material to be evaporated.

characteristics. An accelerating voltage of 25 to
75 kilovolts is sufficient for thin-film machining.
The ability to vary beam characteristics will enable
other operations to be performed with the beam.

For resistor balancing, the beam is used as a
machining tool to scribe a meander geometry in the
resistive film. This increases the resistor value by
increasing the resistive path. Some examples of
balanced resistors are shown on this page. Tol-
erances of less than 0.5% have been achieved in
85% of resistors, up to 100,000 ohms in value, with
the electron-beam balancing system. Resistors hav-
ing final values of 100 ohms to 1 megohm can be
produced.

The continuous-traverse mechanism for the sub-
strates is like the mechanism of the deposition sys-
tem. Pressure stages also are used to isolate the
high-vacuum processing chambers. This requires
only two supplementary low-vacuum pumps, each
with a pumping speed of 10 cubic meters an hour.

The programer digitally controls beam deflection,
which determines the locations and lengths of the
lines scribed in the film and therefore the final value
of the resistors.

The machining pattern for up to three resistors

/e
MELT SUMP

SUBSTRATE— 7 7 e 7 s MASK
zZzz22 rrerrall

WATER-COOLED
COPPER RING

EVAPORANT FEED

on a substrate is stored as push-switch positions on
a patchboard (the second rack from the top in the
control cabinet to the rear of operator in the photo-
graph on page 111). The switch positions represent
the end points of the scribed lines. The distances
between these points are read in the X and Y
coordinates, as binary numbers up to 1,000, by
digital counters. Each distance counted is con-
verted to a corresponding beam-deflection current.

To balance the resistors accurately, allowances
must be made for minor variations in film resistiv-
ity. The control system does this by stopping the
scribing when a preset resistor value is reached.
The counter is essentially a series of electronic
switches operated in a programed time schedule.
When the resistor reaches value, the program is in-
terrupted by means of a bridge circuit, which moni-
tors the value of the resistor as the meander pattern
is scribed.

The machining operation takes 0.6 second. The
total cycle time of 2.4 seconds includes substrate
transfer and other auxiliary operations. Resistors
that do not meet specifications are automatically
rejected by a sorting mechanism as they leave the
vacuum chamber.

Thin-film resistors of the type made at the VEB Ceramics Works in Hermsdorf. Film with a resistivity of 300 ohms
per square has been scribed to form a 100,000-ohm resistor (left). The two resistors at the right have values of 5,000
and 50,000 ohms and were cut from 200-ohm film. The lines, scribed with an electron beam, are 30 microns wide.

114

Electronics | March 7, 1966



_—ANODE

ELECTRON GUN —_| % )
_—MECHANICAL AUXILIARY

’ ADJUSTMENT

y, " T~MAGNETIC ADJUSTMENT

/ MAGNETIC LEN
VACUUM PORT o s bk

—O0BSERVATION PORT

/A
APERTURE N
olAPHRAGM/m/ \%z VALVE
ADDITIONAL /cnscxmc BEAM CUP {
DEFLECTION A —
SYSTEM =
(ELECTROSTATIC)" | % = E‘“ 2
MAGNETIC g == ¢ e
DEFLECTION %5
SYSTEM—_ \
NS OBSERVATION
——— PORT\ { LS\l micRosCOPE
[ “—~MAGNETIC LENS 2
\m H] L. MACHINING CHAMBER
- ey
T WORKPIECE
—_——_ |
(L TTT——BEAM CUP 2

Electron-optical system of the electron-beam machining
equipment. It is similar to the Carl Zeiss equipment which
is being used in the United States for microwelding and
micromachining of electronic components. The beam is in
color.

Further development

The deposition and balancing systems were de-
veloped for the thin-film component production
program of the VEB Ceramics Works at Hermsdorf.
The systems have been taken over by the Elek-
tromat of Dresden for further development and
production. Elektromat builds production equip-
ment for the Ceramics Works and other plants.

At present, the deposition and balancing systems
are operated individually. Production could be im-
proved by joining the two with an intervening sys-
tem in which the deposited films can be tempered
and stabilized before the components are balanced.
The substrates could then be continuously trans-
ferred through all processing stages under uniform
vacuum conditions. Equipment with all the proc-
esses needed to make thin-film passive circuits
could justifiably be called a vacuum-processing line.

The institute is also investigating other thin-film
processing techniques and is developing a deposi-
tion system with higher capacity than the one de-
scribed. The new system would be suitable for
fabrication of both resistors and capacitors on a
single substrate.
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Editor’s note: In the manuscript submitted, the au-
thors did not discuss production of components
other than resistors. However, they previously re-
ported experimental fabrication of thin-film capaci-
tors and inductors.

The capacitors can be made by vacuum deposit-
ing or sputtering metal electrodes on dielectric
bodies of deposited dielectric materials or anodized
aluminum or tantalum. Similar methods are used
in the United States. To adjust precision capacitors,
the institute removes a portion of the top layer with
an electron beam.

Inductors are made by depositing films of mag-
netic and conductor materials. Spiral-shaped grooves
can then be cut in the films with the electron beam
to shape the inductors and balance them. G.S.
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Kay 121-C
500 KHz to 1700 MHz

This solid-state instrument is an electronically swept VHF-UHF wide-
sweep and marker generator which accepts a variety of UHF plug-ins to
provide extended frequency ranges and sweep widths. With its plug-ins, the
121-C covers a range of 500 KHz to 1700 MHz, offers octave-wide sweeps
at low UHF frequencies where most generators in this range are limited to
narrow widths. Narrow sweep and wide sweep plug-ins cover special applica-
tions such as UHF-TV — full 440 to 920 MHz in a single wide sweep. A
digital frequency dial provides smooth center frequency control and re-
markable vernier adjustment for narrow sweep operation.

Performance characteristics include line-lock, cw, manual and variable
sweep rates, and external input.

External modulation from dc up to more than 15 KHz, a built-in detector
and switched attenuator are standard features.
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Sweep: 200 KHz to 400 MHz
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Sweep: 35 KHz to 350 MHz @ 800 MHz
5 KHz to 50 MHz @ 220 MHz

KAvELEmIC COMPANY

Pine Brook, Morris County, New Jersey ¢ (201) 227-2000

*P-123: 100 to 1000 MHz
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0.5 volt rms into 50 ohms
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digital frequency dial;
vernier control at all frequencies
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5 KHz to 500 MHz
VHF: 50 KHz to 300 MHz
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single-freq. type hirdie markers

*P-124: 1300 to 1700 MHz
Sweep: 500 KHz to 400 MHz

Visit Kay at the IEEE Show, Booths 3C11 - 3C17
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Instrumentation

Noise simulators help find
peril in power-line defects

Designers can use testers to build in safeguards against disturbances
in power sources before sensitive equipment goes to customer

By Manohar L. Tandon

International Business Machines Corp., San Jose, Calif.

Power-line disturbances such as voltage dips and
high-frequency transients—a cause of unpredictable
effects on high-speed circuits—can now be created
artificially in the laboratory through devices known
as noise simulators. With these units, designers
can anticipate and tame effects of unwanted elec-
trical signals that often plague equipment such as
data processors after installation.

Although established techniques exist to shield
low-level signals in systems against internal and
radiated noise, the hazard of power-line noise has
not been properly understood. Its control is im-
portant as the use of sensitive equipment continues
and grows.

The San Jose system development laboratory of
the International Business Machines Corp. has built
two portable noise simulators. These units repro-
duce noise environments similar to those encoun-
tered by the electronic equipment through the
power source in its eventual location.

The random nature of conducted power-line
noise rules out conventional diagnostic techniques
since waiting for' repetition of a random occurence
is rarely feasible. The transitory nature of the dis-
turbance further inhibits careful analysis.

Without a noise-simulation check, the effects of
erratic electrical noise from the power line could
reduce the value of technological improvements.

The author
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With the check, many potential problems can be
counteracted before the system is installed at the
customer’s facility.

In early design stages, the simulators can evalu-
ate problems which might otherwise go undetected.
At later stages of development, a noise simulator
can help check machines in a system against a
standard which has been established after extensive
field surveys of typical noise environments. If it
fails to meet requirements, the system can be
modified before it leaves the laboratory. During
production, simulators can aid quality control. Pro-
duction line samples can be subjected to noise
simulation to make certain they meet acceptable
performance levels.

Even after the equipment has been installed, the
simulators are useful. They offer the field engineer
a simple, economical tool for determining whether
a machine malfunction is due to power-line noise.
He can then isolate the suspected areas or expose
marginal components, and immediately evaluate
any corrective measures he takes.

Defining noise

Electrical noise is any unwanted signal. It can
be generated from within the electronic equipment,
from external radiation or from the primary power
source. Although there are well established design
techiniques to shield a system against radiated noise
and suppress internal noise, conducted power-line
noise has not been well understood. And the transi-
tory nature of this type of disturbance has forestalled
a simple solution. Increased use of electrical power
by industry for heavy-duty equipment and office
services has added to the problem. A fluorescent
light, for example, can cause a transient with an
amplitude of approximately 1,000 volts; and merely
starting a heavy motor can drop the nominal line
voltage as much as 80% for up to 30 cycles.
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To design the simulators, IBM divided conducted
power-line noise into two categories of irregularities
—low-frequency or power-line voltage dips, and
high-frequency or switching transient noiscs. Both
noise types can alter power regularity sufficiently to
produce costly shutdowns or processing errors. In
fact, a study showed that a large proportion of all
intermittent machine failures at data processing
installations can be traced to these irregularities.

The voltage dip

Voltage dips are characterized by sudden drops
of short duration in the nominal line voltage of the
power-distribution system. The duration of such a
drop depends on the type of protective equipment
on the power system and the value of the fault
current. Dips as short as 0.5 cycle have been found
to affect functioning of data-processing systems.

The magnitude and waveshape of a voltage dip
at any given point is a function of variables includ-
ing the power-system configuration, impedance of
the load on the system and the point where the
event causing the dip takes place.

A voltage dip can originate on the transmission
lines or at the customer’s location. Electrical storms,
objects falling on power lines and improperly co-
ordinated protective relays cause power-line dips.
At industrial sites, dips are also caused by resist-
ance welders, arc furnaces, large motors and other
loads which draw heavily on the power source.
Compressors and punch presses—with their fluctu-
ating loads—cause periodic dips.

While the scope of the voltage-dip problem is
difficult to determine, a 1954 study of 47 utility
companies did give some idea of its impact.! At
that time, it was reported that over three-fourths
of these companies received complaints from cus-
tomers about production losses resulting from volt-
age fluctuations, primarily voltage dips. In light
of the growth of the data processing field since
1955, and the increasing sensitivity of the equip-
ment, voltage-dip effects pose an ever-increasing
problem.

200V/CM g #200v/CM

S5V

20mS/CM

Simulating a voltage dip

An instrument called the cycle sag simulator has
been designed to simulate these dips. The device
is the first adaptation of simulation techniques to
the problem.

The main components of the cycle sag simulator,
see the diagram on next page, are a 24-volt, 500-
milliampere power supply, power silicon-controlled
rectifiers (SCR), three power resistors in tandem
and a time-delay circuit.

Gate pulses from the Sprague Electric Co. cross-
over switches, series VZS-1000, turn on the SCR’s.
They remain on during normal operation. Two
phases of the three-phase line synchronize the fir-
ing circuits’ output pulses for each of the power
SCR’s. These pulses occur every time the phase
angle of the a-c inputs to a Sprague circuit is zero
and so long as the d-c bias voltage from the time-
delay circuit appears at the terminals of the firing
circuit.

To initiate the voltage dip, the reset switch Sz
is pressed. This discharges the time-delay capacitor
C and turns SCRy off by short-circuiting it. Releas-
ing S; removes the d-c control voltage from the
firing circuits, which in turn causes the power
SCR’s to turn off. These SCR’s are turned on again
after a period controlled by time constant (Ry 4+ Rs)
X C which begins at the instant of turn-off. This
time constant controls the duration of the dip and
can be varied by changing the value of Ry This
is the time it takes for the capacitor C to reach a
voltage value sufficient to cause the unijunction
transistor Q to fire, which provides the gate pulse
needed to turn on SCR, and reestablish the control
voltage to the firing circuits.

