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SEMICONDUCTOR SYMBOLS. Artist’s rendition of several
American standard symbols for semiconductor devices sets tone
for this week’s special report, Today’s Semiconductors. Symbol
at left depicts a field-effect transistor on p-type base. Other
symbols reading clockwise show: plurality of p emitters on n
region, npip transistor with ohmic connection to intrinsic region,
capacitance diode, npnp switch, pnpn switch, FET on n-type
base, npn tetrode, pnpn switch, unijunction transistor with
n-type base, pnp transistor with collector connected to case,

diode and FET on p-type base. See p 37 COVER

TRACKING WORKOUT. Upcoming launch of the giant Saturn
I booster will trigger the biggest tracking test yet. All U.S.
networks will participate, including the newest radar stations.
The payload to be orbited, 38,000 b, is almost triple the weight
of the biggest payload orbited by the USSR

SMALL-SCREEN TV. This week, a third company joined the
American manufacturers of 11-inch tv sets. Sales of small-
screen tv are growing, industry observers see a permanent market
for them

MICROWAVE COMPONENTS. Push toward higher average
power and improvement of resolution in radar range and angle
will impose increasingly stringent requirements on components
makers. Here’s a rundown of the needs, including character-

istics of components needed for rotating and phased-array
systems

REACTOR MONITOR. New technique for measuring subcritical
reactivity of atomic reactors while they are shut down is to be
demonstrated this week. Hopes are for a simple, direct-measure-
ment device
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28

30

SPECIAL REPORT: TODAY’S SEMICONDUCTORS. Recent
advances in materials and device technology have made a
bewildering array of new semiconductor components available
to the circuit designer. Here, five specialists in semiconductor
applications discuss how and when to use today's semiconductors.

¢ INTRODUCTION
By J. M. Carroll
e TRENDS IN LOGIC CIRCUIT DESIGN
By A. Lambert, Texas Instruments Incorporated
¢ HIGHLIGHTS OF SMALL-SIGNAL CIRCUIT DESIGN
By L. E. Clark, E. B. Mack and R. C. Hejhall,
Motorola Semiconductor Products Div.
e NEW DEVICES FOR POWER AND CONTROL CIR-
CUITS
By E. E. Von Zastrow, GE Rectifier Components Div.

37

38

46

51

Contents continued



electronics

December 6, 1963 Vol. 36, No. 49

Published weekly, with Electronics
Buyers’' Guide as part of the sub-
scription, by McGraw-Hill Publish-
ing Company, Inc. Founder: James
H. McGraw (1860-1948).

Title ® registered U.S. Patent Of-
fice; ® copyright 1963 by McGraw-
Hill Publishing Co., Inc. All rights
reserved, including the right to
reproduce the contents of this
publication, in whole or in part.

Executive, editorial, circulation and
advertising offices: McGraw-Hill
Building, 330 West 42nd Street,
New York, N. Y., 10036. Telephone
Area Code 212 971-3333. Teletype
TWX N. Y. 212.640-4646. Cable
McGrawhill, N. Y. PRINTED IN
ALBANY, N. Y.; second class post-
age paid at Albany, N. Y.

OFFICERS OF THE PUBLICATIONS
DIVISION: Shelton Fisher, Presi-
dent; Vice Presidents: Joseph H.
Allen, Operations; John R. Calla-
ham, Editorial; Ervin E. DeGraff,
Circulation; Donald C. McGraw,
Jr., Advertising Sales; Angelo R.
Venezian, Marketing.

OFFICERS OF THE CORPORATION:
Donald C. McGraw, President; Hugh
J. Kelly, Harry L. Waddell, L. Keith
Goodrich, Executive Vice Presi-
dents; John L. McGraw, Treasurer;
John J. Cooke, Vice President and
Secretary.

Subscriptions are solicited only
from those actively engaged in the
field of the publication. Position
and company connection must be
indicated on orders. Subscription
rates: United States and Posses-
sions and Canada, $6.00 one year,
$9.00 two years, $12.00 three
years. All other countries $20.00
one year. Single copies, United
States and Possessions and Can-
ada 75¢. Single copies ail other
countries $1.50.

THE PUBLISHER, UPON WRITTEN
REQUEST TO OUR NEW YORK OF-
FICE FROM ANY SUBSCRIBER,
AGREES TO REFUND THAT PART
OF THE SUBSCRIPTION PRICE
APPLYING TO COPIES NOT YET
MAILED.

Subscribers: Please send change
of address notices, subscription
orders or complaints to Fulfillment
Manager, Electronics, at the ad-
dress below. Change of address
notices should provide old as well
as new address, including postal
zone number if any. |f possible,
attach address label from recent
issue. Allow one month for change
to become effective.

Postmaster: Please send Form 3579
to Fulfillment Manager, Electron-
ics, P. 0. Box 430, Hightstown,
New Jersey, 08520.

RLLIA

0
o

> 4
P
O &

count’

Audited Paid Circulation

Contents continued

INJECTION LASERS. This state-of-the-art report details prin-
ciples of operation and properties of the latest basic type of laser.
The injection laser, unlike optically pumped or gas-discharge
lasers skips the intermediate step of pumping and converts d-c
power directly to coherent light. Author Nathan and his asso-
ciates share with R. N. Hall of GE and R. H. Rediker of MIT
and their groups the distinction of having reported the phe-
nomenon of injection-laser action; first of two definitive articles
on injection lasers.

By M. 1. Nathan and G. Bugns, IBM

VHF TRANSPONDER. Semiconductors are used throughout this
airborne unit to reduce circuit complexity, power consumption,
size¢ and weight. Use of f-m feedback helps achieve phase
stability within plus or minus 2.5 degrees.

By J. C. Wright and W. L. Blair, Cubic Corp.

THE CASCODE FOLLOWER. This novel circuit is designed to
drive very low impedance loads. It achieves better stability
than a conventional cathode follower. This version uses tubes
but a transistor version seems posible.

By R. W. Johnson, Consulting Engineer

GERMAN SATELLITE STATION. While waiting for completion
next spring of its permanent satellite station, Germany is using
a mobile station with a Cassegrain antenna. Linked to other
communications facilities, it works with both Telstar and Relay
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=QUICK DELIVERY FROM-SPRAGUE
AND ITS KEY INDUSTRIAL DISTRIBUTORS

P. S. Big brothers are available up to 11-watts power rating
P. P. S. For complete technical data write for Engineering Bulletin 7410D

SPRAGUE ELECTRIC COMPANY. 35 MARSHALL STREET, NORTH ADAMS, MASS.
For application engineering assistance write :
Marketing Dept., Resistor Division, Sprague Electric Co., Nashua, New Hampshire,
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Photo courtesy of Ampex Corporation

In the Laboratory

Down in the Systems Evaluation Lab, Ampex engineers
systematically probe the performance of complex tape re-
cording systems. One prime source of reliable test data is
a Sierra H. F. Wave Analyzer.

Covering a range of 500 kc to 10 mc, Model 158A can
measure both the fundamental and harmonic levels of a
frequency. It seems custom-built to fit the Ampex picture.
The instrument is easy to use. It's precise. Its selectivity
permits specific narrowband signal-to-noise determinations.

More reasons why Model 158A fits the laboratory scene?

e The 1-megohm impedance of its input probe limits

loading down the circuit under test.

e Two input-level attenuators extend its fine tuning con-

trol over signals from —80 dbm to +42 dbm at 600%2.

Sierra’s Mode! 158A clearly belongs in the most sophisti-
cated professional laboratories. Ampex uses it to perform a
number of important specific functions. Price, $1,650.

Photo courtesy of Pacific Telephone Company

In the Field

This Sierra 158A has just arrived at a problem site in a
Pacific Telephone Company truck. Riding securely in its
carrying case, it hasn’t been fazed in the slightest by rough
back-country roads. Now it's ready to measure for Pacific
Teiephone's maintenance men with its best laboratory-type
precision.

Like all good field workers, the Sierra Wave Analyzer is
self sufficient. It doesn’t need propping up with a truck-load
of equipment to do its job. And it reads the action in dbm to
obviate time-consuming calculations.

For the full story on how a Model 158A H. F. Wave

Analyzer can fit your field

picture' send for the new SIERRA ELECTRONIC Dlv-
technical bulletin. Or con- el

tact your nearest Sierra. pH I I ‘ :o
Zaeﬁi);:z;i?::tatlve LA A SUBSIDIARY OF (%7_0}!@/0)‘%07///1(1)1’ y/

Sierra Electronic Division/ 3875 Bohannon Drive/Menlo Park, California

CIRCLE 4 ON READER SERVICE CARD

December 6, 1963 electrcnics



Crossroads for
Atomic Power

THE 1960’s are a time of trial and decision for atomic
power.

The quest for low-cost atomic power is almost over,
technically. It can, indeed, be competitive. But atomic
power now faces another test — public opposition
roused by fears that each atomic reactor is a potential
atomic bomb.

Despite the fact that safety is the first and para-
mount consideration in any reactor design, despite the
fact that atomic power is probably among the least
dangerous industries in the United States today, people
living around proposed power reactor sites are being
roused into opposition by questions that sound sus-
piciously rabble rousing.

It is in the electronics industry’s interest, we believe,
to help our sister science, nucleonics, combat this type
of emotional appeal and help atomic power get a fair
hearing in the court of public opinion.

