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Integrated circuit using load-compensated transistor-diode logic,



COUNT)
TiME

PrTPH

*Binary Coded Decimal

The 1150-A Digital Frequency Meter uses ring counting circuits.
The advantages are many. The ring counter can readily be made into a decade device
without need of fussy feedback circuits and complex decoding matrices. Furthermore,
the ring counter is capable of driving readout devices directly; additional stages

of amplification are not needed and circuit voltages are not critical.

Summing it up, the G-R 1150-A Digital Frequency Meter is straightforward and reliable.

You get dependability, in-line Numerik® readout, and a crystal-controlled time base in this low-cost counter.

CONDENSED SPECIFICATIONS ® All solid-state construction.
Frequency Range: 10 cps to 20 ke ® Totalizes events or measures frequency to 220 kc.
Accuracy: = 1 count = time-base stability
Ti{};e;;g;sgia'giﬁﬁ;"a' icke:enystatioscillatar Wit @ Oven-controlled 100-kc crystal oscillator with Y2 ppm stability.
Provision for external 100-kc time base Temperature stability better than 5§ ppm over an ambient range
Sensitivity: Better than 1 volt, peak-to-peak. ! of 0° to 50°C

For pulses, duty ratio should be between
0.2 and 0.8. Input impedance is 0.5 MQ shunted

by less than 100 pf. : o New, brilliant, always in focus, NUMERIK® in-line indicator 120°
Gate Times: 0.1, 1, and 10 seconds. Also manual ) : . . .
start/stop. viewing angle . . . 5000-hour lamp life in counting service.

Reset: Automatic or manual

Displa¥ Time: Adjustable from 0.1 to 5 seconds,
or infinite.

Self Check: Has provision for counting own 100-kc
frequency.

Small Size: Only 3%" x 19” x 10”
Price: $915 in U.S.A.

® Build NUMERIK® indicators into your equipment.
One-third the volume and uses one-half the power of
comparable units. Prices start at $32.20. Quantity discounts
available. Write for complete information.

Write for 1150-A Counter Bulletin

GENERAL RAD'O COMPANY WEST CONCORD, MASSACHUSETTS

SEE THIS INSTRUMENT AT THE IEEE SHOW — Booths 3207-3208

Also on display for the first time — a Sweep Generator with standard-signal generator features . . . another low-cost Counter with
Numerik® in-line indicators...an accurate, peak-responding Voltmeter that's easy to use...precision Invar Capacitor Standard...200va
Power Oscillator and Amplifier. .. Microphone Calibrator based on reciprocity techniques .. .8-ampere Variac® autotransformer...new
precision vhf-uhf Coaxial Connectors . .. Optical Pickoff and Flash Delay for locking electronic stroboscopes to non-cyclic motion.
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A McGraw-Hill Weekly 75 Cents

IEEE PRESIDENT Talks Candidly. We asked Dr. Ernst Weber
to outline problems facing the IEEE. The biggest problem: the
split in AIEE and IRE views

PLANAR TRANSISTORS. More of these popular types will
bow at the show. In one, a plastic header slashes costs

IEEE AWARD WINNERS—What They’re Like. The careers of
nine winners of top awards are profiled. Did you know, for
example, that one winner’s study of water troughs helped de-
velop waveguides in the 1930's?

PREVIEW OF EXHIBITS. Instruments Extend Operating
Ranges. New instruments at the show continue the trend to-
ward greater utility, higher accuracy and bolder display. De-
sign improvements make for easier operation, faster measure-
ments

TUBES PACK MORE PUNCH. Tube designers are cutting size
and weight while adding to frequency range and power. Mar-
riage of klystron and traveling-wave-tube techniques is one new
concept

MICROCIRCUITS Graduate Into Hardware. Integrated circuits
and thin-film devices pace development of off-the-shelf equip-
ment lines. This section of our preview of IEEE Show exhibits
also surveys new equipment built with more conventional cir-
cuits

FIRST IEEE CONVENTION: Engineering Preview. Again this
yvear our staff has combed the 54 technical sessions to select
newsworthy papers. Our efforts combined with those of our
McGraw-Hill News Bureaus and the cooperation of the authors
makes this preview possible. High on the list are electron de-
vices—both tubes and semiconductors—medical electronics and
antennas

HIGH-SPEED INTEGRATED CIRCUITS With Load-Compen-
sated Diode-Transistor Logic. These integrated circuits are
constructed within and upon a single sliver of silicon. The
article gives details on fabrication and the advantages of a new
kind of logic circuit—LCDT. This may be one of the most in-
formative articles ever published on integrated circuits.

By B. T. Murphy, Siliconix

INTEGRATED CIRCUIT using load-compensated
diode-transistor logic (LCDT) by Siliconix. This
modified version of DTL circuit uses a clamping
diode. It overcomes some speed and power dissipa-
tion problems of other logic circuits. Our cover was
reproduced in natural color from actual diffusion
mask negatives. See p 68 COVER
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INCREASING DIGITAL TRANSMISSION RATES With a
Unique Synchronization Method. Synchronization of transmitter
and receiver is a major problem in radio digital data transmis-
sion. Systems usually sync on the leading or trailing edge of
pulses. This system syncs on the middle. Trick is to insert three
extra bits centered on the sync pulse.

By K. Roedl and R. Stoner, General Dynamics/Electronics

MEASURING EQUIPMENT PERFORMANCE: New Method
Uses Common Instruments. Technique permits precise meas-
urements and immediate display; requires only a generator,
attenuator and oscilloscope. Both positive and negative gain can
be displayed. By J. L. Haynes, Consulting Engineer

SEMIPERMANENT MEMORY: Latest Use for Twistors. The
twistor is a copper wire on which is wound a helix of square-loop
magnetic material. This 7,680-bit memory functions by auto-
matically resetting bits to their original state after each read
pulse. Holes punched in removable copper sheet inhibit writing
in bit locations desired.

By K. E. Krylow, J. T. Perry, Jr., and W, A. Reimer,
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REALISTIC SONAR TRAINER Generates Ships Wakes. Wakes
of ships can lead sonar operators to the ship that produced it
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IEEE SPECIAL

Program for IEEL

THE International IEEE Convention and Show
opening in New York March 25 is a highpoint of
the year for the electronics industry. This meet-
ing will be unsurpassed in sheer magnitude by
any technical event anywhere in the world dur-
ing 1963. An estimated 75,000 engineers will
view more than 850 exhibits and listen to over
250 technical papers.

Four days of buying and selling products ex-
hibited at the Show will administer a shot in the
arm to the electronics industry. And this is
good. But the Convention came before the Show.
It was the technical papers presented before the
two merged groups forming the Institute that
attracted engineers in the first place. And it is
around this essential technical core that all this
highly beneficial economic activity revolves.

Now, this year’s announced technical program
is disappointing. There are few new revelations
and few papers to arouse any real controversy.
It cannot be blamed on the program committee
because we understand that almost every paper
submitted was accepted for presentation. There
were just not enough papers submitted so that
the committee could be sufficiently selective.

Many engineers have observed, and indeed
some IEEE officers admit, that many specialized
conferences siphon off the best papers report-
ing new developments and discoveries in our
field. These specialized conferences will con-
tinue, and for the good of the industry the Inter-
national Convention must also continue. This
dilemma leaves us with the problem of how to
build and sustain an interesting and significant
technical program in the face of heavy and in-
creasing competition from specialized confer-
ences.

Here are a few suggestions:

e Let’s face up to the fact that new develop-
ments cannot always wait until the last week of
March for disclosure. Let’s have them, by all
means, but let’s stress panel discussions by re-
nowned engineers treating important and contro-
versial topics of the industry as well as invited
papers by specialists summarizing work done in

electronics ¢ March 15, 1963

CROSSTALK

a particular field during the past year

e Let’s get away from the professional-group
system of organizing the Convention, wherein a
group with little new to say gets equal time with
one whose activities can barely be scratched in
the time allotted. A paper should stand on its
own merits, not on its sponsorship

® Let’s put an end to the three-ring and four-
ring circus aspect of the convention that often
makes it impossible for an engineer to be every-
where he wants to be. The answer: fewer pa-
pers, but better papers, of broader interest.

The proper function of the International IEEE
Convention as we see it is to cross-fertilize this
vast field of electrical-electronics engineering—
to be a place where the antenna specialist can
learn about new developments in transistor cir-
cuits and conversely, or where the computer de-
signer can get up to date on lasers.

A smaller but more selective program of stim-
ulating panel discussions and comprehensive tu-
torial papers as well as important new develop-
ments would be truly worthy of the world’s
largest engineering society.

SEE US AT THE SHOW. While you are at the
IEEE Show, why not stop in at our booth too?

Comments, criticism, suggestions on articles you
would like to see us publish, articles you’d like to
author, news tips, chit-chat, or just a friendly hello
—we’ll welcome..them all.

ELECTRONICS’ booth is 4314-4316, on the fourth
floor right near the elevators. There will be an
editor at the booth each day from 9:45 a.m. to 8 p.m.
(if you want to see a particular editor just leave a
message).

McGraw-Hill Book Company will be at booth 4331.
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SECRET
OF 100,000

DIGITAL
LOGIC

COMBINATIONS /
'REVEALED!

NO BLACK MAGIC HERE!
just simple combinational (or is it per-
mutational?) mathematics.

65 different HARMAN-KARDON Logic
Modules...19 different HARMAN-KARDON
Flexi-Cards...mix and combine to pro-
vide 100,000 functional card combi-
nations, delivered immediately and
economically, assembled to your re-
quirements. 250kc, 125°C, 5/10mc.

FREE!

Send for complete
64-page DIGITAL
LOGIC catalog with
sections on theory
and application
and a Boolean
algebra guide,

mmmmemmemecseeace -
Data Systems Division, Desk E-3 H
HARMAN-KARDON, INC.

55 Ames Court, Plainview, L.1, N.Y,

Please send complete details
on Digital Logic.

Name
Company
Address

¢ City. State

&

Asubsidiary of THE JERROLD CORPORATION
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COMMENT

Millimeter Waves

I should like to extend my con-
gratulations and appreciation to
ELECTRONICS for the excellent cov-
erage of the Orlando IRE Milli-
meter Wave Conference appearing
in your Jan. 18 issue (p 24).

In my opinion, and that of many
others in the industry, you contrib-
ute substantially to the state of the
art by such perceptive efforts.

JACK G. BUTLER
Butler Roberts Associates, Inc.
New York, New York

Recruiting Students

A feature called Who’s Minding
the Stockroom? (p 3, Nov. 2), was
recently called to my attention. It
asked what might be done to coun-
teract the alarming decline in the
number of young people entering
the engineering profession.

At the University of Pittsburgh,
we have begun an active campaign
to recruit high-school students to
engineering careers. As part of
this campaign, we wrote a nine-
week series of radio shows based
upon the United States space pro-
gram. We distributed these scripts
to high schools in half a dozen east-
ern states.

DAVID MARTIN
Public Relations Division
University of Pittsburgh
Pittsburgh, Pennsylvania

Dictionaries and Usage

Mr. Julian Loebenstein’s letter
(p 4, Dec. 28, 1962) about the use
of the word “obsolete” as a verb,
and the editorial reply, bring out a
very interesting point that most
people overlook.

Because a dictionary says that a
word “means” thus and so, it does
not mean that this is the “correct”
definition or use of the word, but
merely the prevalent one. We forget
that a good dictionary is not a de-
finer of words, but a reporter of
usage. Every good dictionary will
make a point of saying that quite
strongly. It merely reports that this

is how the word is being used; it
does not say that this is how the
word should be used.

Indeed, any usage of a word is
correct, if it is made clear that the
word is being used in a special or
obscure sense, if such is the case.
We tend to forget that very often
words are used just that way, or we
assume that, because we know that
our usage is special, everyone else
will know it too.

In this sense, H. L. Mencken’s
statement that Dr. Samuel Johnson
was the worst thing that ever hap-
pened to the English language, is
quite correct. Johnson set himself
up as an authority, and said, not
that this is how words are used,
nor even that this is how they
should be used, but that this is how
they must be used. A language, in
order to express any subtlety what-
ever, must be allowed to evolve with
the society using it. Johnson tried
to prevent that change. In so do-
ing he almost obsoleted (!) the
language, like a lexicographer
shouldn’t.

Kim A. BORISKIN
Burlington, Vermont

New Color TV System

The article on Harries’ new color
television system (p 33, Dec. 14,
1962) is quite interesting, but
doesn’t the 50 and 100-Kv rating
for the crt place it in the X-ray
class? I believe RCA warns of
X-radiation at 25 Kv. Will shield-
ing be necessary for these tubes?

A. R. ROGERS
Dunbar, West Virginia

Author Harries

The picture tubes are not used
at 100 Kv, and having regard to the
current and much lower voltage at
which they are used, the X-radia-
tion is adequately shielded by the
electrode materials in the tube and
by the metal plates of the chassis.
We went into this very thoroughly
in the early stages with the Na-
tional Physical Laboratory’s X-Ray
Protection Division in London, and
this result has been confirmed by
later tests.

J. H. OWEN HARRIES
Harries Electronics Corp., Ltd.
Devonshire, Bermuda
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You pay no more

VISIT
LAMBDA
AT

IEEE SHOW

BOOTHS 2318 — 2320

for Lambda environment-engineered LE power supplies

COMPLETELY
PROTECTED

against—short circuit and
electrical overload; input line
voltage transients; excessive
ambient temperatures. No
voltage spikes due to''turn-on,
turn-off"" or power failure.

WIDE INPUT
RANGE

Wide input voltage
and frequency range
—105-135 VAC,

45-66 CPS and
320-480 CPS in two
bands selected

by switch,

CONSTANT VOLTAGE
CONSTANT CURRENT

by automatic switchover.

CONVECTION COOLED

No blowers or filters; maintenance free.

6 MODELS
AVAILABLE

" REMOTELY PROGRAMMABLE AND
CONTINUOUSLY VARIABLE

Voltage continuously variable over entire range.
Programmable over voltage and current range.

OTH ER F&AT RES

o All sohd siafe. \ _

e Adjustable automatic current limiting. ‘

e 0°Co | 50°C ambiem. ' \

e Grey ripple Fmsh . o

* Ruggedized voktmeters and ammeters
per MIL-M-10304B on metered mod

LE SERIES CONDENSED TENTATIVE DATA

DC OUTPUT (VOLTAGE REGULATED FOR LINE AND LOAD)®

Model Voltage Range Current Range Price(2)
LE101 0-36 VDC 0- 5Amp $420
LE102 0-36 VDC 0-10 Amp 525
LE103 0-36 VDC 0-15 Amp 595
LE104 0-36 VDC 0-25 Amp 775
LE105 0-18 VDC 0- 8 Amp 425
LE109 0- 9VDC 0-10 Amp 430

Q) Current rating applies over entire voltage range.

(2) Prices are for nonmetered models. For models with ruggedized MIL
meters add suffix “M” to model number and add $40 to the non-
metered price. For metered models and front panel control add suffix
“FM” and add $50 to the nonmetered price.

REGULATED VOLTAGE:

Regulation
(line and load)...... Less than .05 per cent or 8 millivolts
(whichever is greater). For input
variations from 105-135 VAC and for
load variations from 0 to full load.
Transient Response
{line) :..isis Output voltage is constant within
regulation specifications for any 15
volt line voltage change within 105-
135 VAC.

(load) .oisss Output voltage is constant within 25
MYV for load change from 0 to full
load or full load to 0 within 50 micro-
seconds of application.

.50 ohms/volt constant over entire
voltage range.

Remote Programming ...

Ripple and Noise ........ Less than 0.5 millivolt rms.

Temperature Coefficient ..Less than 0.015%/°C.

105-135 VAC; 45-66 CPS and 320-480
CPS in two bands selected by switch.

OVERLOAD PROTECTION:

AC INPUT:

Thermal ............. Thermostat, reset by power switch,
thermal overload indicator light front
panel.

Electrical: )
External Overload
Protection ........ Adjustable, automatic electronic cur-

rent limiting.

METERS: i .. isivsssmsamins Ruggedized voltmeter and ammeter
to Mil-M-10304B specifications on
metered models.

PHYSICAL DATA:

Mounting «.sssvesscss Standard 19” rack mounting.
S12e weamaiie LE101,LE105,LE109 3%"Hx19"W=x16” D
EET02 .. .cassmnsnas 54"Hx19"Wx 16" D
LE.J03 ..o v s 7" Hx19"Wx16%"D
LE 104 . iwowwsiowssss 102" Hx 19" W x 162" D

SEND FOR LAMBDA CATALOG.

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

A LAMBDA coccrronics conr

SALES OFFICES AND REPRESENTATIVES CONVENIENTLY LOCATED IN MAJOR CITIES
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Maximum Input:

New hp portable AC Voltmeter

100 pv to 300 v - 5 cps to 2 MC

2% accuracy is yours over a major portion of the frequency
range with this new battery-operated hp 403B AC Voltmeter.
Carry it anywhere and quickly make direct measurements
from 100 microvolts to 300 volts, 5 cps to 2 mc.

Battery charge, easily checked with a front-panel switch, is
automatically restored while you use the 403B on your
bench or from your ac line.

The instrument itself always operates from its battery supply,

Range: 0.001 to 300 v rms full scale, 12 ranges

Frequency: 5 cpsto2 mc

0°C to 4+-50°C 0°C to —20°C

Accuracy: Frequency Temperature
1 mc
10 cps to +2%
51to 10 cps
1to2 mc* +5%

*+10% on 300 v range

Nominal Input 2 meg-40 pf, 0.001-0.03 v ranges; 20 pf,
Impedance: 0.1-3 v ranges; 15 pf, 10-300 v range

600 v peak, 0.3-300 v ranges; 25 v rms,
600 v peak, 0.001-0.1 v range

Power: 4 rechargeable batteries (furnished)
40-hr operation per recharge, up to 500
recharging cycles. Self-contained
recharging circuit functions when
instrument is operated from ac line

Size: 518” wide, 6-3/32” high, 8” deep

Pfice: @ 403B, $310.00

CIRCLE 6 ON READER SERVICE CARD

and the battery operation permits complete isolation of the 403B
from power line and external grounds—eliminating
hum and ground loops. Signal ground may be
+500 v dc from external chassis. The meter
responds to the average value of the input, is
calibrated in the rms value of a sine wave. The
solid state, compact 403B weights only 6% Ibs.
Call your Hewlett-Packard representative or write

direct for a demonstration on your bench.

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

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000
Sales and service representatives in all principal areas
Europe, Hewlett-Packard S. A., 54 Route des Acacias, Geneva;
Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal
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New GaAs Diode Is
Promising Light Switch

ELECTROLUMINESCENT gal-
lium-arsenide diodes with negative-
resistance characteristics have been
fabricated by IBM scientists. Diode
I-V characteristics exhibit a nega-
tive resistance at a forward bias
of 3 to 5 volts. There is also a non-
linear increase in light intensity
that indicates such diodes could
make highly efficient light switches.

Diodes are prepared by diffusing
manganese and then zinc into n-type
gallium arsenide. Because manga-
nese is a deep level acceptor, there
is a freeze-out of holes on the man-
ganese centers at liquid nitrogen
temperatures. This produces a rela-
tively wide high-resistance region
(1 mil, several thousand ohms) on
the p side of the junction that is
responsible for the negative resist-
ance.

Below the critical voltage of 3 to
5 v, current is a few milliamperes.
Current then jumps through the
negative resistance region to typi-
cally more than 10 times its pre-
breakdown value, depending on load
resistance. Scientists feel it might
be possible to switch on the order
of 1 amp. For a current change by
a factor of seven, intensity of the
manganese and zinc lines have been
observed to change by a factor of
10 and 100, respectively. This con-
trasts with ordinary electrolumi-
nescent diodes where light inten-
sity is roughly linear with current.

The emitted light is incoherent.
Possibility of laser action exists
but IBM scientists had no comment.
Work will be described by K.
Weiser, R. S. Levitt, and W. P.
Dumke, of IBM Watson Research
Center, at the American Physical
. Society meeting in St. Louis, March
25 to 28.

Temperature-Tunability
Features Diode Lasers

BOSTON—Tunability is one of most
important features of junction-
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diode laser, says Ali Javan, of MIT.
Tunability is a corollary of fact
that frequency of oscillation is a
function of the diode’s temperature,
and the temperature can be varied.
Although Javan did not spell out
applications, frequency diversity is
an obvious advantage in military
uses.

In Boston, IEEE lecture on quan-
tum electronics, Javan said another
advantage of semiconductor laser,
extremely high power efficiency,
makes it important for space ap-
plications. It is known that MIT
Lincoln Laboratory is exploring
possibilities of junction-diode laser
radar as a lunar landing aid.

Russians Considering
French Color-Tv System

PARIS—Russia, Poland and Czecho-
slovakia plan to take a serious look
at the French “Secam” color tv sys-
tem (p 57, May 6, 1960), reports
Compagnie Francaise de Television,
which developed the system. Tests
are already underway in six west-
ern European countries. At stake
is selection of a standard for the
Continent and England, and prob-
ably the Iron Curtain countries as
well.

For western Europe, the decision
should come in July, when the Eu-
ropean Radio Broadcasting Union
releases its comparative study of
the two systems still in the running
—Secam and the American NTSC

electronics NEWSLETTER

system. Both are compatible for
black-and-white. They differ prin-
cipally in the way the color signals
are handled.

Dyna-Soar Project
Future Looks Dimmer

IN THE OPINION of some Washing-
ton officials, Defense Secretary Mc-
Namara’s mind was already made
up to scrap the X-20 Dyna-Soar
program before he left Washington
Wednesday to visit prime contrac-
tor Boeing in Seattle. Stated pur-
pose of the trip is to study the
feasibility of continuing USAF’s
manned space project (p 8, March
1). Cancellation of the project
would fall in line with McNamara’s
stalemate strategy that he outlined
to Congress (p 7, Feb. 8).

Deep-Space Tracker
Set for Canberra

MELBOURNE, AUSTRALIA—Canberra
has been chosen as site of main
Australian tracking station for
U. S. space shots. Decision follows
visit last year of NASA team. Sta-
tion will be for deep tracking and
will be integrated into existing net-
work of stations at Johannesburg,
South Africa, Woomera and Los
Angeles.

Main equipment will be parabolic

IEEE Hard Put to Break IRE’s Records

IEEE HAS BOOKED some 860 manufacturers’ exhibits into a total of
1,256 booths at the Coliseum for the show March 25 through 28.
This is just about the same number of exhibits that were packed
into the last IRE show in New York. The reason: while IEEE is
far bigger than IRE was, the Coliseum is still the same size.
IEEE, however, predicting an attendance of 75,000 at the Show

and Convention.

That would set a new record. Last year, the

IRE predicted 70,000 and drew about 73,500




antenna 85 feet in diameter, an-
tenna control systems and equip-
ment for transmission reception
and processing of radio signals to
and from spacecraft.