Magnitude of the dips can be controlled if the
cycle sag simulator is switched from the 100%
mode to a partial dip mode by closing S.. This
places the three power resistors Ry, Ry and R¢ in
parallel with the power SCR’s. A control on the
front panel of the simulator changes the values
of the three resistors simultaneously. The amount
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|
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Simulated voltage dips are useful in measuring the degree of sensitivity of system components. A 1009 dip in the 60
cps input to the 6-volt d-c power supply creates a transient on d-c output which could have detrimental effect on other
system functions. In the right photograph, the 60-cps input to the entire system was subjected to a 329, voltage dip
for approximately 13 cycles. The lower trace in the photograph shows the subsequent drop in the output of the
system’s 3-volt d-c supply. The d-c drop was about 0.5 volt, but more significant was the detection of the oscillation.
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Resistor R; is varied to change the voltage-dip duration. The three SCR’s, SCR-1, 2 and 3, are turned off to achieve
a 100% dip while the resistors, R, R: 3hd Rc; can be switched into the circuit to attenuate the dip’s magnitude.

the dip is altered depends on the system under
test, since the voltage drop across the resistors is
a function of the load current.

Turning on the power SCR’s when the phase
angle of the a-c input to the firing circuit is zero
eliminates any high-frequency  transients which
might be generated during the test period since
there is no voltage step applied to the distributed
capacitance and inductance of the load. If this
were not done, it would not be ¢lear whether the
system malfunction occurred because of the volt-
age dip or the high-frequency transients created by
the test equipment itself.

Since it would be too costly to design a voltage-
dip simulator which could handle heavy currents at
230 volts and sinmlate a variety of wave shapes,
with various delays and rise times, the cycle sag
simulator is designed to cause only an abrupt volt-
age dip, or step function. The objective was an
¢conomical, portable instrument, simple to operate
and yet capable of controlling the amplitude and
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duration of the dip. The step-function mode was
selected because the cffect of step-function dips
on a data-processing system is more pronounced
than waveforms of the exponential type. If the sys-
tems can operate properly under step-function
mode simulation, it is safe to assume reliable op-
eration will continue after an exponential disturb-
ance pattern,

Sensitivity varies

The cycle sag simulator aids equipment design
by deterimining which functions of the system are
most sensitive to voltage dips. In data-processing
systems, the vulnerability of various components
to voltage dip varies. Typically, it depends on the
sensitivity of the power-control circuitry, the re-
sponse characteristics of a-c motors, the filtering
and regulation of the d-c power supplies and the
allowable voltage limits of logic and memoiy cir-
cuits. For example, the shutdown sensitivity of &
system depends upon the sensitivity of the power
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High-frequency pulses are generated in
electrical noise simulator by discharging
a charged coaxial line. The traveling
pulse is started by closing the mercury-
wetted refay R:. 1009, reflection occurs
at the 1-megohm resistor and the puise
appears across the 50-ohm terminating
resistor. It is coupled to the system
through the three capacitors, C.
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contactors and sequencing relays. Even if a voltage
dip passes through the regulator and power sup-
plies without causing a machine shutdown, it still
may affect the logic circuits and memory, causing
random errors in the programing operations.

In a typical design problem at the San Jose De-
velopment Laboratory, testing under simulated
noise conditions led to the discovery of a flaw in
the design of a complex data-processing system.
One of the sequencing relays was found to be par-
ticularly sensitive to voltage dips. This sensitivity
was traced to a relay whose coil voltage just fell
within its tolerance limits. Correcting the voltage
decreased the system’s sensitivity to dips by 10%.

Another potential sequencing problem detected
by the cycle sag simulator required a more exten-
sive design change. In a particular sequencing
arrangement, one relay provided a path for fast
discharge of the filter capacitors in a power supply
when the system power was turned off. It was dis-
covered that a large-amplitude dip of short dura-
tion tripped the relay prematurely, starting the
discharge of a large d-c current. At the end of the
dip, the relay was reactivated but before the power
supply was completely discharged. As a result, the
relay contacts were damaged by arcing and burn-
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ing. Redesign of the energizing sequence circuits
eliminated the problen.

Second problem-transients

High-frequency transients present another
problem to the reliable functionirig of high-speed
systems. These transients are trains of high-
frequency pulses that are produced on the power
line each time the current through an inductive
component is interrupted. The pulse trains can
reach repetition rates as high as 20 megacycles
per second with amplitudes of 1,000 volts and
durations as short as 10 nahoseconds. Rise times
as fast as two nanoseconds and train lengths as
long as three milliseconds have been observed.?
The sensitivity of data-processing cquipment to
this type of noise depends on the energy content
and frequency spectrum of the noise pulse.

The San Jose development laboratory spent threc
years studying the cause of high-frequency noise
and its effects on data-processing systems. A prac-
tical result, the portable electrical noise simulator,
is shown in the circuit diagram above.

This simulator generates high-voltage pulses
with short rise times and injects them onto the
power line of the equipment under test. The simu-
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System in the background is subjected to voltage dip from cycle sag simulator, right. The
design engineer monitors the simulator's output and a system parameter on oscilloscope.

lator design is based on the principle of a charged
delay line. In this method, a length of coaxial line
is charged to a given voltage. The mercury-wetted
relay R, is closed, initiating a pulse which travels
in the direction of the one-megohm resistor. The
resistor appears as an open circuit to the pulse,
100% reflection occurs, and the pulse travels back
to the output of the coaxial line and is dissipated
in the terminating 50-ohin resistor. A voltage ap-
pears across this impedance for the time it takes
for the pulse to travel the length of the coaxial
line and back.

The amplitude of the pulse generated is one half
that of the voltage to which the coaxial line has
been charged. This pulse is coupled to the equip-
ment by the three 0.1 microfarad capacitors C. A
filter isolates the noise pulse to eliminate the pos-
sibility of interference with equipment not being
tested.

Like the cycle sag simulator, the transient gen-
erator has proven reliable throughout extensive
application. In addition to evaluating over all sys-
tem and component sensitivity, the transient gen-
erator is particularly helpful in evaluating ground-
ing, filtering and shielding designs. It can be used
at various stages of system design.
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In one case, it was necessary to test circuitry
under sustained noise simulation to locate an inter-
mittent error. The investigation revealed that an
8-volt peak-to-peak noise signal was being coupled
with a 10-volt signal line, causing the error. Further
examination showed the cause of the coupling was
a broken shield.

Another situation in which the portable noise
simulator played an important role, was to detect
an intermittent fault that caused a data-processing
system to switch programs and sometimes even
cease operations. Line transients were thought to
be the cause of this malfunction and the simulator
was connected into the a-c line of the system’s
storage unit. The fault was made to reoccur at a
simulator output voltage of 1,250 volts and was
subsequently traced to a defective logic card in the
connecting data channel. Detecting malfunctions of
this sort without the simulator would have been
difficult.
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Insomebusinesses
itpaystobeslow

That’s right, slow. You just don't need that hot .5
usecor2 usec memory you've beendreaming about
if your digital applications are data transmission,
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Industrial electronics

Microwaves on the production line

They're already cooking potato chips and removing solvents from
magnetic tape with easily controlled speed and precision.
Next they may be mining for gold and knocking down old buildings

By Paul W. Crapuchettes

Electron Tube division, Litton Industries, Inc., San Carlos, Calif.

Microwave technology is expanding beyond the
kitchen into the factory, Electromagnetic radiations
of 1 to 22 gigacycles per second are already cooking
food in large institutions, roadside cafeterias and
even in some homes. Recently microwaves have
also begun to find industrial applications in drying
paper, removing solvents from magnetic tapes, and
controlling pasteurization with a precision that is
impossible with any other method. One day, pro-
ponents predict, microwaves will be helping to
demolish buildings and to mine for minerals.

Microwave heating has several attractive advan-
tages: because it entails no thermal lag, it can be
turned on or off instantly and adjusted precisely.
Because it acts directly on the object to be treated,
rather than working through a transfer medium
such as air, the container and surrounding area can
be kept cooler. Even cost, which until now has been
a disadvantage, may become an argument in favor
of microwave if the price of electricity remains
fairly constant while other energy sources continue
to become more costly.

Other disadvantages are less subject to economic
solution. One is the limitation on microwave’s
power capabilities, imposed by beam breakup when
the density of current at the cathode becomes too
high. Another drawback is the variable nature of
the dielectric—in this case, the substance being
heated. When most substances undergo heating,
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their dielectric characteristics change, thereby al-
tering the energy transfer and the magnitude of
the fields in the modes that are excited in the heat-
ing cavity. Wide changes in these fields can result
in uneven heating. Polystyrene foam, for example,
starts as a thick soup which absorbs microwave
energy readily, At a certain temperature, however,
it is mostly gaseous and transparent to micro-
waves.

Economics and potato chips

Granny Goose Foods, Inc. recently became in-
terested in microwave for the final cooking of its
product. Quality control is a problem in this in-
dustry; potatoes vary in sugar and moisture con-
tent froni season to season and from potato-field
to potato-ficld, yet the customer expects a yellow
chip, not one that is brown or black. Waste can be
as high as 25%.

Microwave could afford tighter control of color
and of moisture content. If this could be done at a
moderate increase over deep-fry costs—less than
2.8 cents per pound of chips produced—Granny
Goose figured it would be worthwhile. The com-
pany estimated the costs, including amortization of
the microwave equipment, at one cent pér pound.
Result: Litton Industries, Inc., is building an 80-
kilowatt microwave system for Grariny Goose’s
potato-chip plant in Oakland, Calif.

The process begins with a partial cooking in a
conveyorized deep-fat vat until the moisture con-
tent is reduced to about 8%. The chips are then
transferred to the microwave dryer, where four kilo-
watts of microwave energy finish drying 100
pounds of chips each hour. There is also an in-
crease in yield and a saving in labor cost of one
cent per pound. The application of the right amount
of energy at the right frequency removes most of
the water from the chips without requiring heating
oil and the resultant continuation of cooking. Chips
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Development of contours for the average heating density is shown for a waveguide carrying the TE;, and
TE.. modes. Vectors at the top indicate the relative time phase of the two modes in planes
perpendicular to the direction of power flow. Heating density (see equation 3) in these planes is
shown in center illustration. Contours of equal heating density are shown in bottom drawing.

with varying moisture content come out of the dryer
with a uniform moisture content because the proc-
ess is self-limiting; that is, as the moisture content
decrcases, the microwave energy that couples into
that part of the load also decreases.

Companies in other fields have said microwave
processing is worth considering when the product
costs more than 30 cents a pound. One promising
application is in the manufacture of thin films such
as those placed on paper and plastic. A producer
of magnetic tape is trying microwave heating for
removing solvents.

In conventional production, iron oxide is de-
posited on sheets of mylar in a binder system that
contains a solvent which must be evaporated. Re-
moval of the solvent cures the binding system and
makes the iron-oxide particles adhere uniformly to
the mylar base. The solvent is evaporated by draw-
ing the tape through a hot-air drying system while
applying microwave heat. Because microwaves do
not transfer heat energy to mylar or to the iron
oxide, the solvent can be evaporated rapidly with-
out any heat damage to the tape. The company
says the microwave heating has resulted in higher
yield, increased productivity, reduced size and cost
of processing equipment, less and simpler periph-
eral equipment and an appreciably better product.

In the paper industry, the application of micro-
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wave energy is more limited. Paper pulp cannot be
completely dried by microwaves because the proc-
ess requircs a great deal more heat than micro-
waves can produce. For quality papers, however
it is possible to finish the drying with microwave
energy; precise temperature control permits re-
moval of wet spots without scorching the rest of
the paper. Related applications under study include
the treatment of chemical compounds on paper
bases and the setting of resinous materials on plas-
tic films. Applicators already have been designed
for such treatment, studies of the processes are well
under way.

Custom-designing magnetrons

The development of competitive microwave
equipment begins with the design of each compo-
nent for its specific use. Reliability and ease of
operation are particularly important because cus-
tomer demands warranties and require that the
equipment be capable of installation and operation
by nontechnical personnel.

When engineers began to adapt military magne-
trons to microwave heating, they found a new set
of problems and design considerations. Military
equipment is often over-designed for every possible
combination of operating conditions; and it is
usually operated and serviced by people who are
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trained in theory and practice. In commercial sit-
uations, however, the equipment is generally oper-
ated by people who are concerned only with the
end product and who are trained in its processing,
not in the theory of microwave energy. Therefore,
until the use of microwave energy becomes more
common, reasonable service will continue to be
available only from the manufacturer and his
licensees who are properly trained.