There are two reasons why we in the electronics in-
dustry should do our best to see that the facts—pro
and con — of reactor safety reach the public. One
reason is that electronics has made a substantial tech-
nical and financial investment in atomic power. The
industry has invested in control components and sys-
tems development in hope that a strong and profitable
civilian market will materialize. This. however, is not
the most important reason. The second reason is more
important. The “atom bomb” question is kin to ques-
tions like “Do you want to lose your job to a com-
puter?” Such questions demand answers from the
technical community as a whole if progress is not to be
stifled.

It is important that the public safety question be
answered now. For the first time large groups of
people are being asked to allow the construction of
atomic reactors in their neighborhood. Their favor-
able answer is vital to continuance of the atomic power
program.

For the next few critical years, atomic power needs
the support of government, public utilities and the
people. Industry cannot go it alone.

Nuclear engineers say they can prove atomic power
is competitive. But to prove it conclusively they need
experience with big reactors being built to serve metro-
politan areas, where the biggest conventional plants
are.

Public utilities are willing to pay for such plants.
They would like to build them where they are most
economic, in the midst of their customers, not in a

electronics December 6, 1963

NEXT GENERATION atomic power plant. This proposed
500-megawatt station would cost 100 million, go into oper-
ation five years from now

rural area at the end of a long and expensive trans-
mission line.

The “atom bomb” question attacks this chance for
atomic power to become self-sufficient. It provides
opponents of atomic power with a lever against the
atomic power program. since a large group of people
in a small area are a potent political weapon, once
roused to opposition.

Before that opposition becomes adamant enough to
cripple the program, we—as individuals, and as an
industry—can insist in all the forums available to us
that the public safety question be considered dispas-
sionately.

Coming In Our December 13 Issue

MORE ON LASERS. This week’s state-of-the-art report on
injection lasers (p 61) will be followed up in the December
13 issue with a second article. The author. C. M. Johnson.
of IBM, will report on application of injection lasers to
communications and tracking.

Other feature articles next week will include:

® Simulator that uses both digital and analog techniques
to realistically represent the total tactical environment of radar
and sonar equipment.

® H-f multicoupler that enables one antenna to handle five
point-to-point or broadcast transmitters. Design includes
L-C networks that handle 600-w transmitters over a decade
bandwidth.

¢ Integrated-circuit oscillator that may find f-m applica-
tions. It can oscillate at around 1 Mc with 1-v output.

CROSSTALK—
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EXCEPTIONALLY

STABLE

EVEN AT 5,000 MC,
TRACES ARE UNMARRED
BY DOT-SPLATTER

Unique triggering stability of Analab
Type 701 plug-in demonstrated by dis-
play of 5,000-mc sinewave. Botlom
trace shows same woveform expanded
10:1 (a double exposvre).

Analab Type 1120R/701 sampling
oscilloscope {rack mounting).
Also available as portabie scope.

ONLY WITH

SAMPLING
OSCILLOSCOPES

using the completely transistorized
TYPE 701 sampling and sweep plug-in

Now, with the new Analab scope system,
you can obtain signal-repetition rates to
5,000 mc and over, without external
pre-trigger signals, countdown gener-
ators, or delay lines. Waveforms can be
plotted with slaved x-y recorder, or
stored indefinitely on the Analab storage
scope (type 1220/701). The most undis-
torted deflection, brightest displays
obtainable on any high-frequency
oscilloscope.

Type 701 plug-in features:

® Built-in trigger circvits with one-knob
control...triggers directly from the
signol.

@ Built-in sweep circvits, sweep ronges
from 10 picoseconds /cm to 2 micro-
seconds [em.

® Built-in direct-coupled duol-chonnel
omplifiers, nominol risetime 350
picoseconds.

Write or ph for

data and demonstration.

Analab Instrument
Corporation
Cedar Grove, N. J. ¢ (201) 239-6500
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COMMENT

MYSTERIOUS SIGNALS

While I wish to express my admiration for your fine journal, I would like to
point out two minor errors in, and comment on, ‘Mysterious Signals’ in your
Comment column of Nov. 29 (p 6). The first is a misspelling of the doctor’s
name: it should read Velikovsky, no N. The second is the date of his Princeton
lecture: it should be 1953. (Humorously: is this part of the anti-Velikovsky plot?)
Immanuel Velikovsky has indeed, as noted in your column, received little
credit, but much abuse. His theory of Cosmic Catastrophism answers many
questions unanswered for centuries, and, until disproven, is as good as or better,
based on logic and available sources, than those now prevalent. As you probably
realize, it will be the accelerating discipline of electronics which will bear the
load of proving or disproving Dr. Velikovsky. Much has already happened:
The Air Force’s radar-bounce off Venus (showing slow counter-rotation);
the Mariner fly-by (surface temperature of 800 degrees C, which is considered
hot); the Stratoscope 2 balloon flight of last March (infrared verification of
minute traces of water in the atmosphere of Mars); carbon-14 tests (revising
many historical dates); and, the recently announced. U.S. Air Force sponsored,
General Electric developed, (Fisher and Price) uranium dating system (giant
meteor showers bombarding moon and earth even before recorded time). All
have thus far enforced Velikovsky’s arguments. Both of his books (Worlds In
Collision; Ages In Chaos) establish a sound scientific platform which, as has
already been shown, will probably be further proven after the data is made known
from the upcoming NASA series of Mariner and Voyager space probes and
un-manned landings to, again, Venus, and Mars. It will be extremely interesting
to see if electronics, the one discipline crossing many scientific boundaries, will
prove the interdisciplinary genius of Immanuel Velikovsky.

L. B. ScotT-DUNCAN
Fords, N.J.

DISGUISED ELECTRONICS

Some of the consumer electronics items that have come out recently are bother-
ing me. 1 refer to a transistor radio that looks like a bottle of scotch, and a
small bar built into a case camouflaged to loek like a transistor radio. There’s
also a radio built into what looks just like a baseball.

If it hasn’t already happened, I can see what might occur in the office or
home of a gadgeteer who has the bottle radio. A thirsty friend drops in while
the occupant is elsewhere, and friend then “uncorks” the bottle for a little
snort, ruining fifty bucks worth of electronics. Or an unsuspecting sports-loving
friend picks up your baseball radio, slams it into his palm a few times, and
then bounces it off the wall.

Now that the time has come when you can listen to a bottle and drink from
a radio, it shouldn’t be long before this trend gets to the field of laboratory
instruments, so that we’ll have oscilloscopes that look like wastebaskets, and
vice versa.

G. BARBARA
Palo Alto, California

REVERSED DIODE

As a subscriber to your publication, T always enjoy the “extras” that your
staff occasionally includes in various issues. The electronic color code chart
is one of the useful items. With the Industry undergoing changes from day to
day, every device must be employed to keep the electronic worker up to date.

Looking over the chart, I find that the nomenclature for diode and cathode
end has been reversed. Or, to put it another way, the schematic and the pictorial
drawing do not agree as to what end is the cathode (p 37, Nov. 15).

This reversal in the polarity of a diode from schematic to pictorial has been
a problem that has plagued the industry for many years. It became particularly
important to me when I began working in the design and installation of large-scale
computer systems which often contained upwards of several thousand diodes with
a tolerance of reversed polarity of zero. Because of this, we used the vacuum-
tube symbol for a diode, and investigation showed that the number of accidental
reversals dropped drastically.

Keep up the good work in your state-of-the-art articles, and in closing I would
like to say that I especially enjoyed those about lasers and their applications.

FraNk J. Lutz, JR.
Patrick A. F. Base, Florida

® The diode symbol at the top of the section on diodes should be reversed.
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—NSL_BREAKTHROUGH FOR
MICROMINIATURE CIRCUITS

e ]

035
ON CENTER

cy a - 005 DAM LEADS

MAXIMUM RATINGS

Total Device Dissipation—Free Air 150 mw
Maximum Storage Temperature —65°C to +150°C
Maximum Operating Temperature —65°C to +150 C

BEND, WELD, SOLDER THIS NEW SILICON MICRO TRANSISTOR

® Handles as easily as standard TO-18 package @ Rugged .005” dia. gold plated
leads can be conventionally soldered or welded @ Eliminates microscopic assembly,
handling and test failures @ Virtually any smallsignalor switching silicon transistor
can be furnished in this package © Write for Catalog Sheets 2N3128-29-30-31
Before specilying silicon transistors or integrated circuits in standard or microminiature packages,

be sure to investigate NSC's wide product line. Ask for 1964 Composite Catalog on all NSC devices.

NATIONAL SEMICONDUCTOR CORPORATION
OANBURY, CONN.

NSC.04
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NTROL

the most advanced 1mstrume

The portable unit can be used
to record and reproduce in the
field. If desired, a 100 kc con-
trol tone, derived from an inter-
nal signal generator, is recorded
with the data on the tape. This
tape may then be reproduced
on the Winston [L.-4000 [_abora-
tory Recorder/Reproducer
allowing the 100kc control tone
to drive the fast response, pre-
cision, ISO-DYNAMIC® cap-
stan servo system. The ISO-
DYNAMIC® system reduces
absolute time displacement
errors to =0.2 microsecond,
referenced to the control tone.
Wow and flutter is also greatly
reduced. Other specifications
of this new system are equally
outstanding. Send forcomplete
details.