Single-Chip Gate
Has 5-nsec Delay

NEW YORK—Single-chip integrated
circuits using a modified transistor-
transistor logic were introduced
here Wednesday by Sylvania’s Semi-
conductor division. The silicon-
based epitaxial planar structures
include a dual NAND gate, a NAND-OR
block and two flip-flops. These cir-
cuits simultaneously attain a min-
imum noise rejection of 0.7 v at 125
C, a typiecal fan-out of 25 without a
buffer amplifier, propagation delay
of 11 nsec and dissipate 12 mw per
stage. The dual NAND includes two
3-input gates that can be cross cou-
pled to give a 20-Mc set-reset flip-
flop. Individual gates have been ob-
served to have propagation delays
of 5 nsec and dissipate 7 mw per
stage.

Boston Begins Forming
Regional Space Firm

BOSTON—Baystate Science Founda-
tion, a non-profit corporation, has
been formed in Boston as the initial
step in marshalling resources of
New England area for bidding on
major space contracts (p 7, Oct. 5,
and p 24, Nov. 2, 1962). If pledges
of capital are sufficient, Advanced
Technology Inc., a profit-making op-
erating company wholly owned by
the Foundation, will be formed. The
planning committee says that at no
time would firm intrude into the
hardware province of industry.

Soviet Plants Increase
Tv Production

VIENNA—TvVv assembly plants of
500,000 units annual capacity will
be established soon in the USSR,
Tass reported last week.

The plant will produce standard
types of tv sets, using automation

and mechanization. This move is to
boost Soviet tv production far above
the 2 million in 1962.

An end will come to Soviet pro-
duction of ‘“a great number of tv
sets,” Tass said. Basic model hav-
ing a 13.6-inch screen is up for ap-
proval soon; unified types of 18.3
and 23-inch screens will be pre-
sented at the end of 1963.

Electronics Spending
Up in British Budget
LONDON—Britain’s 1963-64 defense

budget shows increased communi-
cations and electronics expendi-

_ tures for the Army and Navy. RAF

radio and radar purchases are down
by $3 million, reflecting the Sky-
bolt-Polaris switch.

Army plans to spend $19 million
on signal and radar equipment, a
35-percent rise. Majority of in-
crease will be used to integrate its
communication network between
the headquarters and man-pack set
levels. Computer techniques will be
used in communications.

New weapons coming into Navy
service include the SS11 wire-
guided missile, Bullpup and Side-
winder missiles.

The Investment Business
—How Big Is Small?

ELECTRONICS CAPITAL CORP., a small
business investment company,
played a major role in three recent
transactions.

Remanco, Inc. and Micro-Radion-
ics announced plans for merger.
ECC said both firms are its clients
and that it will have a total invest-
ment of $1,750,000 in the combined

firm. This represents an equity of

66.3 percent, ECC said.

Merger of Dynair Electronics,
Inc. into Communications Control
Corp. was announced by ECC,
which will have a 25-percent inter-
est in the surviving firm.

Gulton Industries bought $1,015,-
000 of debentures and notes of
Electronic Energy Conversion
Corp. from ECC. The debentures
are convertible into 80 percent of
the outstanding stock of Electronic
Energy.

In Brief . . .

WEST GERMAN Post Office is buying
a transportable space communica-
tions station frora ITT that will
have dual transmitters, one for
working with Relay and the other
for Telstar.

SPACE FLIGHT operations center
costing $12 to $15 million is
planned by Jet Propulsion Lab-
oratory. It will guide unmanned
lunar and planetary probes after
launch.

MINIATURE SONOBUOYS will be pro-
duced for Navy by Hazeltine
Corp.

HIGH-PRESSURE, modular inflation
system is being tested for Echo
112

IRC SAYS it will deliver pre-produc-
tion samples of hybrid circuits
this year.

JAPAN MAY IMPOSE quota on battery
exports. Rule could go into effect
April 1.

HUNGARY has built a semiconductor
plant.

KAISER will build $25 million NASA
facility at Sandusky, Ohio, for
final ground testing of nuclear-
powered spacecraft.

CONTROL DATA CORP. is buying Ben-
dix Computer division. It will
continue the line of Bendix G-15
and G-20 computers.

LIGHTWEIGHT tape recorders with
large capacity and low power re-
quirements are being developed
for Apollo spacecraft by Leach.

MODEL RAILROADING breakthrough
has been claimed by GE. Micro-
receiver, using two silicon-con-
trolled rectifiers, provides “real-
istic” operation.

AGREEMENT to make and market
TRW-530 computer in Japan has
been signed by Thompson Ramo
Wooldridge and Mitsubishi.

WATKINS-JOHNSON acquired Stew-
art Engineering Co. in stock
transfer.

HONEYWELL introduced new models
of its 800 and 1800 computers,
featuring input-output control
center.
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THIN-FILM MICROCIRCUITS
NOW AVAILABLE FROM SPRAGUE!

Smaller than a postage stamp, this

typical CERACIRCUIT is a two-stage oscillator and
gated amplifier, used as a clock-pulse

source in digital systems.

LINEAR and DIGITAL

O GATE CONTROL

CERACIRCUITS

FOR GREATER DESIGN FLEXIBILITY...INCREASED RELIABILITY...CIRCUIT ECONOMY!

Thin-film CERACIRCUITS allow great flexibility in
the choice of components and types of circuits. Chopping
size, weight, and cost, while boosting reliability and
power utilization, these revolutionary microcircuits are
being used by alert design engineers in ever-increasing
numbers. Their ease of usability is remarkable. Con-
taining familiar circuit elements such as capacitors, in-
ductors, resistors, diodes, and transistors, CERACIR-
CUITS offer precision components with a wider choice

of tighter parameters, assuring greater design freedom.
*Trademark

SPRAGUE COMPONENTS

Custom thin-film CERACIRCUITS are here . . . Now!
A Sprague microcircuit specialist will be glad to discuss
the transition of your circuits to thin-film. He can also
supply CERACIRCUITS such as linear amplifiers,
oscillators, NOR gates and drivers, indicators, binary
counters, and clocks for evaluation of Ceramic-base
CERACIRCUITS in your equipment. For complete
information, write to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street, North
Adams, Massachusetts.

MICROCIRCUITS
CAPACITORS
TRANSISTORS

MAGNETIC COMPONENTS
RESISTORS

THER

INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS
TOROJDAL INDUCTORS

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
ELECTRIC WAVE FILTERS

SPRAGUE

THE MARK OF RELIABILITY

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

GET THE FULL STORY AT IEEE BOOTH 2424
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Integrated circuits to make Minuteman

Texas Instruments will supply serrp crrewr® semiconductor networks
to increase reliability of guidance system for Improved Minuteman

Autonetics division of North American Aviation,
Inc., will use SOLID CIRCUIT semiconductor
networks instead of discrete electronic components
for most circuits in the guidance and control
system of the Air Force’s Improved Minuteman.

This change — part of a long-range program —
will improve reliability of a system that is already
considered the standard of excellence for production
electronic equipment.

In addition to opening the way for a reliability

breakthrough, TI integrated circuits will make pos-
sible important savings in space and weight. Lower
manufacturing costs are also expected as produc-
tion progresses.

Texas Instruments will supply 18 different types
of digital and linear semiconductor networks to
Autonetics for this project. Each network incor-
porates transistors, diodes, resistors, and capacitors
within a tiny slice of ultra-pure silicon. The silicon
slice is encapsulated in a 14” x 13” x 14,” package.




The five circuit boards (left) will be replaced by a single board
(above) in the guidance-system computer for the Improved Minuteman.
TI semiconductor networks will be used extensively in the new system.

even more reliable

For further information on how SOLID CIRCUIT
semiconductor networks can help increase the reliabil-
ity of your equipment, reduce its size, weight, and
power requirements or cut over-all equipment costs,
contact your local TI sales engineer. Or write to
Department 620, Dallas.

*Trademark of Texas Instruments Incorporated

SEMICONDUCTOR-COMPONENTS TEXAS l N ST R U M EN TS

DIVISION < . I NCORPORATETD
183500 N. CENTRAL EXPRESSWAY
P, O. BOX 5012 + DALLAS 22, TEXAS




DOOR OPENS
FOR UHF TV
IN 7 CITIES

BAN ON SALES
OF KNOWHOW TO
REDS STIFFENS

FAA SETS UP
BUYING STAFF

PATENT LAW
SEEKS AWARDS
FOR INVENTORS

ELECTRONICS
STILL OUT OF
TFX PROBE

12

WASHINGTON THIS WEEK

UHF TV HAS WON a crucial test. By a four to three vote, FCC
vetoed its plan to put new vhf stations in seven cities (ErLecTroNics, p 7,
March 1). Now, third-network service to these markets can only be
developed at uhf. A vhf station at Enid, Okla., will be permitted to
move to Oklahoma City in the only exception to the FCC’s ruling against
allowing new vhf stations at spacings below usual standards. Com-
missioner Robert E. Lee succeeded in convincing Chairman Newton N.
Minow, the swing-man in the vote, that allowing the vhf stations would
set back uhf development.

DON’T SELL technical data or processes to Communist countries
without checking with the Commerce Department, officials warn. The
prohibition on exporting “unpublished” technical information includes
the knowhow that enables American technicians to build an efficient
facility, even if the principles are well-known.

In the first test case of data export controls, Hydrocarbons Research,
Inc., was penalized by a curb on its export privileges because it built
a petrochemical facility in Rumania. Congressional critics charge that
Commerce acted too little and too late since the Rumanians got U. S.
knowhow. Commerce officials promise swifter enforcement, tougher
penalties. Maximum penalty is total loss of export privileges.

FEDERAL AVIATION AGENCY has established four new con-
tracting branches, each headed by a specialist, to handle procurement.
The branches and their newly-named directors are: traffic control and
radar, Ray E. Mulari; communications and weather, Harold N. Austin;
aircraft and navigation aids, Richard T. Golrick; and facilities and
services, Frederick G. Bremer.

PATENT RIGHTS LAW proposed by Rep. Herman Toll (R.-Pa.)
includes a requirement that government contractors set up an awards
system for employed inventors. Inventor rights are an incidental
consideration now in government concern over contractor-government
patent interests.

In the Senate last week, a Judiciary Committee report said that in
Europe a body of patent law to protect rights of employed inventors is
growing. Generally, the laws developing in Germany and other coun-
tries protect non-research employees—those not hired to invent. In the
U. S., employed inventors are protected by commercial law and legal
precedents. One study indicates that the courts more often than not
protect employed inventors’ interests.

McCLELLAN COMMITTEE PROBE into the TFX contract
(ELecrroNics, p 18, Dec. 14, 1962) has not yet touched seriously
on performance or source selection of the aircraft’s electronics. The
investigation has disclosed that the secretaries of Defense, Air Force
and Navy reversed four source-selection board recommendations favor-
ing Boeing. The secretaries saw ‘“no over-riding margin between
the competitors,” gave General Dynamics-Grumman the edge because
the team proposed to standardize 85 percent of parts in Air Force and
Navy versions of TFX. Boeing proposed 60 percent.

March 15, 1963 o electronics



AN/DRW 11 to SYNCOM /400 Ways to be Well Received

Since 1958, when it first built the AN/DRW 11 (a
receiver whose primary function is to destroy malfunc-
tioning missiles), STL has produced more than 400 space
communications receivers of 14 different designs. The
Able I receiver, the first phase-locked receiver ever to fly,
was built by STL. So were the ground station parametric
amplifiers that tracked Pioneer V 22 million miles into
space. STL built the receiver now being used at Plermeur-
Bodou, France, to track America’s first communications
satellites. The voice communications receiver for SYN-
COM and the space command receiver for NASA’s OGO
are both STL products. Scientists and engineers interested
in advancing the art of space communications will find
Space Technology Laboratories an active place.

El

543

STL builds spacecraft for NASA and Air Force-ARPA,
and continues Systems Management for the Air Force’s
Atlas, Titan and Minuteman programs. These activities
create immediate openings in: Space Physics, Radar Sys-
tems, Applied Mathematics, Space Communications,
Antennas and Microwaves, Analog Computers, Com-
puter Design, Digital Computers, Guidance and
Navigation, Electromechanical Devices, Engineering
Mechanics, Propulsion Systems, Materials Research. To
obtain additional information regarding positions at
Southern California or Cape Canaveral, you may
contact Dr. R. C. Potter, One Space Park, Dept. G-3-3,
Redondo Beach, California, or P.O. Box 4277, Patrick
AFB. STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles * Vandenberg AFB » Norton AFB, San Bernardino « Cape Canaveral » Washington, D. C. « Boston ¢« Huntsville + Dayton * Houston
IEEE DELEGATES: VISIT STL PRODUCTS BOOTH 3237—3239

electronics © March 15, 1963
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What name is on the first 1.5 Mc recordr?

Here it is: a 1.5 Mc per track, multi-track re-
corder! And Ampex is the first to have it. It's
called the FR-1400. It will give you the broad-
est bandwidth yet in longitudinal recording.
What’s more, it utilizes solid state electronics
throughout—all in one rack. It has four speeds,
each electrically switchable with no adjust-
ments needed. And it comes with tape search
and shuttle to provide quick data location and
permit any portion of the tape to run repeatedly
without operator attention. What about per-

14 CIRCLE 14 ON READER SERVICE CARD

AMPEX

formance? Outstanding! It offers better rise
time and minimum ringing on square waves,
low intermodulation distortion, and improved
flutter. Ampex also brings you a new 1.5 Mc
tape. In both you’ll find the same engineering
precision, the same superior quality, that has
made Ampex first in the field of magnetic re-
cording. Write the only company providing re-
corders and tape for every application: Ampex
Corp.,934 Charter St,, Redwood City,

Calif. Worldwide sales and service. AMPEX
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Beckman 210 high-speed, solid-state,
data processing system shown with
cathode ray oscilloscope monitor.
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Help Beckman Engineers
Achieve Maximum Reliability

M In designing utmost reliability into
their 210 high-speed data processing system,
Beckman engineers—from the very start—
insisted on components of the highest reli-
ability. Thus, A-B hot molded resistors
fitted ideally into this development program.

For more than three decades, A-B resistors
—by the billions—have been delivering supe-
rior performance in high quality equipment
of all types. Allen-Bradley has developed
and perfected a unique hot molding process
which assuressuch consistent year-in and year-
out uniformity that long term performance
can be accurately predicted . .. and there is

complete freedom from catastrophic failures.

When performance takes priority over all Typical circuit board shows extensive use
of A-B resistors in this section of

else, be certain to begin the planning of your i the Beckman 210 system.
equipment with the built-in reliability that ;

only Allen-Bradley hot molded resistors can

deliver. For full details on all Allen-Bradley

quality electronic components, please write

for Publication 6024.

—_— ‘g
Type TR 1/10 Watt MIL Type RC 06

Type CB 1/4 Watt MIL Type RC 07

Type EB 1/2 Watt : MIL Type RC 20

Type GB 1 Watt MIL Type RC 32

Type HB 2 Watts ; MIL Type RC 42

electronics ¢ March 15, 1963 CIRCLE 15 ON READER SERVICE CARD 15




for advanced components:

COLILINS

for these five reasons:

1. Simplified purchasing with broad product 3 Engineering taleht in depth to bring you 4 High-reliability qualification facilities are

line including mechanical, crystal and LC fil-
ters, toroids, transformers, magnetic ampli-
fiers, magnetostrictive devices.

2. Improved delivery schedules because of
newly expanded production facilities.

COLLINS

such developments as low cost mechanical fil-
ters, microminiature toroids, printed circuit
magnetic components, super-selective crystal
filters in thumb-size cases. And even more ad-
vanced research programs are in full swing in
ferrite development, metallurgy, crystal proc-
essing, component packaging.

among most well-equipped in industry..

5. Expanded force of experienced engineer-
ing sales representatives in principal cities.
Call one of those listed today or write for more
information. Ask for Data File 205,

A representative sample of Collins mechanical, crystal and LC filters, toroids, transtormers, magnetic amplifiers, magnetostrictive devices.

ARIZONA — NEW MEXICO
AR/TEC, INC.
34 East Stetson Drive
P.O. Box 727 Scottsdale, Arizona
Telephone: 947-6304
TWX: 602-949-0183

CALIFORNIA (SOUTHERN)
Engineering Liaison Associates
3360 Barham Boulevard
Hollywood 28, California
Telephone: HOllywood 9-2283
TWX: LA 1543
FLORIDA — ALABAMA
William R. Lehmann Company
P. O. Box 1224, 222 Palmetto Avenue
Orlando, Florida
Telephone: GArden 4-0131
TWX: OR 7207
ILLINOIS
Edward Schmeichel Company
5068 West Chicago Avenue
Chicago 51, lllinois
Telephone: ESterbrook 8-2070
MARYLAND
Daniel and Company
P. O. Box 124, 36 Margate Road
Lutherville, Maryland
Telephone: VAlley 5-3330

See the complete Collins line at New York IEEE
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MISSOURI- KANSAS
Midland Engineering Sales Assoc.
2210 West 76th Street
Prairie Village, (Kansas City) Kansas
Telephone: ENdicott 2-7327

NEW ENGLAND STATES
R. H. Sturdy Company
103 Morse Street
Newton 58, Massachusetts
Telephone: WAInut 6-0808

NEW JERSEY
Harold Gray Associates
8-10 Highwood Avenue

Tenafly, New Jersey
Telephone: LOwell 7-3585

NEW YORK
Naylor Electric Company
1718 Erie Boulevard, East
Syracuse 3, New York
Telephone: GRanite 2-9183 TWX: SS 166

NORTHERN CALIFORNIA
WASHINGTON — OREGON
Engineering Liaison Associates North
626 Jefferson Street
Redwood City, California
Telephone: EM9-5515

OHIO
Electro Com
5564 Pearl Road
Cleveland 29, Ohio
Telephone: TUxedo 6-2404

OKLAHOMA — TEXAS — LOUISIANA
Hillman Enterprises, Inc.
3505 Turtle Creek Blvd.
Dallas 19, Texas
Telephone: LAkeside 1-2070
TWX: DL 123

PENNSYLVANIA
Hile and Stitzer Company
17 South Valley Road
Paoli, Pennsylvania
Telephone: Nlagara 4-5500

CANADA
Collins Radio Company
of Canada, Ltd.
11 Bermondsey Road
Toronto 16, Ontario, Canada
Telephone: PLymouth 7-1101

Collins Radio Company
Components Division
19700 San Joaquin Road
Newport Beach, California

Maggs Electronics, 5611 Sheila Street, Los Angeles 22,

California, is a Collins distributor for the Collins standard
toroidal coil line and is able to provide 24-hour delivery
on most types in quantities up through 99 pieces, pack-
aged and marked to customer requirements. Telephone:

Code 213, 685-6141. TWX 213-722-6289.
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VITREOUS ENAMELED

WIRE-WOUND RESISTORS

A NEW PRODUCT. .. A NEW METHOD

Patent Applied For

ADVANTAGES

% Insulated for 1000 V to Ground
* Uniform Shape
* Uniform Sizes

* Permanent “‘Fired-on” Vitreous Markings,
Completely Cleaning-Solvent Resistant

* Plus All The Advantages of Ohmite
Time-Proven Vitreous Enamel

The NEW Series 99 Resistors are the result of an outstand-
ing technological development—an exclusive new molding
process for applying vitreous enamel to resistors. This
“Patent Applied For” molding process is the first radical
manufacturing change in the history of vitreous enameled
resistors—replacing the traditional “wet dipping’” process.
The dense uniform vitreous enamel jacket created by
molding—fired at high temperature—produces the hard,
glossy, moisture-resistant covering proved in years of
service, as well as the extra advantages featured above.
Series 99 Resistors meet all requirements of MIL-R-26C,
including pertinent V-block insulation tests4. Construction
is all ceramic and metal. Ratings are based on a maximum
hot spot temperature of 350°C with a 25°C ambient. Stan-
dard tolerance is +5%, other tolerances available.
Standard leads are grade A nickel, tinned for soldering.
Also supplied untinned for welding. Other types of lead

material are available.
AFor 1-watt size only, V-block not to exceed length of resistor body.

RHEOSTATS ¢ RESISTORS ¢ RELAYS ¢ TAP SWITCHES ¢ R.F. CHOKES
VARIABLE TRANSFORMERS ¢ TANTALUM CAPACITORS ¢ SEMICONDUCTOR DIODES

Can be Mounted
With Commercial Clips*

Actual Size

Patent Applied For

MILLIONS OF UNIT-HOURS OF TESTING —This new molded vitre-
ous enamel construction has been test-proven in pilot production.
Load-life tests are being conducted at full-rated wattage on all sizes
and resistance values which represent the approximate minimum and
maximum for each size. The total number of resistors in this test
group is 1,966, and 2,000 hours of cyclic ‘‘on-time’’ have been ex-
ceeded, thereby producing an equivalent total to date (January, 1963)
of 5,242,666 unit test hours (cyclic, 1% hours on, Y2 hour off) of
successful operation. Testing on all units continues.

RATED | DIMENSIONS (INCHES)

OVLE | WArTS DIAM, LENGTH 1 RANGE

| AT25°C +.031—.000 +.015 | (COMM'L.)
995-1A | 1 0.125; | 0.422 [‘ 1 TO 3,000
995-3A* | 3 0.203 | 0.547 [ 1 TO 8,000
995-5A8 | 5 0.313 0.922 Y 1 TO 30,000
995-58B | 5 0.203 0.938 | 1T018,000
995.10At | 10 ‘ 0.313 | 1.781 ] 1 TO 51,000

NOTE: Standard lead length is 12" *Also in MIL style RW69V §Alsoin
MIL style RW67V tAlso in MIL style RW68V tTolerance, +.015-.005

Write for Bulletin 103

3 OHMITE

MANUFACTURING COMPANY
3610 Howard Street, Skokie, lllinois
Phone: (312) ORchard 5-2600

SEE ALL OF OHMITE’'S NEW PRODUCTS AT BOOTH 2333-35, IEEE (IRE) SHOW
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Single Place Gyrocopter by Bensen Aircraft Corp.

How do you measure the distance from farm to
plant? In miles? Or in human trainability? On the
latter count, the sturdy farmer stock of Virginia's
Shenandoah Valley has made a superb record.
Industries from textiles to electronics, from fur-
niture to drugs, report Shenandoah men and
women learn new jobs faster, show greater sta-
bility and productivity than people in older, more
congested industrial areas.

~<—CIRCLE 19 ON READER SERVICE CARD

From industry's viewpoint,
the distance from farm

to plant is shorter in
Shenandoah Valley.

Virginia's

Ask VEPCO for industrial site data and eco-
nomic studies covering the Shenandoah Valley's
warmly hospitable, highly livable communities.
Write, wire or phone in confidence.

VIRGINIA ELECTRIC and POWER COMPANY

J. Randolph Perrow, Manager—Area Development

Electric Building, Richmond 9, Virginia * Milton 9-1411
Serving the Top-of-the-South with 2,540,000 kilowatts —due to
reach 3,500,000 kilowatts by 1965.
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@ 300 mc to less than
1.0 mc in single sweep

@ All electronic

@ All solid state

® 0.5 volt rms into
load AGC’d to
+0.25 db

® Built-in detector

@ Stable narrow sweeps

1 MC to 300 MC
WIDE-SWEEPING
SWEEPING OSCILLATOR

KAY

Multi-Sweep

MODEL VIDEO 300
159-A

The Multi-Sweep Model Video 300 is a wide range video-vhf sweeping
oscillator which provides a full 300 me of swept-frequency output by all-
electronic frequency modulating techniques. It provides a linear swept
frequency output, AGC’d for constant output over the frequency band.
The Multi-Sweep Model Video 300 includes provision for the insertion
of external oscillators to generate variable birdie-bypass type markers
on all frequencies. A calibrated frequency dial permits the use of the
unit as an IF-VHF oscillator with continuously variable center frequency
and sweep width,

Sweep Frequency Range

The Model 300 is a wide-sweeping swept frequency oscillator with high
and undistorted output, essentially free of spurious signals. Over the
entire sweeping range, it generates a 0.5 volt (rms into load) output

‘which is held constant to within =+0.25 db by a fast-acting automatic

gain control circuit., The RF output is monitored by a calibrated
panel meter.