The chief problem in adapting a military tube
to a commercial application is the greater variation
in voltage standing-wave ratio (vswr) encountered
in civilian applications, High vswr causes mode
instability in magnetrons. Magnetrons in military
use seldom encountered a vswr in excess of 1.5 to 1.
In a typical domestic microwave oven, on the other
hand, impedance changes can produce a vswr of 6
to 1.

These impedance variations result from varia-
tions in the dielectric constant and power ab-
sorption characteristics of the material being
treated. Furthermore, a material’s microwave prop-
erties change considerably with temperature. Until
this problem is solved, magnetron will continue to
operate at far below their capacity in commercial
heating,

Only reentrant-beam devices, which return un-
mixed electrons to the interaction, can maintain
efficiency under such wide variation in load swings.
This is why magnetrons and amplitrons are the
principal tubes used in microwave heating.

However, microwave heating equipment using
klystrons as well as magnetrons and amplitrons
is being produced by the Cryodry Corp. of San
Ramon, Calif., a subsidiary of Armour & Co. Match-
ing is still a problem, however, in applying any
of these tubes to microwave heating. The use of
ferrite isolators is not a satisfactory solution be-
cause they are too expensive.

A typical magnetron for microwave heating is
the Litton 1.-3189, which is made in air-cooled
and water-cooled versions. This tube, produced by
Litton Industries, produces one kilowatt at 2,459
megacycles per second. At 6.5 kv on the anode,
with a magnetic field supplied from a regulated
electromagnet, the tube operates efficiently under
a variety of loading conditions.

Microwave tubes generally work into fixed, pre-
dictable loads which can be optimized for maxi-
mum energy transfer. Microwave heating, however,
presents an altogether different set of conditions,
because the load’s dielectric characteristics change
as it is heated. The load’s shape, size and state
—liquid or solid—all affect the energy transfer.

These unavoidable changes in load produce vari-
ations in the magnitude of the electromagnetic
fields of both the principal and higher modes that
exist in the heating cavity. Uncontrolled, this mul-
timode operation can produce hot and cold spots
in the load, resulting in uneven heating. One of the
big problems in using microwave heating devices
is controlling the energy distribution and phase
of the various modes.
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Definitions of symbols

Vector fields are designated E with subscripts to in-
dicate the axis to which the vector is parallel. Addi-
tional subscripts m, n and p define the mode under
discussion.

b = length of the vessel in the x direction, in
meters
a = length of the vessel in the y direction, in
meters
= length of the vessel in the z direction, in
meters
operating frequency, in cycles per second
cutoff frequency of the waveguide
unperturbed resonant frequency
frequency change caused by perturbation
separation between modes
V-1
(integers which can have all positive
for x | values including zero, and which
for y § describe the number of half sine-
for z | wave variations along the related
axis.
power in watts per unit volume
a constant expressing peak amplitude of
the fields, in volts per meter
quality factor of dielectric alone
quality factor of loaded cavity
volume of eavity, in cubic meters
volume of load
loss tanget of material
complex permittivity of material
real permittivity of material
loss factor of material
free-space wavelength, in meters
guide wavelength, in meters
impedance of free space (Vu/e)
permeability of the material
propogation constant
distance in x direction, in meters
distance in y direction, in meters
distance in z direction, in meters

e
J

el E -y e
;0;’-‘5 3
I (I

e

I

b TS H

| I

<

N MR
LI

All microwave heating cavities are encased in
metal containers to prevent the microwave fields
from radiating. The modes within a container are
established by the operating frequency of the tube,
the dimensions of the enclosure, and the nature
of the material to be treated. Heating is uniform
only when the phase relationship among the var-
ious modes is made to vary continuously. In addi-
tion, some materials require that the energy be
spread uniformly among the various modes; in
others uniform heating can be achieved only if
energy is distributed unevenly.

Although precise calculations are seldom pos-
sible, the energy distribution for uniform heating
may be approximately proportioned by calculating
the probable modes that are present and their res-
onance frequency; and by determining either the
position of the material or the design of the feed
needed to produce the changes in phase relations
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When various modes are combined
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among the various mpdes. Such calculations can
be made if two copditions are assumed; that the
load has uniform predictable boundaries and that
all of its properties are isotropic and independent
of temperature.

Delivering energy to the load

Before discussing design solutions to specific
problems in microwave heating, we shall describe
a typical system, in which the energy is carried
from the tube to the load through waveguide.
The load is placed in resonant cavity or in the
waveguide itself. This basic configuration can be
changed to accommodate individual heating prob-
lems. Some variations include:

= A long, hollow pipe containing microwave
energy and filled with the load. The pipe may also
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Heating-intensity patterns in waveguide are altered by
controlling the number of modes and their relative
intensity. In pattern at top left, for the combination of
TE., and TE. modes, K is the ratio of the amplitude

of the higher-order mode to the amplitude of the
lower-order mode. Curves at lower left show relative
heating intensity when the waveguide contains TE=
and TE., modes. As the number and order of modes
are increased, heating becomes more uniform. Curves
at right show heating distribution for various proportions
of all three modes. The second curve from the top,
uniform within 5.59, across the range of

interest, is considered optimum.

contain a coaxial conveyor belt moving at uniform
velocity.

= A metallic container completely filled with
a material that is translucent to microwaves.

= A metallic container partially filled with a trans-
lucent material.

* A metallic container partially filled with ma-
terial that is effectively opaque to microwave
energy.

» Totally unbounded process equipment using
the near fields of nonradiating devices such as
specially designed antennas or split-folded wave-
guides.

Designing with waveguide

Determining the best approach for effective
transfer of microwave energy starts with the
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analysis of the modes which exist in waveguide.
Then the calculations are adapted to practical sit-
uations.

Waveguide conditions are directly applicable to
conveyor-belt ovens. They also apply when the
heating apparatus has a configuration of a split-
folded waveguide as in drying ovens for thin films.
The same equations are applicable to cavities which
are a special case of higher-order mode wave-
guides with large values of vswr. In deriving the
simplified equations or curves predicting heating
uniformity, conventional rectilinear coordinates will
be used.

If a waveguide is filled with material of dielec-
tric constant ¢, whose dimensions are such that
only the TE,, (m = any inleger) modes are ca-
pable of propagation and all other modes are cut
off, the electric fields, E, are oriented only in the
Y-direction:

E, = jy <A 7}—) sin r%?i sin (wt — v2) @)
1
foo = - d
o an
. 2rVe foo )’
Pt T g

where E; is the field in the y direction which is
transverse to the axis of the guide and perpen-
dicular to the width b. Dimension b is parallel to
axis x.

The modes are excited by a fixed coupler—
located at the input to the guide—which can be
adjusted for optimum distribution of energy in
the modes. At the point of excitation, the phase
relationship of the modes is also established by
the cougler.

Because the modes may have different wave-
lengths, the phase relationship between the modes
varies continuously along the waveguide. Thus,
the total vector field at a given coordinate in the
cross-section of the guide varies with axial posi-
tion. Because the energy dissipated at a certain
point is the product of the loss tangent of the di-
electric material and the square of the vector sum
of the fields acting at the point, the energy will be
distributed unevenly as shown in the diagram on
page 124.

In this example the waveguide dimensions and
operating frequency were chosen so that only the
TE,y and TE., modes could propagate. For these
conditions the height, a, of the waveguide must be
less than A/2. It was also assumed that the modes
were equally excited and that the guide wave-
lengths were related by:

Nozo = 2Ngn0 @)
requiring that

R
2h /] 5
The time average heating density per unit volume

at any point (x,y,z) is then given by:
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Pe= 62 (sin 7;)x sin ?;\z + sin 2;;'\ sin %_:;\Z> (3)

The heating patterns represénted by equation
(3) are typical of any situation that can be analyzed
by waveguide equations. Even though the analysis
assumes that there are no reflections from a termi-
nation, there still is an apparent standing wave
pattern which produces uncven heating. Several
ways to keep the heating uniform will now be dis-
cussed.

Four paths to uniform heating

If the material is moved through the waveguide
at such a rate that it traverses the complete stand-
ing-wave pattern several times, the peaks and val-
leys of heat energy will be smoothed. The result
is as if the material is stationary but the vector
fields are not coherently related, that is, the fields
are asynchronous. Thus, in the more general case
where modes of the form TE,, , are considered,
at any point (x, y, z) the heat deposited is

E 2 6”v(E2xmn + E?)m + E2‘mn) (4)

me=( nm=0

P=

If each mode is excited by a separate source, and
if the frequencies of these sources are not precisely
related, the same smoothing takes place, even with
a stationary load. This is called the multiple-source
approach.

Another approach employs tuned phase-shifters.
If each mode is excited independently and if each
of the several lines to the couplers contains a 360°
phase shifter which is varied in some random man-
ner, then the desired smoothed or asynchronous
heating pattern will result.

Moving the coupling device through the fields
will cause the coupling coefficients and relative
phase of the several modes to vary in the desired
manner. This is the moving-feed approach.

All of these solutions produce similar patterns.
The curves at the upper left on page 126 show pat-
terns (valid for all z) computed when TE;, and
TE., modes with different amplitude ratios are
asynchronously excited.

Comparing the curves with those obtained from
various combinations of TE;q and TE., and TEj,,
it is clear that both an optimum amplitude ratio
exists and the portion of the waveguide which can
be uniformly heated increases as the number of
modes increases.

When the dielectric is irregular

If the actual loading is uniform, representative
patterns can be calculated even if the load does not
fill the waveguide. When the load is not uniform
(either the dielectric constant varies or the shape
is irregular) or when the load’s diclectric constant
is greater than 2, no mathematical solution is
known. The reason for the latter qualification is that
a load with 4 high dielectric constant represents
less impedance to the field. The fields tend to con-
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verge on the item resulting in field patterns that
are badly distorted, and making it impossible to
exactly calculate the heat density.

If the waveguide is filled with material of dielec-
tric constant ¢ the waveguide can be smaller and
the guide wavelength in all the modes can be made
shorter. In fact, at infinite frequency

_')\
=7 (8)

In a waveguide of given dimensions, the addition
of dielectric material also increases the number of
modes which may be propagated. When, for a
given higher-order mode, the length of the dielec-
tric material in the direction of propagation is
shorter than A./2, the dielectric may become a
foreshortened resonator if the boundaries are so
shaped that suitable reactances exist. In fact,
some particular geometries of dielectric materials
can become self-resonant; these are called “ghost”
modes. Under these circumstances, the surround-
ing waveguide or cavity acts as part of a coupler
that directs the energy into the dielectric. The fields
in the diclectric can be much higher than those in
the surrounding waveguide or cavity—in much the
same way that the fields in the cavity, because of
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its Q, are much higher than the fields in the excit-
ing waveguide.

The transition from the simplified calculations to
the practical situation is straightforward. Since
asynchronous without help—from a suitable asym-
metry in the cavity. The load may accomplish
mode may be considered as an independent heat
source, rather than as element of a vector field.
This makes the calculation simpler, because the
heat derived from each mode can be computed
scparately and then all heating components may
be arithmetically added together.

As the number of modes increases, asynchronous
mode conditions are achieved more ecasily. How-
ever, almost all degenerate modes refuse to become
asynchronous without the aid of an asymmetry in
the cavity. The load may accomplish this; some-
times the addition of a small screw in the cavity
helps.

Having established asynchronous modes in the
guide, the modes are then identified by inspection
of the heat patterns. If it is desired to change the
heating pattern, the relative amplitude and phase
relations among the modes is altered by the tech-
niques previously described.

Cavity resonances

If a section of waveguide is closed off at hoth
ends, it is called a cavity. The metallic boundary
at each end of the waveguide reflects energy. In
the absence of a load, the system has a series
of resonant frequencies determined from the wave-
length in the expression:

mA\ ’ nA ] DA -
1=<2}';>+<2a>+<-‘2—c> (6)

where a and b have the same significance attached
to them as equation (1) and where c is the length
of the cavity in the z direction.