EFAIRCHILD

WINSTON RESEARCH

CC O FRFPCO FR . AT OO

A SUBSINARY CF FA'RUM (LD TAMERA AND WS PUMANT « RECHATION

6711 So. Sepulveda Blvd. » Los Angeles 45, Calif.
1625 ‘I Street, N.W. Washington 6, D.C.
CIRCLE 8 ON READER SERVICE CARD

RECORD IN THE FIELD

and playback in the field... or record in the field
and playback in the lab.

SMALLEST PORTABLE UTILIZING
10%%-INCH NAB REELS (1728 cubic inches -
1.0 cubic ft.)

LIGHTEST WEIGHT
(37 Ibs. for complete 7 track record/reproduce
system)

LOWEST POWER
(36 watts for complete 7 track record/reproduce
system®

WIDEST BANDWIDTH
(up to 1.0 mc at 60 ips)

BI-DIRECTIONAL RECORDING
(fully automatic)




REPRODUCE IN THE LAB or record and reproduce in the :I]

ata
e

lab to achieve data accuracies as much as 1000 times
better than current systems

LOWEST WOW & FLUTTER *

LOWEST TIME DISPLACEMENT |
ERROR AT BOTH HEAD STACKS
(=0.2 psec.)

WIDEST BANDWIDTH (2.25 mc at
180 ips. Wider bandwidths on special
order)

VARIABLE PHASE RESPONSE FOR SIGNAL
ANALYSIS APPLICATIONS (adjustment

f 3
range of ﬁ = =x80°)

BI-DIRECTIONAL OPERATION

(meets specifications in both directions)

SIX TRANSPORT SPEEDS FULLY AUTOMATIC
(7%, 15, 30, 60, 120 and 180 ips)

AUTOMATIC SELECTION OF EQUALIZATION

& OUTPUT FILTERING AT ALL SIX SPEEDS

(phase and frequency equalized. Constant amplitude
at all speeds)

100%

EC% i } \
oyt i

i
- S T
0% - t —
20N

ol | ~ -
Q1CPS .1CPS 1CPS  10CPS 100 CPS 1000 CPS
FLUTTER RATE
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Saturn Launch Will Trigger Biggest

All tracking nets will
follow orbital flight
of world’s biggest rocket

By JOEL A. STRASSER
Assistant Editor

SATURN SA-5 is hoisted onto 175-
foot-high tower for static firing test
at Huntsville, Ala. Now at Cape
Kennedy, it will lift 38,000 pounds
into orbit

g
b
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THIS MONTH, the U.S. may take
a commanding lead in spacecraft
launch capability. A date around
December 18 has tentatively been
set for the first orbital flight of the
world’s most powerful booster. The
giant Saturn I (SA-5) will carry
into orbit a 38,000-1b dummy pay-
load, from Cape Kennedy (formerly
Cape Canaveral).

The biggest payload ever orbited
by the USSR was the 14,292-lb
Sputnik VII, launched Feb. 4, 1961.
SA-5 has a thrust of 1% million
Ibs compared to 900,000 for the
Russian booster.

The launch will also signal the
start of the most massive and com-
plex tracking operation ever under-
taken by the U.S. This flight will
involve not only NASA’s manned
space flight network, but also the
Satellite Tracking and Data Ac-

- quisition Network (Stadan, formerly

Minitrack), elements of the De-
partment of Defense’s National
Ranges, and the network of the
Smithsonian Astrophysical Observa-
tory (SAO).

Participating stations include Cape
Kennedy; Bermuda; Muchea, Aus-
tralia; Point Arguelo, Calif.; Kuaia,
Hawaii; White Sands, N.M.; Corpus
Christi, Texas, and all NASA and
DOD C-band radar stations. Space
Operations Control Center at God-
dard Space Flight Center, Greenbelt,
Md., will direct tracking.

A prelude to later Apollo flight,
the launch will place SA-5 and its
payload into an earth orbit with an
apogee of 400 miles and a perigee
of 160 miles for 145 days.

Tracking and Telemetry—Precount,
countdown and the first two orbits
will be handled like the Mercury-
Atlas missions. Tests will consist
of telemetry recording for two or-
bits, then skin tracking with C-band
radar.

The orbiting vehicle will carry a
C-band transponder and a Stadan
beacon. The C-band beacon will
transmit for 20 minutes and is de-

signed for launch tracking only. C-
band radar sites will attempt to skin
track when the C-band beacon sig-
nal is turned off. The Stadan net-
work will track for about 45 days
until the beacon battery is exhausted.

Air-to-ground voice, S-band ra-
dar and command subsystems will
not be required during this flight.
With these exceptions, the operation
will be that planned for tracking
a manned Apollo spacecraft. Radar
will be transmitted to Goddard in
real-time and the regular voice
communications network will be
employed.

Because reentry will result from
orbit decay, not retrorockets, and
because the payload is so heavy,
NASA wants to find out exactly
when and where the vehicle reenters
the atmosphere. Stations that will
help determine this are the SAO
Baker-Nunn camera sites, and all
NASA and DOD C-band radar in-

Tinyvision

Small-screen tv sales
growing; looks like
market is here to stay

By DAN SMITH
Assistant Editor

SMALL-SCREEN television sets
are here to stay, and in a big way,
many industry observers feel. Their
optimism marks a rapid about-face
in marketing opinion.

Six months ago, when GE intro-
duced its 11l-inch set, such rosy
talk would have been greeted with
derision. Today most manufacturers
are “thinking small.” Admiral has
entered the field and another firm,
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Tracking Test

stallations that will skin-track. Ra-
dars include operational FPS-16’s
and the new FPQ-6’s at Carnarvon,
Australia, and Patrick AFB.

Data Handling—When the telemetry
beacon ccases transmitting after
two orbits, look/angle data will be
computed at Goddard and updated
daily for each tracking station. The
Stadan stations will track for 45
days using the Stadan beacon, to
supply computers with additional
data for rcvising the look/angle.

Cape Kennedy will feed launch
trajectory data to computers at
Goddard. Goddard’s rcal-time com-
puters will transmit data to Mar-
shall Space Flight Center, Hunts-
ville, Ala. using a 100-wpm tcletype
circuit. During launch, time, veloc-
ity, altitude, flight-path  angle,
down-range distance, latitude and
longitude will be transmitted at
six-second intervals.

INSTRUMENTATION unit will be carried in this second stage, which also pro-
vides additional thrust needed to orbit the payload

As the vehicle goes into orbit,
data will be received at Goddard
by teletype from the many sites
around the world. Since many of
the radars will have overlapping
coverage, NASA has had to work
out eclaborate data transmission
schedules for each site. Data ar-
riving from the Pretoria and As-

cension Island stations, for example,
will be received by an IBM 7094
at Cape Kennedy and reformatted.
The data processor will then trans-
mit the information to the communi-
cations center where a paper tape
will be cut, held and data trans-
mitted to Goddard later via the
real-time computer system.

Market BIG

Curtis Mathes introduced an 11-
inch line this week. Prices start
at $89.95. Some marketing ex-
perts believe that by next spring or
summer many others will have
brought out small sets of their own.

Sales a Surprise—People in the
industry say GE’s success has
been a surprise. Most companies
had written off the midgets a half
dozen years ago when GE, RCA
and Emerson failed to find a large
market for 8-inch sets. “RCA sold
a flock of them at $125,” an RCA
spokesman said. “We brought out
another model for $99 and it was
years before we could get rid of
them. It seemed the market was
10,000 or 15,000 and that was that.”

No one knows how large the mar-
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ket is now, but it is considerable.
GE says its sales are “very good,”
but it has not made public any
figures. Admiral says it is too early
to comment on sales because its
sets are just now reaching retail
outlets in number. Outside sources
say both firms are back-ordered on
this item.

Importers Pleased—The reaction of
Japanese tv manufacturers, who had
this field to themselves for a long
time, is perhaps the best indication
of the market’s strength. According
to a spokesman, they feel promotion
efforts by U. S. companies are help-
ing their sales. Best estimates of
Japanese sales for this year put
their total around 100,000 tran-
sistor sets, plus a smaller number of
vacuum-tube types. Last year the
Japanese sold about 30,000 tran-
sistor sets in this country.
Realtone has just started produc-
tion of a 6-inch transistor set with

built-in all-channel tuner. The set
was designed for the American mar-
ket and will probably appear here
before the end of the year. Per-
sistent reports in the industry say a
large merchandising and mail-order
house will soon market a 10-inch
vacuum-tube set built by Toshiba.
List price will reportedly be $84.95.
Another report says a U. S. appli-
ance manufacturer will introduce a
12-inch Japanese-made set.

The sudden popularity of the
small-screen sets is hard to explain.
They are usually thought of as
second sets for the bedroom or
kitchen, but even this is not beyond
dispute. “Maybe some people just
want a more ‘personal’ set—no one
really knows,” one well-placed ob-
server said. Another, a marketing
man, said: “Frankly, I think 11
inches is just the right size. Pre-
liminary surveys showed people want
small sets, but they don’t want to
squint at 4 or 5-inch screens.”
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Tl reports progress on

Today, SOLID CIRCUIT® semiconduc-
tor networks are making major con-
tributions in improved reliability, size
and weight reductions to more than
50 military equipment programs.
Production Volume — An eight-fold in-
crease in production rates has been achieved
by Texas Instruments since the beginning of
the year (Figure 1). During the fourth quar-

DIGITAL SEMICONDUCTOR NETWORKS

FLIP-FLOP/SHIFT REGISTER ( ter of 1963, for example, TI will produce

and ship more integrated circuits than the

GATES 12 entire industry produced in the second
HALF ADDERS 1 quarter.