Sweep Rate

The repetition rate of the sweep may be locked to the nominal line
frequency or varied around this frequency for hum checks. A manually-
controlled swept output provides a means of varying c-w signal in syne
with the oscilloscope display. The manual control covers the same fre-
quency range to which the Model 300 is set for electronic sweeping.

Advanced Design

The Multi-Sweep Model 300 employs recently developed techniques in
providing a compact and versatile instrument, All elements, including
the frequency modulated source and its means of modulation use recently
developed solid state circuits. Careful isolation and buffered .outputs pro-
vide for excellent waveshapes and clean, reliable outputs.

SPECIFICATIONS

Markers: Provision for birdie - bypass
markers derived from external oscillators,
Separate level control and output.
Attenuators: Switched 20,20,20,10,6,3 db
plus variable 6 db.

Power Supply: Input approx. 20 watts,
117 volts (=10%), 50-60 cps ac, regulated.
Dimensions: 6%’ x 15%" x 13%".

Frequency Range: Continuously variable
1 mc to 300 me.

Sweep Width: Linear, continuously var-
iable 200 ke to 300 mc. CW operation,

Sweep Rate: Variable around line fre-
quency, locks to line. Manual control.

RF Output: 0.5 volt rms into nominal

50 ohms (70 ohms on request); flat to
within #=0.25 db over widest sweep
- metered.

Weight: 24 I|bs.

Price: $795.00 f.o.b. factory. $875.00
fas. N, Y.

VISIT KAY AT THE IEEE SHOW: BOOTHS 3512-3518
KAY ELECTRICCOMPANY

Dept. E-3 Maple Avenue, Pine Brook, Morris County, New Jersey e CApital 6-4000

electronics 8 March 15, 1963
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IEEE SPECIAL

IEEE President
Talks Candidly

Dr. Ernst Weber says
split in AIEE, IRE
views 18 big problem

AS FIRST PRESIDENT of the
merged AIEE-IRE, Dr. Ernst
Weber is in a unique position to
view the problems, the conflicts and
the enthusiasms that the new or-
ganization, the IEEE, has gen-
erated. Recently we went to Poly-
technic Institute of Brooklyn, which
he heads, to find out what he thinks
will be the IEEE’s biggest prob-
lem:

“The difference in viewpoints of
the two memberships,” he answered.
“The AIEE member is happiest
when you tell him just what to do.
With the IRE man, it’s a case of
telling him what not to do.”

This difference, he says, has a
profound effect on IEEE’s first
order of business : combining AIEE’s
technical committees with IRE’s
professional groups. IEEE’s top

MEETINGS such as this one take
much of Weber’s time

brass has adopted a hands-off
policy toward this issue, encourag-
ing the committees and groups to
work out their own plans for
merger. But the traditional methods
of operation of the AIEE and IRE
produce difficulties here.

“For instance, what an AIEE
member means by freedom will
probably be quite different from
what an IRE member means.”

The technical committees were
organized from the top down, he
explained, with members chosen by
AIEE higher-ups. IRE groups were
most often established by the mem-
bers’ own initiative and staffed by
volunteers. Headquarters regulated
certain well-defined areas but other-
wise only provided a model con-
stitution, which a group might re-
write to suit itself.

COMPANIES’ ATTITUDE—What
has been the attitude of companies
in the industry to the AIEE-IRE
merger, we asked.

“They’re all for it,” he said.

COFFEE TIME is no break for busy Weber and associates

Dr. Weber agreed that in recent
years many companies had become
more and more reluctant to coop-
erate with the professional socie-
ties. Some of them have balked at
giving their men time off and
travel money to attend meetings.
Dr. Weber holds that the principal
reason for this has been the pro-
liferation of such meetings. Be-
cause the IEEE will be striving to
eliminate overlapping and duplica-
tion, every firm he has talked to is
enthusiastic about IEEE.

ORIGINAL PAPERS—Concerning
the meetings themselves, the trend
in the future, as in the recent past,
will be to steer original papers to
the meetings of the professional
and technical groups, where re-
seachers can expect to find a “serious
and competent” audience.

The national meeting in March
will continue to be a “three ring
circus,” he said, with much em-
phasis on socializing. Papers read
at national meetings will be “tu-

WEBER, THE WELL-ROUNDED MAN
Most impressive qualities of Dr. Ernst Weber are his energy and
his varied interests. In an interview, the energy asserts itself as
a desire to answer questions fully but pithily, candidly but diplo-
matically. Here is a man, you judge, who is making the fullest
use of his resources.

The record bears this out. In college, he doubled up on his
studies and won doctorates in engineering and philosophy. He
holds three presidencies, of Polytechnic Institute of Brooklyn,
Polytechnic Research and Development Corp., and IEEE. His
contributions to microwave are reflected in 50 American and
foreign patents. His nonprofessional interests include music,
poetry, mountain climbing—the list stretches on, as we have
reported before (Electronics, p 268, March 13, 1959)




torial in nature,” aimed at bring-
ing members up-to-date on happen-
ings in their specialties.

Being an educator himself, Dr.
Weber not surprisingly thinks that
when the IEEE has overcome its
organizational problems it must be-
come a bigger force in education.
It should have two goals in this
area, he says.

More engineering colleges should
provide courses to keep graduates
abreast of advances in their fields.
To do this, he thinks it would be
best if engineers returned to col-
lege every five or six years for re-
fresher courses.

BROADER EDUCATION — Dr.
Weber also thinks that the IEEE
should push for the broadening of

engineers’ education.

It should be recognized, he said,
that many engineers will eventually
be called on to fill administrative
positions. To prepare them for this,
they should be taught administra-
tive and social science subjects.

Engineers and scientists have
been much criticized in the past for
taking too small a part in social
and political affairs, a viewpoint
Dr. Weber agrees with perfectly.
He hopes a broader educational
program will help correct this.
Maybe someday, he said, engineers
will be named regularly to high
governmental posts, such as secre-
tary of defense.

A few days after this interview,
Dr. Weber himself was named to
the Defense Science Board.

More Planar Transistors

Plastic package in
one silicon planar
type slashes cost

NEW YORK—GE will be luring
consumer products designers into
its components booth at the IEEE
Show with a silicon planar transis-
tor that sells for 40¢. Chief cost-
cutter—a plastic package.

Beryllia mounting wafer for col-
lector isolation is the design feature
of Pacific Semiconductors’ new sili-
con triple-diffused planar transis-
tors. In a new circuit, one type
gives 10-w output at 265 Mc. F-m
transmission is among expected ap-
plications.

A 250-w silicon power transistor
in a double-ended stud package,
now in advanced stages of develop-
ment, will be shown by Silicon
Transistor Corp. Beta is 10 at 50
amp.

A 10-amp series of silicon planar
triple-diffused power transistors
will be shown by Minneapolis-
Honeywell. At 10 amp, breakdown
voltages are around 80 v. Gains are
20 to 60 or 40 to 120.

Multiple forward voltage regu-
lators with up to 4 units in a DO-7
package are offered by Computer
Diode. Electrochemical polishing

and other semiconductor finishing
services are being introduced by
Semiconductor Specialties.

International Resistance is show-
ing +{s-inch-cube trimmers with
ranges of 50 ohms to 20 K. Screw-
driver-adjusted, they are designed
for higher packing densities.

Among the new products at
Spragus Electric’s booth are a line
of molded solid tantalum capacitors
and molded pulse transformers.
Buckbee Mears is now making
hemispherical grids with up to
1,000 lines an inch in a variety of
materials, as well as thin-film mem-
ory circuits, masks and other prod-
ucts.

TRIPLE-STRIPE geometry gives
this  Sylvania silicon epitaxial
planar iransistor distinctive ap-

pearance (see p 154)

the
Last Word in

HIH
SHILL)

prinfer sysfems

MOCOT T ER

the
LP-1200 SYSTEM
provides:

M LOW COST BUFFER STORAGE...

Computer proven Magnetostrictive
Delay Lines are compatible with the
fastest computer systems.

B NEW DELAY LINE AMPLIFIER. ..
Peak Detection circuit improves
reliability at higher frequencies.

B QUALITY HIGH SPEED PRINT-OUT
Vacuum Paper control, coupled with
high speed paper feed produces
clean, sharp impressions.

B HUMAN ENGINEERING provides...
quick, front paper loading, ease of
ribbon change, access to drum and
hammers, convenient operating
controls,

M ADDITIONAL FEATURES...
non-wearing Elastomeric torsion
bearings assure long hammer life;
low inertia drive belts minimize
clutch and brake wear,

B 12 WEEK DELIVERY

To learn how the Potter LP-1200 Prinfer
System can reduce the cost of your
computer time, write to the General
Manager, Printer Division, today,

POTTER INSTRUMENT CO., INC.
PRINTER DIVISION
East Bethpage Road e Plainview, New York
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Amperex announces

a e Rugoedized Tetrodes...
Hireet plug-in replacements
for all Standard prototypes,
Puggedized or non-ruggedized
regardiess of brand...and
iy are available

dl 10 premium in price.
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Amperex
1035W

7034W and 7035W are Ruggedized
Glass/Metal Power Tetrodes, de-
signed for use as a Wide-band RF
Amplifier in class B Television
Service; class C RF Oscillator/Am-

plifier; and class AB, or 2 AF Ampli-
fier/Modulator. Fil. Ratings: 7034W
(6.0V, 2.6A). 7035W (26.5V, 8:56A).
(MIL specifications in preparation.)

These Amperex Ruggedized Tetrodes are rated for full 250 watts plate dissipation in
applications up to 500 Mc...and simultaneously meet the additional Amperex Rugged-
ization Specifications of 90 G Shock Test and 10 G Vibration Test (10-1000-10 cycles)!

Amperex ruggedization has been achieved without alteration of static or dynamic
characteristics of the related tube prototypes or of their external physical dimen-
sions. Input and Output capacities and heater ratings remain the same. That is why

7203W and 7204W are Ruggedized
Ceramic/Metal Power Tetrodes,
for high reliability performance as
UHF Frequency Multiplier, RF Pulse
Amplifier, class C RF Amplifier/

Oscillator or class AB, AF Ampli-
fier/Modulator. Fil. Ratings: 7203W
(6.0V, 2.6A). 7204W (26.5V, 0.56A).
(MIL specifications in preparation.)

7580W is a Ruggedized Ceramic/
Metal Power Tetrode, for SSB and
other Linear RF Amplifier applica-
tions. (Available to specifications
MIL-E-1/1385A [Navy].)

these Amperex Ruggedized Tetrodes are preferred for BOTH new equipment specifi=
cations as well as direct plug-in field replacements. .. and at no premium in price
for ruggedization. .

These five new ruggedized power tetrodes are now in production at the Amperex,
Hicksville, Long Island plant...where advanced manufacturing techniques assure
high reliability transmitting tubes in production supply. Write for detailed data today,

IN CANADAS PHILIPS ELECTRON DEVICES, LTD., TORONTO 17, ONTARIO.,

Amperex Electronic Corporation, Tube Division, Hicksville, Long Island, New York



IEEE SPECIAL

ABSORBING
MATTER—
Frederick E. Terman
explains a point

WHATEVER the ‘British Look’ is, Leonard Lewin has
it. He’s shown at his desk

IEEE Award Winners — What

Proﬁles Of 9 men Medal of Honor “for pioneering

y contributions to circuit theory and
who will be honored practice, to the radio control of mis-
at IEEE Convention siles and to basic communications

methods” is profiled on p 196 of
this issue.

FORMER IRE AWARDS will be GEORGE C. SOUTHWORTH, the

presented at the IEEE’s conven- other co-winner of the Medal of
tion banquet March 27. Winner of Honor, is one of the grand old men
one former AIEE prize, the Edison of radio and electronics.
Award, will be “recognized” at the Born in 1890 and brought up on
e . banquet, the award having already a farm near Little Cooley, Pa., he
. i been given. Winner of the Lamme was seeking out information about
fng“eEI;IA)I;eSSZIj;SLEY with model Award, who has not yet been the spark-gap transmitter and co-
named, will also be “recognized.” herer receiver when he was still

Presentation will be later this in high school. While a graduate
year. Next year, IEEE says, all student at Yale, he became inter-
awards will be presented at the ested in resonant water troughs.
same time. He later pursued these studies while

working for the Bell System, ac-
ALEXANDER C. MONTEITH is cumulating enough data for a

winner of AIEE’s Edison Award demonstration on waveguides be-
for “meritorious achievements in fore the IRE in 1938. This eventu-
engineering education, management ally led to waveguide technique as
and development of young engi- we know it today. Dr. Southworth
neers.” retired from Bell recently.

Monteith, a Westinghouse vice
president, has long been concerned FREDERICK E. TERMAN, winner

! with “getting better engineers and of the Founders Award, is vice

\. C. MONTEITH GEORGE C. SOUTHWORTH more of then‘x.” Born in 1.902, he is pre.siden.t and provost of Stanford
former president and director of University. He has played a large

the recently completed Westing- part in developing Stanford’s elec-

WILLIAM E. EVANS IAN M. ROSS house Educational Center. While tronics engineering curriculum into
serving on the Engineers’ Council one of the finest in the world. Born

for Professional Development, he in 1900, Dr. Terman still searches

spearheaded the development of the every grade card and lab report

well-known report, “The First Five for evidence of deep analytical

Years of Professional Develop- talent. Former students include

ment.” Russell Varian, Robert Hansen,

The profiles that follow are of William Hewlett and David Pack-

IRE prize winners. John Hays ard. He has written what are now

Hammond, Jr., co-winner of the classics in their field, “Radio En-

March 15, 1963 e electronics




RESEARCHER RELAXES — Chih-
Tang Sah and wife Linda at recent

party

They’re Like

gineering” and “Radio Engineer’s
Handbook.”

IAN M. ROSS, winner of the Mor-
ris Liebman Award, has spent his
entire career with solid-state de-
vices. At 35, he expects to devote
the rest of his working life to that
specialty, a prospect that leaves him
with no feeling of limitation what-
soever.

“So far as I'm concerned, the
opportunities are boundless,” he
told ELECTRONICS. This is not true
of transistors and diodes, he thinks.
Main advances in these devices will
concern quality, reliability, large
volume production and low cost.

“This isn’t very exciting but I'm
afraid that’s the state of a mature
art,” he said. He holds nine patents
and has five patents pending on
semiconductor devices. He is di-
rector of the Semiconductor Device
and Electron Tube lab at Bell
Telephone.

CHIH-TANG SAH will be given
the Browder J. Thompson prize for
his paper, “Effect of Surface Re-
combination and Channel on P-N
Junction and Transistor Character-
istics,” published last year when he
was only 29. Until recently he com-
muted between Fairchild Semicon-
ductor and the University of Il-
linois, where he was both teacher
and reseacher. He now works full
time as head of Fairchild’s solid-
state physics department.

ALLEN H. SCHOOLEY, who will
receive the Harry Diamond Award,

electronics ® March 15, 1963

15 Mw Modulator Power
3.0 Mw R-F Power

L-7560

Geramic Triode

Coaxial terminal, thoriated-tungsten cathode ML-7560 provides:
15 Mw Pulsed Modulator Power Capability at 1% duty . ..
DC Plate Voltage Max 50 kv
Pulse Cathode Current Max 550 amps
3.0 Mw R-F Pulsed Power capability at 5% duty . .,
Peak Plate Pulse Supply Voltage Max 40kv
Pulse Cathode Current, Max 550 amps

Send for 74 page brochure, "Hard Pulse Modulator
Tubes’’, containing useful information for Radar Des,

sign Engineers and others,

An Affiliate of Raytheon Company
THE MACHLETT LABORATORIES, INC.

SEPRINGDALE, CONNECTICUT
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MODULTONE

ENCODER

HIGH Stability LOW Cost
SPACE-Saving

Standard 6-tone encoder and de-
coder modules supplied with choice
of frequencies from 67 to 1600 cps.
Patented, proven RESON-ATORS
assure superior frequency stability.
Entire circuit printed . . . rugged,
dependable.

MODULTONE
DECODER

WRITE for additional information
on MODULTONE encoders
and decoders.

fslag ":.',: .. i SECURITY
] DEVICES
LABORATORY

ELECTRONICS DIVISION OF
SARGENT & GREENLEAF, INC.

17 Seneca Ave.
ROCHESTER 21, N.Y.

MODULTONE
IN ACTION...

SE

IEEE SHOW « BOOTH 1625
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RESEARCHER
RESEARCHES
—Philip J. Rice
in the lab

thrives on a split life. Daytimes he
is associate director of research for
electronics at the U.S. Naval Re-
search  Laboratory, supervising
more than 750 persons and numer-
ous research projects. Nights and
weekends he is often back at the
lab working on a project of his
own. Using inexpensive equipment
—a 95-cent motor and paper clips
in one case—he has over the years
carried out experiments in elec-
tronics and oceanography that have
led to an impressive list of pub-
lished papers.

LEONARD LEWIN, winner of the
W. R. G. Baker Award, started
investigating microwaves while
working in the British Admiralty
during World War II. He continued
this work after joining ITT’s
Standard Telecommunication Lab-
oratories in 1946, where he is now
assistant manager.

By 1949-50 he had originated so
many ideas he was able to publish
a book, “Advanced Theory of Wave-
guides.” He suspected, though, that
many of the apparently independent
examples he cited were really spe-
cial cases of some linking theorem.
Eleven years later he verified this
in a paper, “On the Resolution of a
Class of Waveguide Discontinuity
Problems by the Use of Singular
Integral Equations,” for which he
will be given the Baker Award.

PHILIP J. RICE JR. will receive
the Vladimir K. Zworykin Award,
along with William E. Evans, “for
the development of techniques and
equipment for fixing televised im-
ages on paper.” Award-winning
project was a joint effort of A. B.
Dick Co. and Stanford Research
Institute, where Dr. Rice is man-
ager of Physical Electronics Lab.

It resulted in the development of
a videograph utilizing crt principles
to print data on paper rather than
displaying it on a screen. The sys-
tem is now used by some publica-
tions to print address labels. Dr.
Rice is 46 years old and is presently
trying to develop a solid-state de-
vice focusing on a new type of
metal-base transistor.

WILLIAM E. EVANS, co-winner
of Zworykin Award, already has
several special achievements to his
credit. He received a War-Navy
Dept. citation for eecm work dur-
ing World War II, co-designed the
first successful high-power phase-
to-amplitude broadcast transmitter
in the U.S. and holds four patents
in the field of outphasing tv modu-
lation, color tv systems and the
utilization of scanning techniques
in industrial tv systems. Born in
1921, he is engineering manager
of the R&D labs at A. B. Dick Co.

Glass Display Arrays

P

TRANSPARENT wire arrays for
electroluminescent X-Y coordinate

display panels, being shown by
Corning Glass Works, are made of
glass strands coated with conduc-
tive metal oxide and transparent in-
sulation

March 15, 1963 e electronics



For Illustrated Brochure Detailing Melpar's Capabilities,

Nrite to Office of the President, Melpar, Inc., Falls Church, Virginia

EXPERIENCED TRAVELER

Here is Melpar’s case for space.

Experience? We've got a bagful—
from the first probing start with
Snark to the far-advanced Apollo
program, from earth to the moon,
to Venus and beyond. If you're aim-
ing for a place in space, Melpar’s
proven capabilities can help you get
there—fast.

Thinking small, like circuits ten
millionths of an inch thin or refriger-

Serving Government and Industry

Subsidiaries: Microwave Physics Corp., Garland, Texas

electronics © March 15, 1963

ators (thermo-electric coolers) half
the size of your thumb nail? Melpar
makes them.

Thinking big, like data handling
complexas (rinder) as large as a
basketball court? Melpar produces
those, too.

If you're traveling or exploring
in the spheres of Advanced Elec-
tronics, Aerospace, Physical or Life
Sciences, just pack up your space
problems and bring them to Melpar.

We make wonderful traveling com-
panions, because we’'ve been there
—and that’'s a mighty strong case
anytime.

And, if you're a scientist or en-
gineer who would like to travel along
with this fast-moving leader in space
and defense, we're ready to reserve
your place in space, too. Write: Pro-
fessional Employment Manager,
3010 Arlington Blvd., Falls Church,
Virginia.

MELPAR ¥ Inc

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY

3902 Arlington Boulevard, Falls Church, Virginia.

An equal opportunity employer

Television Assuciates of Indiana, Inc., Michigan City, Indiana e  Melpar-Fairmont Corp., Fairmont, West Virginia
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An entire circuit module com-
pensated for phase, gain and
zero drift over entire tempera-
ture range.

® 0.1 Cubic Inch Volume

® 0.1 Ounces in Weight

® Infinite Standby and
Service Life

® Low Milliwatt
Power Consumption

® High Shock and
Vibration Resistance

® Electrical zero point and gain,
repeatability and stability
over entire service life

® Extremely broad bandwidth

® Carrier frequencies as high
as 1 megacycle

@ Input signal current resolution
better than 0.01 pa

® Absolute reliability

New Type IMM 648-1
Shown Actual Size

Micro Magnetic Micro Magnetic Micro Magnetic Micro Magnetic
Modulator Modulator Modulator Modulator
Type IMM-655-2 Type IMM-648-1 Type IMM-664-1 Type IMM-680-1

1952-1962...weight reduced from 5 ounces to 0.1 ounce! The product of 2 years ot
intensive development work, new completely microminiaturized magnetic modulators fea-
ture an essentially drift-free circuit with superior phase and gain stability over wide
environmental ranges. All the ruggedness, dependability, wide dynamic range and sta-
bility that are characteristic of the larger magnetic modulators are engineered into this
new magnetic circuit. “MICRO MAG MODS” are shock and vibration proof, provide the
ultimate in reliability and unlimited life.
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Qbsolute Reliabilit
i Micro Magueties

TYPE NUMBER

Reference Carrier Voltage and Frequency
Input Control Signal Range

AM Phase Reversing AC Output Range
RMS mv AC Output/.a DC Signal Input
AC Output Null (Noise Level) RMS

Output Impedance

External Load

Zero Drift over Temperature Range
Hysteresis in % of Max. Input DC Signal
% Harmonic Dist. in Output Product Wave
Temperature Range

Frequency Response

Approximate Weight (in Ounces)

GENERAL
MAGNETICS *INC

135 BLOOMFIELD AVENUE
BLOOMFIELD. NEW JERSEY
GM

el

= provide repeatable data over years
of continuous, unattended operation

Amplitude
Response

WICROMMPERES

100 K Ohm
Load

g

IMM-655-2

3V @ 400 cps
0 to =100 pa DC

0 to 0.8 VRMS @ 400 cps

7 mv/ua
5 mv RMS Max.
14 K ohms
100 K ohms
+0.1 pa Max.
0.2% Max.

c
5 K Series, 108 cps

0 0 & %0 10

Amplitude
Response I
gl
100 L 100 !1‘7 300
OC CONTROL SIGNAL MCROMPERES
T 11 g 5K0hm
-_ 1=
7; T 08| 9 Load
i

2V@ 2KC
0 to =300 pua DC
0to 1.0 VRMS @ 2 KC
4 mv/ua
5 mv RMS Max.
1000 ohms
5 K ohms
0.5 pa Max.
0.2% Max.
10% to 15%
—55°C to +125°C
Qver 200 cps
0.1
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Ampiitude

“MAG MODS” provide four quadrant operation, extreme stability with neg-
ligible change of phase, gain and zero position over a wide temperature range.
Design is simple, lightweight, rugged with no vacuum tubes, semiconductors
or moving parts to limit life. “MAG MODS” offer infinite design possibilities
and impedance levels, and are adaptable for algebraic addition, subtraction,
multiplying, dividing, raising to a power and vector summing.