Many values of A will satisfy the equation, each
value corresponding to a particular set of integral
values for m, n and p. In an unloaded cavity, the
resonant frequencies can be computed accurately.
Furthermore, the frequency separation between
resonant modes is large when low-order modes are
used. However, when the sum of m, n and p is
greater than 10, the frequency spacing between
modes Af, becomes smaller and is given by:

f
&V @
The impedance of cach of the various modes to

the source is given in terms of Q and cavity im-
pedance Z, = L/C by

1 . 2Af
Z=Z0<Q+] f0> (8)

Af, =

which is shown graphically in the curve at the
left in terms of phase (¢) and amplitude (A), rel-
ative to the deviation (Af) from resonant frequency
(fo). At resonance, the peak current and voltage in
the cavity are in phase with the excitation. Below
resonance, the peak voltage leads the exciting cur-
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Estimating cavity Q in microwave heating

The estimation of the Q of a loaded cooking cavity,
! Q., is important to determine the input impedance
as a function of frequency.
Power supplied to the cavity is dissipated in the
skin losses of the cavity wall, the mode stirrer, the
| feed system, the door seal as well as the load. Nor-
| mally 10% to 30% of the energy is absorbed out-
side the load.
The losses associated with the load can be deter-
mined analytically only for precisely defined loads,
| and then only with difficulty. The values of co-
efficients of two infinite series would have to be
matched at the interface and at the enclosure. This
is an extremely difficult problem.
However, even with an irregularly shaped load,
there is an approximation, subject to large error,
which is useful in predicting Q..

| Approximate method

Since the volume over which energy and loss are
integrated are the same regardless of boundary,
within a dielectric of any shape and for all field

| patterns, Qp = 1/ tang, where Qp is the Q of the
dielectric and tand is the loss tangent. It remains,

then, to determine the division of energy between |
the empty cavity region and the load.

The fields, in the dielectric shown in the left
drawing, are the same as those outside, so the en-
ergy density inside the dielectric is e times that
outside the cavity. When the fields are oriented '
differently, as in the center sketch, the energy den-
sity outside the dielectric is ¢ times that inside the |
dielectric. If a small volume, AV of the dielectric
is added between the two plates as shown in the
sketch on the right, the field inside is about equal to
the field outside of the dielectric because of the
effects of fringing. Thus, when the dielectric is
inside the cavity, within the limits of the approxi-
mation

v

AVtand
with a possible, although not probable, error of ¢ 1.
A typical value of ¢ for steak at 2,450 Mc is 40,
and its loss tangent at that frequency is 0.30 with
a value of Q of 1,000 in a 1.5-cubic-foot cavity. A
rough estimate of ¢ for vegetables at that frequency
is 75.5, with a loss tangent of 0.24 and a Q of 360.

7€/
/ 1/7/; N

| -

rent; above resonance, the peak voltage lags.

In a myltimode cavity operating at a single frc-
quency, the impedance of the individual resonance
is obscured by the skirts of several adjacent modes.
However, the phase of the maximum field in the
cavity in each mode, relative to the exciting cur-
rent, is the same as it would be if no other modes
were present.

As viewed from the source, the impedances of
the various modes are connected in parallel and,
if the modes are close enough together, the im-
pedance presented to the source becomes more uni-
form. Thus, the variation in input vswr to the cav-
ity is greatly reduced if many closely-spaced modes
are present, all having low Q. Also, the field is
more uniform because of the overlapping simul-
taneous excitation of the resonances.

When the load is introduced, accurate determi-
nation of the resonant frequencies is impossible.
If the load’s dimensions are comparable with the
wavelength, a useful approximation for the shift,
Af, in the resonant frequency of the modes is
given by

e AV
A= %y ®

where V is the volume of the cavity and AV is the
volume of the load. This shift is always toward
lower frequencies, and is a function of the size
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and position of the load relative to the individual
mode pattern.

For illustration, the calculated energy distribu-
tion patterns for a uniform load are shown on page
130. The pattern shows more uniform heating than
would a single TE,q; mode pattern. If the pattern
is to be produced as shown, the frequency separa-
tion must be much smaller than indicated in the
diagram, preferably even smaller than the value
given in (9), so that variations in each mode’s reso-
nant frequency will cause the response curve to
be swept through the source frequency, thereby
producing the asynchronous mixing, [

Effect of asynchronism

Several things happen when some material is
heated in the cavity. Detuning of the cavity by
the introduction of a load has already been men-
tioned. The motion of the load or of a stirrer within
the cavity changes the resonant frequency of the
several modes relative to the driving frequency.
Either motion, or that of the feed, causes a shift
in the phase of each mode relative to the exciting
current and to each other—producing desired aver-
aging effects. For peak effectiveness, the motion of
load or stirrer should be distinctly asymetric so
that the resonant frequency of the higher-order
modes are certain to be tuned through the driving
frequency; this requirement can be fulfilled by
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an offset, crank-driven rotary-device.

Changes in frequency—caused by either changes
in the magnetron’s operating current or by effects
of the load’s resistancc—may contribute to or
hinder the production of desirable phase shifts, de-
pending on whether the frequency change increase
or decreases the separation between modes.

Coupling systems

Coupling systems conpect the microwave source
with the cavity to produce uniform heating in the
load regardless of the size and nature of the load.

In most cases, this means that al] mades should
be uniformly excited by the chasep coupling
scheme. One sure way tp provide uniform coupling
in g cavity is to place a coupling loop in any af the
cavity’s eight corners, because all modes are sus-
ceptible to current excitation at those points,

The cavity can be coupled to the microwave
source in several ways. By calculating resonant
frequencies and mode patferns that are likely to
be encountered, the engineer can determine the
location of the source and the means of exciting
the cavity to avoid the excitation of undesirable
modes. A eonvenient way to visualize the relation-
ships is to calculate, for each mode, an antinode
diagram for the wall of the cavity through which
the power is to be coupled. Current excitation at a
node ppint will provide more coupling to that mode:
voltage excitation at an antinode point provides no
coupling. If uneven coupling is desired, the de-
gree of cougling can be adjusted by choice of a
feed point that proportions the energy suitably
among the modes. Thus the designer is free to
choose the most desirable coupling locatjon.

Another consideration when choosipg a coupling
point is the fact that foad and most other objects
heated in microwave ovens are lossy dielectrics
with a specific depth of microwave penetration.
When the object is placed directly in line with
radiation from the point of excitation, it may cap-
ture all or part of the energy incident upon it,
depending op whether it is thicker than the critical
depth—the “skin” depth. If the object captures all
the incident energy, the heat pattern will be domi-
nated more by the location of the food relative to
the point of excitation than by cavity resonance.
Thus, the paint of excitation should be diffysed
and chosen so that it does not directly illun‘nate
any of the food. If a mode-stirrer is used, it should
be positioned so that it may change the direction
of radiation by reflecting the microwave energy
from the stirrer blades. Motion of the feed system,
or interruption of the feed pattern by a stirrer, is
desirable becanse a direct change in phase is pro-
duced. independent of a change in frequency.

When many modes whose input impedances are
comnected in parallel are excited simultanoously,
yswr is reduced if Q of the load is low enough.
If the Q is not low enough, sharp regions of high
vswr will exist between modes. Losses in the [eed
system, stirrer and door seal must then be high
enoygh so that the maximum value of vswr remains
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Cpntours of equal relative heating-intensity in a
quadrant of a square cavity illuminated by equal amounts
in the TE,.,, mode (1,000 Mc), TE... mode (2,450 Mc),
TE... mode (2,450 Mc) and the TE... mode (4,000 Mc)
illustrate smoothing of contours when several resonant
modes are present. Fairly uniform heating is obtained
over a major portion of the oven. if the load is
placed on a rotating table, differences in heating
intensity within the load will be averaged out as the
table revolves. If the table is mounted on an offset
crank that rotates at one-fifth the rate of the
load, the differences can be decreased further.

within limits acceptable to magnetrons. The feed-
system length and the coupling cocfficients must
be such that the magnetron can operate without
damage into heavy or light loads.

Food frequently thaws unevenly in a microwave
oven. Since frozen food is less lossy than warm
food, uneven heating is customarily attributed to
local melting cansed by slight irregularities in the
heating pattern resulting in the melted food absorb-
ing the major portion of the cnergy. However, there
are circumstances in which the frozen material acts
as a dielectric resonator, producing a very uneven
energy distribution in an otherwise perfect oven.
Such a diclectric resonator acts as a cavity within
a cavity. The resonant dielectric prefers boundary
conditions that establish low E-ficlds at the bound
ary, which build up to very high values at the
antinodes of the modes in the dielectric. Fortu
nately, this undesirable resonance condition can he
corrected by a change in the package’s dimensions.
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If you ever

wished for a versatile,
easy-to-work-with

dielectric FILM,

with all the

electrical properties,
environmental resistance
and unsurpassed reliability
of DuPont TEFLON—

-

What are you waiting for? |
Mail this coupon! :

Du Pont Company, Room 3716
Wilmington, Delaware 19898

Pleasesend me complete information
on Du Pont TEFLON FEP fluorocar-
bon film. I am particularly interested
in evaluating this film for the follow-

} ing area(s) of application:

1
} 1 flexible, single and multilayer
1 printed circuits

1
| 0 laminated, flexible, flat cable

insulation

1O high-temperature, high-dielectric-
l strength insulation

1
1 Other application

]
: Name,
1
1 Title
]

: Company
1

0P randl 1 Address
BETTER THINGS FOR BETTER LIVING
... THROUGHCHEMISTRY 1 City
°FEP fl bon film ! i
TEFLON uorocarbon film | swe Zip
See TEFLON® FEP FILM at the I.1.E.E. Show, March 21-24-Booths 4¥03 & 4F05. : Business Phane,
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ADD

new capabilities
to your
SM-2000

SWEEP GENERATOR

Qoeasoeee C

These two new plug-in oscillators permit fast or slow scanning rates
with built-in frequency indication and they're both solid-state.

200 Hz to 12 MHz

e Variable Sweeping Rate
e Ultra-stable Oscillator

o Built-in Variable Marker
o 1 VRMS Output

VR-2M Plug-in Oscillator

Here's the quickest route to direct determination of frequency
response from audio through AM, FM, IF and video frequencies
all in a single oscillator. The VR-2M gives the SM-2000 control
unit a whole new degree of versatility in checking amplifiers,
tuners, oscillators and other wide and narrow band devices.
Sweeping rate of the unit may be varied from 0.01 to 100 Hz,
and its integral marker system provides precise frequency location
over the entire range. Output may be scope displayed or X-Y
recording in slow mode, providing db vs. frequency, precisely
and directly.

X ~ CRYSTAL FILTERS?

| \\ : A primary application of the VR-
2M is check-out of crystal filters.
Exceptional stability and slow-
sweep rates permit precise re-
cordings of frequency response,
as shown in the chart reproduc-
tion at left.

SWEPT FREQUENCY APPLICATIONS

An invaluable collection of data sheets
covering swept frequency applications

Sweep Generator

arnearon omsu s

is also available—send for your set now.

500 to 1000 MHz

e Sweeps 5 MHz to Full
Octave

e Variable Sweeping Rate

e Solid State Dependability

VR-50M Plug-in Oscillator

The combination of an SM-2000 Controllier with the new VR-560M
oscillator can deliver a display of frequency vs db over its entire
range of 500 to 1000 MHz in a single trace. It can also sweep
any portion of that range from 5% up, and at a rate variable from
.01 to 100 Hz. It provides fast answers for check-out, align-
ment and testing of frequency response in IF, RF, and broad-
band video devices.

Combine all that performance
with the VR-50's solid-state reli-
ability, a .3v RMS level output,
an integral, continuously vari-
able frequency marker, and you
have another reason why the
S$M-2000 is the most useful, in-
expensive investment in swept

instrumentation today.
Detailed specification on these two new oscillators, the SM-2000
control unit and 18 other plug-in heads will be sent on request, or
contact your nearest Telonic representative.

7242 INDUSTRIES, INC.

60 North First Avenue, Beech Grove, Indiana
Tel: {317) 787-3231 TWX: 810-341-3202

See Telonic at |EEE, booths 3K24-3K26

132 Circle 132 on reader service card
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Circuitdesign

Powerful logic from

power-less circuits

Inexpensive silicon transistors acting as controlled switches

eliminate external power sources and result in simpler

more efficient circuits than those built with diodes

By Paul Abramson and Albert X. Widmer

international Business Machines Corp., Yorktown Heights, N.Y.