As a result of TI's unparalleled produc-

INVERTER/DRIVER | 3 tion experience, you can plan now to in-

ONESHOT MULTIVIBRATOR 2 corporate SOLID CIRCUIT semiconductor

networks in your equipments with full con-
LEVEL RESTORER 1 fidence that your production requirements
(NPUT/OUTPUT 9 will be met. This ability to produce large
quantities of semiconductor networks is the
MEMORY CIRCUITS 5 direct result of process controls and ex-
panded manufacturing facilities proven in
HEBR SEMCORDUCICRNE SRS actual volume production of a variety of
DIFFERENTIAL AMPUIFIER 9 network types.
Circuit Functions — TI is currently de-

QDU GANER - livering volume quantities of 44 different

DRIVER SWITCH 2 digital and linear circuit types, as compared

3 L, » to only 10 a year ago. This production-based

Flgure 1 Semiconductor network productlon Figure 2. Circuit types variety (shown in Figure 2) means that
Figure 3. Catalog circuit types more of your circuit functions can be per-

formed by semiconductor networks to ob-
tain greatest system benefits. In addition to
op.n‘.wffjﬁiflg(:flo:in the 44 curr‘ent'netw‘orl‘( types, more than
Common:mode rejection 60 db 100 other circuit variations have been pro-
ettt e i duced to individual customer requirements
il L, during the past two years. )

160 ohims Among the 12 logic gates listed, for ex-

d-¢ drift referred to input 8 uwv/°C . .
ample, some have propagation delay times
as low as 8 nanoseconds. Others perform
logic functions at power drain as low as 2
mw. In the linear units, networks are am-
plifying at frequencies from DC to 5 mc.
TI semiconductor networks are often de-
signed to provide three to five circuit stages

within a single unit. These multi-stage net-
2mw 2 mw ea 3 mw works mean fewer units are required for
your system — reducing connections, size,

7 mw 7 mwea 11 mw weight, and cost.
For your applications, two catalog lines

tial and opera-
nglCAL +3Ve | 300ke THROUGH 4 LEVELS OF LOGIC AT Ta = 85°C. el e i e
YSTEM

— Qs tems. The Series 51 digital networks are
CLOCK SPEED +6Voe| 500 ke THROUGH 4 LEVELS OF LOGIC AT Ta = 85°C. particularly designed for aerospace appli-
cations where low power drain is important.
Both Series 51 and 52 are designed for
*master slice” applications to provide circuit
variations within the general parameters
shown.

A new catalog series of high-speed digital
networks is now in production and will be
announced soon.

Advanced Process Technology — All TI
semiconductor networks are formed in a
single silicon substrate. Depending on circuit
requirements, epitaxial, NPN, PNP, or NPN
and PNP structures are used. With process
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Semiconductor Networks

and material flexibility, it is possible to eco-
nomically produce wide variations of single
and multi-stage circuit functions to satisfy
systems requirements.

Reliability — Third quarter 1963 relia-
bility data indicates failure rates for a
complete circuit below 0.1 percent per 1000
hours at 85° C (Figure 4). TI's weekly-
add-to test and accelerated life test program
gives a quick indication of both product
reliability and process control.

As a result of TI's extensive and continu-
ing reliability program, test results of more
than 4000 semiconductor networks have
established specific data that design engi-
neers can use in systems reliability projec-
tions. This information includes *“weekly-
add-to,” accelerated life, environmental, and
step-stress test data. This reliability infor-
mation is available for your use.

New Welded Package — To further im-
prove reliability, all products are being con-
verted to a welded-seal package. This pack-
age, (Figures 5 and 6) made from Kovar
and hard glass, has been mass-produced for MRS 3 &g 120 " 34
over a year and is rapidly being accepted as
a standard for semiconductor networks. Its 1962 1963
flat-form factor and 50-mil spacing between DATA BY Q“AR]’[R
leads allow it to be used with a variety of . . — "

: : . Figure 4. Semiconductor network reliability Figures 5 and 6. New welded package
equipment assembly techniques — printed Fi 7 T lle- d Fi 8. Ti Model 659A integrated circuit test
circuit cards, cordwood, and thin film sub- ure - paratcisEanAwe Cel igure o. € ceratedicircuitjiester,
strates. To further facilitate handling and i
assembly, lead lengths have been increased
from 0.080” to 0.185~,

For Systems Manufacturers—Related test
and assembly equipment is now available
for breadboarding, engineering and produc-
tion of semiconductor network systems.

TI’s new dynamically controlled parallel-
gap welder (Figure 7) is the only welder
that features feedback control of weld volt-
age. This enables the welder to adjust itself
to a wide range of differences in lead di-
mensions, plating and surface conditions —
without operator adjustment — providing
welds of consistent high quality. As many
as 40 welds can be made per minute without e
burn-outs, blow-outs or cold welds. — > r

The TI model 659A integrated circuit 2 o . ‘ oy
tester (Figure 8) performs 36 DC tests on . i -~
networks in 2 seconds, or two units can

be operated in series for a 72-test sequence. i TEX AS l N ST R U M EN TS

Programmed plug-in circuit boards—for bias

conditions, t_uning, limit.s, and sorting logic I' 3':°§: NO CF:NTPRR ?x PAR ;SEV A?

— are obtainable to give go/no-go tests. P. 0. BOX 5012 * DALLAS 22. TEXAS
To facilitate handling of semiconductor

networks, carriers along with associated test

sockets and shearing tools have been

developed.
This report summarizes the significant

advances made by Texas Instruments in

technology, production, handling, and as-

sembly of semiconductor networks. This

comprehensive program has made available

a total capability to support your program

requirements. For information, call your

nearest TT sales office. SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND o NICE, FRANCE o DALLAS, TEXAS

100

10

1.0

ACTUAL SIZE

0.1

SEMCONDUCTER, NETWIRK FLAT PACKAGE
01 WELDED KOVAR"LID—e, KOVAR'RING
s >

SAPS

2001

FAILURE RATE (% PER 1000 HOURS)

“KOVAR"PLATE

20228
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black box to black box...

S

BRAND REX

makes your best connection!

nation. This "anything-to-anything”

You are more apt to find the wire
and cable you need, at Brand-Rex.

Brand-Rex makes wire and cable
for a tremendous range of applica-
tions. We meet 33 Government
specifications and have one of the

longest lists of U. L. approvals in the

14 CIRCLE 14 ON READER SERVICE CARD

experience means we can do more
for you. You can be sure of quality—
the basis of our muiti-industry wire
and cable reputation.

Will you contact us about your

wire and cable needs?,

BRAND

£

DIVISION
american EylA core.
31 Sudbury Road, Concord, Mass.
Phone: 617 369-9630
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Performance advantages
of a better broadband instrumentation tape

—in pre-detection, pulse code modulation, and other critical high-frequency

instrumentation recording applications.

The shortest wavelengths in broadband recording are less than five
times those of visible light. To magnetically record and reproduce such
wavelengths requires a tape surface smoothness approaching that of
an optical surface.

Memorex Type 62 Broadband Tapes look smooth to the eye, but
what is more important, they look smooth even to the electron micro-
scope — competitive products do not. They are twice as smooth as
the best competitive tape, and this near-perfect surface is produced
unerringly over the miles of tape on each roll.

Electron microphotographs of surfaces of Memorex tape and competitive product

MEMOREX TAPE LEADING COMPETITIVE TAPE

Users of Memorex Type 62 Broadband Tapes receive important
performance advantages, including:
as much as 6 db more response at the highest frequency —the

result of the ultra-smooth surface;
as much as 3 db greater undistorted outpuf __ 1. resuilt of &

coating more densely packed with well-oriented particles of oxide;

more than 3 db higher signal-to-noise ratio e I

extreme uniformity of distribution of particles within the coating;
no measurable increase in dropouts, even after 100 plays

~— the result of scrupulous cleanliness and care in manufacturing
and the use of a durable, electrically conductive coating which
will not shed oxide,

These improvements in performance were measured on a Mincom

CM 100. Still greater improvements can be expected when using re-
corders with more extended bandwidth,

electronics December 6, 1963

Memorex broadband tapes offer you
a wider choice of coating thickness
to suit your recording application:

62J (370 pinch coating) — for
high output

62K (270 pinch coating) — a new
intermediate coating thickness

62L (170 pinch coating) — the
thinnest coating offered to date,
giving you 25% more playing time
per roll,

Digital or pulse recording applica-
tions — The smooth, thin coatings of
Type 62 Broadband Tapes will pro-
vide the higher resolution and great-
er pulse packing densities required
by advanced recording systems.

Memorex manufactures precision
magnetic tapes for instrumentation
and computer use, including Type 22
Computer Tape (tested and certified
at 800 and 556 bpi), Type 33 Instru-
mentation Tape, Type 42 High Res-
olution Tape, and Type 62 Broad-
band Tape. To obtain complete tech-
nical data sheets, write to Memorex
Corporation:

1182 Shulman Avenue / Santa Clara, Calif.

Important New Report oy qil
Instrumentation Tape Users

MEMOREX Mon-
ograph =2, titled
“Head Wear Con-
siderations in Mag-

netic Tape Record N
ing? available free

on request. Write
MEMOREX at ad-

dress above,

MEMOREX

CORPORATION

PRECISION MAGNETIC TAPE
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CUSTOM TIMING SYSTEMS
FROM STANDARD ASSEMBLIES

You get solid state timing systems tailored
to your specific requirements—from sophis-
ticated range timing systems to portable

units from the table below, then designate
standard options to obtain exactly the tim-
ing functions most suited to your particular

requirements. Numerous standard options
have been designed and built to provide you
with the most versatile—and highly reliable
—timing equipment available today.

instrumentation — with Astrodata’s unique,
building-block production technique.