%A Amplitude
Response ala | | Response
s 111
xdl P N N H
0 0w W
MICROAMPERE oc \,MV‘Nm SIGNAL
1 .
50 K Ohm ] £ 100 0hm
Load ‘ wlg Load
L L Lo

IMM-664-1
10V @ 60 KC
0 to =100 pxa DC

0 to 200 mv RMS @ 60 KC

IMM-680-1

115 V @ 400 cps
0 to =10 xa DC

0 to 30 mv RMS @ 400 cps

2 mv/ua 5 mv/ua
10 mv RMS Max. 100 v RMS Max.
11 K ohms Approx. 150 ohms
50 K ohms 100 ohms
— 0.05 pa Max.
0.5% Max.
5% 20%
—55°C to +125°C —55°C to +125°C
Over 5 KC Over 100 cps
0.2
—i— 50—
2] |
oo0o o o
o000 o o o
oo me o o -
oo o o l
o

~e

i

L
i 3«1
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Catalogs are available on Micro Magnetic Modulators, Standard Magnetic Modulators, Miniaturized Multiplying Modulators and Transistor Oscillators.
Call or write for your copies, or ask to have a GENERAL MAGNETICS representative contact you for consultation on specific applications.
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There's logic in Delco’s line of digital circuits and Vequjipment

Check it yourself. A large variety of standard logic
functions are available in three series of Delco
circuit modules: the extra low power 100 KC ‘SM" ‘
~ series for extreme light weight and wide environ-
 mental applications; the 200 KC *DM" series for
ultra reliability circuits in the low and medium
speed range; the high speed ‘‘FM" silicon series
operates from DC to 10 MC in a wide range of
environments. Circuit cards of 200 KC, 5 MC and
10 MC are available where size is less critical.
Digital support equipment includes standard and
special power supplies, card racks and special
circuits. Delco Radio digital cards, modules
and support equipment are available now
to reduce component and design time costs
in your digital systems.
Contact our Military Requirements Department
for more data and our new low prices. You'll
convinced of the logic in the Delco line. ’

EPEMDABILITY

\ DIO Division of General Motors
ELABILITY 700 East Firmin Street

Kokomo, Indiana
Phone GL 2-8211 s Area 317

See our display at the IEEE Show—Booth 1423,
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PREVIEW OF EXHIBITS
Instruments Extend Operating

Easier to Work

IEEE SPECIAL

Trends toward greater
utility, higher accuracy,
bolder display continue

NEW YORK—Greater utility,
rather than radically new ap-
proaches to measuring techniques,
characterizes most of the new in-
struments being exhibited March
25 through 28 at the Coliseum.

Instrument manufacturers—al-
most to a man—appear to have
concentrated during the past year
on developing new instruments
that extend the capabilities of
their bread-and-butter lines.

Wider ranges, greater sensitiv-
ity and accuracy, more automatic
operation, human engineering in
the form of fewer knobs and
bolder indication, digital readout,
portability—these are some of the
continuing trends.

OSCILLOSCOPES—Automatic d-c¢
to 10 Mc oscilloscope will be
shown by California Instruments.
Vertical sensitivity, horizontal
sweep speed and d-c offset are set,
positioned and indicated on a digi-
tal display of the parameters.

A digital-readout oscilloscope
programmer for use with Tek-
tronix’ digital dual-trace scope
will be introduced by the com-
pany. Program cards can be set up
to measure such parameters as
amplitude, time, start-to-stop time
intervals or first or second pulse
selection.

Lumatron Electronics is show-
ing an improved version of their
modular oscilloscope. The 0.35-nsec
scope has a trigger capability to
several Ge.

FREQUENCY MEASURING—De-
signed for antenna measurements,
a receiving system with a fre-
quency range from 20 Mc to 100
Ge will be shown by Scientific-

electronics ¢ March 15, 1963

Ranges, Are

MOBILE
EQUIPMENT
for spectrum
signature collec-
tion peers at r-f
source from
shielded enclosure
atop aerial
ladder. This is
drawing of sys-
tem. Sperry
Microwave will
show model at
Coliseum

DIVIDER

DIVIDER

ISOL ATION
AMPL

CURRENT
REG

SUPPLY

NICKEL
CADMIUM
BATTERIES

DOUBLE-OVEN DESIGN provides exceptional stability in new frequency
standard, reports Motorola. The silicon solid-state instrument has 1-Mec

and 100-Kc outputs

Atlanta. Dynamic range is 60 db.

Its new solid-state broadband
signal analyzer will speed up spec-
trum signature measurements, re-
ports PRD Electronics. Frequency
range is 45 Mc to 11 Ge. The unit
is designed for checking jammers,
rfi sources, broadband microwave
tubes and frequency diversion
radars.

Ssb spectrum analyzer that in-

cludes a built-in frequency synthe-
sizer and self-check features is
being introduced by Lavoie Labo-
ratories. Range is 2 to 80 Mc. An
accompanying two-tone generator
has a range of 20 cps to 20 Ke.

Frequency of unmodulated and
modulated signals including a-m,
f-m and fsk from 10 cps to 1 Ge
can be monitored and measured by
a system being exhibited by Rohde
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DETECTOR produces vswr meas-
urements directly on an oscillo-
scope, reports Telonic Engineering

and Schwarz. Signals can be re-
motely displayed.

SIGNAL GENERATORS—General
Radio will introduce a new sweep
signal generator featuring very
high stability. It covers the range
from 700 Kc¢ to 230 Mc plus two
lower band spreads—one from 400
to 500 Kec, and one from 10.4 to
11 Mc. The marker system is cali-
brated in frequency and ampli-
tude.

New series of signal generator
modules will be shown by Polarad
Electronic Instruments. Signal
generators and sources will have
ranges of 3.8 to 8.2 Ge and 6.95 to
11 Ge; doublers will provide out-
puts up to 21 Ge. A modulator is
designed to drive the sources.

H. H. Scott will show a self-
calibrating, combination f-m gen-
erator, audio oscillator and multi-
plex generator in one package
about the same size as one unit
of the former models.

E-H Research Labs is announc-
ing a new light-weight microwave
swept signal oscillator that gives
continuous coverage in octave or
greater bandwidths from 1 to 40

DIGITAL logic module breadboard-
ing kit will be exhibited at the show
by the Martin Co.

DEVICE
UNDER TEST

I-F OUT TO AFC P
(FOR EXT SIG GEN)

MIXER

ALL-ELECTRONIC I-F PHASEMETER by Wiltron has electrically
controlled delay lines. Phase angle can be read digitally by attaching
digital voltmeter to outputs. Range is 2 to 100 Mc

Gce. Frequencies may be changed
by plug-in heads. Three internal
frequency markers, 25 v in ampli-
tude, are continuously adjustable.

Sweep oscillator with sweep
widths as wide as 300 Mc and as
narrow as 100 Kc is being shown
by Kay Electric. Frequency range
is 0.5 Mc to 1.1 Ge.

Video sweep generator designed
for three modes is being shown by
Jerrold. The unit has low resid-
ual frequency modulation of 20
cps in narrow band and cw modes
and 700 cps in wideband mode.
Range is 1 Ke to 15 Me.

Short-circuit - proof, solid - state
pulse generator with a repetition
rate of 100 cps to 5 Mc is being
shown by Velonix division of Pulse
Engineering. Pulse width can vary
from 50 nsec to 1 msec.

Function generator that pro-
vides simultaneous outputs of sine,
square and triangle waveforms
over the frequency range of 0.001
cps to 10 Ke will be shown by
Exact Electronics.

Random-noise generator that is a
serves as a stable, calibrated
white noise source for vibration
and strain analysis will be ex-
hibited by Quan-Tech Labs. Out-
put is continuously variable from
0.01 to 1,000 uv per root cycle and
is white from d-c to 100 Ke.

SYNTHESIZERS—Frequency syn-
thesizer that generates precise sig-
nals to 50 Mc in steps of 0.01 cps
will be shown by Hewlett-Packard.
It can be remotely programmed,
or programmed by computer.

New high-stability frequency-
synthesizer by Manson Labs pro-
vides over 690,000 discrete fre-

quencies from 2 to 34 Mc in four
bands. The synthesizer offers di-
rect digital readout.

Frequency synthesizer produc-
ing any stable frequency from 10
to 20 Mc with only one tempera-
ture-controlled crystal will be
shown by Measurements division
of McGraw-Edison. With external
multipliers it reaches 1 Ge. One
use is ssb-transceiver design.

METERS—A solid-state a-c/d-c
digital multimeter is being ex-
hibited by Electronic Associates.
Reading speed is 200 a sec.

D-c digital voltmeter to be ex-
hibited by Cimron Corp. features
automatic range and polarity with
plug-in a-c converters or preampli-
fiers. Range is 0.1 pv to 1,000 v.

True rms voltmeter with ranges
from 10 pw to 330 v (reaching 10
Kv rms with optional accessories)
is being introduced by Ballantine
Labs. The unit features flat ampli-
fication from 5 cps to 4 Mc with 90
db gain. Accessories provide for
current and rms power measure-
ments.

Phase shift can be read directly
with digital readout with Narda
Microwave’s d-c¢ to 5-Ge coaxial
phase shifter.

Portable L, C and R-measuring
bridge from Marconi Instruments
can also measure electrolytic ca-
pacitance and incremental induct-
ance.

Victoreen Instruments will show
an electrometer dubbed the Femto-
meter because it can make measure-
ments in the femto-ampere (107)
range.

Gaussmeter that measures a
magnetic field from d-c to 30 Kec



CRT deflection as low as 6 v features
General Atronics mew line of 15-Me
single and dual-trace transistorized
scopes. Company 1is also introducing
6-gun crt for airborne displays

will be shown by F. W. Bell, Inc.

REFERENCES—Voltagereference
source being shown by Corning
Glass Works can be used instead
of a dry cell. Output is adjustable
from 0.900 to 1.070 v d-c.

A-c/d-c thermo voltmeter stand-
ard with a range from 1.000 to
1,000.000 v and 6-place digital read-
out is being shown by Weston In-
struments and Electronics.

Reeves-Hoffman reports its new
solid-state 2.5-Mc frequency stand-
ard is designed for use as an in-
house standard to be continually
compared with vIlf transmission.

Precision resistance decades be-
ing shown by Shallecross feature
high d-c accuracy and minimum a-c
errors to 10 Ke.

Kelvin Varley voltage divider
that will be shown by Electro Sci-
entific Industries uses special cir-
cuits and switches to improve per-
formance at low settings.

Calibrator to measure peak power
between 150 Mc and 1.5 Ge is being
exhibited by Boonton Radio. The
power range is 200 mw peak full
scale and may be extended to 2 Kw.

COUNTERS AND TIMERS—Solid-
state counters and timers for record-
ing and data processing will be
featured by Berkeley division of
Beckman Instruments. The 25-Mc
models accept plug-ins to extend
their range directly to 100 Mc and,
through heterodyning, to 1 Ge.

Systron-Donner’s new 10-Mc
counter-timer is all-transistor. It
provides front-panel plug-in ver-
satility, a wide range of optional
features.
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... up to 160

channels in a

versatile
addressable or sequential

Multiplexers

e Sampling rate to 50,000 channels/sec
e Variable frame length

® Accuracy == 0.02% full scale

e Input levels to =10 V

features

Texas Instruments Multiplexers are all solid state units
providing accurate, high-speed bipolar operation with low
dynamic crossfeed, fast settling time, and variable strobe.
Manual channel select switches facilitate system set-up and
‘check-out. Frame length is selectable from front panel.
Expandable to 160 channels by means of plug-in printed
circuit cards. Case size 5% by 19 by 18 inches for standard

relay rack mounting. o .

e s
TY’s high speed éx fQ""f ‘ t‘,;,:,;?;]‘.:t_‘;”‘:r:‘":
Model 834 Analog-Digital | 4 t . : ¢ t : : LTy f
Converter, ideal KLQ. ‘ z £ Q, {’q E £ ‘ % E
companion instrument to “ o %Q..@.g

the TI Multiplexer.

Accuracy: =+ 0.05% full scale
Automatic zero stabilization

High speed: 1.5 usec per bit
Built-in sample and hold

Ask a TI Application Engineer for further information on
digital data handling equipment for your specific needs.

TEXAS INSTRUMENTS

INCORPORATED
P. O. BOX 66027 HOUSTON 6. TEXAS

INDUSTRIAL
PRODUCTS
GROUP

DIGITIZING INSTRUMENTS
INSTRUMENTS
558

+ RECORDING « TESTING =«
TEXAS

SENSING
THE INSTRUMENTS OF
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POWER
SUPPLY
TECHNICAL
LITERATURE

For the very latest information,
Kepco, Inc., offers a wide variety of
useful illustrated booklets described
below. For your complimentary copies
write today.

Notes on SYSTEMS APPLICATIONS
OF REGULATED POWER SUPPLIES:

40-page REFERENCE HANDBOOK aids
the engineer in making full use of the ver-
satility built into many of today’s power
supplies.

Information ranges from the fundamentals
of selecting a power supply, to detailed
theoretical discussions on applications for
systems use.

POWER SUPPLY NEWS:

Newsworthy and pertinent facts related to
the use of power supplies in the electronic
industry. Feature articles in present issue
describe: Significance of Patents in the
Electronic Field Today; Design Notes; and
Power Supplies in Systems Applications.

AN ANALYSIS of
COOLING METHODS:

Advantages of forced-air cooling over large-
area convection systems are discussed in an
effort to analyze overall equipment reliability.

1 UNDERSTANDING POWER SUPPLY
TERMINOLOGY and a NOMOGRAPH
on WIRE LOSSES:

Comprehensive definitions of the most-com-
monly used significant terms to assist the
engineer in the understanding of Regulated
Power Supplies.

The Nomograph supplied enables rapid de-
termination of voltage loss across the load
supply leads as a function of wire size and
current,

] Designing a CONSTANT-CURRENT
POWER SUPPLY:

This informative material defines a constant-
current source, It then describes a method of
converting a standard constant-voltage
source to a constant-current source.

.
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Please send me the following KEPCO technical literature.
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HYBRID SLOW-WAVE structure in Raytheon’s 5-Kw twt (left) for
phased arrays helps keep power linear over 1.2 to 1.4 Ge range. On tripod
is X-band klystron rated at 50 Kw by Varian Associates—it has generated
106 Kw. Typical of Huggins Labs’ new permanent-magnet-focused bwo’s

18 50-mw model for 8.2 to 12.4 Ge

Tubes Pack More Punch

IEEE
SPECIAL

NEW YORK—First of the S-band
driver klystrons for Stanford’s
2-mile-long linear accelerator has
just been delivered to the univer-
sity by Eitel-McCullough. The tube
will rate as the newest of the new
products at Eimac’s IEEE Show
display. Development started only
six months ago.

Designed for 75 Kw peak output
and tested to 100 Kw, it weighs
only 35 lbs. Weight was cut 80
percent by periodic permanent-
magnet beam-focusing. Company
also has new 500 Kw pentodes.

Another tube that borrows twt
concepts is GE’s traveling-wave
multiple-beam klystron (detailed
on p 64 of this issue).

Metcom’s new X and K,-band
klystrons use an adjustable dielec-
tric tuning rod in the cavity to get
flat power response over a 1.5-Gc
band. The #-w tubes are being used

mostly in parametric pumps.

Six new pulsed magnetrons—
four mm-range models and two
1-1b types that put out 1 Kw and
3 Kw at 9.3 Ge—are being shown
by Litton Industries. There is also
a 30 Kw to 10 Mw hollow-beam
klystron and a fiber-optic crt with
ultraviolet output.

One of CBS Labs’ special light-
sensing, light-emitting and image-
conversion tubes is a multiplier
phototube with rubidium-telluride
sensing surface and peak quantum
efficiency of 25 percent. Another
is an image dissector used in deep
space probes as a star tracker.

ITT is showing a ceramic power
tube that dissipates 100 kw and
has an evaporative cooling anode.
Writing speed less than 1 ips is
achieved by ITT’s Iatron direct-
viewing storage tube.

Sylvania is showing a 3-inch
crt for use in military airborne
displays faced by extremely high
ambient light. RCA promises a
long list of new tubes and micro-
wave devices. One is a devel-
opmental Nuvistor for power
supplies and small-signal amplifi-
cation to 350 Mec.
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ELECTRONIC PRODUCTS NEWS BY CARBORUNDUM

NEWS

Varsitor helps cut
picture interference
on latest

Zenith TV—automatically

A development of the patented
“Fringe Lock” circuit incorpor-
ated in Zenith TV receivers now
automatically cuts annoying pic-
ture disturbances, whether made
by nearby electrical machines or
external influences such as pass-
ing automobiles.

Function of the circuit is to cut
off the twin pentqde 6HS8 (see
below) when external noise is
introduced. Plates of the pentode
are connected respectively to the
AGC and Sync circuits. Two of
the grids are fed by composite
video signals. Automatic bias set-
ting, varying with signal level

AGC Output

fluctuations and always safely
above the Sync tips, is provided
by the voltage-sensitive resist-
ance characteristics of the type
BNR-331 Carborundum varistor.

The varistor replaces a potenti-
ometer that required adjustment
for maximum noise protection,
particularly in fringe areas. The
varistor not only provides auto-
matic control and positive, instan-
taneous cut out, but also costs
one-third less than the potentiom-
eter previously used.

New Technical data on
varsitors points way
to wider applications

and production savings

Carborundum offers a new bulle-
tin and technical literature to aid

Clipped Sync Output

"To Video Amplifier
Plate Circuit

To Video Detector

To Video Amplifier
i IPlate Circuit
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Video Amplifier Screen
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in the selection and application
of silicon carbide non-linear, volt-
age-sensitive resistors.

A variety of body types and
sizes is available, with electrical
characteristics suitable for appli-
cations requiring microamperes at
one volt up to kiloamperes at kilo-
volts. Typical applications are
lightning arrestors; contact arc
suppression for relay coils and
solenoids; protection for silicon
rectifiers, capacitors and other
electronic components against
high peak inverse voltage; and
voltage regulation and control.

The bulletin lists standard stock
varistors with pertinent design
information. Individual technical
sheets provide E/I characteristic
curves and specifications on over
100 stock varistors.

For your copies, write Dept.
EL-3R, Electronics Division,
Carborundum Company, Niagara
Falls, New York. Inquiries regard-
ing application to specific prob-
lems are invited.

CARBORUNDUM®

Be sure to visit our booth
at the IEEE Show.
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. Induction Heating’s
) Most Trusted
and Creative
Craftsmen

Since

1926

HIGH FREQUENCY

INDUCTION
HEATING UNITS

. @ BRAZING ® SOLDERING
O @ HEAT TREATING

@ ZONE REFINING

@ CRYSTAL GROWING

@ PLASMA TORCH

Typical Applications

WAVEGUIDE ASSEMBLIES
INDUCTION BRAZED

<INDUCTION COIL
s . COPPER TUBE

BRAZING
ALLOY
PREPLACED

Induction brazing has proved to be an excel-
lent method for production assembly of wave
guides. In the diagram, a rectangular copper
tube is joined to a brass flange using a pre-
placed ring of brazing alloy. Uniform localized
heating minimizes distortion. Induction braz-
ing produces consistently sound joints with
smooth fillets.

Free Application Engineering Service

GLASS — TO — GLASS SEALS

PRESSURE

HEAVY COPPER
SUSCEPTOR SHIELD

~KOVAR RING
/ SUSCEPTOR

STEATITE FIXTURE
GLASS BASE

Holders for quartz crystals are sealed by
induction heating in an evacuated bell-jar.
A glass-coated kovar metal ring is used as a
susceptor between bulb and base. Steatite
nest, held in plate-type induction coil posi-
tions glass base, while spring-loaded copper
block locates glass bulb and also provides
pressure to cause plastic flow of glass after
localized heating. In production, several
crystals are sealed at one time.

WRITE FOR LEPEL CATALOG
HIGH FREQUENCY
£ ETEL LABORATORIES, INC.

55th ST. & 37th AVE., WOODSIDE 77, N.Y.C.
CHICAGO OFFICE: 6246 WEST NORTH AVENUE
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CAST-IRON HEAD contains gyro-
accelerometer system. Fairchild Con-
trols put it in there to test stresses
and strains on humans. One use 1s in
the Apollo test program

IEEE SPECIAL

PREVIEW OF
EXHIBITS

Microcircuits Graduate
Into Hardware Products

Integrated and thin-film
circuits pace development
of off-the-shelf lines

NEW YORK—Predictions that the
industry is “going micro” this year
(ELECTRONICS, p 45, Feb. 15) will
be amply borne out when the IEEE
Show opens March 25.

Since the last IRE Show, micro-
circuit exhibits have multiplied
and most of the manufacturers
will be offering product lines,
rather than production capability.

Another sign of the swift pace
of product development will be
lasers. In addition to the lower-
power types now readily available,
there will be at least two super-
power ruby lasers. One, from
Radiation at Stanford, puts out at

least 500 joules. Raytheon’s 350-
joule wunit can Dblast through
14-inch steel.

Meanwhile, the producers of
tube and transistor equipment
haven’t been idle during the past
year. They’ll be offering a mixed
bag of scores of new products,
ranging from data-processing gear
to production test equipment.

MICROCIRCUITS—Sylvania will
be featuring hardware applica-
tions for thin films. Among these
are a cigarette-pack-sized trans-
ceiver-beacon, being built for use
by pilots downed at sea, and a tape-
control unit—also for Navy.
Linear molecular circuits by
Westinghouse Electric include a
variety of amplifiers and an oscil-
lator-mixer. Molecular digital cir-
cuits will also be shown.
High-speed thin-film, hybrid dif-
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THIS CIRCUIT, reduced to a %-inch-square integrated circuit by Signetics,
provides the sense amplifiers in Univac’s new aerospace computer
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MICROCIRCUIT CHOPPER, de-
veloped by Sperry Semiconductor
as low-level switch has equivalent
of two matched npn silicon planar
transistors with common base and
collector

fused silicon tantalum logic gates
will be introduced by Philco Lans-
dale. Silicon planar/epitaxial de-
vices being introduced by Amperex
Electronic include choppers and
11 types of mil-spec high-speed
switches and amplifiers. Trans-
itron is reportedly planning to in-
troduce a new line of integrated
circuits. Texas Instruments In-
corporated is showing its ex-
panded line of integrated circuits.