An input signal—about one milliwatt—supplies all
the power needed to operate a variety of new
transistor logic and gate circuits. These designs
eliminate the costly chore of providing external
power to circuits scattered through a plant or
along a traffic-control route.

Signal-powered diode circuits are common, but
these new circuits, made up of inexpensive silicon
transistors acting as controlled switches, perform
many more functions.

And because of their simple configuration, they
can easily be built as integrated circuits.

Familiar signal-powered circuit.

Signal-powered diode circuits, like the OR gate
shown on the next page, require no power other than

The authors

Paul Abramson joined the
International Business Machines
Corp. in 1960. He is an advisory
engineer for the company’s
Advanced Systems Development
division, in the field of data
transmission and acquisition.
Abramson is a graduate of the
City College of New York.

Albert X. Widmer is a staff engineer
with IBM’'s Advanced Systems
Development Division. Since joining
the company in 1959, he has worked
on logic design for peripheral
computer equipment. Widmer is

a graduate of the Federal Institute
of Technology, Zurich, Switzerland.
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an input signal at either gate to perform the OR
function. However, to perform more complex logic,
diode circuits require a power supply.

Common-base circuit

The fundamental building block of all the signal-
powered transistor circuits is the common-base cir-
cuit shown on page 134. A positive signal V. applied
to the emitter appears across the load resistor Ry,
The input voltage must drive enough base current
through resistor R, so that most of the input cur-
rent can pass through the collector to Ry. In this
condition the transistor operates in the saturated
mode. That is, the collector-to-emitter resistance
is minimum, resulting in minimum signal attenu-
ation through the transistor. The relationship be-
tween collector current and base current for satu-
ration is

IcéBIb

where 8 is the transistor’s common-emitter forward
current gain.

This relationship can also be expressed in terms
of the circuit’s voltages and resistances as follows:

Re éBRL[“;e:zeb:'

In a typical application, the emitter-collector
voltage V.. will not exceed several tenths of a volt;
whereas the emitter-base voltage Ve, may approach
1 volt. Therefore, the factor [(Ve — Ve)/(Ve —
Ve)] is always less than one.

For input voltages less than one volt, it may be
necessary to eliminate R,, permitting sufficient
base current to saturate the transistor.

The basic transistor signal-powered circuit is
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B8 g A+B

Conventional diode OR
gate needs only the
power of input signal.
More compiicated logic
functions performed’ by
diode circuits, hcwever,
require a power supply.

T Vec——"

R .S

<
>
< V
>3 c

Transistor in common base configuration is basic circuit
used to perform many logic functions with no power
supply. These circuits use only the signal power.

A

B8 Pt

Signal-powered inhibit gate requires that voltage level B
be slightly iarger than A. Diode isolates signal A from B.

A A-B
Q
Q
5 » i 3 Rp1 R
%sz
Signal-powered AND gate needs signal B to take Q-
out of saturation, which permits Q, to saturate
and allows signal A to pass to output.
A A-B
Q
RM RL
Rp2
B vy 02

AND gate with Q: in the base circuit of Q. permits
a lower voitage at B than at A to function.

A 2l

n A+B

(A+B)-(A-B):ANB

Exclusive OR gate is one of the many complex logic
circuits that can be built with transistors
operating in the common-base configuration.

134

different from the diode signal-powered circuit in
the following respects:

s Signal transmission through a transistor de-
pends on the flow of adequate base current, as well
as the polarity of the signal; conduction through a
diode depends only on the polarity of the signal.

* A negative signal applied to the output ter-
minals of the basic transistor signal-powered cir-
cuit is not transmitted to the input terminals; on
the other hand, a positive signal will be transmitted
in the reverse direction but with less efficiency
than in the forward direction. In the diode circuit,
a positive voltage applied to the output terminals
will not appear at the input terminals, but a nega-
tive voltage will.

» Offset voltage from input to output is less
for the transistor circuit than for the diode circuit
because the saturated collector-emitter voltage drop
is less than a diode’s forward voltage drop.

Because the signal-powered circuits use the com-
mon base configuration, in which there are little or
no stored charges in the base-emitter junction, they
yield very fast response. These circuits can switch
in less than a microsecond.

Gating circuits

Because signal transmission depends on base
current. various kinds of gating circuits can be
designed. For example, in the third circuit from the
top, at the left, suppressing the base current also
suppresses the collector current, resulting in negli-
gible voltage across the load. This circuit is called
an inhibit gate. Signal A is inhibited by signal B.
To inhibit, voltage B must be more positive than
A. The diode is needed in this circuit to isolate
signal A from terminal B.

The same idea can be extended to form an AND
gate, as shown in the fourth diagram at the left.
Again, signal B must exceed signal A. If signal B
is not present and A is positive, transistor Q.
saturates, maintaining the emitter-base voltage of
transistor Q, at a low level and preventing Q, from
conducting. This is because the saturated emitter-
collector voltage of Q. is less than the conduction
threshold voltage of Q)’s emitter-base junction.
But when input voltages A and B are applied,
voltage B inhibits Q. from conducting, in turn,
allowing Q; to transmit A to the output terminal.

Another signal-powered AND gate is the second
from bottom. In this circuit, Q,’s collector current
is pinched off to a low value by increasing the
impedance in the base return path, Q. to a very
high value. If the voltage between input B and the
common terminal is zero or negative, transistor Q.
is turned off and signal A cannot pass through Q.

As might be expected, control signal B turns off
Q: more slowly than in the previously shown AND
gate, because of the stored charges in the base-
emitter junction of Q.. If the base current of Q,
cannot be suppressed completely due to leakage
current through the collector to emitter of Q., a
signal will appear at the output when there should
be none. Speed can be improved and false output
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signals lessened by connecting a resistance of about
1,000 olins between the emitter and base of Q.
The leakage current from collector to emitter in Qy
is reduced roughly by a factor g.

For these cirenits, as a transistor’s reverse bias
decreases, the junction capacitances increase. Thus,
inputs with fast rise times will be differentiated
at the output, appearing as spikes. The amplitude
of these spikes is usually about 10% of the input
step amplitude for an R, equal to 1,000 ohms.

Another common feature aof signal-powered tran-
sistor gates is the uncqual source impedances at
the two input terminals. Thjs means that a high
current signal A can be controlled by a low current
signal B. Moreover, for the AND gate shown at the
left, bottom, signal voltage B can be very low com-
pared with A. In this respect the cirenits compare
with relays, which use low-power signals to con-
trol high-power signals.

More complex logical functions can be performed
by combinations of the circuits shown so far. For
example, the diagram at the bottom of page 134
shows an implementation of the exclusive-OR func-
tion. The circuit provides an output signal only if
cither signal A or B is applied, but not if applied
simutaneously. Again, signal B must exceed A for
proper operation.

OR circuit works for bipolar pulses

A circuit that makes use of the high-reverse im-
pedance properties of the fundamental signal-pow-
ered circuit is shown below. This simple circuit,
which actually consists of a pair of complementary
circuits, provides an OR function for input signals
of opposite polarity—this could not be done with
diode logic circuits. Positive pulses are applied to
the emitter of Q,, a p-n-p transistor, and negative
pulses are applied to the emitter of Q., an n-p-n
transistor. Either signal produces an output pulse.
Positive pulses do not feed back into the negative
pulse-generating circuit, nor negative pulses into
the positive pulse source.

This circuit can also be used to provide a bipolar
output pulse train from oppositely polarized input

Signal-powered OR circuit provides an output pulse
for a positive voltage at A or a negative voltage

at B. When either transistor is nonconducting,

its high reverse impedance prevents pulses of the
opposite polarity from reaching the source.

Electronics | March 7, 1966

pulses. Of course, in this application, the positive
and ncgative pulses shonld not ocenpy the same
time slot since they counld canse a large current to
flow from the positive to negative sources through
Q: and Q., and the pulses would cancel at the
ontpnt.

Spurious transients feeding throngh the collector
to the emitter can be greatly reduced by adding
diodes in parallel with the base resistors. The
diodes slnnt the reverse transient voltages to the
common terminal without aflecting normal oper-
ation, since these transients are back-biased with
respect to forward input voltages.

For cither of these applications, a circuit conldn’t
be built with diodes becanse a diode, forward-
biased for once polarity in one direction, is also
forward-biased for the opposite polarity in the
other direction.

Common-mode noise eliminator

Another useful scheme that exploits the high-
reverse impedance properties of the basic signal-
powered cirenit is shown on the next page. This
circuit solves the problem of coupling high-speed
fulse data with a large d-c component through a
transformer. One application is the rejection of
common-mode noise in a data collection system
using telephone lines for signal transmission.

For inputs V; consisting of bipolar data pulses,
positive and negative pulses are transmitted to the
output throngh separate and identical transformer
circuits. For unipolar data pulses, only one trans-
former circuit is needed.

The circuit separates the positive and negative
components of the input and produces them as
two separate positive pulse trains, Vo; and Vs,
referred to the common terminal. Output V, is
derived from the positive portion of the input and
Ve from the negative portion.

Since the positive and negative sections of the
circuit operate in the same way, operation will be
explained for one section, the positive section, com-
prising Q,, Ty, 121 and D.. The primary of trans-
former T, is fed by the basic signal-powered cirenit
in which the base resistor has been replaced by a
diode, D;.

The circuit alternates between two states—
transmission and recovery. During transmission,
Q; and . conduct when a positive pulse exceed-
ing about %2 volt is applied to the input. Assuming
a relatively low source impedance, the time con-
stant of the transformer is much longer than the
pulse duration and the pulse is therefore trans-
mitted with little droop. Resistor Ry, in the sec-
ondary circuit has a high value compared with the
impedance of Q; and D., when conducting, and
it can he ignored for the transmission mode.

When the input pulse disappears, the circuit
goes into the recovery state. Q; and D. are now
nonconducting so that the transformer time con-
stant depends on Ry, which is short enough to en-
able the transformer to recover completely between
successive pulses.
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negative pulses from
the d-c component of a
bidirectional pulse train.
The transistor and diode
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passing a pulse.

The back-voltage generated across the trans-
former terminals by the collapsing magnetic field
is prevented from entering the source by Q, and
from entering the load by D., which are now back-
biased during recovery.

The most important feature of this circuit is that
its transmission and recovery-time constants alter-
nate without the help of external sensing and con-
trol circuits.

Designing common-mode circuits

For negligible pulse droop, the inductance of the
transformer must be large compared with the im-
pedance of the transistor and diodes when they
are conducting. Droop, d, is the ratio of the de-
crease in amplitude between a square wave’s lead-
ing and trailing edges to the maximum amplitude
of the square wave.

The primary inductance L required for minimum
droop can be derived from the following equation,
which can be easily verified by realizing that L/R
is the circuit’s time constant:

Rty

Lgd

where
L is in henries,
t, = pulse duration in seconds,

,.Rl R2
Ri+ R,

R, is the total resistance in the primary circuit
of the transformer and R. is the total resistance
in the secondary circuit of the transformer referred
to the primary.

The equation shows that when Q, is conducting,
the time constant L/R must be much larger than
the pulse duration, t,.

When a voltage is impressed on a transformer
winding, the flux density in the core changes in
proportion to the voltage. The concept of an
imaginary magnetizing current i, is introduced to
account for the net flux, since not all of it is at-
tributable to winding currents. If E is the external
primary voltage, the magnetizing current follows
the familiar form,

dim
dt

The value of in at the end of pulse duration can be

and R = in ohms

E=-L
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found by integration. Because the saturated collec-
tor-emitter resistance and the primary winding
resistance are low, the voltage applied at the cir-
cuit’s input terminals V will be nearly eqnal to the
voltage E induced in the transformer. Therefore, if
in is initially zero, it will reach the following peak
value at the end of a pulse

. Et,
Im (peak) = T

The peak flux density generated by i, must not
exceed the peak flux density rating B,.. of the
core material used. This can be assured for a given
core material and pulse voltage if the number of
primary turns, N,, is chosen so that:

Et, R,
A anx ﬁl '-‘" R‘Z
where A — core area in square meters and B
is the flux density in volt-seconds per square meter.

In the circuit shown, E cannot exceed about one
volt because of the clipping effect due to the for-
ward voltage drop of D;.

To assure that the transformer always operates
on the linear portion of its B-H characteristics, the
magnetizing current i, must be reduced to near
zero between pulses. This is accomplished by de-
creasing the time constant I./R.