For example, you can select fundamental

5o - L
=]

th PP
R
e A | LR

A....‘
g
L

TIME CODE GENERATING SYSTEMS

IRIG, NASA, AMR, PMR, White Sands, Eglin and special codes available

[—
| LR
RSN, Model 6190 Up to 8 serial time codes . '
RN ) simultaneously...standard pulse rates...decimal dispiay
( ...stability to 1 part in 108.

Model 6140 Up to 4 serial time-of-day codes
simultaneously...standard pulse rates...decimal display
...stability to 1 partin 108.

|

Model 6100 Up to 4 serial time-of-day codes...
standard pulse rates ... binary display...
stability to 1 part in 108.

TIME CODE TRANSLATOR SYSTEMS TERMINATING SYSTEMS

Model 6220 UNIVERSAL...
translates all serial time
codes to decimal display ...
parallel BCD output.

Tape Search and Control
Units (Models 6224, 6225,
6226) available for universal
automatic tape search.

Model 6420 TIME CODE
TRANSLATOR/GENERATOR . .. .
operates as Translator and/or 180y el o,
generator ... synchronizes :
time code generator to input
serial time code...no
interruption of output on
loss of input signal.

Model 6620 Timing terminal
unit ... provides basic module
for standard terminal function
assemblies...can be assembied
to provide any necessary terminal, signal conditioning or
conversion functions . .. assemblies available: AGC amplifiers,
demodulators, neon drivers, high level amplifiers, balanced
line drivers, galvo amplifiers, relay drivers.

Model 6204 translates serial
time code.. . provides parallel
output and display consistent
with input code format,

Model 6201 translates time-of-day serial code to
parallel output and binary display.

Model 6200 converts input serial time codes
to time-of-day display.

e e R I S am_ B - g e S e $

A new 48-page handbook of the most commonly used time code for.

mats has been compiled as a handy reference for instrumentation
engineers. For your free copy write to

For applications assistance when
considering your timing system,
contact your nearest Astrodata
representative or the Timing
Instrumentation Group direct.

ASTEREROIDA'T A I NC.
240 E. Palais Road » Anaheim, California

10
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electronics NEWSLETTER

New Tube Shrinks Color Tv Camera

COLOR-TV CAMERA about one-
fourth the size of image-orthicon
cameras and requiring about onc-
third the lighting level needed by
color vidicon cameras is reported
by Philips of The Netherlands.
Called the Plumbicon color camera,
it is described as “a major break-
through in color television produc-
tion.” Philips says its very low
response time is independent of illu-
mination level and that the Plumbi-
con tube is also highly suited to
black-and-white tv.

The camera’s advantages are due
to a new lead-oxide photosensitive
surface in the tube, which has no
saturation point, it is reported. As a
photo-conductive device, the tube is
more nearly related to a vidicon than
an orthicon. It has negligible dark
current, which eliminates back-
ground shading; there is no image
lag or “burn-in,” it is stable over a
wide temperature range and warms
up in S minutes.

Three Plumbicon tubes, each an
inch in diameter and 8 inches long,
are used as pickup tubes in the cam-
era, which, without lens, weighs 77
pounds. Frequency response is =1
db at 7 Mc; light requirements at
f 1.9 are 100 foot-candles.

The Plumbicon camera may even-
tually be manufactured in the U.S.
by North American Philips, which
is now importing it. It will be dis-
tributed by Theater Network Tele-
vision, Inc. The closed-circuit
Plumbicon camera is part of a new
color-tv system, together with the
color Eidophor (p 42, Oct. 4).

Aussies Want Sage

AUSTRALIA is in the market for a
nation-wide command and control
system, presumably a smaller ver-
sion of our Sage. Although details
have not been released, it is
known that approximately 15
U. S. companies, and others in
Europe, have been invited to
make proposals on the system.
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EIA’s Market Predictions

Los ANGELES—Electronics industry factory sales are expected to
reach $16.3 billion in 1964, according to EIA President Charles
F. Horne, who presented the organization’s market estimate at this
week’s EIA Winter Conference here.

Consumer electronics ..oveeiroecnncance.
Industrial electronics ... viieeales
Federal electronics ......covnennrveneunns
Components, replacement ..c.uvevieeaen.

Electronics, Total ......cciveenieceninnn
Television «..ceocoeoososcscsssssnccones
ROiO ....cconeconsnvosocastcnccnrnons

Phonographs «...c.cecuivecenocnnseccane
Other ...c.vevresiecceccncscensccaonas

POSSIVE < u.v.itinsaisascrsiactetciesanan

1962 1963 1964
(Millions of Dollars)

ooo 2,407 2,550 2,650
v.. 2,450 2,700 3,000
... 8,348 9,400 9,900
... 620 675 750
...13,825 15,325 16,300
e, 953 1,010 1,025
... 386 375 370
... 385 460 525
... 683 705 727
... 2,407 2,550 2,650
... 1,210 1,165 1,145
... 897 920 950
.o 1,561 1,705 1,855
oo 3,668 3,790 3,950

Engineer Enrollments Up,
Graduates Still on Decline

BACHELOR DEGREES awarded to en-
gineers declined 4.3 percent this
year, the fourth year in a row, while
September enrollments were up—
1.3 percent—for the first time since
1957. To educators it gives some
hope that the downtrend has slowed.
Doctorates awarded rose 15 percent,
setting a record, and master’s de-
grees 8.3 percent.

Small Computer Market
Gets a New Entry

NEW YORK—Honeywell this week
entered the small computer market
with its H-200 system, which rents
for a minimum of $3,160 a month.
The system includes a central proc-
essor with 2,048 characters of mem-
ory, printer and card reader-punch.
Memory cycle time is 500 mano-

seconds. An automatic program
conversion package translates the
programs of the IBM 1401, 1440
and 1460 to H-200 programs,
Honeywell says. The Honeywell 200
will be marketed to new computer
users, as a satellite system for large
computers, and as a replacement for
existing small machines.

Anisotropic Studies
Given Another Push

ARMY HAS AWARDED another con-
tract for the study of microwave
and millimeter-wave generation
with anisotropic materials (p 19,
Oct. 25). This one, for $80,420,
goes to Microwave Electronics
Corp. here. Pyrolytic graphite and
bismuth and indium antimonide
have been suggested for investiga-
tion.

MEC experiments will be based
upon theoretical calculations by
Pines and Schrieffer of the Uni-
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versity of Tllinois, which indicated
that two electron beams could be
made to drift within a solid and the
interaction of the two results in a
growing space charge wave. There
has been much study of this within
gaseous plasmas, but oscillation fre-
quency is limited because of rela-
tively low gas plasma density.

Gimbaled Mount Built
For Laser Telescope

TRACKING MOUNT, able to point a
3,500-pound laser telescope to an
accuracy of about two seconds of
arc, has been delivered by Northrop
to NASA’s Goddard Space Flight
Center. The telescope will help de-
vise new electro-optical tracking sys-
tems for satellites and space probes.
Resting on hydrostatic bearings, the
25-ton mount’s gimbal, yoke, and
telescope can be moved manually or
semi-automatically with fingertip
pressure, the firm says, in both
equatorial and X-Y modes. It con-
sists of a base, a symmetrical open
yoke for the X-axis, and a gimbal
supporting the telescope’s Y-axis
bearings.

FALL URSI MEETING, IEEE Seattle Section,
URrsl, Boeing Scientific Rescarch Lab-
oratories; University of Washington,
Seattle, Wash., Dec. 9-12.

NON-LINEAR PROCESSES IN THE ION-
OSPHERE MEETING, NBs; Central Radio
Propagation  Laboratory, Boulder,
Colo., Dec. 16-17.

AMERICAN ASSOCIATION FOR THE ADVANCE-
MENT OF SCIENCE MEETING, AAAS;
Cleveland, Ohio, Dec. 26-30.

RELIABILITY-QUALITY CONTROL NATIONAL
SYMPOSIUM, IEEE, ASQC, ASME, EIA;
Statler Hilton Hotel, Washington,
D. C, Jan. 7-9.

INTEGRATED CIRCUITS SEMINAR, IEEE New
York Chapter; Stevens Institute of
Technology, Hoboken, New Jersey,
Jan. 15.

ANTENNA RESEARCH APPLICATIONS FORUM,
Midwest Electronics Research Center;
University of Illinois, Urbana, Ill., Jan.

INSTRUMENTATION SYMPOSIUM, IsA North
Central Area; New Sheraton-Ritz Ho-
tel, Minneapolis, Minn., Jan. 30-31.

MEETINGS AHEAD

electronics NEWSLETTER

R&D Funds Going Up

R&D EXPENDITURES in this coun-
try during 1964 should hit $20
billion, predicts Battelle Memorial
Institute. Government will spend
about $13.9 billion; industry,
about $5.6 billion, and academic
and nonprofit institutions, about
$500 million, Battelle says, call-
ing its estimates conservative.
This would be the third consecu-
tive year that more than $1.5
billion has been added to R&D
funds. Battelle estimates total
R&D expenditures in 1963 at
$18.3 billion

Gravity-Gradient Craft
—When It Might Fly

WASHINGTON—NASA could put up
a gravity-gradient satellite (p 16,
Aug. 23; p 19, Oct. 11) within 12
months, once given the go-ahead, al-
though 24 months would be needed
to prepare a fully-instrumented
spacecraft. ComSat is considering
gravity-gradient  stabilization to
earth-orient a medium-altitude com-

MILITARY ELECTRONICS WINTER CONVEN-
TION, IEEE-PTGMIL, Ambassador Hotel,
Los Angeles, Calif., Feb. 5-7.