LOGIC MODULES — Flip-flops,
rated at 50 Mc with some tested as
high as 80, will be at Varo’s booth.
Sanders Associates will introduce
parts of its new digital logic
module line.

Microcircuit ten-bit 20-Mc shift
register by General Instrument is
designed for general computer and
data system applications.

Micro package of 10 npn dif-
fused silicon transistors is fabri-
cated simultaneously by Burroughs
in a common emitter, strip con-
figuration that permits intercon-
nection with diode matrices.

RECORDERS — Sangamo Elec-
tric’s instrumentation magnetic
tape recorder/reproducer reduces
speed errors with a new eddy-cur-
rent drive system that eliminates
mechanical coupling between the
motor and the capstan.
Seven-channel instrumentation
magnetic tape recorder, by Ameri-
can-Concertone, has differential
capstan and coaxial reels. Com-
puter tape of 1-mil Mylar T from
Audio Devices is compatible with
1.5-mil tapes, but provides more
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CENTAUR . ...
NIRKE-ZIEUS

GEMINI
VANGUARD

DYNASOAR

FRONTIER FREQUENCY / TIME STANDARDS

are the best across-the-board

Here are space-tested System Frequency/Time Standards that meet your
most exacting requirements for commercial, industrial or military applica-
tions. The same engineering capability that supplies Frequency/Time control
to major space projects places in your hands advanced crystal control that
fulfills any precision timing assignment. ® Frontier’s line features a wide range
of frequencies (30 cps to 100 megacycles), stabilities for every need (1 x 10-8,
20 x 10-6 or whatever you require), solid-state circuitry and oven control (no
noise-generating thermostats!). The line has unitized modular construction
for best shock and vibration resistance — fast start-up and low power con-
sumption — choice of sizes and mountings — individual test documentation
any position. Write or call today for

shipped with each unit — mounts in
complete technical information:
Commercial [ Military

Systems Capability

INTE

Visit us at the I.E.E.E. Show Booth 3017
March 23 to 28 The Coliseum, New York

FRONTIER ELECTRONICS DIVISION

Y

RNATIONAL RESISTANCE COM

his Avenue « Cleveland 9, Ohio
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VISUAL PRINTOUT, magnetic key-
board, remote programming ability
feature Navigation Computer’s tape-
puncher for numerical machine control

footage on standard-sized reels.

Rheem Electronics’ bidirec-
tional punched-tape reader can
sense 300 characters/second and
stop on character.

Bausch & Lomb’s X-Y strip
chart recorder records multiple in-
puts directly, d-¢c volts, ohms, or
milliamps, without external con-
verters. Vertical strip-chart re-
corders for transcribing telemetry
and analog computer readout and
other uses are being introduced by
American Optical. Two low-cost
X-Y recerders being shown by
Houston Instrument feature built-
in time base, selectable time
sweep and electric pen lift.

COMPUTER GEAR — Magneto-
strictive delay lines are used for
storage in a printer that Potter
Instrument reports conserves com-
puter loading time by as much as
20:1. It accepts asynchronous or
synchronous data and prints 1,200
alphanumeric lines a minute.
Packard Bell Computer reports
its two high-accuracy analog-to-
digital converters are fast enough
to digitize high-speed transient
phenomena and telemetry data on-
line. Speeds are 30,000 15-bit con-
versions a second and 70 Ke.
On-line auto/cross-correlation
computer for medical electronics
and vibration analysis is being ex-
hibited by Mnemotron. Frequency
response is 0.006 to 100 cps.
Transfer functions of servo sys-
tems can be derived directly with
Wayne Kerr’s new computer. Fre-
quency range is 100 cps to 5 Ke.
Solid-state angle position indi-
cator, featuring a 30-sec repeat-
ability, accuracy of 6 min of arc,
and digital readout over 360 de-
grees is being exhibited by North
Atlantic Industries.

40

CLEAN LINES improve readability
of Honeywell Precision Meter divi-
sion’s mew panel meters. Concave
plastic forms face

COMMUNICATIONS—North Elec-
tric says its digital-to-voice con-
verter/multiplexer is unique. Air-
lines reservations and stock quota-
tion systems are applications.

For amateurs, National Radio
has a 6-inch-high ssb transceiver
that puts out 200 watts. High-fre-
quency crystal-lattice filter for
both receiving and transmitting
eliminates multiple conversions.

Tv camera that provides 1,000
horizontal lines and 700 vertical
lines will be shown by Dage di-
vision of Thompson Ramo Wool-
dridge.

AN/ARW-T79 receiver with pro-
portional control decoder for
controlling pilotless aircraft and
missiles will be featured by RS
Electronics. Avco will show its
satellite radio-command receiver.

Rixon Electronics will demon-
strate a digital-data modem that
operates at up to 3,600 bits/sec.
Unique feature is carrier exhalting
or reinjection.

POWER SUPPLIES—Designed for
lab and equipment use, a remotely
programmable d-c¢ power supply
that delivers 0 to 100 v at up to
30 amp will be shown by Behlman-
Invar Electronics. Consolidated
Avionics has a series of low-cost
silicon power supplies.

Several new amplifiers are being
unveiled by M. Ten Bosch, Inc.
One has voltage gain of 1 to 40
Mv.; another has gain of 2 to 10
Kv. A third is widely variable for
use in laboratory servo setups.
Mil-spec, solid-state amplifier by
Loral Electronics, with a center
frequency of 100 Me, has gain of
66 db, 20-Mc bandwidth at 3 db.

TESTERS — Magnetic
loop tracer was

hysteresis
designed by

o omomewmeom,
Enwsans

¥

CARTRIDGE-LOADING
system introduced by IBM has an in-
stantaneous data rate of 170,000 8-bit
characters a second

tape-drive

Yokogawa Electric Works for
graphical analysis of soft mag-
netic materials. Medium and high-
power semiconductor devices can
be tested with a unit from Sierra
Electronic division of Philco. SCR
gating circuits reduce power dissi-
pation in devices tested.

Bridge to measure temperature
coefficients of resistors from 1 ohm
to 1 Meg is being introduced by
Daven. California Technical In-
dustries has updated its automatic
circuit analyzer for programming
input and output test data.

ANTENNA DRIVES—Its variable-
speed tracking antenna system
will be demonstrated by Technical
Appliance. Hydraulic operation
minimizes rfi.

Microwave Associates will in-
troduce a multiple-bit phase
shifter for L-band antenna scan-
ning, expects it to have wide appli-
cations in phased-array radar.

Guarded-crossbar 600-channel
scanner will be shown by Dymec
division of Hewlett-Packard. Low
signal-path resistance permits
switching of microvolt signals.

Miniature pressure-sensitive cut-
off charging devices for use with
Yardney Electric’s AgZn and
AgCd batteries goes into operation
as gasing increases within the bat-
tery to about 2 psig.

Panel meters only 34 inch in di-
ameter will be among Triplett
Electrical Instrument’s new prod-
ucts. Infra-pack, a modular sys-
tem for providing infrared instru-
mentation will be shown by
Telewave Labs.

Consumer electronics competi-
tion from Japan is typified by a
16-inch color television set, fea-
turing only a hue control for color
adjustment, by Toshiba.
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TANTALUM

—

CAPACITORS

CAPACITORS

These solid electrolyte capacitors, Sangamo Type 595,

represent a distinct achievement in tantalum capacitors.

They utilize Sangamo’s exclusive “Innerseal” construction with
the terminals mechanically secured to the tubular container and
precisely positioned without regard to the capacitor element.

The seal is produced with a minimum of solder and flux, and
with minimum thermal and mechanical stress on the glass
insulator. There is absolutely no reliance on solder for mechanical
strength. That’s why these fougher units give peak performance
under the most drastic shock and vibration conditions.

Sangamo tantalum capacitors comply with all the electrical and
mechanical requirements of Mil-C-26655A.

Basically, these tantalum capacitors provide the highest
capacitance per-cubic-inch in an extremely small and strong,
hermetically sealed package.

Sangamo Type 595 capacitors are designed for filter, by-pass,
coupling, blocking, and low voltage applications in telemetering
devices, airborne systems, computers, missiles, and transistor
circuits. They have low dissipation factor, low dc leakage, and
excellent shelf life. They are available in capacitance values of

0.22 to 330 mfd, and in voltages from 6 to 35 WVDC. They’re
suitable for operation at full-rated voltages over a temperature
range of —80°C to +65°C and, when properly derated, will operate
up to +125°C. Complete information is yours for the asking.

i

ELECTRONIC COMPONENTS

SANGAMO ELECTRIC COMPANY

SPRINGFIELD, ILLINOIS
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The new 4700 Series combines accuracy,
application flexibility, and operator conven-
ience unmatched in other instrumentation recorders.

ACCURACY [] Eddy current clutch for smoother tape handling—faster servo
response of 50%/sec. over a range of 30% of nominal tape speed. [ ] Low-
mass drive resulting in 100 times better TDE than conventional high-mass
drives. [] Precision guiding for minimum tape skew. [ ] Vacuum tensioning
and cleaning producing positive head-to-tape contact. [ ] Phase-equalized
electronics.

FLEXIBILITY [] Y%-inch through 2-inch tape-handling capacity with no
changes other than heads and guides. [ ] Reel-to-reel or continuous loop
operation with no mechanical changes. [[] Modular construction for system
expansion. [] Four speeds of either FM or direct record and reproduce at
the flip of a switch. [] Direct galvo
drive capability plus squelch. [] Full
IRIG compatibility.

CONVENIENCE [] 8 speeds (15/16 ips
through 120 ips) controlled by a single
switch—no belt changing. [] Attractive
control panel designed for the opera- Unique capstan drive with no

tor. [] Eye-level electronics module‘s ;'::z:‘a:ai:z'tca:lf::E;Zﬂ;t?uf:‘:’etg;
for quick, easy setup. ] No mechani- clutch is the secret. This vibration-
cal brake to adjust with linear DC reel free coupling system is combined
drive: serios; et St contstl v tia ol iIght
0 O [ There's much more to tell | - {25, ot omatier et

about the new 4700 Series . .. write, from Sangamo.
wire,or phone us forthe complete story.
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SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS




MORE VERSATILE THAN EVER

SPEEDIV/C

MULTIPLE
VAPOR
\SOURCE

VACUUM
COATING
UNIT

Following are listed some of the special fea-
tures supplied as standard fittings in the
EDWARDS 19EG6 evaporator.

Stainless Steel Bell Jar, Viton Gasketting, Six
Position Vapor Source, Substrate Heater,
Motor Driven Rotary Substrate Holder, Glow
Discharge Cleaning, Ultimate Vacuum with
LN? trap 2 x 107 Torr.

Fast reliable pump downs are, of course, a
feature of all EDWARDS evaporators.

Write for your free technical reprints, written
by members of our research staff on “Thin
Films and Ultra High Vacuum Techniques.”

MICRO-CIRCUIT JIG AND MASK CHANGER

The micro-circuit jig is complete with a sixe
position vapor source, enabling six 2” square
substrates to be coated with six different mate-
rials using six different masks.

The jig is also provided with two substrate
heaters, one to preheat the substrate to 150°C.
and the second to raise the temperature of the
substrate in the evaporation position to 300°C.
Resistance monitor pick-up points are provided
and separate resistance monitor and automatic
source shutter can be provided.

Standard EDWARDS patented glow discharge
cleaning rings are supplied with the jig, along
with the rotating six-position vapor source.
The accuracy of registration of each successive
mask in contact with a given substrate is
within #0.001”.

ELECTRON BOMBARDED VAPOR SOURCE

Designed as an inexpensive vapor soutce for
depositing thick films of material containing
Ni, Fe or Co. The source is complete with a
wire feed mechanism and handwheel assembly
for continuous controlled evaporation by feed-
ing wire to the vapor source from the hand-
~ wheel mounted externally on the coating unit.
A complete power supply to operate the source
is also available complete with interlocks to the
vacuum system.

MARK Il MODULATED BEAM PHOTOMETER

The “Speedivac” Modulated Beam Photometer provides a method of
controlling the optical thickness of films deposited by evaporation or
sputtering by indicating the changing optical characteristics of the
films as their thickness increases. The instrument measures the reflec-
tion from or the transmission through coated glass surfaces as a
function of wavelength. Both these quantities can be measured alter-
nately if two light sensing elements are used.

OMEGATRON-MASS
SPECTROMETER

The “Speedivac” Omegatron Mass Spectrometer analyzer delivers
quantitative and qualitative data of minute quantities of residual
gases and vapors in vacuum systems. The unit provides the following
characteristics: High Sensitivity * Extended Range * Excellent
Resolving Power * Rapid Response, Linear Scan * Pressure Meas-
urement Independent of Gas Composition * High Sensitivity Leak
Detection * Simple Construction.

GENERAL SPECIFICATIONS INCLUDE: Range—Mass 2-200;
Resolution — Complete separation of adjacent peaks to mass 32 and
very good separation to mass 60; Sensitivity — The unit’s high sensi-
tivity enables the analysis of residual gases in the range of 10 to
10-11 Torr.

EDWARDS H/GH VACUUM /NC. / 3279 GRAND ISLAND BLVD., GRAND ISLAND, N.Y,

MANUFACTURERS OF THE MOST COMPLETE LINE OF HIGH VACUUM COMPONENTS AND SYSTEMS
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HOW CHEAP
1S “CHEAP™?

“Why should we buy from you when
we can get the ‘same thing’ from
other suppliers at a lower price?”

In selecting a supplier of lacing tape (or any component), price and compli-
ance with specifications are not the only criteria. But too often, manufacturers
ignore the other factors involved and consequently lose money.

For example, in a $15,000 piece of equipment there may be only 15 cents
worth of Gudebrod lacing tape. It costs $75 to work this tape. It may be possi-
ble to buy the same amount of tape from other suppliers for 2 or 3 cents
less . . . it “will meet the specs’” according to these suppliers. But one of our
customers recently pointed out why he still specifies only Gudebrod lacing
tape in such cases.

“We tried buying some cheaper tape that ‘met the specs.” Within a few
months our production was off by 50% . . . boy, did the production people
really scream about that tape. And our labor costs doubled... our
costing people really flipped!

“Another thing, why should we risk the possible loss of thousands of
dollars when the original material cost difference is only a few cents.
Once you put cheaper tape on and something goes wrong after the equip-
ment is finished . . . you’ve had it. No, thank you! We learned our lesson!
We buy Gudebrod lacing tape!”

Whether your firm uses one spool of lacing tape or thousands, there are four
advantages in specifying Gudebrod for all your lacing requirements:

1. Gudebrod lacing tape guarantees increased production!
2. Gudebrod lacing tape guarantees reduced labor costs!

3. Gudebrod lacing tape guarantees minimal maintenance after
installation!

4. Gudebrod guarantees quality! On every spool is a lot number
and seal which guarantees that all Gudebrod lacing tape is pro-
duced under strict quality control. Our standards are more
exacting than those required for compliance with Mil-T.

Our Technical Products Data Book explains in detail the complete line of
Gudebrod lacing tapes for both civilian and military use. For your copy
write to Electronics Division

UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

ST,
12 SOUTH 12th STREET, PHILADELPHIA 7,
VISIT GUDEBROD BOOTH #4032 AT THE IEEE SHOW

PENNA.
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MEETINGS AHEAD

PACIFIC COMPUTER CONFERENCE, IEEE;
California Institute of Technology,
Pasadena, Calif., March 15-16.

BIONICS SYMPOSIUM, United States Air
Force; Biltmore Hotel, Dayton,
Ohio, March 18-21.

EUROPEAN ELECTRONICS MARKET, EIA;
Statler Hilton, Washington, D. C.
March 19-22.

INSTITUTE OF PRINTED CIRCUITS MEET-
ING, IPC; Barbizon-Plaza Hotel, New
York City, March 25-27.

IEEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronics
Engineers; Coliseum and Waldorf-
Astoria Hotel, New York, N. Y.
March 25-28.

ELECTRON BEAM SYMPOSIUM, Alloyd
Electronics Corp.; Somerset Hotel,
Boston, Mass. March 28-29.

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS SYMPOSIUM, IEEE,
1AS, University of California;
at UC, Berkeley, Calif., April 10-11.

OHIO VALLEY INSTRUMENT-AUTOMA-
TION SYMPOSIUM, ISA, et al; Cin-
cinnati Gardens, Cincinnati, Ohio,
April 16-17.

CLEVELAND ELECTRONICS CONFERENCE,
1EEE, Case Institute, Western Re-
serve University, 1SA; Hotel Shera-
ton, Cleveland, O., April 16-18.

OPTICAL MASERS SYMPOSIUM, IEEE,
American Optical Society, Armed
Services, et al; Waldorf Astoria Ho-
tel, New York City, April 16-18.

INTERNATIONAL NONLINEAR MAGNETICS
CONFERENCE, IEEE; Shoreham Hotel,
Washington, D. C., April 17-19.

SOUTHWESTERN IEEE CONFERENCE &
ELECTRONICS SHOW, IEEE (Region 5);
Dallas Memorial Auditorium, Dal-
las, Texas, April 17-19.

BIO-MEDICAL ENGINEERING SYMPOSIUM,
IEEE, et al; Del Webb’s Ocean
House, San Diego, Calif., April 22-24.

NATIONAL ELECTROMAGNETIC RELAY
CONFERENCE; Oklahoma State Uni-
versity; OSU, Stillwater, Okla.,
April 23-25.

ADVANCE REPORT

INSTRUMENT SOCIETY OF AMERICA CONFER-
ENCE, 18A; McCormick Place, Chicago,
Ill., Sept. 9-12. March 30 is deadline for
submitting abstracts to: T. A. Abbot,
Conference Program Coordinator, Instri-
ment Society of America, Penn Sheraton
Hotel, 530 Wm. Penn Place, Pittsburgh
19, Pennsylvania. Technical sessions to
be given include: aerosvace instrumen-
tation; analog computation and process
control; analysis instrumentation ; auto-
matic control systems; computer control
and systems engineering ; data handling
and computation; electronic instrumen-
tation ; noise, shock and vibration meas-
urement ; radiation methods of analysis ;
reference voltage devices & techniques;
solid state controls & instruments ; trans-
ducers.
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The Siliconix 12 nsec 5 mw Dual NAND Gate

THIS PLANAR SILICON INTEGRATED CIRCUIT HAS A LOWER POWER-SPEED
PRODUCT (60 PICOWATT-SECONDS) AT HIGHER FAN-OUT THAN CONVENTIONAL
DIODE-COUPLED NAND GATES BECAUSE OF:

a. The unique emitter-follower diode-clamp circuit . . .
h. Small geometry which minimizes capacitance . . .
¢. Epitaxially grown collectors.

PROPAGATION DELAY VARIES LESS THAN =7.5% FROM —55°C T0 +125°C
WITH Vec 4 TO 5 VOLTSa USE THIS GATE AS A NAND, NOT AND-OR, BISTABLE
FLIP-FLOP, OR HALF ADDER« ANOTHER EXAMPLE OF THE WAY SILICONIX
COMBINES CIRCUIT AND SEMICONDUCTOR TECHNOLOGIES INTO DIGITAL AND
LINEAR INTEGRATED CIRCUITS AND COMPONENTS« WRITE FOR DETAILS.

Siliconix incorporated
7740 West Evelyn Ave. ® Sunnyvale 33, California
Telephone 245-7000 ® Area Code 408 ® TWX 408-737-9948
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~ FOUR YEARS o f FERFORMANCE- FOUR YEARS OF EXPONENTIAL GROWTH

MODEL HLFg-12
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recording. $1450.

HR 95

The HR-35 Recorder, a high pertormance
812 x 11”7 recorder featuring plug-in mod-
ules and dual regulatede zener reference
supplies. Front recording panel swings
open for easy access to all of the elec-
trical and mechanical components. $1250.

AR 80

The HR 80 T-Y* recorder provides rectilin-
ear recording as a function of time on
standard graph ‘paper of any variable
expressable as DC voitage. $475.

* TM Houston Instrument Corporation

1963

electronics ® March 15,

HILVEG 150 The HLVC-150 log voltmeter-converter’s new design principlet permits measure-
ments accurate to 0.2 db of voltage or voltage ratios on a true logarithmic
scale over a 3160:1 or 70 db continuous range. AC or DC inputs, DC output for

‘ |
houston lnstrumentmmmon

4950 TERMINAL AVENUE / BELLAIRE 101, TEXAS / MOhawk 7-7403 / Cable: HOINCO TWx: 713-571.2063 T PATENTS PENDING

 hRS7

Emphasizing a straightforward design ap-

proach, the HR-87 is an 11 x 177 XY re-

corder with 1 mv/in. basic sensitivity,
n

i
pen speed zener wfemnca voltages, snap-
mbiy ana vacuum ape hald-q

The HR 96 is an Bl x 117 ‘XY recorder
with a 1 mv/in basic sensitivity, 0.25%
accuracy, 10 in/sec. pen speed, zener ref-
erence voltages, snap-on pen assembly and
0.5 to 2 in/sec. time base. $895.
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PUMPS ¢« VALVES »- BAFFLES - GAUGES

DIFFUSI.N PUMPS

Only NRC offers a full line
of high-speed diffusion
pumps with all these impor-
tant advantages:

® No super-heating . .. min-
imizes pump fluid decompo-

sition. Fractionating
=== jet assembly ...
constantly puri-
fies pump fluid...
lower pressures
canbeheld longer.
¢ Patented Cold Cap*...an
NRC exclusive...cuts back-
streaming 98%.
Available now in 4/, €', 10",
16" and 32 sizes for all your
 «Licensed exclusively from Nigh vacuum testing and
Edwards High Vacuum production applications,
somas; > ‘oo where performance and
jility really count.

CRYO AND MOLECULAR
BAFFLES

New NRC Slide Valves (HC Series) are very-
high and ultra-high vacuum valves at conven-
tional prices. Pressures of 10¥to 10" torr range
have been produced...without baking...in

vacuum systems using these valves. 100 %
clear opening and low height provide highest
conductance. Double-pumped stem seal cuts
gas bursts 99%. They’re available in 4” and 6"
sizes, either hand or air operated.

VACUUM GES'

Get accurate, reproducible direct-readings to
10 torr with' the new NRC Model 752 Red-
head Magnetron Gauge! The only really satis-
factory gauge commercially available for
measurements below 1 x 10? torr. Increased
current readings provide 50 times the sensi-

Now, your high vacuum system can be oper-

ated at lowest pressures for extended periods
of time with no detectable trace of hydro-
carbons reaching the chamber! The reason:
NRC’s Circular Chevron Cryo Baffle and the
all-new NRC Molecular Sorbent Baffle (which
utilizes three full trays of zeolite) virtually

eliminate back-migration of pump fluid va-

pors. Yet, they provide exceptionally high con-
ductance for maximum useful pumping speed.