If the input voltage falls below the threshold
value required to forward bias the emitter-base
junction of Q,, the transistor goes into cutoff. The
rapidly collapsing flux in the transformer generates
a reverse voltage that back-biases D.. However,
when Q, and D: are nonconducting, it still may be
necessary to insure that the circuit is overdamped,
a condition in which the circuit cannot oscillate.
Damping factor k is given by

Ny =

1 -
k = ,p VL/O

where C is the capacitance of the transformer wind-
ing and circuit wiring in farads.

If the calenlated valie of k is less than 1, the
underdamped case, the circuit will oscillate. Resis-
tor Ry can be decreased in value to insure the
overdamped condition, k > 1. However, the value
of Ry, must still be large enough so that the re-
covery time constant is much shorter than the
interval between successive pulses.

Electronics | March 7, 1966



¥3704.16

FAIRCHILD LOW
POWER LOGIC
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LPDTyuL 9042 LPDTyL 9041
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FEATURES:

Low Powerdrain ......... ... ... ... ... ... less than 1TmW/gate (typ.) @ 50% duty cycle

less than 4mW/clocked flip-flop

Single power supply requirement . ..... .. ... 5V optimum, 4.5V to 5.5V range

Guaranteed noise immunity . ... ... .. ... 450mV min. at temperature extremes

Logic propagationdelays .............. ....60nsec. typical

Binary clockrate ... ... ... . ... ... .......25Mc

Full temperaturerange .. ............ ......—55°Cto+125°C

LPDTyL LOW POWER DIODE-TRANSISTOR MICROLOGIC™ CIRCUITS .

Fairchild LPDTuL integrated circuits offer high performance in the low milliwatt range. High
resistance values and small chip geometry hold down power consumption. The flip-flop
element operates either in the R-S or J-K mode. with maximum dissipation of 6mW at a
2Mc toggle rate. Gates provide fan-out capability of 10 LPDT.L low power logic unit loads,
or one standard Fairchild DT;L diode-transistor logic unit load. (Standard Fairchild DT,.L
logic circuits can be used to extend the fan-out capability still further). The circuits come in
Fairchild’'s Cerpak flat package, and can be used in satellites, battery-operated field equip-

ment, or other instruments where reliability and high per- (T T

formance must be achieved with limited power. Fairchild
LPDTulL low power integrated circuits are available in FA I Rc H I I—D
v =——2=—=x

evaluation quantities from distributors. For complete
information write to: SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation 8 313 Farwchild Drive, Mountain View, California (415) 962-5011 ® TWX: 910-379-6435
Micrologic is Fairchild's trademark for integrated circuits.
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JFD f Capacitors offer
with negligible loss of Q

Now JFD air variable capacitors offer circuit designers the advantages of
extremely high Q" and greater capacitance values in a rugged miniature size
unit. Offered in both a printed circuit (VAM 010W) and a panel mounting model
(VAM 010), the new units operate at far higher frequencies with negligible

L Ul’rra Sbei“fy loss of Q" in comparison to other types.
L Highes’r Q Internal air meshing shells are silver plated to provide good surface con-
& s ” s ductivity and to prevent corrosive effects. Three internal contact springs assure
ma 1ze positive electrical contact of rotor at all times. Leads on printed circuit model
° Rugged are tinned for ease in soldering.
Consfrucﬁon The high density insulator between stator and rotor has excellent electrical

properties and contributes to overall structural strength. Rubber gasketed
threaded end caps effectively seal the units against dirt entrance or atmos-
pheric contamination after tuning,

WRITE FOR JFD BULLETIN VAM-65
JFD 120-A

Components Division
JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219

Tel: 212 DE 1-1000
ELECTRONICS JFD NORTHEASTERN, Ruth Drive, P. 0. Box 228, Marlboro, Mass. 07152
JFD NEW YORK-NORTHERN, Damiano PI,, P. 0. Box 96, New Hartford, N. Y. 13503

JFD MID-ATLANTIC, P. O. Box 5055, Philadelphia, Pa. 19111

JFD MID-ATLANTIC-MARYLAND, P. O. Box 7676, Baltimore, Md. 21207
CORPORATION JFD MIDWESTERN, 6330 W. Hermione St., Chicago, Ill. 60646
JFD MIDWESTERN-OHIO, P. O. Box 8086, Cincinnati, Ohio 45208

JFD WESTERN, 9 Morian Place, Arcadia, California 91006
THE ¥ AMERICA KNOWS BEST! JFD ISRAEL LTD., Industrial Area B, Bldg. 23, Azor, Israel
JFD ELECTRONICS, EUROPE S A, 7 Rue de Rocroy. Paris, 10, France

Precision Piston Trimmer Capacitors s Metalized Inductors m LC Tuners s Ceramic Fixed and Variable Capacitors m Fixed and Variable Distributed and Lumped Constant Delay Lines

Visit JFD at IEEE Booth IE12
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TRANSFORMERS

RFI 8 ELECTRONIC
WAVE FILTERS

There’s only one way
to go...computerized .
filter and Q UU

transformer design

_j.-.".-:t" Here's the newest, shortest way to accuracy and
t top performance in filters and transformers: design
‘g by computers.

It's your fastest ‘route. Computer designs take minutes instead of hours.

No crossroads or by-passes, either. Computer design explores possible ap-
proaches, guides you straight to the best solution when you're in a hurry

el . . e _ -
And no detouring for trial-and-error prototype costs. Designs are “perform-

ance tested” before production starts. Genisco’'s computer method searches
RESISTORS &

through existing designs and singles out any that can be used.

Your filters and transformers arrive on time and at lower shipping cost NETWORKS
because Genisco plants are on the map in key market areas. Price quotations
are fast and accurate. There's never any guessing about costs with Genisco

computer design of filters and transformers.
Find out how this new design capability can put you on the right track. Write =

today for complete information.

( ;e . TECHNOLOGY
nmsco CORPORATION ‘ @

ELECTRONIC COMPONENTS DIVISION / GENISTRON DIVISION

LOS ANGELES CHICAGO WASHINGTON, D.C.
6320 West Arizona Circle 3223 Armitage Avenue 10774 Tucker Street
Los Angeles, Calif. 30045 Chicago. Ill., 60647 Beltsville. Md. 20705
Phone: (213) 776-1411  TWX: 213-670-4765 Phone: (312) 227-3130 TWX: 910-221:13%0 Phone: (301) 345.8900 TWX: 710-828-9712

SEE US AT BOOTH NO. 1G-30, 1ST FLOOR, IEEE SHOW, MARCH 21-24,
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PURSUIT OF PRECISION IN RF AND MICROWAVE ATTENUATION

A HIGH RESOLUTION SWEPT-FREQUENCY INSERTION LOSS MEASUREMENT
SYSTEM . . .WITH FIXED FREQUENCY MEASUREMENT ACCURACY

Now, in an adaptation of the widely accepted
¥ Dual Channel Insertion Loss Measurement
System, Weinsche! Engineering offers swept-
frequency measurement of insertion loss to
accuracies associated up to now only with
fixed frequency measurements. The new ¥
1850 system greatly speeds precise insertion
loss measurement of microwave component
characteristics over octave ranges.

For use in coaxial systems, the ¥ 1850 has
available 4 microwave heads for octave ranges
for use with an instrument package composed
of proven ¥ Dual Channel System Instru-
ments. Existing ® Dual Channel System
Instruments can be adapted for use in the
¥ 1850 Swept System. Use of the dual channel
arrangement with the selected and matched
RF components composing the microwave
head permits resolution of .02 db/cm for
small dynamic ranges and accuracies of .02
db for small insertion loss values. Insertion
loss variations are displayed on a graphic
recorder.

| e—m - —

Be sure to attend WEINSCHEL ENGINEERING MEASUREMENT CLINIC

For additional information or a demonstration
of the ¥ 1850 System contact your local
Weinschel sales engineer or Weinschel's
home office.

SPECIFICATIONS

IMPEDANCE: 50 ohms

FREQUENCY RANGE: 0.5—12.4 Gc (4 bands)
SIGNAL : 10097 square wave modulated at 1 ke
INSERTION LOSS RANGE: Up to 30 db

SYSTEM ACCURACY (includes resolution and
repeatability):
.02dbforvaluesto 1db
.03db for values to 10 db
.05dbforvaluesto20db
.07 dbfor valuesto 30 db

MAXIMUM DYNAMIC INSERTION LOSS
VARIATION: 6 db

RESOLUTION: to 0.02 db/em for small dy-
namic ranges

SENSITIVITY: Variable to 4 .005 db

B

STABILITY: >0.01 db/hr.

VSWR AT INSERTION POINT:

<1.05, 0.5— 4.0 Gc

<l.l, 4.0—-12.4 Gc
INSERTION POINT CONNECTORS: Type N
(other connectors available)

REQUIRED ACCESSORIES: Sweep Oscillator
and recorder

PRICE:

Model 1850E—Instrument Package (Includes
BA-1D, BA-5, MO-1C, MB-1, ND-2 Mod.,
ND-2Z, and interconnecting cables) $4,900.00

Model 1850-1

0.5—2 Gec Microwave Head $2,090.00

Model 1850-2

1.0—4 Gc¢ Microwave Head $2,090.00

Model 1850-3 ,

4.0—8 Gc Microwave Head $2,090.00

Model 1850-4

8.0—12.4 Gc Microwave Head $2,090.00
SV o P — ~ > e = — ]

Blue Room, Essex House Hotel, Central Park South, New York City, March 21-24, open Noon—7 P.M., papers prasented 2—4 P.M. Continuous equipment
demonstrations, including the important ¥ Model 1850 Swept Frequency Insertion Loss Measurement System. Also, see our equipment at the

IEEE Show, Booth M-14.
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DESIGNERS AND MANUFACTURERS OF PRECISION MICROWAVE EQUIPMENT

WEINSCHEL ENGINEERING

GAITHERSBURG, MARYLAND
TEL.: 301/948-3434
TWX: 301-926-3730

SANTA MONICA, CAL., 1318 Second St.
TEL.: 213/394-1154
TWX: 213-879-0490

Electronics | March 7, 1966
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DATA EQUIPMENT
COMPANY

REPRESENTATIVES

INSTRUMENT ASSOCIATES, INC.
(Maine, New H hire, M husett:
Connecticut, Rhode IsIand Yermont)
30 Park Ave., Arlington, Mass.

(617) 648-2922 TWX: (617) 648-0095
742 Asylum Ave., Hartford, Conn.
(203) 246-5686 TWX: (203) 278-1458

J. A. REAGAN

(Up State New York)

419 Central Ave., Albany,

(518) 436-9649 TWX: (710) 441 8224

GAWLER-KNOOP CO.

(Virginia, Maryland, Delaware, New Jersey, Dist. of
Columbia, E. Pennsylanvia, New York City Area)
1751 Rockville Pike, Rockville, Md.

(301) 427-3950

14 Beaufort Ave., Roseland, N. Jersey

(201) 226-4545

o P.0. Box 414, Richboro, Penna. 18954

(215) 925-7550

TECHNICAL ASSOCIATES, INC.

[ 3 (No. Carolina, So. Carolina, Tennessee,
Mississippi, Alabama, Georgia, Florida)
2319 E. South St., Orlando, Fla.
(305) 424-5681 TWX: (305) 841-3556
P.0. Box 1443, Huatsville, Ala.
(205) 881-8495 TWX: (205) 533-1279

S. STERLING CO.

(Michigan, W. Pennsylvania, Ohio, W. Virginia,
Kansas, Missouri, Kansas, So. Illinois)
21250 10, Mile Rd., Southfield, Mich.
(313) 357-3700 or 442-5656

TWX: (313) 357-4615

5827 Mayfield Rd., Cleveland, Ohio
(216) 442-8080 TWX: (216) 449-0697
3300 So. Dixie Dr., Dayton, Ohio

(513) 298-7573 TWX: (513) 944.0358
7849 N. Linbergh Blvd., Hazelwood, Mo.
(314) 837-1221

4232 Brownsvilte Rd., Pittsburgh, Pa.
(412) 884-5515 TWX: (412) 343-2844

IN X-Y PLOTTERS
IT'S THE

HOLDAIDO

(GRAPH PAPER, THAT IS)

THAT COUNTS

WIN

BARD ASSOCIATES, INC.