ELECTRONIC COMPONENTS INTERNATIONAL
EXHIBITION, FNIE, SDsA; Paris Exhibi-
tion Park, Paris, France, Feb. 7-12.

PHYSICAL METALLURGY OF SUPERCONDUC-
TORS MEETING, AIMMPE Metallurgical
Society; Hotel Astor, New York, N. Y.,
Feb. 18.

INTERNATIONAL SOLID STATE CIRCUITS
CONFERENCE, IEEE, University of Penn-
sylvania; Sheraton Hotel and Univer-
sity of Pennsylvania, Philadelphia, Pa.,
Feb. 19-21.

ADVANCE REPORT

ENERGY CONVERSION, CONTROL CONFERENCE,
1EEE Region 38; Clearwater, Fla., May 4-6,
1964 ; Dec. 15 is deadline for submitting
five copies of 300-word abstracts, plus 100~
word biography, to Paul G. Hansel, Vice
President, Engineering, Electronic Com-
munications Inc., 1501 72nd 8t. North, 8t.
Petersburg, Fla. Some topics include
SNAP systems, nuclear batteries, photo-
electric conversion, electroluminescence,
lasers, cryogenics, control techniques,
plasma applications, converters-condition-
ers, magnetohydrodynamics,

munications satellite.

First type NASA wants to fly
would be a three-axis system with tv
cameras to monitor thermal bend-
ing, provision for changing moments
of inertia, and several damping sys-
tems for comparison tests. Bell Tele-
phone Labs and GE systems are
promising, NASA says, although
other versions are being examined.

Universal ComSat Station
Planned for Nova Scotia

MONTREAL — Ten-kilowatt com-
munications satellite ground station
capable of handling both medium-
altitude Relay and Telstar space-
craft as well as high-altitude Ad-
vanced Syncom will be built near
Halifax, N. S. by RCA Victor, Ltd.,
under a $5-million contract awarded
last week by Canada’s Dept. of
Transport. The station will have an
85-ft. dish with a multimode, multi- .
horn feed enclosed in a pressurized
radome. Antenna efficiency will
measure 56 percent at the output of
the horn.

Station frequencies will conform -
to those announced for communica-
tion satellites at the ITU meeting in
Geneva (p 14, Nov. 22). Either a
traveling-wave-tube or  klystron
amplifier will be used at the station,
which will be able to handle either
ssb or f-m. The antenna, on an
azimuth-elevation mount, will have
a noise temperature of 65 deg K at
7.5 deg elevation angle and pointing
accuracies of 0.03-deg maximum
under autotrack, 0.06-deg max un-
der programmed steering.

Laser Will Track
Range Missiles

C-W GAS LASER will be used to track
missiles along the Atlantic Missile
Range. The system, which Pan
American is developing, will auto-
matically track and range on the
radiation bounced off small retro-
reflectors mounted on the missiles.
Called Opdar, for Optical and
Ranging System, it is to give the
missile’s position, velocity and ac-
celeration from Q to 50,000 feet in
altitude.
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Single-Frequency Laser Made

MINIATURE helium-neon gas lasers that operate as single-frequency oscil-
lators have been developed at Bell Telephone Laboratories by E.I. Gordon
and A.D. White. Large gas lasers oscillate at many frequencies.

The new lasers have discharge tubes 2 inches long and 0.04 inch in

diameter. They can be tuned to any
frequency in a 1.5-Gc range centered
at 473 Tc (visible red) by moving
end mirrors less than 12 microinches
with a piezoelectric transducer. The
helium 3 isotope is used instead of
the normal helium 4 gas.

The lasers operate continuously
at room temperature with d-c input
and are frequency stable. Since mir-
ror displacement of less than 1 pinch
causes a measurable frequency
change, the devices can be used in
precise measuring instruments.

Vif Tests Probe
lonosphere Absorption

PALO ALTO, CALIF.—VIf reception
tests in Antarctica may lead to a
breakthrough in the causes of ab-
sorption in the ionosphere, says
Robert A. Helliwell, professor of
electrical engineering at Stanford
University here. Daily variations of
vlf transmissions suggest a connec-
tion between electromagnetic wave
packets in the whistler mode and
charged particles which are thought
to cause absorption in the D region
when they penctrate to that depth,
he told ELEcTRONICS. The tests
were conducted at Eights Station,
Ellsworth Island, Antarctica, by
Michael Trimpi.

Aircraft Data Recorder
Watches Critical Parts

AIR FORCE has ordered from Lock-
heed an aircraft maintenance record-
ing system that continually watches
critical parts and systems during
flight. These findings are recorded
on magnetic tape, which upon land-
ing can be played back at 100 times
recording speed. The system keeps
track of 71 parameters, Lockheed
said.

electronics December 6, 1963

Computer Will Design
Other Computers for AF

BEDFORD, MASS.—A major tool for
designing complex military com-
mand and control systems of the
1960’s and 1970’s went into oper-
ation this week at the Electronic
Systems Division, Hanscom Field.
The Military Information Systems
Design Laboratory (p 28, June
28) is also expected to make major
contributions to computer usage in
nonmilitary areas.

The SDL permits experimental
simulation of C&C systems and
rapid exploration of proposed de-
signs. Subsystems can be simulated
and tested and hardware can be
evaluated before incorporation into
a system. Core of the SDL is the
7030 Stretch computer. Mitre
Corp. will operate the design lab.
One of its major tasks will be the
design of command and control
components for the National Mili-
tary Command System (p 28,
March 22).

Lensless Photo System
Uses Laser Light Source

IMAGE FORMATION without use of
lenses is reported by University of
Michigan this week in the Journal
of the Optical Society of America.
The two-step process uses a point
light source, such as a laser or
mercury arc lamp, to illuminate the
subject and record a phase reference
on the film, in a camera-like device.
The resulting blurred negative (a
diffraction pattern) is reconstructed
using a projector-like device. A
beam of coherent light—from a
helium-neon laser in this experi-
ment—is directed through the nega-
tive, and mixed with a reference
beam to form a normal picture.

IN BRIEF

STAR TELESCOPE that will detect radi-
ation within a steadily revolving
field of view from all stars, instead
of by locking on one, is being de-
veloped by Honeywell. NASA will
use it.

PULSE GENERATING system is Holley
Carburator’s new entry into the
field of electronic ignition. The
$99.95 unit uses a magnetic cam
and an adaptor plate for system
changeover without distributor
modification.

PEACE CORPS has ordered 1,500, 23-
inch Admiral tv sets to help cut
illiteracy in Colombia. Colombia is
also expected to buy 50,000 citi-
zens' band radios. It has ordered
1,000 from Cadre Electronics.

AIR FORCE has awarded General Pre-
cision Inc. a $5.6-million supple-
mental contract for flight feasibil-
ity tests of a stellar-inertial guid-
ance system.

HUGHES Aircraft received $30.2-million
more from the Navy for work on
the Phoenix missile system. Ray-
theon got another $30 million
from Army for the Hawk missile.

LENKURT has developed a system that
transmits 2,400 bits of data per
second, via radio. System is based
on Lenkurt's Duobinary coding
technique (p 61, March 1962).

TIROS 8, first weather satellite to carry
an APT camera (p 20, July 26) is
to be launched about Dec. 17.

BEACON on the Centaur booster,
placed in orbit Nov. 27, is no
longer working and the craft is
now being tracked by cameras.
Autopilot was controlled by a
small digital computer built by
General Precision.

ITT HAS COMPLETED acquisition of
Cannon Electric's assets. Litton
Industries has postponed acquisi-
tion of Clifton Precision Products
because of a labor dispute at Clif-
ton. United Aircraft plans to bu
Vector Manufacturing.

HONEYWELL'S British subsidiary h
begun building medium and lar.
computers in Scotland.

EXPLORER XVIII, known as IMP (p
Nov. 29) and taunched Nov.
has been relaying “‘excellent’’
to earth, says NASA.




WASHINGTON THIS WEEK

President Johnson is making a strong bid to establish himself as a
frugal president. He has reaffirmed his policy to maintain a strong military
position, but he is warning contractors that he intends to get full value for
every defense dollar spent.

A first step is a letter sent to 7,500 defense contractors calling on them to

’ save money wherever possible. Johnson told them to “establish an affirmative
JOhnson S Word program of cost reduction in the performance of defense contracts, both those
TO ContractorS' which you now hold and those which you may subsequently receive. If you

already have such a program in being, then I call on you to accelerate, expand
and intensify this effort.”

CUt Down COSts Backing up cost-saving moves already started by Defense Secretary Mc-
Namara, Johnson said his goal is to save up to $1.5 billion of an estimated
$56-billion defense spending in fiscal 1964. There are no big departures in
Johnson’s letter, but it puts extra steam behind the cost-saving drive and is an
important sign of Johnson’s support of McNamara.