160 Charlemont St.
Newton 61, Massachusetts
Area Code 617, DEcatur 2-5800

NRC

EQUIPMENT

‘\\ CORPORATION

tivity of hot-wire ionization gauges. Because
theres ,no hot filament, it’s magnitudes less
“gassy”, can’t become contaminated by vapor-
izing of gau%e elements. And the 752 Gauge
is not X-ray limited.
NRC’s full line of vacuum gauges and controls
also includes an mproved%ayard-Alpert type
gauge, Model 751, for accurate, reliable meas-
urement in the 1 x 10? to 10" torr range.

A Subsidiary of National Research Corporation

SEE THESE AND OTHER NEW NRC
VACUUM COMPONENTS AND SYSTEMS
—IEEE SHOW BOOTH #4425-4427

MANUFACTURING PLANTS IN NEWTON, MASSACHUSETTS AND PALO ALTO, CALIFORNIA

48 CIRCLE 48 ON READER SERVICE CARD
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New DPDT TRIMPOT" Relay:

NUMBER 26~NEW PRODUCT SERIES

160 mw Sensitivity, Microminiature Size!

This new DPDT is more than just small—it'sreliable! Subject it
to 150 G shock or 30G, 3000 cps vibration, and you still get the
performance that’s on the published data sheet. Model 3101 has
single-coil design, rotary balanced armature, hermetically sealed
case, and self-cleaning contacts. It's designed to meet or exceed
all environmental requirements of MIL-R-5757D.

Every relay goes through a 5000-operation run-in and 1009%,
final inspection, including mass-spectrometer leak testing, for
all important characteristics. In addition, monthly samples
undergo the punishment of the Bourns Reliability Assurance
Program. This program, originally developed for TRIMPOT poten-
tiometers, is one of the most extensive series of electrical and
environmental tests in the electronics industry. It underscores
the trustworthiness of the name TRIMPOT in relays, too.

Model 3101 relays and their SPDT companion, Model 3100, are
available immediately from the factory in a full range of coil-
resistances and with voltage or current adjustment. Three ter-
minal types, two mounting-bracket styles. Write for complete
technical data.

Size: .2” x 4" x .67

Maximum operating temperature: 125°C

Contacts: DPDT; Rating: 1.0 amp
resistive, 26.5 VDC

Coil resistances: 655 to 2000

Pick-up sensitivity: 160 milliwatts

Vibration: 30 G standard, 60 G special

Shock: 150G

ACTUAL SIZE

Compare its space requirements with those of the usual crystal-can or half-crystal-can types.

s -
Manufacturer: TRIMPOT® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, Cali

& SR
Ames, lowa; and Toronto, Canada

SEE BOURNS PRODUCTS IN BOOTHS 1429-1431 AT THE IEEE SHOW
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SWITCH TO

for Precision Electrical

TEGH LABS it sivanens

The following standard switches are representative of those produced by Tech Laboratories,
all of which meet government specifications. Write or teletype for further information.

The Type 2A is the standard control switch for electronic instruments and high quality equip-
ment. It is made in a number of combinations with as many as four poles per deck and 24
positions. Insulation is phenolic. The Type 2M is identical except for Melamine insulation.
In the table, Code No. /S’ stands for “shorting’’ and /N’ for “non-shorting”.

TYPE CODE DIA. RATING NO. POS. NO. DECKS POLD. PRICE
2A A1524 134" 3A 24 1 1 $4.50
2A A4S5 134" 3A B 1 4 $6.00
2A AIN10-2 134" 3A 10 2 1 $7.00
2M M1524 134" 3A 24 1 $5.50
2M M4N3 134" 3A 3 1 4 $7.00

The new Type 3A molded miniature switch for use in all military and commercial applications
in which a superior instrument switch is required, can be furnished with as many as eight
decks and up to twelve positions per deck, single pole, or six positions double pole. It has
adjustable stops for any lower number of steps.

Standard control switch with phenolic
or Melamine insulation, 3-5 amp. rating. The switch, 174" in diameter, carries 5 amp and is furnished ‘“Shorting’, with “non-shorting”

types available on request. It can be supplied solencid-operated and hermetically sealed.

Werite for details and prices.
SQUARE SWITCHES

These standard rugged control switches are the stand-
by for equipment calling for dependable switches
in @ hurry. Will meet all standard government specs.
All parts carried in stock. An infinite number of
combinations possible. Teletype your specs.

The price of the basic frame is the same for all,
viz. $4.00 each. The type 600 and 800 are priced at
$8.00 per deck plus frame price, and the type 900
switches are $9.50 per deck plus frame $4.00.

TYPE 3A
* MINIATURE
4 TAP SWITCH

$3.00 List (Without Handle) Molded frem

Specifications

Size: 1" diameter. 14" with terminals.
1 deck, 145" long, V2" for each addi-
tional deck.

Weight: 1 deck, 30 grams. 10 grams for
each additional deck.

Rating: 1200 volts rms, 2000 VDC, 5
amps. (carrying) 115 V.

Insulating resistance: 100 megohms mini-
mum at 500 volts DC.

Life: 1.5 — 2 million revolutions.

Contact resistance (standard): 6-10 milli-
ohms. (silver): 3-5 milliohms.

Temperature range: —65°C to 100°C.

Mounting: sinale hole.

Meets MIL-S-3786A.

Max. Pos. Max. Pos.

Type Size Rating Short. Non-Short.
CAM SWITCHES i N s = = =
800 2%" sq. 5A. 32 16
TYPE 8A 900  2%" sq. 10A. 48 24
CAM
SWITCH
A new development of great interest. THER TECH LAB SWITCHES
Small size, long life and great flexibility.
Have been made with from one to 30
contact springs. Will carry 3 amp. Stand-
ard unit has four contact springs and STEPPING ATTENUATORS
10 positions, price $12.50. SWITCHES

TECH LAB switches are
now standard equipment
in most missiles as well

A complete line of
audio and r.f. at-
tenuators with both
manval and RE-

TYPE 10A as in ground controls. MOTE CONTROL.
Furnished sealed to meet We will design
TAP SWITCH all specs. Write for de- components 1o

meet your specific
requirements, if
standard units are

tails, Prices on request.

A multi-deck switch of small dimensions,
13" sq. This is a precision switch de-
signed to meet high requirements in
smallest possible space. Up to 24 posi-
tions, shorting. Price approx. $10 per
deck, plus frame $5.

WRITE FOR NEW BULLETINS ON SWITCHES

WRITE FOR INFORMATION ON NEW DIGITAL BINARY SWITCHES
DECADE RESISTORS o

inadequate. Please
write for catalogue
and send us your
specs for estimate.

POTENTIOMETERS

TECH LABORATORIES INC. o Palisades Park, New Jersey
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Put our 2¢ worth in!

Think solid state design’'s too expensive? Not with
AMPin-cert* DUO-TYNE* Flag Connectors. Cost approxi-
mates just 2¢ a line! And performance meets and
exceeds all UL requirements. This low cost reliability
means that now you can design solid state components
into all your electrical/electronic products (washers,
dryers, power tools, vending machines, organs, etc.).

And there’s no worry here that production problems
will stifle your design creativity. This connector is right
down the production man’s alley. Strip-mounted, crimp,
manual snap-in contacts make possible automated job
lot assembly. This means speedy automatic wire prep-
aration with an A-MP* crimping machine. Separate
harness assembly. Swift loading of connector housings.
Penny-pinching features that add up to big dollar savings
in the form of lowest installed costs.

In-use service is no trouble with snap-in snap-out con-
tactdesign. This allows for simplified field servicing. Every

way you look at it, the AMPin-cert DUO-TYNE Flag Con-
nector is a money-saver—a money-saver that means
wider design parameters for you. Learn more about
this economical new connector. How it can help you get
more design freedom, greater reliability and lowest in-
stalled costs.

Extensive product line includes 3 position to 22 posi-
tion housings. .. with or without mounting ears. Wher-
ever your need, whatever your need, AMP puts an end
to every circuit problem! Additional information available

on request.
*Trademark of AMP INCORPORATED

-
. AMIP?
1

| INCORPORATED

| Harrisburg, Pennsylvania

| S S — — e — —— ———— ——— to—

AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England » France » Holland » Italy « Japan « Mexico « West Germany

Visit us at the IEEE Show, Booths 2527-31 and 2837, March 25-28, 1963
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ANCIENT
HISTORY

We'll Demonstrate Predetection at IEEE Booth 3833

Reliable wideband performance at Mincom is an old story —and a good one. Mincom systems were
recording and reproducing extremely complex signals at 1 mc as far back as 1955. Today Mincom’s
1-mc system, the CM-100, is noted as a pioneer in operational predetection. Another system, the
CMP-100, is a smaller mobile unit for recording in the field —also with 1 mc at 120 ips. The CM
and CMP (as well as the other two basic Mincom systems) provide the simple, reliable data-gather-
ing capability possible only with longitudinal recording on fixed heads. For all the details on Min-
com’s dependable wideband instrumentation, write us today.

Mincom Division .".\'m

2049 South Barrington Avenue, Los Angeles 25
425 13th Street N. W., Washington 4, D. C.
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SUBMINIATURE CIRCUIT BREAKERS

MISTHRE

The Heinemann Series SM: hermetically sealed and
built to take it under rough environmental conditions.
One-, two-, and three-pole models. Available in any in-
tegral or fractional current rating you want, from 0.050
to 20 amps. For 230V AC, maximum, 60 or 400 cycles
AC; or 50V DC, maximum. Choice of two time-delay
responses for each voltage frequency. Hydraulic-
magnetic actuation provides temperature-stable per-
formance: nominal load-current capacity and specified
trip-points are completely unaffected by ambient tem-
perature. Details: Bulletin 3504.

GORAERGIAL

The Heinemann Series VP: low-cost, molded-case, com-
mercial version of the Series SM, opposite. Exception-
ally lightweight: only 1.5 ounces. Single-pole only. Can
be supplied in our conventional series-trip construction
or any of four special-function models (shunt-trip,
relay trip, calibrating-tap, auxiliary-contact). Available
in the same range of current and voltage ratings as the
Series SM, and with a similar choice of time-delay
responses. Hydraulic-magnetic actuation, of course—
hence, no de-rating for high ambient temperatures.
Details: Bulletin VP.

HEINEMANN ELECTRIC COMPANY < 2600 Brunswick Pike, Trenton 2, N.J.



Special Introductory Offer

To new members of the

ELECTRONICS and CONTROL ENGINEERS' Book Club

ANy oN

YOURS WITH A CHARTER MEMBERSHIP
AND SENT WITH YOUR FIRST SELECTION

WG,
ELECTROMIC SWITCH
TIMING, AND
PULSE CIRCUITS

Publisher’s
Price, $17.50
Club Price,

l’nhllsher’s
Price, $8.50
Club Price,

$14.95 B % $7.25
Elactromc Designers' Handhook, Electronic Switching, Timing, and
ed by R. W. Landee, D, C. Pulse Cireuits by J. M. Pettit.
is, and A, P. Albrecht. Pre- Provides a practical understand-
sents detailed, practical design ing of complex circuits.
data.

Dngnal Computer
Engineering by

Full coverage from
to,
niques.

* MAGNETIC
RECORDING
rr.cuumuas

B
|
*

Publisher’s

Price, $9.00

Club Price,
$7.65

Pubhsher s
Price, $7.00
Club Prlce,
$5.9

Mathematlcs far Electronics wn:h
Applications by H. M. Nodelman
and F. W, Smith, Jr. Methods
for solving practical problems,

i i |
Magnetic Recorqu Technigues
by W. E. Stewart, Full descrip-
tion of magnetic recording meth-
ods and devices,

aa

. 1, 00
? p!l‘ﬁf(""’
4 A 'y

i ¥

advanced programming

F gﬁfv

Puhllsher s

Price, $14.50

Club Price,
$12.35

and Control

S. Ledley.

basie design

tech-

$/_0_0

VALUES FROM $7.00 TO $22 50

WAVE GENERATION

nd SHAPING

Publisher’s
Price, $12.50
Club Price,
$10.65

Wave Generatio
by L. Strauss. Es features
and techniques of practical wave-
generating and -shaping circuits.

and Shaping

® Publisher’s
Price, $14.00

Club Price,
$11.90

LMM‘%«
Pulse and Digital Circuits, by J

Millman and H. Ta
explains pulse and digital
operation for electronic
design.

Publisher’s
Price, $22.50
Club Prlce.

$19.1

Control Enumeers’ Handbook l)\

J. C. Truxal,

A wealth of prac-

tical help on automatic feedback

control systems.

Publisher’s
Price, $15.00
Club Pnce,

R $12,

Transistor C:rcuut Design, pre-
pared by the Engineering Staff
of Texas Instruments Tnc. Re-
duces theory to actual practice.

Publisher’s
Price, $11.75
Club Price,
Information Transmission, Modu-
lation, and Noise hy M. Schwartz.
A unified approach to communi-

cation systems,

How many of the books shown here do you wish you had immediately at hand?

Select one for JUST A DOLLAR! Choose

large number of books in your field offered

from Electronic Designers’ Handbook, Mag- in any twelve months there will be at least

netic Recording Techniques, Wave Genera- three you would buy anyway. By joining

tion and Shaping, and seven other valuable the Club you save yourself the bother of below., Take
books . . . your introduction to membership searching and shopping, and save in cost

in The Electronic and Control Engineers’ about 15 per cent from publishers’ prices. price of one,
Book Club.

If you're missing out on important tech-
nical literature—if today’s high cost of read-
ing curbs the growth of your library—here's
the solution to your problem. The Electronic
and Control Engineers’ Book Club was
organized for you, to provide an economical

Send no money
books you want—one for only $1.00 and one
as your first Club selection—in
advantage
and get two books for less than the regular

Check

now. Just check any two

the coupon

of this offer now,

2 Books: We will send

technical reading program that cannot fail
to be of value to you.

All books are chosen by qualified editors
and consultants. Their thoroughgoing un-

derstanding of the standards and values of
the literature in your field guarantees the
authoritativeness of the selections,

How ihe Club operates. Periodically you re-
ceive free of charge The RElectronic and Con-
frol Engineers’ Book Bulletin (issued eight
rimes a year). This gives complete advance
notice of the next main selection, as well as
a number of alternate selections If you want
the main selection you do nothing ; the hoolk
will be mailed to you. If you want an alter-

nate selection . or it you want no book
at all for that particular period . . . notify
the Club by returning the convenient card
enclosed with each Bulletin.

We ask you to agree only to the purchase
of three books in a year. Certainly out of the

54

The Electronic and Control Engineers’ Book Club, Dept. L-3-15
330 West 42nd Street, New York 36, N. Y

Please enroll me as a member of the Electronic .lud Control Engineers’
Book Club. T am to receive the two hooks I have indicated at the right.
You will bill me for my first selection at the special club price and $1
for m\ new membership book, plus a few additional cents for delivery

(The Club assumes this charge on prepaid orders.) Forth-
coming selections will be deseribed to me in advance and T may
any book. T need take only 3 selections or alternates in 12

months of membership.
PLEASE PRINT

(This offer good in U.S. only.)
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= may return your first shipment

| within 10 days and your membership will be canceled.

the higher priced book for only
$1.00, and the other as your
Club Selection:

[ Electronic Designers’ Handbook,
$14.95

Electronic Switching, and

Pulse Circuits, $7.25
Digital Computer and Control Engi-
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I
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|

|

|

| |
neering, $12.35 |
|

|

|

|

I

|

|

|

Timing,

i S R |

Wave Generation and Shaping,
$10.65

Pulse and Digital Circuits,
Mathematics for Electronics
Applications, $5.95
Magnetic Recording Techniques, $7.65
Handbook, $19.10
$12.75

Modula-
L-3-15

$11.90
with

Control Engineers’
Transistor Circuit Design,

Information Transmission,
tion, and Noise, $9.95

OoooOo oo
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* SILICON PLANAR EPITAXIAL DIODES

TRANSITRON’S NEW SG5000-5400 SERIES — OUTSTANDING SUCCESSORS TO THE POPU-
LAR SG5000 — PROVIDES THE MOST EFFECTIVE COMBINATION OF HIGH FORWARD CON-
DUCTANCE, LOW CAPACITANCE AND FAST SWITCHING EVER OFFERED TO THE INDUSTRY.

=

LU

=),

=

Introduced a short time ago, the SG5000 offered a new high in reliability, performance and versatility that quickly
made it a popular component for computer circuit design. Fully aware of the need for a complete range of similar
devices, Transitron has now developed a series of premium subminiature glass silicon planar epitaxial diodes.

| —

Transitron’s new SG5000-5400 series offers a combination of 3
major characteristics that is superior to any now available : higher
forward conductance . . . 200 to 400 mA @ 1 Volt; lower capaci-
tance ... 2to 4 pf @ 0 Volts; faster switching . . . down to 2 nsec.
All types will fully meet the rigid requirements of military and
space exploration high reliability systems.

SPECIFICATIONS AT 25°C

Minimum Minimum Maximum Maximum

Forward Breakdown Capacitance Inverse
Type Current@ ! Volt| Voltage @ 5uA @0 Volts Recovery

(mA) (Voits) (phH) Time (nsec)

SG5000 200 100 2 2
$G5100 400 50 4 2
SG5200 400 75 4 2
SG5300 300 100 2 2
SG5400 200 150 2 2

A balanced combination of very low capacitance and exceptional
high current switching makes the diodes of the new SG5000 series
ideal for memory core driving applications. And since all types
can be custom-ericapsulated as multiple-chip assemblies, they are

J_

AN

highly compatible with the critical space limitations of computer
memory core systems.

Another important application is logic systems. The SG5000 series
provides tightly controlled lower forward voltages at specified low
current levels, and more units can be paralleled and still deliver
fast switching.

Because these units fulfill maxirhum diode specifications, it is no
longer necessary to use 2 or 3 diode types in a system. Now, only
one diode need be evaluated for component procurement.

All SG5000-5400 silicon planar epitaxial diodes are digitally
marked for quick diode type identification. And all types are
also available through your Transitron Distributor...For further
information, write for Transitron’s ‘‘Silicon Planar Epitaxial
Diode” bulletins.

-

Trangitron (1.

electronic corporation

wakefield, melrose, boston, mass.

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT
THE U.S.A. AND EUROPE « CABLE ADDRESS: TRELCO

MEET US AT THE IEEE — BOOTHS 1720-24
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BUSS fuse engineers have consistently pio-
neered the development of new fuses to keep pace
with the demands of the Electronic industry. To-

° day, the complete line includes:
FOI’ Every Electrlcal Single-element fuses for circuits where quick-
blowing is needed;—or single-element fuses for
normal circuit protection;—or dual-element,
° “slow-blowing’” fuses for circuits where harmless
Protectlon Need current surges occur;—or indicating fuses for cir-
cuits where signals must be given when fuses open.
Fuses range in sizes from 1/500 amperes up—
and there’s a companion line of fuse clips, blocks

there,s a Safe and and holders.

If you have a special protection problem
The world’s largest fuse research laboratory,
dependa ble BUSS Or plus the experience gained by solving many, many
electrical protection problems is on call to you at
all times. Our engineers work with yours and can
FUSETRON Fuse! help you save engineering time and trouble.
For more information, write for BUSS bulle-
tin SFB.

¥
}

BUSS: The cd:hpléte line of fuses and
fuse mountings of unquestioned high quality.

i
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SMALL PART
 PROBLEMS 7

EVIN Heavy duty instrument lathes offer the
best solution to small part lathe operations. 29 standard

models for first and second operation work in 3/16”,

5/16”, and 1/2" collet capacities.

Shown above, an ACAF turret lathe set up to produce
the small needle valve, illustrated, with a 0.0118” bleed
hole. The self indexing turret is extremely sensitive
for fine work. Speed regulation is continuously variable
from 0 to 4000 r.p.m. with IR drop compensation.

SEND FOR COMPLETE CATALOG

LOUIS LEVIN & SON, INC.
3573 Hayden Ave., Dept. E - Culver City, California
New York Representative and Showroom

RUSSELL-HOLBROOK & HENDERSON, INC.
292 Madison Ave., New York 17, N.Y.
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PHOTO TUBES INDICATOR TUBES

UNG-S04
¥

TRANSMITTING TUBES, INCLUDING COMPACTRON TYPES

SUBMINIATURE LAMPS

GERMANIUM POWER TRANSISTORS

DYNAQUAD™ TOUCH CONTROL MODULES

DYNAQUADS SILICON DIFFUSED
AND FIELD EFFECT TRANSISTORS
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'SILICON RECTIFIERS TO 250 AMPS, INCLUDING NEW REVERSE
POWER RATED TYPES

TUNG-SOL SHOWCASE

Tung-Sol is the one independent domestic manufacturer of
vacuum and gas-filled tubes and solid state devices with the
capability to supply volume requirements of so many popular-
demand types. Tung-Sol components span the whole frequency
spectrum. For more than sixty years, Tung-Sol has served Amer-
ica’s largest-producing industries. Year after year the confidence
of companies of all sizes has been merited by the performance-
to-cost ratio of Tung-Sol products, the competence of Tung-Sol
engineering and the dependability of Tung-Sol service. You may
find it profitable to discuss your component requirements with
Tung-Sol, particularly in the design stage. Tung-Sol Electric Inc.,
Newark 4, New Jersey. TWX: 201-621-7977

=
.l Technical assistance is available through: Atlanta, Ga.

Columbus, Ohio; Culver City, Calif.; Dallas, Tex.; Denver,
QUALITY

REGULATED POWER SUPPLIES .

Colo.; Detroit, Mich.; Melrose Park, Ill.; Newark, N. J.;
Seattle, Wash. In Canada: Abbey Electronics, Toronto, Ont.

BOOTHS 2733-35-37-39 AT THE IEEE SHOW
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New Value Delayed Sweep
g2 and Dual-Trace

| |
Plug-in Units
You can use the Type 561A Oscilloscope—

with Type 3A1 Dual-Trace Amplifier Unit and
Type 3B3 Delayed-Sweep Time-Base Unit—
for a wide range of DC-to-10 MC laboratory

applications. with the Tektronix Type 561A Oscilloscope
You can observe no-parallax displays and -

sharp trace photography. For the new rec:
tangular ceramic crt has an internal graticule
with controllable edge lighting.

You can display single or dual-trace presen- TYEE Beia o ciloscore
tations or algebraic addition, L

You have 10 mv/cm sensitivity with 035 usec
risetime.

You have highly adaptable time-base features
including:

1. Calibrated sweep range —from 0.1 usec/cm
to 1 seclem for normal and delayed-sweep
presentations.

2. Calibrated sweep delay—for setting and
measuring precise delay intervals from
0.5 microsecond to 10 seconds. pod e i

3. Single-sweep control — for simplifying
waveform photography of normal-sweep
presentations.

4. Flexible triggering facilities—with trig- 1 ) O
gered operation extending to beyond 10
megacycles.

Also, you can use any of 9 other amplifier
and time-base units for differential,” multi-
trace, sampling, other applications, includ-
ing matched X-Y displays using the same
type amplifier units in both channels.

TYPE 561A OSCILLOSCOPE
(without plug-ins) . . . v'v v v v v o s $470

TYPE 3A1 DUAL-TRACE AMPLIFIER UNIT $410
(6 cm linear scan = no signal delay)

TYPE 3B3 TIMEBASE UNIT . . . ... . $525

U. S. Sales Prices f,o.b, Beaverton, Oregon

* illuminated internal graticule

» rectangular ceramic crt

For a demonstration, please call
your Tektronix Field Engineer

- P. 0. BOX 500 + BEAVERTON, OREGON / Mitchell 4-0161 - TWX—503-291-6805 « Cable: TEKTRONIX,
Tektron’xl Inc /OVERSEAS DISTRIBUTORS IN 27 COUNTRIES AND HONOLULU, HAWAII.