Paper hold-down is an impor-
tant element in your plotter. ..
graph paper, that is... not
stamps, business cards, etc.

Our new low-pressure vacuum
hold-down system was
designed with just this require-
ment in mind. No clog... no
dust or dirt problems . . . main-
tenance free operation. This
system holds your graph paper
effectively, and it will perform
efficiently at sea level or on
any mountain you pick.

There are varied approaches
to this problem; all good,
depending on what you want
to hold. We chose our low-pres-

sure system because it is the
most reliable, most economi-
cal method of securing stand-
ard graph paper. Your graphic
output is our business, and
we pay particular attention to
see that only the pen moves
on PLOTAMATIC plotters.
Check our complete line of
PLOTAMATIC* X-Y Plotters for
your applications ...81,"x 11"
and 11” x 17” models, to 16
d-c input, greater recording
periods and plotting rates, con-
tinuously variable time sweeps
and that new paper hold-down
system we've been talking
about. Write or call for imme-
diate information.

(No. Dakota, So. Dakota, Indiana, Minnesota,
Illinois, Kentucky, Wisconsin)

La Grange Industrial Park, La Grange, lllinois
(312) 354-0660 TWX: (312) 352-7782

6806 No. Farmieigh Dr., Indianapolis, Indiana
(317) 849-2723 TWX: (317) 571-8343

7700 Morgan Ave., Minneapolis, Minn.

(612) 866-1700

NOAKES ENGINEERING

(Oklahoma, Arkansas, Texas excluding
El Paso, Louisana)

2338 MacArthur Blvd., irving, Texas
(214) 255-0441

2128 W. Alabama, Houston, Texas
(713) 529-6213

D. E. BOND ASSOCIATES

(Colorado, EI Paso County in Texas,

New Mexico, Utah, Wyoming, Montana, Idaho)
5670 E. Evans Ave., Denver, Colorado 80222
(303) 756-1234

P.0. Box 1485, Las Cruces, New Mexico

(505) 524-0410

P.0. Box 11331, Albuquerque, New Mex. 87112
(505) 247-3442

MOXON ELECTRONICS CORP.
(California, Nevada, Arizona)

2311 Pontius Ave., Los Angeles, Calif.
(213) 272-9311 TWX: (910) 3426345

15 W. 41st Ave., San Mateo, Calif.
(415) 345-7961 TWX: (910) 374-2355

PLOTAMATIC Model 690

PLOTAMATIC Model 800A

PLOTAMATIC Model 850, with
exclusive Symbol Printer
DATA EQUIPMENT COMPANY
DIVISION OF BBN CORPORATION (DELAWARE)
2126 South Lyon Street, Santa Ana, California 92705
Tel: (714) 546-5300 TWX: 714 546-0437
SEE OUR NEW PLOTAMATICS ATLAS INSTRUMENT CORP., LTD.
IN ACTION AT (Canada)

IEEE BOOTH NO. 3K31 i

2054 Garnet St., San Diego, Calif.
(714) 274-6525

FRATHOM CO., INC.
(Export Agent—Ail Overseas)
202 E. 44th St., New York, N.Y.

(212) 687-9390
*T.M. DATA EQUIPMENT CO.
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PURSUIT OF PRECISION IN RF AND MICROWAVE ATTENUATION

A HIGH RESOLUTION SWEPT-FREQUENCY INSERTION LOSS MEASUREMENT
SYSTEM .. .\WITH FIXED FREQUENCY MEASUREMENT ACCURACY

Now, in an adaptation of the widely accepted
¥ Dual Channel Insertion Loss Measurement
System, Weinschel Engineering offers swept-
frequency measurement of insertion loss to
accuracies associated up to now only with
fixed frequency measurements. The new ¥
1850 system greatly speeds precise insertion
loss measurement of microwave component
characteristics over octave ranges.

For use in coaxial systems, the ¥ 1850 has
available 4 microwave heads for octave ranges
for use with an instrument package composed
of proven ¥ Dual Channel System Instru-
ments. Existing ® Dual Channel System
Instruments can be adapted for use in the
¥ 1850 Swept System. Use of the dual channel
arrangement with the selected and matched
RF components composing the microwave
head permits resolution of .02 db/em for
small dynamic ranges and accuracies of .02
db for small insertion loss values. Insertion
loss variations are displayed on a graphic
recorder.

-_—

Be sure to attend WEINSCHEL ENGINEERING MEASUREMENT CLINIC

For additional information or a demonstration
of the ¥ 1850 System contact your local
Weinschel sales engineer or Weinschel's
home office.

SPECIFICATIONS

IMPEDANCE: 50 ohms

FREQUENCY RANGE: 0.5—12.4 Gc (4 bands)
SIGNAL: 10095 square wave modulated at 1 kc
INSERTION LOSS RANGE: Up to 30 db

SYSTEM ACCURACY (includes resolution and
repeatability):
.02dbforvaluesto 1db

STABILITY: >0.01 db/hr.

VSWR AT INSERTION POINT:
<1.05, 0.5— 4.0 Ge
<l.1, 4.0-12.4 Gc

INSERTION POINT CONNECTORS: Type N
(other connectors available)

REQUIRED ACCESSORIES: Sweep Oscillator
and recorder

PRICE:

Model 1850E—Instrument Package (Includes
BA-1D, BA-5, MO-1C, MB-1, ND-2 Mod.,
ND-2Z, and interconnecting cables) $4,900.00

.03dbforvaluesto10db Model 1850-1
.05dbforvaluesto20db 0.5—2 Gc Microwave Head $2,090.00
.07 dbforvalues to30db Model 1850-2
MAXIMUM DYNAMIC INSERTION LOSS 1.0—4 Gec Microwave Head $2,090.00
VARIATION: 6 db Model 1850-3 .
RESOLUTION: to 0.02 db/cm for small dy- 4.0—8 Gc Microwave Head $2,090.00
namic ranges Model 1850-4
SENSITIVITY: Variable to +.005 db 8.0—12.4 Gc Microwave Head $2,090.00
———— B e bty et i e g & ]

Blue Room, Essex House Hotel, Central Park South, New York City, March 21-24, open Noon—7 P.M., papers presented 2—4 P.M. Continuous equipment

demonstrations, including the important ¥ Model 1850 Swept Frequency Insertion Loss Measurement System. Also, see our equipment at the
IEEE Show, Booth M-14.

L —— -

- —— T el sl—

e —— —

e .

DESIGNERS AND MANUFACTURERS OF PRECISION MICROWAVE EQUIPMENT

WEINSCHEL ENGINEERING

GAITHERSBURG, MARYLAND SANTA MONICA, CAL., 1318 Second St.
TEL.: 301/948-3434 TEL.: 213/394-1154
TWX: 301.926-3730 TWX: 213-879-0490
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DATA EQUIPMENT
COMPANY

REPRESENTATIVES

INSTRUMENT ASSOCIATES, INC.
(Maine, New Hampshire, Massachusetts,
Connecticut, Rhode Island, Vermont)
30 Park Ave., Arlington, Mass.

(617) 648-2922 TWX: (617) 648-0095
742 Asylum Ave., Hartford, Conn.

(203) 246-5686 TWX: (203) 278-1458

J. A. REAGAN
(Up State New York)

419 Central Ave., Albany,
(518) 436-9649 TWX: (710) 441 8224

GAWLER-KNOOP CO.
(Virginia, Maryland, Delaware, New Jersey, Dist. of
Columbia, E. Pennsylanvia, New York City Area)
e 1751 Rockville Pike, Rockville, Md.
(301) 427-3950
14 Beaufort Ave., Roseland, N. Jersey
P (201) 226-4545
® P.0. Box 414, Richboro, Penna. 18954
(215) 925-7550

TECHNICAL ASSOCIATES, INC.

® (No. Carolina, So. Carolina, Tennessee,
Mississippi, Alabama, Georgla, Florida)
2319 E. South St., Orlando, Fla.
(305) 424-5681 TWX: (305) 841-3556
P.0. Box 1443, Huntsville, Ala.
(205) 881-8495 TWX: (205) 533-1279

S. STERLING CO.

(Michigan, W. Pennsylvania, Ohio, W. Virginia,
Kansas, Missouri, Kansas, So. lllinois)
21250 10% Mile Rd., Southfield, Mich.
(313) 357-3700 or 442-5656

TWX: (313) 357-4615

5827 Mayfield Rd., Cleveland, Ohio
(216) 442-8080 TWX: (216) 449 0697
3300 So. Dixie Dr., Dayt

(513) 298-7573 TWX: (513) 944 0358
7849 N. Linbergh Blvd., Hazelwood, Mo.
(314) 837-1221

4232 Brownsville Rd., Pittsburgh, Pa.
(412) 884-5515 TWX: (412) 343-2844

IN X-Y PLOTTERS
IT'S THE

JOLIDAIDIOW N

(GRAPH PAPER, THAT IS)

THAT COUNTS

BARD ASSOCIATES, INC.

Paper hold-down is an impor-
tant element in your plotter...
graph paper, that is...not
stamps, business cards, etc.

Our new low-pressure vacuum
hold-down system was
designed with just this require-
ment in mind. No clog...no
dust or dirt problems . . . main-
tenance free operation. This
system holds your graph paper
effectively, and it will perform
efficiently at sea level or on
any mountain you pick.

There are varied approaches
to this problem; all good,
depending on what you want
to hold. We chose our low-pres-

sure system because it is the
most reliable, most economi-
cal method of securing stand-
ard graph paper. Your graphic
output is our business, and
we pay particular attention to
see that only the pen moves
on PLOTAMATIC plotters.
Check our complete line of
PLOTAMATIC* X-Y Plotters for
your applications...8,"x11”
and 11”7 x 17" models to 16
d-c input, greater recordmg
periods and plotting rates, con-
tinuously variable time sweeps
and that new paper hold-down
system we've been talking
about. Write or call for imme-
diate information.

(No. Dakota, So. Dakota, Indiana, Minnesota,
I1linois, Kentucky, Wisconsin)

La Grange Industrial Park, La Grange, lllinois
(312) 354-0660 TWX: (312) 352-7782

6806 No. Farmleigh Dr., Indianapolis, Indiana
(317) 849-2723 TWX: (317) 571-8343
7700 Morgan Ave., Minneapolis, Minn.
(612) 866-1700

NOAKES ENGINEERING

(Oklahoma, Arkansas, Texas excluding
El Paso, Louisana)

2338 MacArthur Blivd., lrving, Texas
(214) 255-0441

2128 W. Alabama, Houston, Texas
(713) 529-6213

D. E. BOND ASSOCIATES

(Colorado, EI Paso County in Texas,

New Mexico, Utah, Wyoming, Montana, Idaho)
5670 E. Evans Ave., Denver, Colorado 80222
(303) 756-1234

P.0. Box 1485, Las Cruces, New Mexico
(505) 524-0410

P.0. Box 11331, Albuguerque, New Mex. 87112

(505) 247-3442

MOXON ELECTRONICS CORP.
(California, Nevada, Arizona)

2311 Pontius Ave., Los Angeles, Calif.
(213) 272-9311 TWX: (910) 342-6345
15 W. 41st Ave., San Mateo, Calif.
(415) 345-7961 TWX (910) 374-2355

2054 Garnet St., San Diego, Calif.
(714) 274-6525

PLOTAMATIC Model 850, with
exclusive Symbol Printer
DATA EQUIPMENT COMPANY

DIVISION OF BBN CORPORATION (DELAWARE)
2126 South Lyon Street, Santa Ana, California 92705
Tel: (714) 546-5300  TWX: 714 546-0437

PLOTAMATIC Model 690 PLOTAMATIC Model 800A

FRATHOM CO., INC.

(Export Agent—All Overseas)
202 E. 44th St., New York, N.Y.
(212) 687-9390

SEE OUR NEW PLOTAMATICS A(‘:ILAS INSTRUMENT CORP., LTD.
(Canada)
IEEE";OA(;:TT:{OgOAg K31 50 Wingold Ave., Toronto, Ontario, Canada

*T.M. DATA EQUIPMENT CO. RUssell 1-6174
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Temperature stability of highly-reliable RCA
nuvistors minimizes frequency drift in

electronic equipments and permits operation
over wider temperature ranges. Change

125

ACTUAL SIZE

in transconductance per degree change
in shell temperature is approximately
4 micromho per degree C.