One reason Johnson is putting the squeeze on defense contractors

ContraCtor is the hope that this will impress conservative congressmen and will set moving

. the proposed $11-billion tax cut. There is little hope, however, of Congress
Sq ueeze Almed approving the tax cut this session. Best guess for its passage is early next year,
At T ax Cut though a speedup method under consideration is to pass the first phase, $7

billion in cuts, before the end of this year.

Efforts, on a federal level, to ease the economic strain as military pro-
grams shrink will continue (ELECTRONICS, p 20, Nov. 8).

Defense Secretary McNamara warned of the coming changes in a speech
just before President Kennedy’s death. McNamara’s remarks are worth
repeating now, because insiders say Johnson subscribes to the secretary’s
thinking in that speech.

. “We can anticipate that the annual expenditure on strategic forces will drop
Strateglc-Force substantially,” McNamara said, “and level off well below the present rate of
. spending.” This does not mean that defense spending will be less next year—

\Oendlng TO Fa" it won’t—but that the trend is apparent.

. McNamara said that in the past few years the defense establishment has been
\ bstantla"y” built up to levels considered necessary under present world conditions. U. S.
nuclear strength, he asserted, is so great that even the most effective Soviet
surprise attack would still leave the U. S. able to “destroy the attacker’s so-
ciety,” so there is no point in developing “overkill” capabilities.

Perhaps even more important to industry is the shift from big hardware,
such as missiles, which call for large numbers of production workers and
large supplies of material, to sophisticated electronic systems that use little
material and fewer, more skilled men.

Thirteen electronics companies were among the 100 companies re-
ceiving the largest dollar volume of military prime contracts in the fiscal year
ending last June 30. Electronics also accounted for a substantial portion of the

nics income of 23 missile-space firms, 17 aircraft companies and 5 nonprofit in-
stitutions on the “top 100” list. Lockheed Aircraft, with $1.5 billion in
‘p 100 contracts, led the list for the second consecutive year, followed by Boeing,

North American Aviation and General Dynamics. AT&T, General Tire &
Rubber (which includes Space-General Corp.) and RCA were among the
top 15 contractors.
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Remember the fragile whisker so easily burned out?
The cavity where, in time, contaminants were sure to
degrade reverse characteristics eventually ? The delicate
construction that was likely to fail under thermal and
mechanical stress? The limited service life even

under the best of conditions?

Never again.

Unitrodes have changed all that with an entirely new
approach to diode design. The silicon wafer is high-
temperature bonded directly between the terminal pins,
and a hard glass sleeve is fused to all exposed silicon.
Result: a void-free junction that can't be contaminated.
Broad current-carrying surfaces that can withstand 10 watt
power overloads — continuously — with no after-effect.

A one-piece unit indifferent to shock, vibration,

REMEMBER?

acceleration . . . unperturbed by thermal shock
or cycling from —195°C to +300°C.

And this small: -

Naturally you'd expect performance like this to cost a

bit more, and it does. Mainly because of rigid manufacturing
standards and because every Unitrode® diode is 100% final
tested. But if you're working in high reliability, you owe it to
yourself to watch your Unitrode representative's 15-minute
demonstration. We'd be happy to send him around with our
entire line of diffused 3 ampere silicon diodes, fast switching
rectifiers, 3 watt zeners, high voltage stacks and bridge
assemblies. We never cease to be amazed ourselves. Write
or call ... UNITRODE TRANSISTOR PRODUCTS, INC.,

214 Calvary Street, Waltham, Massachusetts

02154, Tel: (617) 899-8988 TWX: (617) 894-9876.

mamm UNITRODE
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How much in money? months? manpower? PERT COST

IBM’S new PERT COST program brings the dimensions of cost and manpower to the already
proven U.S. Navy’s PERT program. Now you can plan, monitor and control the many fac-
tors in big, complex jobs.

Before you start a project, PERT cosT provides a disciplined, comprehensive plan of ac-
tion —that covers all three elements—to meet your project objectives.

As you progress, PERT cosT provides up-to-the-minute progress reports on all areas of the
job. You know what’s on schedule, what's behind. The program pinpoints trouble spots
for immediate action.

PERT CosT handles projects of up to 75,000 separate activities, with subnet divisions of
up to 750 subactivities each. The elements of all jobs—from your own plant and from
outside subcontractors—are merged, level-by-level, into the overall PERT CosT network.
Whether you’re building a missile or developing a market, PERT cosT makes project man-
agement easier for you. Ask your 1BM representative.
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IBM.

18M 7090 and 7094 Data Processing Systems can be programmed 10 us¢ PERT DATA PROCESSING
cosT techniques. Systems produce regular management reports, in a form
you can usc, for cvery level of management involved. Reports show prog-
ress to date, immediate forccast and estimate for completion as planned.
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Ordinary
Microfilm

456

WESTON

STEF WEDGE

Unit Gamma
Microfilm

WESTON

STEP WEDGE

Improved
Unit Gamma

WESTON

STEP WEDGE

21.5 hours in Fade-O-Meter

Compare! New GAF Microline diazo microfilm
offers 300% more useful density retention.

That’s right! Three times more useful density re-
tention than any other diazo microfilm you can buy.

This means really important savings to you. You
save time. One Unit Gamma duplicate does the work
of three ordinary diazo films. Equipment and per-
sonnel can be used more productively, with less
time spent replacing faded duplicates. You save
on film. Since new Unit Gamma microfilm retains a
useful working image three times longer than any
other, you use less.

But savings aren’t all you get with new Unit
Gamma microfilm. Most important, it provides
better blowbacks with strong, sharp images. And it
takes the punishment of day-to-day handling; re-
sists humidity, fungus and offsetting, too.

29 CIRCLE 24 ON READER SERVICE CARD

Don’t just take it from us. See for yourself. Com-
pare new GAF Microline Unit Gamma diazo micro-
film against your present film in any fade test you
wish. For instance, tape them both on a window,
leave exposed to daylight...and watch the differ-
ence grow! You'll clearly see why it will pay you to
use new Unit Gamma microfilm. Contact your GAF
Microline Representative today. Or for more infor-
mation write : General Aniline & Film Corporation,
Dept. HH-5, Binghamton, New York.

MICROLINE
MICRO IMAGE PRODUCTS
GENERAL ANILINE & FILM CORPORATION

BINGHAMTON. NEW YORK
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select from .
44 cased models o oimire vt

ALL AVAILABLE FROM STOCK

fnput  Maximum Output Feature or Stock
_Volts___Amps Valts Connection No.. .

Input  Maximum Output Feature or Stock
Volts Amps, _ Volts Connection. _ No..

120 1.4 0-132 Fixed Mtg. VT2E WITH ME
120 1.75 0-132 Portable VT2F o - - —— \ o B
120 1.6 0-120 Fixed Mtg. VT2NE 120 6.0 0-120/140  w/voltmeter, gnd. conn. VT8GCV
120 2.0 0-120 Portable VT2NF 120 6.0 0-120/140  w/volt, & ammtr., gnd. conn. VTBGCVA
120 2.8 0-140 Fixed Mtg. VT4E 120 6.0 0-120/140 w/volt. & wattmtr., gnd. conn. vT8GCVW
120 3.5 0-140 Portable VT4AF 120 10.0 0-120 w/voltmeter, gnd. conn, VTBNFCV
120 35 0-140 VT4F w/gnd. in. & out. VT4FC 120 10.0 0-120 w/volt. & ammtr., gnd. conn. VTBNFCVA
120 3.8 0-120 Fixed Mtg. VT4ANE 120 10.0 0-120 w/volt. & wattmtr., gnd. conn. VTBNFCVW
120 4.75 0-120 Portable VT4NF 120 16.0 0-120/140 w/voltmeter, gnd. conn. VT20GCV
120 4.75 0-120 VT4NF w/gnd. in. & out. VT4NFC 120 16.0 0-120/140 w/voit. & ammtr., gnd. conn. VT20GCVA
120 6.0 0.140 Fixed Mtg. VTBE 120 16.0 0-120/140  w/volt. & wattmtr., gnd. conn. VT20GCVW
120 7.5 0-140 Portable VT8F 120 25.0 0-120 w/voltmeter, gnd. conn, VT20NFCV
120 75 0-140 VT8F w/gnd. in. & out. VT8FC 120 25.0 0-120 w/voit. & ammtr., gnd. conn. VT20NFCVA
120 6.0 0-120/140 Deluxe Portable VT8G 120 25.0 0-120 w/volt. & wattmtr., gnd. conn, VT20NFCVW
120 6.0  0-120/140  VT8G w/gnd. in. & out. VTBGC g AIN- . . B
120 8.0 0-120 Fixed Mtg. VTBNE —— IWO:INTANDEM ASSEMBLIES
120 10.0 0-120 Portable VT8NF 240 20.0 0-240/280 Series Conn. VT20-2B
120 10.0 0-120 VT8NF w/gnd. in. & out. VTBNFC 240  25.0 0-240 Series Conn. VT20N-2B
120 20.0 0-120/140 Basic Case VT20B 120 20.0 0-120/140 Open Delta Conn., 3-Phase VT20-2B
120 25,0 0-120 Basic Case VT20NB 120 25.0 0-120 Open Delta Conn., 3-Phase VT20N-2B
120 16.0 0-120/140  Fixed Mtg. VT20E e T o A e - g —
120 20.0 0-140 Portable VT20FC —————————THREE:IN-TANDEM ASSEMBLIES
120 16.0 0-120/140  Portable VT20GC 240 6.0 0-240/280  *'¥'* Conn., 3-Phase VT8-3E