Tektronix Field Offices are located in principal cities throughout the United States. Please consult your Telephone Directory.
Tekironix Canada Ltd: Montreal, Quebec « Toronto (Willowdale) Ontario « Tektronix International A. G., Terrassenweg 1A, Zug, Switzerland.
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: In FIXED COMPOSITION RESISTORS : if it's news, expect it first from IRC

composition slug type A

composition slug type B

composition slug type C

IRC COMPOSITION FILM TYPE

IRC Fixed Composition Resistors have a

STRONGER LEAD ASSEMBLY

HERE’S WHY ... IRC’s resistance element is a film of
carbon composition thermally bonded to a glass body. This

rugged, compact configuration permits 359, more molding around
the lead assembly, and a correspondingly thicker molding at the
ends. IRC’s exclusive talon lead extends farther into the resistor.

PERFORMANCE ADVANTAGES

Ribbed shoulders are imbedded in the molding to prevent IRC Type GBT’s also provide
twisting or pull-out. The lead is bonded to the element so strongly,
IRC resistors are failure-free under MIL-R-11 shock, vibration o Outstanding load life
and acceleration tests. o Better resistance-temperature characteristics
In destructive tensile tests, carbon slug types fail at forces o Lower operating temperatures
averaging 22, 18 and 28 pounds respectively, for brands shown o Greater moisture protection
in the X-Ray. o Superior high frequency characteristics
IRC carbon composition resistors withstand forces averag- e Ranges to 100,000 megohms
ing 33 pounds. Even at that force, IRC leads do not pull out . . . o Weldable leads

the wire breaks outside the body. Write for GBT bulletin.
International Resistance Co., Philadelphia 8, Pa.
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Analab
DD%@/?@@...without a doubt

the INDUSTRY'S FINEST dual-trace OSCILLOSCOPE

FEATURES:

e Superior triggering and
over-all stability

e Highest sensitivity (100 (v /cm)
e Brightest traces
e ‘‘Instantaneous’ beam finder

e Delayed trigger output from 1 {Jsec
to 50,000,000 (Lsec

e Bandwidth from DC to 150 kc

e Both single-ended and differential
amplifier inputs, AC or DC-coupled
Ly)
DISPLAY

pLUS . FUNCTION

the only oscilloscope =

on which you can make

PRECISE QUANTITATIVE
MEASUREMENTS!

In addition to its exceptionally fine quali-

Fi)
tative characteristics, the Analab 1120/ :;fws . s

700 has consistently proved itself for ac- FULL SCALE oo FULLSCALE FULL SCALE
curate quantitative measuring of signal “ 4 :

amplitude, rise time, pulse duration, fre-
quency, and phase. Use it as a precision
AC & DC voltmeter, phase meter, time-
interval meter, analog wave-form indi-
cator . . . thanks to Analab’s exclusive
Null-Balance Readout.

B PR AMP

VARIABLE AN ¥ GTH O % CARIABLE GAN

-

Call or write for specifications on the w2
1120/700 and on the full line of Analab 4
scopes, scope camera systems, and
accessories.

Analab Instrument Corporation
Cedar Grove, New Jersey

Analab Model 1120 main
frame with Model 700 plug-in.

| Analab i

A subsidiary of THE JERROLD CORPORATION

BOOTH 3904-08
CIRCLE 62 ON READER SERVICE CARD
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PERFORMING laser mode-separation measurement with transmission-type microwave photo-
tube. Large photo shows phototube withdrawn from its traveling-wave-like focusing structure

IEEE SPECIAL

PREVIEW OF FIRST

[EKE conventiox

HIGHLIGHTS of the First Inter-
national Convention of the Institute
of Electrical and Electronics Engi-
neers beginning two weeks from
Monday in New York’s Coliseum
and Waldorf-Astoria Hotel are
spread over 54 technical sessions.
They deal with electron devices,
self-repairing circuits, antennas,
medical electronics and radar, to
mention only a small sampling.

MICROWAVE PHOTOTUBE —
Discovery of the laser makes pos-

sible optical communications sys-
tems having thousands of mega-
cycles of bandwidth. But such
systems will require photodetectors
having similarly wide bandwidth.
One such detector is the microwave
phototube shown in the photo-
graphs. The large photo shows the
tube withdrawn from its focusing
structure while the inset shows it
performing a laser mode-separation
measurement,

Figure 1 is a cross section of the
tube. Light to be demodulated
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passes through the optical window
on the left onto a transmission-
type photocathode on a glass disk.
The photoelectrons emitted from
the cathode are bunched at the
modulation frequency of the inci-
dent light.

As the electrons are accelerated
and pass through a traveling-wave-
tube type helix, they excite a travel-
ing wave on the helix. This signal

18 taken out at the output coupler.
The electron-beam focusing struc-
ture which surrounds the helix uses
periodic permanent magnets as do
modern traveling-wave tubes.

The tube, with its focusing struc-
ture, is 18 inches long and weighs
five pounds. The photocathode re-
sponse can be made to match that
of any conventional phototube. The
tube shown uses an L-band helix

PHOTOCATHODE INPUT

ON GLASS DISC COUPLER
INCIDENT COLLECTOR

LASS
LIGHT Site HELIX
7 g
S

< g COLLECTOR
OPTICAL ELECTRON METAL RING  ALUMINUM outpyT  SUPPORT
WINDOW GUN SHIM MAGNET SLEEVE COUPLER

MICROWAVE PHOTOTUBE ASSEMBLY

CROSS SECTION of microwave phototube illustrates its kinship to the
traveling-wave tube. Light enters from the left and dislodges electrons
from tramnsmission-type photocathode—F'ig. 1

P_ERMACHON scan converter operates on principle similar to that of
videcon television camera tube

WRITING GUN

——no

EBI CONDUCTOR

READING GUN TARGET
7 e v
¥
‘ Dd 1
N
v
PHOTOCONDUCTOR
PHOSPHOR
FIBER OPTICS
FIBER
OPTICS
TARGET

SUPPORT FILM

EBIC
TARGET

SIMPLIFIED SKETCH of Permachon shows reading and writing guns at
eit}_Ler end. Target may be either of electron-bombardment-induced-conduc-
tivity (EBIC) type or special fiber-optics configuration—Fig. 2
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but tubes can be built for S, C or
K band.*

PERMACHON SCAN CON-
VERTER—The tube shown in the
photograph is a special type of scan
converter. Scan converters are
tubes into which information can be
written in one format and extracted
at the same or a later time in the
same or a different format.

As Fig. 2 shows, there is a writ-
ing gun at one end of the tube and
a reading gun at the other. The
writing gun emits high-velocity
electrons; the reading gun emits
low-velocity electrons. Between the
guns is a target. In the Permachon
scan converter this target is made
of material that becomes electrically
conductive when it is bombarded
with electrons.

The tube can be read out many
times even after the input illumi-
nation has been removed for a long
time. It can also add together sev-
eral scans at a low light level to
furnish an enhanced visual output.

Three kinds of target are used.
The first two use so-called EBIC
(electric  bombardment induced
conductivity) materials: an alumi-
num-oxide supported target and
an aluminum supported target. The
third type of target is fiber-optics
coupled. It furnishes complete iso-
lation between input and output. It
has received the acronym FOPT
(fiber optics photon transfer).

There are two thin transparent
and conductive films separated by
a fiber optics honeycomb. The film
on the writing side is coated with
a television-type phosphor while
the one on the reading side is a
photoconductor. The writing beam
excites the phosphor and light
travels through the fiber-optics rod
and makes the photoconductor con-
ductive.

One of the first applications of
the Permachon may be to improve
the performance of an Army mov-
ing-target-indicator radar.’

MULTIPLE-BEAM TRAVELING-
WAVE KLYSTRON—Many mod-
ern microwave gsystems require
both high power levels and wide dy-
namic bandwidth.

One approach to the problem is
the multiple-beam klystron (MBK).
This not only permits generating
high power levels but also allows
broadbanding by stagger tuning the

March 15, 1963 e electronics



MULTIPLE - BEAM traveling - wave
klystron combines the best of two pos-
sible approaches to obtaining super-
power microwave signals with wide
bandwidth

beams. This could yield a 10 or 15
percent bandwidth.

Another approach is the travel-
ing-wave klystron (TWK). It is
illustrated in Fig. 3A. An elongated
ribbon beam crosses the gap be-
tween two ridge-loaded waveguides
that comprise the input and output
circuits. Figure 3B shows how an
r-f voltage that propagates on the
lower or input guide will velocity
modulate the beam as the input sig-
nal travels from left to right.
Bunching takes place in the drift
distance between the guides and a
density-modulated current will in-
duce waves in the upper or output
guide.

This idea was good in theory but
it never worked out too well. A
long build-up distance was required
for the waveguide and it was hard
to produce a stable sheet beam.

The tube shown in the third
photo combines the best features of
both the MBK and the TWK. It
It uses cylindrical instead of sheet
beams. Build-up distance is de-
creased by increasing the imped-
ance of the waveguides by periodic
inductive and capacitive loading.

The experimental MBTWK has
eight beams. It operates at 725 Mec.
Gain is 24 db and efficiency aver-
aged 44 percent over a sample of
ten prototype tubes.?

SELF-REPAIRING CIRCUITS —
As electronic circuits become in-
creasingly complex, especially in
computer and control circuits, the
problem of reliability increases al-
most without bound. One approach
is to increase component reliability.
However, reliability is only the
probability of success and no mat-
ter how high the reliability there
is some finite chance of failure.
Another approach is to use cir-
cuits that will repair themselves.
In the majority-logic network, re-
dundancy is the key. The so-called
voter gives the output called for by
the majority of the inputs. Even if
some circuits fail, operation can
continue as long as most work.
The next step is to replace the
simple voter with an adaptive cir-
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CATHODE

POWER INPUT
INPUT GUIDE

SEGMENTED COLLECTOR
"

POWER ] el CATHODE

QUTPUT -\ Vo
ot (,\)\\)E =

¢ WOU=T0 Tace v
SHEET OUTPUT GUIDE OIS INPUT GUIDE .,
ELECTRON o
BEAM COLLECTOR DISTANCE—>
(A) (B)

TRAVELING-WAVE KLYSTRON used sheet beam with input and output

signals coupled by ridged waveguide (A).

Voltage gradient shows how

velocity modulation and subsequent bunching was achieved (B)—Fig. 3

VARIABLE

Ln

Li2

Lip

LOGIC NETWORK WITH ADAPTIVE VOTERS
AND REDUNDANCY

(A)

TRAINNING

DIRECT
CURRENT

Ag ELECTRODE

AgI | Ag PLATED LAYER
— .
Ag SENSING I HIGH » SUBSTRATE

SILVER IODIDE ADAPTIVE COMPONENT

(C)

COPPER COPPER PLATING
CAP SOLUTION
ANODE
CYLINDER LEAD
ELEEMENT ELEMENT
LEAD - LEAD
A £\
N 3 / SUBTRATE
r S e—GLASS
MEMISTOR PLATING CELLS
(B)
Ll
Ip-c*0
I
Inc $|
$ I
o

TWO-CORE MAGNETIC ADAPTIVE COMPONENT

(D)

ADAPTIVE logic network (A) is one key to circuits that repair them-

selves. Several adaptive

circuit elements

can apply weights meeded:

memistor plating cell (B), silver-iodide adaptive component (C) and two-
core magnetic adaptive component (D)—Fig. 4
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HIGH-FREQUENCY power tran-
sistor has mesa configuration and
makes use of interdigitated emitter
and base fingers to inerease junction
area

cuit as shown in Fig. 4A. Here
weights are assigned to the inputs
to the voter so that a circuit that
persists in giving the wrong re-
sponse is given less and less weight.

Figures 4B, 4C and 4D illustrate
mechanisms by which this weight-
ing may be accomplished. Each
provides a fixed weight with per-
manent memory except when a so-
called adapt signal is received. The
memistor, Fig. 4B uses electroplated
copper film for memory; the re-
sistance of the film is the readout.
The resistance can be changed
smoothly and reversibly by plating
or etching.

The same principle is used in the
device shown in Fig. 4C. Here the
ionic conduction of silver iodide
(Agl) affords a sort of solid elec-
trolyte. The device in Fig. 4D is a
magnetic component that uses
second-harmonic readout to provide
nondestructive readout of the flux
stored in the cores.

These three devices not only have
possible application in self-repair
circuits, they also make excellent
integrators and can store an inte-
grated value indefinitely. Thus they
may even substitute for motor-
driven potentiometers in some
applications. For a complete discus-
sion of five types of adaptive com-
ponents see H. S. Crafts’ article
Components That Can Learn and
How to Use Them in next week’s
issue.

HIGH-FREQUENCY POWER
TRANSISTOR — A new silicon
transistor has been developed that
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has a cutoff frequency of 200 Mec.
Power output is about 30 watts and
maximum current is five amperes.

The transistor has an interdigi-
tated emitter-base geometry with
emitter and base fingers both 75
microns wide and contact strips 25
microns wide. This gives an emit-
ter periphery of about 31 milli-
meters on an area of four square
millimeters. The contacts are evap-
orated aluminum 0.4 micron thick.
Two application procedures were
used: evaporating a continuous
layer and removing the excess with
the photoresist technique or evap-
orating the aluminum through a
metal mask. Both techniques were
satisfactory. Four gold bonds along
the center of the emitter and one
to the base provide the electrical
connections. The device is encap-
sulated in a TO3 can with a mois-
ture getter.

Epitaxial techniques are used to
achieve low saturation resistance.
Two epitaxial techniques were
evaluated: normal and inverse. In
the latter, a low resistivity epitaxial
layer is grown on a high resistivity
substrate. Conventional diffusion
and oxide-masking produce a base
region 1.4 microns thick. The emit-
ter junction is planar while the
collector junction is passivated sub-
sequent to etching a mesa. Passiva-
tion is accomplished in a two-step
oxidation.”

LETTER-RACK ANTENNA—This
wideband antenna of log-periodic
design can be mounted flush on the
surface of an aircraft or missile.
Its design evolved from the corru-
gated surface-wave antenna.

However, the corrugated antenna
is not in itself suitable for use as a
log-periodic antenna when it is fed
in the usual manner with a horn
or loop exciter at one end. This
letter-rack antenna uses a novel
feed system that produces the back-
fire condition. This gives good
coupling of the radiated pattern
into space and makes the pattern
unidirectional.

The shift into the backfire region
is accomplished with a feed system
that provides an extra 180-deg
phase shift per cell.’

ULTRASONIC CARDIAC DIAG-
NOSIS—Echo ranging with ultra-
sound permits distiguishing be-
tween heart defects that are diffi-

cult to tell apart. One is mitral
stenosis or a closing down of the
opening around the mitral valve of
the heart. The other is mitral in-
sufficiency where the opening is so
large that some blood flows back-
wards when the heart pumps.

Two-megacycle ultrasonic pulses
with a peak power of six watts per
sq em and an average power of 12
mw per sq cm are applied to the
patient’s chest. The echoes are re-
corded on film as an A-scope dis-
play. A moving film camera is used.

Diagnosis takes from five to 10
minutes and replaces difficult and
painful catheter procedures. The
technique may also be used to diag-
nose pericardiac effusion or a
gathering of fluid in the sac around
the heart and possibly aortal de-
fects.

In the waveforms, ultrasonic
ranging traces are shown with the
usual electrocardiograph trace. The
normal record (A) is a continuous
double-peaked curve of echo pre-
sumed to have come from the an-
terior leaflet of the mitral valve.
Record (B) is from a patient suf-
fering from mitral stenosis. His
valve velocity is 15 mm per second.
The record (C) is from the same
patient after a successful heart
operation and shows a valve veloc-
ity increase to 30 mm per second.

MYOCARDIAL PROSTHETIC
SYSTEM—Artificial blood pump-
ing has been achieved in dogs using
a myocardial prosthesis and exter-
nal electronic support unit. It may
be that someday human beings suf-
fering from heart impairments will
be kept alive by this technique
much as respiratory patients are
now aided by the so-called iron
lung.

The prosthesis consists of an in-
ner flexible liner bonded to a rigid
outer shell. It is surgically im-
planted in the chest and entirely
encapsulates the heart.

The support unit is a transistor
controller that activates a three-
way solenoid valve that regulates
the air pressure and suction ap-
plied to the stem of the prosthesis.

During the period corresponding
to the systole, a pulse of air pres-
sure is supplied between the outer
shell and inner lining causing the
inner lining and hence the myo-
cardium to contract pumping blood
through the cardiovascular system.
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AUTHORS Mittra and Wahl display
their letter-rack antenna that permits
log-periodic design of a flush-mounted
structure

(A)

Mo i

e

(B)

4 USE of ultrasound in cardiac diag-

(@) nosis; A-scope returns are shown with
conventional electrocardiograms for

normal heart (A), patient suffering

from wmitral stenosis (B) and same

patient after successful operation (C)

During the period corresponding
to the diastole, a suction pulse is
applied causing the liner to retract
and permitting the ventricles to
expand and fill.*

MILLIMETER - WAVE PARAMP
—Parametric amplification at milli-
meter wavelengths has been held
up by the requirement that the
pump frequency had to be at least
twice the signal frequency.

In this new device, the signal
frequency exceeds that of the pump
while the amplifier retains its low-
noise and high-gain characteristics.
Instead of a single idler tank, the

amplifier introduces additional
idlers.
Progressively lower sideband

frequencies are generated as the
signal passes through the multiple
idlers. Two sidebands are selected
to form the basis of a regenera-
tive system. They create a negative
resistance and lead to power ampli-
fication.

To date, a 10-Mc paramp using
a 7.2-Mc pump and a 13.3-Gec par-
amp with a 9.6-Ge pump have been
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constructed. Work is underway on
a 13.3-Ge¢ paramp with a 5.6-Ge
pump. This approach offers pos-
sibilities of parametric amplifica-
tion all the way from to 10 to 100
Ge.”

OBSERVING MULTIPLE RADAR
TARGETS—Watching many radar
targets spread out over a wide vol-
ume of space presents problems.
One solution is to convert all the
target tracks to ultrasonic beams in
a transparent acoustic medium and
examine this model in a beam of
well  collimated  monochromatic
light projected at right angles to
the direction of propagation of the
sonic waves.

The sonic pressure waves phase
modulate the light and this phase
modulation can be converted to in-
tensity modulation by collecting the
light passing through the medium
with a converging lens and ob-
serving the light intensity in the
focal plane of the lens. The target
tracks are all now a series of dots
on a plane surface.

A multielement array receives

signals continuously from all tar-
gets in its volume of coverage. Sig-
nals from each antenna element are
heterodyned to a common ultrasonic
frequency and applied to separate
acoustic transducers arranged in
an array analogous to the antenna
array but propagating into the ul-
trasonic medium.*
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For integrated circuits, LCDT logic is shown to offer many advantages—

including short propagation delay at low power dissipation, high

fan-out levels with loose component tolerances, and minimal crosstalk

High Speed Integrated Circuits With

FOR SEVERAL REASONS integrated logic cir-
cuits are usually designed as low-power, high-speed
devices. First, of course, these goals are desirable
in themselves. Second, since integrated circuits aim
at high component packing density, the power dis-
sipation per component must be low. Third, small
device size makes it possible to process a large num-
ber on a single slice of silicon and to maximize the
probability of any given device being good. Since
transient delays due to both capacitive and minority
carrier effects are related to current densities rather
than total currents, small device geometry implies
low power operation.

With the trend towards low power levels, it is de-
sirable to use logic circuits that operate satisfactorily
with small voltage differences between true and false
states. Saturating current-steering circuits satisfy
the requirement for small line voltage swings. They
can also be used at low voltage levels, which further
reduce power consumption. Their disadvantages are
minority carrier storage effects and their need for
low saturation resistance. The former can be made
small in comparison with capacitance effect by gold
doping techniques, particularly at low power levels.
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But low saturation resistances are difficult to realize
in integrated circuits since all contacts are usually at
one side of the device—collector currents must there-
fore flow along increased path lengths. The low
power requirement alleviates this problem, but does
not eliminate it because of small device geometries.
Low saturation resistance can be satisfactorily
achieved only with epitaxial growth techniques.

LOGIC CIRCUITS—Diode-transistor logic (DTL),
direct-coupled transistor logic (DCTL), and tran-
sistor-transistor logic (TTL) have all been scruti-
nized for their applicability in integrated circuit
design. Conventional DTL (Fig. 1A) offers the de-
sired high speed at low power levels. It has a rela-
tively high saturation resistance tolerance but the
current available for turning off the inverter tran-
sistor must flow either as recovery current in diodes
D, and D. or through R.. A compromise is thus forced
between circuit gain and speed, which is particularly
severe if R, is grounded to avoid a second power sup-
ply.

Logic modes DCTL and TTL offer higher speeds
at lower operating voltage level than DTL when the
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LCDT INTEGRATED CIRCUIT in plan

view shows functional areas called out

ARGUMENT FOR LOGIC

In this article author Murphy argues the case for
LCDT versus other types of logic such as DTL, DCTL
and TTL for applicability to integrated circuit design.
By modifying a DTL circuit with a clamping diode—
thus forming the load compensated circuit—he shows
that certain speed and power dissipation problems
of the other circuits are overcome

Buin FOR FAN-OUT AND RESISTOR TOLERANCES-TABLE 1
[ 3-voLT suppLy  |[ 4-voiT suppy |

o|5%| 5 7 9 4 6 7
w

o

= 0y

S|5%| 6 8 1o 4 6 8
w

- |

o

Fl25%| 6 0 12 5 7 9

By BERNARD T. MURPHY

Siliconix Inc., Sunnyvale, Calif.
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INVERTER FOLLOWER INPUT DIODE ARRAY

Load-Compensated Diode-Transistor Logic

same inverter is used in all three, primarily because
of the smaller voltage difference between their true
and false states. However, since they have a lower
tolerance to saturation resistance, a slower transistor
is generally needed for adequate d-c stability. The
d-c stability and logical gain of these circuits is fur-
ther compromised by cross-talk. Current hogging,
which is severe in DCTL, can be reduced to accept-
able levels by using resistive coupling, but only by
sacrificing switching speed. A similar situation
exists in TTL due to inverse gain in the logic tran-
sistors, and the requirement of low inverse B conflicts
with the requirement of low offset voltages. Thus, a
confusing situation exists as to the relative suit-
ability of the foregoing circuits in integrated circuit
form.

In an integrated DTL circuit, it is convenient to
form one or both of diodes D, and D, (Fig. 1A) as
the emitter-base diode of a transistor. This tran-
sistor also can be used to increase the total gain of
the circuit to a point at which gain no longer pre-
sents a problem. The transistor can be used as an
emitter follower (Fig. 1B), or as a quasi emitter
follower (Fig. 1C) in which saturation is also pre-
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vented. In Fig. 1B, the power dissipation is high and
gain dependent; in Fig. 1C, power dissipation is
high but resistor controlled, as is the additional gain.
In both, the overdrive is excessive at low fan-out
values; but the circuit of Fig. 1C could be used as a
buffer element to complement the conventional lower
fan-out DTL circuit, provided the inverter were re-
designed (larger geometry) for low saturation re-
sistance.