RCA nuvistors are exceptionally reliable in other ways, too:
RCA-7586 nuvistors have demonstrated life-test reliability
of 99.901 % per 1,000 hours to 30,000 hours of operation.

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

RCA DISTRICT OFFICES—OEM SALES: EAST, 2075 Millburn Ave.,
Maplewood, N.J. 07040, {201) 485-3900 « MID-ATLANTIC, 605 Marlton
Pike, Hoddanfield, N.J. 08034, [609) 428-4802 « MID-CENTRAL, 251}
East 46th St , Bldg. Q2, Atkinsan Square, Indianapolis, Ind. 46205,
{317) 546-4001 » CENTRAL, 446 East Howard Ave., Des Plaines, 11,
60018, (312) 827-0033 « WEST, 6363 Sunset Boulevard, Hollywood,
Calif. 90028, {213) 461-9171 « INTERNATIONAL OPERATIONS, RCA
International Division: Central and Terminal Aves., Clark, N.J, 07066,
{201) 382-1000 « 118 Ruo duv Rhone, Geneva, Switzerland, 3575 00.

RCA nuvistors are also available
through yourlocal RCA distributor.

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

The Most Trusted Name in Electronics
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Take a close look at coater claims before
you buy. Most companies advertise their
vacuum evaporators on the basis of
empty chamber pump-down curves. Sell-
ing out of an empty chamber strikes us
as a curious approach when it's the sys-
tem performance with work in the bell
jar that the user is interested in. Our
pump-down curves are deliberately con-
servative because we don't believe in
getting people all excited and then dis-
appointing them. Net pumping speed at
the base plate on this NRC 3114 coater is
20 percent higher than with any other
four-inch pumping system on the market.
The price is $2,995. Other features in this
compact (31” by 33%”) system include
. log and linear scaled NRC 720 gauge
control with an ionization gauge tube, two
thermocouple gauge tubes . .. raised base
plate with bell jar, nonmagnetic, guard
and gasket . . . circular chevron multi-
coolant baffle/cold trap combination. The
electrical control center and gauge con-
trol are mounted on a hinged panel which
may be lowered to provide complete
system accessibility from the front of
the unit. Many NRC standard compo-
nents, including a feedthrough ring, are
adaptable for greater flexibility.

The NRC 3114 general purpose coater for
microcircuit production and research was
introduced just six months ago. It is in
use today across the U.S. and Canada in
surface physics and solid state research
and electronics development and produc-
tion operations. Write for details or call
for a sales engineer today.
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Take a close look at coater claims

EVAPORATORS ¢ PUMPING STATIONS ¢« POWER SUPPLIES
FEEDTHROUGHS ¢ CRYSTAL PULLERS ¢ LEAK DETECTORS
ELECTRON BEAM HEAT SOURCES ¢ TUBULAR FURNACES

EQUIPMENT DIVISION
NATIONAL RESEARCH CORPORATION

A SUBSIDIARY OF NORTON COMPANY

160 Charlemont Street, Newton, Massachusetts 02161
Booth # 1823, 1825 IEEE Show
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Only the new RFL Model 100 AC
Voltage and Current Standards perform

separately or together for current, voltage
and power!

RFL’s remarkable new Model 100 solid state system sup-
plies sine wave emf from 1 MV to 1000 V at frequencies
from 50 Hz to 10 kHz and current from 1 MA to 50 A at
frequencies from 50 Hz to 3 kHz. Long term (one year)
accuracy, traceable to NBS, is better than .04% over most
ranges at full rated burden.

A special feature for reading the percent error of a meter
directly makes the Model 100 particularly suitable for rapid
calibration and standardization of precision AC meters and
digital voltmeters. Resolution is practically infinite. Other
uses include gyro navigation system calibration and com-
puter programming as well as resolver, capacitor, inductor,
amplifier, transformer and filter testing.

Automatic Operation—Set the dials for the desired output
and take your time . . . there’s no drifting. Output stays con-
stant until you dial another value. Long term (one year) sta-
bility is better than .01%.

Saves Time —Output frequency is set by 3 digital reading
dials and output emf or current by 5 dials; the decimal point
is automatically set by the range selector. The percent of
output deviation indicator saves you the time and trouble
of calculating full scale and downscale % error when you’re
checking meters.

Flexible Design—Get either the Voltage or Current Stan-

dard . . . add the other later. Each has its own power supply.
Add an accessory panel to either and both units can be
interconnected for AC wattmeter calibration at various
phase angles. Units fit standard 19-inch racks.

« » « and All This

¢ Safety interlocks protect both operator and equipment

being tested.

Thermally lagged built-in standard cell as reference check

for zener diode working source.

* Panel meter indicates burdens to 20 VA.

4-terminal sensing eliminates errors usually caused by

leads at high burdens.

Output frequency continuously variable over entire range.

* Standby switch allows circuits to “idle” . . . ready for in-
stant use.

* Optional 10-line code for digital print-out of dial setting.

* Calibration certificates traceable to NBS help maintain
long term history.

FREE TRIAL—Try the Model 100 system, or either unit,
under your own plant conditions without cost or obligation.
Call Jack Janicke at RFL (tel: 201-334-3100) for complete
specifications and information on in-plant trial. Or call the
nearest RFL representative listed below.

Radio Frequency Labs., Inc.

Boonton, New Jersey 07005 * U.S.A.

Designers and Manufacturers of Electronic Equipment since 1922.

For complete specifications, call these RFL represeriltatlvesa;ct:

Needham Helghts, Mass. Skansateles, New York Huntsvllle, Alabama Chicago, 1l1inois Dallas, Texas N. Hollywood, California
Cowperthwalt & Brodhead L-Tron Corporation Space Engineering Sales, Inc.  Hugh Marsland & Co., Inc. Scientific Sales Co. 0'Halloran Associates
817-444-9410 316-686-8172 206-837-6080 312-878-1100 214-5268-0553 213-877-0173

Washington, D.C.

Saddlebrook, New Jersey
ARCO Engineering Co.

L & M Associates

Claveiand, Ohio
Electro Sales Associates

Denver, Colorado

Seattle, Washingtor
Hytronic Measurements, Inc.

Dewar & Associates

Palo Alto, California
0'Halloran Associates

202-286-8735 201-343-3070 216-488-1140 303-733-3701 206-722-1724 415-969-9144 2
See us at IEEE Show, New York Coliseum, Booth #3800
Electronics | March 7, 1966 Circle 145 on reader service card 145



MYCALEX

establishes new
design horizons in

COMMUNICATIONS
NUCLEONICS
AEROSPACE
COMPUTERS

ELECTROMECHANICAL
DEVICES

ELECTRONICS
Myralex® glass-bonded mica

Supramica® ceramoplastics
Synthamica® synthetic mica

For almost half a century,'MYCALEX CORPORATION OF AMERICA has
pioneered in the development of materials with unique characteristics for the
sophisticated requirements of insulation technology. The combination of proper-
ties inherent in MYCALEX® GLASS-BONDED MICA, and in SUPRAMICA®
CERAMOPLASTICS has made possible production of components meeting the
requirements of reliability and complexity of present, and future design concepts.

MYCALEX products provide this combination of
characteristics:

Closely controlled insulation values equal to those
of other ceramic materials

Moldable or machinable to close dimensional
tolerances

Thermal expansion equivalent to that of many
metals, permitting molding with metallic inserts
without voids, cracks or shrinkage

146 Circle 146 on reader service card

Arc resistant, nontracking, non-combustible

Complete, permanent dimensional stability
throughout the entire temperature range

Impervious to moisture

High strength, and good impact resistance
Capable of withstanding temperatures from 700
deg. F.to 1500 deg. F., depending on grade.
Can be used for true hermetic seals, in a variety
of design situations.

A comprehensive 36 page catalog provides
complete technical and design information,
Write or call for your copy.

W
MYCALEX

CORPORATION OF AMERICA

World's largest manufacturer
of ceramoplastics, glass-bonded mica
and synthetic mica products

125 Clifton Boulevard, Clifton, N.J.
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PRECISE - PORTABLE - PRICED RIGHT

DIGITAL STRAIN INDICATOR-moDEL 120C

Easier to read, simpler to operate. Digital readout
eliminates interpolations from dials and meters.
Squarewave strain gage excitation to minimize cable
capacitance problems. Wide angle null balance meter.
Phase demodulator output jack for external dynamic
indicator or recording. Wide gage factor control of
1.50-4.50. Accepts gage resistance of 60-2,000 ohms.
Battery or AC operation. Durable Formica case.
Weighs only 18 lb.

PRECISION CALIBRATOR-mopEL 825

Provides a multiplicity of highly accurate and stable
MV/V or millivolt settings. Used to calibrate strain
gages, strain gage transducers, or millivolt instruments.
Highly stable circuitry and resistance components
provide 55 precision MV/V output signals in five
ranges of 11 points each. Available in three different
models to supply resistance of 60, 120, 240, and
350 ohms. Durable Formica case. Weighs only 334 1b.
for ease of portability.

10-CHANNEL
SWITCHING UNIT-mobeL 220

For use where a series of strain gages must be switched
into a single strain indicator and measurements taken
from individual gages during a limited period of time.
Up to 10 active and compensating gage pairs may be
used, or one dummy gage can serve as compensation
for the entire group. Particularly suitable where initial
balancing is not required. Also suited for switching
low-level signals from devices such as thermocouples.
Durable Formica case. Weighs only 6 Ib.

SWITCHING AND
BALANCING UNIT-mopeL 225

Designed for switching gages or gage configurations
into the BLH Strain Indicator or other strain-
measuring instruments requiring full or half-bridge
inputs. Provides for initially balancing each bridge to
zero and quickly switching active and compensating
gages into the instrument. Durable Formica case.
Weighs only 12 1b.

For complete information write BLH ELECTRONICS or contact your nearest
BLH Sales Engineering Representative. BLH ELECTRONICS, a division of Baldwin-
Lima-Hamilton, Waltham, Mass. Plants in Waltham, Mass., Pasadena, Calif.,

and Darmstadt, West Germany.

BALDWIN -LIMA-HAMILTON

A subsidiary of Armour and Company

Strain GageseTemperature SensorssLoad Cellse Pressure Cellse Torque Pickupse Recorderseinstrumentatione/ntegrated Systemns ELECTRnN“:s

Electronics | March 7, 1966
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The Beckman Type K Dynograph® Recorder is a completely
portable, two-channel, direct-writing oscillograph that incor-
porates every major feature of its larger counterparts without
sacrificing accuracy, quality, or dependability...and the
standard ink curvilinear version costs only $1,295. It is
simple to operate and maintain, and is ideally suited for
applications in research and development laboratories,
production and field tests, or servicing and maintenance.
All silicon solid-state, the extremely sensitive Type K
provides ink or heat rectilinear, or ink curvilinear recording
media; two analog plus two event channels; large capacity
common ink reservoir, with push-button pen primers; simple
paper loading; and chart speeds up to 100mm per second.
As for specifications, check these. Sensitivity range:
2mv/div to 10v/div; measurement range: 0.002 to 400v;

148 Circle 148 on reader service card

linearity: 0.5%; common mode rejection: 1000 to 1 or
better.

Your local Offner Division Sales Engineering Represen-
tative has the full story on this lightweight, rugged, highly
sensitive Type K Dynograph Two-Channel Portable
Recorder. Contact him for details, or write direct.

|ST=Ye 11 1ad INSTRUMENTS, INC.

OFFNER DIVISION
SCHILLER PARK, HLINOIS 60176

INTERNATIONAL SUBSIDIARIESt GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYO;
PARIS; CAPETOWN; LONDON

Circle 149 on reader service card—>
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ENVIRONMENTAL PROOF
is what we call it . . .

¢Stackpole Rotary Switches
Specially Designed to Guard Against
EXPOSURE—CONTACT CONTAMINATION—PRODUCTION DAMAGE

COMPETITIVELY PRICED — This com- SAMPLES IN 3 DAYS—to your exact ORDERS IN 2 TO 3 WEEKS—On-time
pletely enclosed, rugged switch costs specifications. Send your drawing and  delivery of uniform, high quality produc-

no more than the open clip type. prove it to yourself. tion quantities to meet your schedule.
SEND YOUR DRAWING FOR A QUOTATION AND SAMPLE. Take advantage of

Stackpole quality, price and service. For additional <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>