Speed and power dissipation problems posed by
the above circuits can be overcome by using a clamp-
ing diode as a shunt around the amplifying stages,
as in Fig. 1D. Here the excess current from R,
(which causes overdrive in the previous circuits)
flows through the clamping diode, while the emitter
follower draws just enough current from the power
supply to sustain the load current. As load current
increases, the driving current also increases and, in
this sense, the circuit is load compensated. The cur-
rent drawn from the power supply by the emitter is

Ve A 1
o= {5}/ (e )

The clamping diode considerably improves switching
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speed by restricting the line voltage swing. Speed
improves also because the lower limit of R. is not
now set by gain requirements. Minority carrier stor-
age in the transistor collector region is also avoided,
but the clamping diode introduces a similar effect,
so that gold doping is still needed to control minority
carrier lifetime. Transistor coupling could decrease
the effect of carriers stored in the diode, but cross-
talk problems would be introduced by this mode of
coupling.

At first sight, it appears that d-c stability of the
load-compensated circuit must always be inferior to
that of conventional DTL. This probably will be the
case if the best switching speeds are to be attained;
however, to obtain the fastest switching speed with
DTL, the transistor design should be such that the
saturation resistance is close to its maximum per-
missible limit, which gives minimum permissible d-c
stability. Furthermore, the load-compensated version
(LCDTL) clamps at an output voltage which can be
adjusted by introducing series resistance effects into
the diode shunt path (this is easy to do in the inte-
grated circuit). Thus, considerable design freedom
is possible in balancing d-c stability and speed re-
quirements, while retaining the load compensation
feature of the circuit.

To summarize, the LCDT circuit can be used with
line voltage swings similar to those of DCTL and
TTL. At the same time, it has the relatively high
tolerance to saturation resistance of DTL. Switching
speed and d-c stability can be traded by introducing
resistance in series with the clamping diode. The
number of components used is greater than in any
of the single-stage circuits, but their tolerance are
considerably looser, which makes the device partic-
ularly suitable for integrated circuits. The circuit
seems to combine the good features of the more con-
ventional saturating circuits, while eliminating their
weaknesses. A detailed description of the circuit and
its integrated version follows.

LCDT LOGIC—The most interesting circuit charac-
teristics are d-c stability at various values of fan-
out and switching speed. The former can be calcu-
lated if the ideal diode equation is assumed. The

] or s f
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@ 7 e
1

latter is dependent on minority carrier storage ef-
fects in the diodes and transistors and also on cur-
rent flow in R, and R, during the ON-OFF and OFF-
ON transients. Such a transient analysis would be a
study in itself; information presented here is based
on direct measurements.

Two requirements need to be satisfied for the cir-
cuit to operate at a given value of fan-out; namely,
the overall gain should be high enough and the output
voltage at that fan-out should be low enough to turn
off the next stage with an adequate margin of stabil-
ity aV.

The maximum output current from the circuit
under worst-case conditions is:

F = max 1 7c max
10 max — ﬁlﬁ‘l{(l;lglpL N aa 1?) i ﬁ : ‘Ifnb_—} (])

where B, = current gain of the emitter follower,
B. = current gain of the inverter, I, = worst-case
input current oN, and V, V. and V,, are the voltages
indicated in Fig. 1D. Voltage V., ... is the maximum
V. ever occurring in the circuit.

The worst-case input current when the circuit is be-
ing held OFF is:

V- V2 min Vet min
I = = - 2
Rl min 61R2 max ( )

Voltage V. ... is the lowest V, that can occur when
the input is at the highest permissible false voltage.

Since both the emitter follower and the inverter
are formed simultaneously in proximity on the device,
it is a good approximation to assume that they have
the same gain. Then, using Eq. 1 and 2, Table I
gives the minimum gain values at —55 deg C for
various values of fan-out and resistor tolerances.
Values for V., and V., were measured on a circuit
using silicon diodes and transistors; R...mina/
R, .omina 18 taken to be 1.5, which was found to give
optimum speed power balance. In an integrated cir-
cuit, the required B.... values will be lower than those
given in Table I, particularly for the looser resistor
tolerances, since resistors R, and R. tend to increase
or decrease together in the same circuit.

Assuming that the circuit has sufiicient gain, its
output voltage when fully loaded is determined by
the forward voltages across the emitter-base diodes
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EQUIVALENT CIRCUIT of LCDT logic device (A), und cross-section of the actual device (C); in (B) appears the

forward characteristic of transistor used as a diode—Fig. 2
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HOR:V IN 0.2V/DIV
VERT:IOUT IOuA/DIV
ZERO SET ON 4TH DIV

IIN=0.2mA/STEP

HOR:V OUT 0.2V/DIV
VERT.I OUT SmA/DIV
IIN=0.ImA/STEP

HOR:1V/DIV
VERT.2mA/DIV

(A)

OUTPUT CHARACTERISTICS of LCDT integrated circuit, 4-v supply (A and B). In (A), max permissible load
current at 1.1 v is 37 ma. In (B), saturation effects set in at 100 ma output current, breakover occurs at over 10 v.
Input characteristics of LCDT circuit (4-v supply, 4-v output) shown in (C)—Fig. 3

of @, and Q. and the clamping diode D.

Vo= Ve (@) + Ver(Q:) — Vb
Similarly, the maximum permissible false voltage
at the input is
Vi = Ves(Q1) + Ves (@) + V1 — Vi

The d-c stability margin AV is the difference be-
tween the worst-case values of V, and V,. Using the
ideal diode equation

Is:

kT Iy I, =
= -; {log Ta + log 152} + Vo

where subscripts are as in Fig. 1D. Single primes
indicate worst-case ON values, double primes indi-
cate worst-case OFF values; I; values refer to the
saturation current of the various diodes.

Rearranging this expression, and noting that to a
then

good approximation
FO = [’1(21 1,;")(,}‘, ][vxp Aq/ (Ve — AV — AV’)]
i i &

Fan-out (FO) = I//1,”

The term AV’ accounts for two effects. First, it in-
cludes the difference in forward voltage across diodes
D, and D, at the same current level. For maximum
stability D, should have a low forward voltage rela-
tive to D,. Second, it includes the forward voltage
tolerances from circuit to circuit on the emitter di-
odes in @, and Q..

The current level in the emitter of Q. varies enough
from ON to OFF that the ideal diode equation is un-
likely to hold over the whole range; departure from
the ideal equation will be in a direction to reduce F.O.
However, even if the ideal equation does not hold
exactly, it does give some measure of the effects of
various circuit parameters on the overall d-c stability.

r = kT 15" , 12" B g B
AV = q {Iog = -+ log + log i log I.S‘i}

POWER-SPEED CURVES—Figure 1E shows the
power-speed curve for the LCDT gate using a 2N743
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(B)

| 1
}
i

(C)

inverter, an FD829 clamping diode and a 4-volt sup-
ply. Similar curves are shown for DCTL, TTL and
DTL, using in each case a 2N743 inverter and a
4-volt supply. These curves cannot be directly related
to integrated versions of the four circuits, since the
transistor design and optimum power supply voltage
would vary from circuit to circuit. The lower sup-
ply voltages which are permissible with TTL and
DCTL tend to compensate for the higher saturation
resistances which are permissible with DTL.

Two further points are worthy of note. First, in-
tegrated circuits eliminate the contribution of pack-
aging capacitance to collector-base and clamping-di-
ode capacitance. This is of more significance in DTL
and LCDTL than in DCTL and TTL, since turn-off
currents are more limited in the former. Second,
DCTL requires the use of as many inverters with -
separate bases and low saturation resistances as
there are inputs. These transistors require more
layout space and provide more stray capacitance in
integrated circuit form than the input transistor-
diodes of DTL, TTL and LCDTL. This tends to
counter-balance the low component count of DCTL.

TOPOLOGY—In designing an integrated circuit
to perform LCDTL, it is important to minimize stray
capacitances and to avoid cross-overs. The device was
planned as a four-input dual NAND for maximum
packing density. An equivalent circuit, including
principal stray capacitances, is shown in Fig. 2A.
Low isolation capacitances, including 1.3 pf of pin
capacitance, were realized with adequately low
saturation resistances by use of epitaxial growth
techniques and tight masking tolerances.

A plan view of the device (see photo) shows the
function of the different areas. In accordance with
the principles outlined, the device was designed for
minimum junction areas to allow high-speed opera-
tion at low power levels, to obtain as many devices
per silicon wafer as possible, and to increase the per-
centage yield. Thus, the total size for the dual gate is
37 x 28 mils. The inverter transistor has a slightly
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smaller geometry than the 2N709 transistor.

The input diode array was formed as a transistor
array with a collector-base short for convenience in
fabrication, but the arrangement also has operational
advantages. Good diode action is obtained in that
the ideal diode equation is obeyed over a wide range
of forward-current values. This is because most of
the forward current flows by transistor action
through the collector until the transistor saturates.
At that point, which is well outside the operating
range, the diode characteristic shows an inflection,
as in Fig. 2B. The collector-base short avoids in-
verse transistor action.

To obtain maximum d-c stability, the clamping
diode and diode D, were made as small as was con-
sistent with reproducibility. From this point of
view, it would also be desirable to make the input di-
odes large, but this requirement conflicts with that
of minimizing the recovery effects in these diodes and
with small total device size; thus a compromise must
be made.

The sizes of the emitter follower and inverter are
unimportant from the point of view of stability,
provided that resistive effects are avoided, since each
affects both the output and input voltages.

FABRICATION—Epitaxial techniques have been
used to minimize junction capacitance while main-
taining an adequately low saturation resistance.
There are many ways of using epitaxial growth tech-
niques to fabricate integrated circuits. As is stand-
ard practice in transistors, the best ones employ a
heavily doped layer beneath the surface for current
carrying purposes and a lightly doped surface layer
in which p-n junctions can be formed for transistors,
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resistors or diodes with minimal capacitance effects.
The heavily doped layer can be predeposited either
uniformly or selectively, using epitaxial growth or
diffusion techniques, or it can be formed as part of a
composite layer by proper control of the dopants in
the gas stream entering the reaction furnace. Con-
tact can be made to the »n* layer either through the
n layer by a special diffusion through it, or by pre-
arranging the surface so that the »n* layer appears
at certain points.

The substrate will generally be high resistivity
p-type silicon, and isolation between component areas
can then be obtained by either etching troughs be-
tween them or by a p-type diffusion. Etching mini-
mizes capacitance effects but exposes junctions and
creates problems in making the desired interconnec-
tions between component parts. Isolation by diffusion
is simpler, gives planar junctions, and for the pur-
poses of the low-power circuit in hand, gives only
marginally more isolation capacitance with adequate
values of saturation resistance. The latter technique
was used in this design; a cross-section of the device
is shown in Fig. 2C.

Sheet resistivity and depth of the boron diffusion
affects the circuit in a number of ways. The range of
useful values of sheet resistivities is generally con-
fined to 100 to 300 ohms/sq., although for special
purposes, the limits of this range can be exceeded.
Higher values generally are more suitable for form-
ing resistors with small junction areas and obtaining
high gain in the transistors. Lower values are more
suitable for minimizing resistive effects in the tran-
sistors and diodes. Lower resistiviies also maintain
high forward voltage drops in the various diodes that
determine the threshold voltage V, and hence indi-
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rectly the maximum permissible saturation resistance
in the transistor. Shallow diffusion depths are neces-
sary to obtain fast switching, since the transit time
must be kept small both for its own sake and to
minimizes the effect on gain of the heavy gold doping
required for low storage effects. For the LCDT gate,
resistor values are small, gain requirements are at
minimum, and, at the same time, resistive effects in
the various diodes must be minimized. Thus, a rela-
tively low ps value of 140 ohms/sq was chosen. Junc-
tion depths of 1.8 to 2.1 microns for the base layer
and 1.2 to 1.6 microns for the emitter gave satisfac-
tory gains and switching speeds. Based on all units
measured to date, a 15 percent tolerance can be main-
tained on resistors with 93 percent yield.

Gold doping is necessary to minimize minority car-
rier storage effects in the transistors and diodes.
One of the more fortunate facts about the diode-
coupled logic circuit is that capacitance effects are
worst at low temperatures, while minority carrier
storage effects are worst at high temperatures. If
the gold doping is adjusted correctly, switching
speeds can be made worst-case at both high and low
temperatures with optimum performance near room
temperature and with a minimum of overall varia-
tion.

INTEGRATED CIRCUIT PERFORMANCE—The
d-c characteristics of the LCDT gate can be studied
most simply with a transistor curve tracer. The out-
put, one input, and the ground leads are connected
to the collector, base, and emitter posts of the curve
tracer; the B* lead is connected to an appropriate
supply voltage. Displays of output voltage against
output current with negatively stepped input cur-
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rent, and input voltage against output current for
negatively stepped input current are the most in-
formative. These displays give: (a) the worst-case
output voltage under full load and worst-case input
current, (b) the maximum “false” voltage for worst-
case output OFF current, (¢) the minimum ‘“true”
input voltages for various load currents, (d) the
value of resistor R, and (e) the worst-case input
current. Typical displays are shown in Fig. 3A, 3B
and 3C. Figures 4A and 4D show how these para-
meters as measured on a typical device vary as a
function of temperature. One of the desirable fea-
tures of DTL is that the variation in input current
and power dissipation due to variation of R, with
temperature is partially compensated for by varia-
tion in the diode forward voltages with temperature.

The LCDT integrated circuit will operate over a
minus 55 deg C to plus 125 deg C range at supply
voltages between 3 and 6 volts. It seems unlikely,
however, that such a wide voltage variation will be
experienced by any one device. Preliminary studies
indicated that a 4-volt supply was optimum in that

OFF CURRENT CHOSEN FOR OPERATING TEMPERATURES—TABLE I A

To¢ —-55 +25 +70 +100 +125

Ig uA 5 10 20 40 40

I, CHOSEN FOR OPERATING TEMPERATURES—TABLE II B

To% —55 +25 +70 +100 +125

I pA 005 o.l 03 2.5
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component tolerances were loose and that speed and
power dissipation varied little with temperature at
this voltage. Thus the circuit was designed primarily
for operation at 4 volts, d-c and dynamic studies on
the device were made primarily at this operating
voltage.

The following test program was carried out on a
large number of units sampled from 20 different
production runs. First, an output current level 1/
was chosen for each temperature at or below which
the device was defined as being OFF (see Table ITA),
and the input voltage V, at which this current would
flow was measured on all units. Second, input cur-
rents at various temperatures were measured, and
worst-case values set which gave a good yield. Third,
a leakage specification I, (see Table IIB) was set at
each temperature for the input diodes, to be meas-
ured with the full B* voltage applied to the input with
the device ON. Fourth, output voltage V, was meas-
ured at various fan-out values and temperatures on
all the units with an input current I,, where

I; = Fan-In X {I,/ + (FO — 1)I}

These results were used to choose values of V, and
V, at 125 deg C that would guarantee a d-c stability
AV = 100 mv at a fan-out of 5 with maximum yield.
Units were selected which would pass this test and
plots drawn of their worst-case V, vs F.O. at each
temperature. From these plots, the values of F.O.
were obtained for which

Vo= Vrw — AV
where V,, = lowest value of V, measured on any unit
at each temperature. The curves in Fig. 4B, showing
fan-out as a function of temperature and d-c stability
level, were obtained in this way.

If the fan-out values given in Fig. 4B are to be
realized, saturation resistance of the inverter tran-
sistor should be lower than V, at the maximum fan-
out at each temperature. Saturation would have two
effects. First, V, would be increased; such an in-
crease would be detected in the tests already de-
scribed. Second, the power drain from the supply
would be increased, since any increase in V, above
the natural clamping level will divert current from
the clamping diode into the emitter follower, even
though the increased V, is within specifications.
Power drain at maximum fan-out must be measured
to safeguard against this effect.

Specifications for the epitaxial layer were chosen
to avoid saturation at all temperatures. The follow-
ing measurements were made to check this. First,
the saturation resistance of the inverters on a large
number of gates were measured at room temperature
with 20 percent overdrive. Nearly all units fell
within the range 0.25 to 0.35 volt at 10 ma collector
current., Second, the collector current on a worst-case
inverter was measured at a collector voltage of V,/ =
Vew — 200 mv with 20 percent overdrive at various
temperatures; V,” was chosen in this way so that it
would be below the clamped output voltage of any
unit. Finally, the fan-out values to which these col-
lector currents corresponded were plotted to give the
broken line in Fig. 4B.

Breakdown effects in the device are consistently
above the operating voltage range of the device. The
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input diodes, being emitter-base junctions, have
breakdown voltage of 6.5 to 7 volts at 10 pa. Isolation
and collector-base junctions (including the clamping
diode, which is formed at the same time as the col-
lector-base of the transistor) have breakdown volt-
ages typically in excess of 25 volts at 10 pa, and both
the emitter follower and inverter transistor have
breakover voltages of 8 to 10 volts.

DYNAMICS—Propagation delays in the device
were measured using a five-stage ring oscillator. No
significant difference was observed between delays
measured across two stages of the ring (average of
the delay per stage between 50 percent points) and
measurements based on the frequency of oscillation.

The dependence of average propagation delay on
voltage, temperature and fan-out are illustrated in
Iig. 4C, 4E and 5B. The effect of increasing fan-out
depends on whether or not the spare input diodes on
the additional loads are connected to other gates
which remain ON during the 0 to 1 transient. If such
a connection is assumed, recovery effects in the in-
put diodes slow down the propagation. Figure 5A
illustrates how this effect was simulated to obtain the
results given in Fig. 56B. Care was taken to ensure
that voltage V, was such as to give worst-case effects
in these measurements. Grounding V, produced a
situation very close to the worst-case. The rise time
(0 to 1 transient) varies from 10 nanosec at 4 volts
(with a single load), to 18 nanosec with 10 loads un-
grounded or 30 nanosec with 10 loads grounded. The
fall time (1 to 0 transient) varies from 5 nanosec
at 4 volts with a single load, to 20 nanosec with 10
ungrounded loads and 20 nanosec with 10 grounded
loads.

The LCDT gate is shown interconnected as a
counter, driven by a ring oscillator and counting at
a rate of 15 Mc in Fig. 5C and 5D. The interconnec-
tion techniques were poor, which accounts for the
poor wave form. With better techniques, and a better
wave form on the clock pulse, a higher counting rate
should be achieved.

One final point of note concerning the dynamic
characteristics of the device is that when overdriven
with a low impedance generator, ringing is observed.
Although related to the large recovery currents that
would flow in the input diodes under such circum-
stances, the mechanism propagating the ringing is
not fully understood. The ringing can be avoided by
using a transistor on the generator output.

CONCLUSIONS—LCDT logic offers a way of
achieving high-speed propagation delay at low power
dissipation, and high fan-out levels with loose com-
ponent tolerances, particularly at temperatures below
100 deg C. Cross-talk is virtually nonexistent, and
the circuit has a relatively high saturation resistance
tolerance. Extra d-c stability is achieved by a small
resistance in series with the clamping diode to de-
press the clamped output voltage, at a sacrifice in
speed and saturation resistance tolerance.

The author acknowledges the invaluable contribu-
tions of W. F. Perrine, H. L. Schoger and W. R.
Faleschini in the development of the LCDT inte-
grated circuit.
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AUTHOR Stoner sets up message
on digital message entry device

Since the pulse center
s less affected

by moise than pulse edges,
three extra bits,
centered on the

sync pulse, are
inserted periodically.
Regardless of pulse
distortion, the

total length of

the 3 pulses still

equals 3 bits

UNIQUE

MILITARY APPLICATION

Thissynchronization systemis used
in a target observer’s report-
ing device (see photo). Switches
are set to indicate target loca-
tion, description, quantity, head-
ing and activity, as well as date
and time. After the message is
checked, the operator presses a
transmit button, and the entire
message istransmitted over
standard field equipment. The
device weighs about 412 pounds

SYNCHRONIZING TECHNIQUE INCREASES

Digital Transmission Rates

By K. ROEDL and R. STONER, General Dynamics/Electronics, San Diego, Calif.

A MAJOR PROBLEM in achiev-
ing faster and more accurate radio
transmission of digital data to re-
mote receiving stations is that of
synchronizing the transmitting and
receiving systems. With high-sta-
bility timing systems, an initial syn-
chronization is usually adequate for
the reception of short messages, but
for longer messages it becomes
necessary to resynchronize peri-
odically on the transmitted data.

Some of the methods developed
use the leading or trailing edge of
the received pulses for synchroniza-
tion. In radio transmissions, how-
ever, these edges are affected by
noise and may shift to such an ex-
tent that the timing obtained be-
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comes inaccurate and unreliable.
A received signal after demodula-
tion may be narrowed or widened
as a result of noise (Fig. 1A).
Methods to diminish the detri-
mental effects of noise have been
developed using the center of the
received pulse instead of the edges.
Since laboratory tests have shown
that the center of a modulated sig-
nal shifts noticeably less than the
edges when affected by noise, more
accurate synchronization may be
obtained this way. At any signal-
to-noise ratio tolerable for reliable
communications, the pulse center
remains relatively stable. Under
conditions that cause the pulse
center to shift significantly, the

problem becomes one of communica-
tion rather than of synchronization.

This method uses the pulse center
for synchronization and determines
this center by digital means in a
simple but unique manner. Three
extra bits, called sync bits, are in-
serted periodically between equal
groups of data bits when synchro-
nization is desired. The logic levels
of the extra bits may be either
0-1-0 or 1-0-1. The center bit of
the three is called the sync pulse,
since the center of this pulse is used
to synchronize the system.

PRINCIPLE—The basic principle

of the method is shown in Fig. 1B.
Time B represents the length of
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the received sync pulse. As shown
in Fig. 1A, this pulse may be shorter
or longer than the true bit length,
depending upon how the transmis-
sion has been affected by noise.
Time C is the period from the end
of the received sync pulse to the
start of the first data bit. If the
center of the sync pulse has not
shifted (that is, if transmitter and
receiver are in sync) time C will
equal time A, regardless of the
length of B. This leads to the fol-
lowing equation, which forms the

IDEALIZED RECEIVED SIGNAL
AFTER DEMODULATION

basis for this synchronization
method: B + 2C = 3 bits.

A binary counter performs the
arithmetic operation shown in the
equation above. The length of the
received sync pulse, time B, is
measured by the counter while
counting at its normal rate. At the
end of time B, the counting rate is
doubled and the counter continues
at that speed until the count ac-
cumulated represents the time of 3
bits. As indicated in Fig. 1B, at this
point the counter is synchronized
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to the transmitted data, since this
count of three bits is reached at the
end of the third sync bit. If the
center of the sync pulse has not been
affected significantly by noise, the
accuracy of synchronization will be
to within one clock period of the
counter. Therefore, the accuracy is
a function of the clock rate and the
number of counter stages used.

Figure 1C illustrates the applica-
tion in which the method was first
checked. In the system described,
8-bit characters are utilized. The
three syne bits are inserted between
characters, to provide resynchro-
nization before the start of each
new character. <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>