20.0 0-120 Fixed Mtg. VT20NE 20.0 0-240/280 "Y'’ Conn., 3-Phase VT20-3B

[¢] Portable VT20NFC 0.240 ., 3-Phase VT20N-3B

1

From this Ohmite selection which ranges from a small
l1.4-amp unit in a simple case for fixed mounting to a
portable 25-amp unit with dual meters, you can satisfy
almost any normal application. But if you have a very
special requirement, don't hesitate to contact Ohmite’s
custom-design department. It can engineer case ar-
rangements for the most unusual service. A wide range
of standard, uncased units are also available, as well
as special designs made to your order. Write for

MANUFACTURING COMPANY

3610 Howard Street, Skokle, Illinois 60076
Phone: (312) ORchard 5-2600

DHMITE

Catalog 500A on Ohmite "v.t."” variable transformers— RHEOSTATS « POWER RESISTORS « PRECISION RESISTORS o VARIABLE
b ‘ ! ; TRANSFORMERS o TANTALUM CAPACITORS * TAP SWITCHES » RELAYS
the industry’s fast-growing line, * R.F. CHOKES o SEMICONDUCTOR DIODES
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n angstroms have taken

,ons were only recently good
+ Technological Products.

ition of metals in a vacuum has
snce-satisfactory microplating.
1ighly sophisticated techniques
iarch and production are the order
day among the expanded research
staffs of this 35-year-old electronics leader
with the brand-new name . . . where evolu-
tionary changes in research and techniques
have been vastly accelerated to keep
Erie Technological Products in the lead
on electronic and electronic-materials
developments.

New concepts of discrete components
and microelectronics are one goal of our
research. Mechanical automation of produc-
tion is another. Dramatic improvements in
the industry’'s concepts of quality assur-
ances are a third. And better materials for
producing undreamed-of components and
circuitry to meet new electronics challenges.
May we tell you more . .. in an across-the-
desk discussion? -

Close-up of an electron/ion and molecular beam unitusedint
investigation of selective deposition methods of microcircuits.

WHERE IMAGINATION CREATES VALUE IN ELECTRONICS

644 West 12th Stre
Erie, Pennsyivania
formerly Erie Resistor Corpg
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Array Radar’s P"Oblem

Designers call for
advances to raise
power, cut complexity

By THOMAS MAGUIRE
Regional Editor, Boston

BOSTON—The push in radar sys-
tems toward higher average power
and higher resolution in range and
angle will impose increasingly strin-
gent requirements on components
makers.

In phased-array systems, ac-
cording to a Raytheon systems man-
ager, the huge number of compo-
nents imposes a heavy burden of
reliability.

“If you have 5,000 duplexers
with an mtbf of 5,000 hours,” said
Max Michelson, “that means one
failurc per hour.” Also because of
component volume, low-cost pro-
duction is likewise at a premium.
And, ingenuity of design will be
necessary for the distribution net-

work and monitoring €u;

(ELECTRONICS, p 29, Nov. 15).n
Among needs noted and tren.

predicted at an EIA-sponsored con-

Jast month were these:

® Need for reduction of micro-
wave components to parallel micro-
circuit development

e Trend to cooled parametric am-
plifiers for range improvemecnt, to
permit lower minimum-discernible
signals

e Need for solid state power
sources—reliable, compact, low in
cost

e Call for cxploration of tech-
niques which would preserve bene-
fits of phased arrays but avoid mas-
sive componentry.

The table summarizes some of the
present and future requirements for
components as estimated by systems
designers.

Phased-Array Problems—Most sys-
tems people agreed that cventually
phased arrays will be increasingly
used for high resolution, rcliability

ESTIMATED PRESENT AND FUTURE REQUIREMENTS FOR COMPONENTS

COMPONENT PRESENT FUTURE .
Rotating Fixed Rotating Fixed
Array Array Array Array
Antenna
ain (dh) . 34 13 13 ?
beamwidth {deg.) ~2.5 ~1 ~11 2
idelobe level (db) 8 25 25 ?
m Steering Device F/meche PF? F/mech? PP )
....... 1 Mw 20 kw /unit 4-7T Mw 10-30 kw, unit
........ narrow narrow narrow wide
......... o 0.6 0.6 0.6
....... 3 — 3 -
200080a00C i = -1
G AGDDAO0E0A00C 0.25 — 0.25 —
sreampl)
e(dh). .c.ooiiii 6.5 7 3 4
(Mc/8). . ..ooonnnnn 4.5 0.4 a50 100-700
Q0000000000 paramp paramp paramp tnnnel diode
. klystron(1) twt(l) Amplitron(4) cla(1)b
Tw) 0oa0000agd 1-3 -7 1-3
a 0.004 0.002 0.00% ® 05
wdwidth. 1 1 10 500
1 1-3 4-7 1-3
0.3 rec. 0.3 rec 0.5 rec. 0.3 rec.
0.7 trans. 0.7 trans, 0.6 trans. 0.6 trans,
1.25 1.25 1.25 1.25
PRESENT FUTURE
ferrite T
800 : <1 NOTES
50 kw 15 kw .
1.9 1.5 max. a) These designate techniques for
changing azimuth and elevation:
(S-band) (C-band) F/mech means changinginone dimen-
500 50 sion, sny nazimuth, by [requency
2 Mw 10 Mw differences between elements or fre-
0.5 0.5 quencyshifts, andchangingelevation
by mechanicul steering: ¢F means
using a combination of phase and fre-
0.5-1 0.5-0.25 quency differences for azimuthal and
40-60 60-100 vertical steering: ¢¢p means using
1 Mw 1-TMw phase differences between adjacent
1kw 10-30 kw elements for azimuthal and vertical

steering
b) Crossed-field amplifiers

n
of (;{’Cf:llracy‘ B
ference on microwave components "SSl'biljt-;, Urgeq exp] a
of

* ploying end—e]eméAsp

shifters, ha s per ture. Stif}
And Wes,, ;4% of
said the use iatofs in )
niques instead@rate
of radiation is 'tlay . 3Se

Y lines,

er,
them %% Ty,

processing
against ambiguities.

Klawsnik also listed ™
ferrite phase shifters, in L «
that give 360-deg shift, varia.
tinuously or at least in small
1-microsecond switches which
all elements with phasc and tir
delay; good diodes that cost, not
$10 each, but 50 cents, and can
switch in different lengths of the line
in a corporate feed system.

M. B. Rapport of Hughes Aircraft
told the component makers that,
in air surveillance systems and other
types of radar, demands for higher
rates will require faster and faster
switching techniques.

How to Handle Power—Robert K.
Greenough, of GE, pointed out that,
with 50 and 100-kw radar tubes
coming (ELECTRONICS, p 27, Nov.
8), the problem that will increas-
ingly present itself is what to do with
this kind of power after it gets out
of the tube—especially with low-
noise receivers nearby.

Normal r-f components necd to
be re-examined, said Greenough,
particularly for vswr and low in-
sertion loss. They need to be shrunk
in size, they should be portable, and
the packaging and cost necd to be
reexamined: “A suitcase Mistram
might not be a dream if these com-
ponents were reduced.” Mistram
is a large, trajectory-measurcment
system used on the Atlantic track-
ing range (ELECTRONICS, p 12, June
14).

According to Michelson peak-
power handling is about at its maxi-
mum for the foreseeable future. Av-
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Components

erage power, however, will go up,
and components must be able to
handle it.

Filters to suppress spurious and
harmonic outputs will have stringent
requirements. Duplex recovery time
will be less important, he said.

The FAA, Lawrence Shoemaker
said, is increasing its usec of radar
beacon systems. For the trans-
ponders, 500-watt solid-state sources
are neceded, also low-cost transduc-
ers and digitizers.

Tunnel-Diode Receivers—Matthews
said tunncl diodes may soon be
used extensively in moderately low-
noise receivers; where there is sub-
stantial noise ahead of the front end,
nothing is gained by use of ex-
tremely low-noise receivers.

For present-day radars that have
to operate 24 hours a day, Matthews
said, better rotary joints and scan-
ners are needed. Also nceded are
high-power switches to check out
standby equipment, or permit fre-
quency diversity with two radars.

Matthews also cited the need for
both ferrite and diode phase shifters,
probably digital types to match com-
puters, and nanosecond switches,
tunable filters, and limiters with 80-
db isolation and low insertion loss.

Paperwork Shortcut

REPORTS are prepared almost auto-
matically by Honeywell console. Op-
erator selects format from memory,
adds new data, and edits report with
aid of digital control units. Report
is printed out or taped
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UNIQUE MACHLETT DP-30 FOR...
SWITCH TUBE OR PULSE AMPLIFIER

as switch tube: as pulse ampiifier:
30kw switch OR 20kw peak pulse
at 0.0033d at 1Gc

The unique DP-30 planar triode does double duty as an rf pulse
amplifier (or oscillator), or modulator/switch tube. Typical perform-
ance as an rf amplifier: 20kw peak pulse power at 1Gc, 0.001 d.
Typical performance as a switch tube: 5a x 6kv for 30kw switch
power at 0.0033d.m For data write: The Machlett Laboratories, Inc.,
Springdale, Connecticut. An affiliate of Raytheon Company.

ELECTRON TUBE SPECIALIST
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Only from Sprague!

LABORATORY
CAPACITANCE
STANDARDS

100 !

Components for highly precise electronic equip-
ment as well as laboratory standards of capaci-
tance ® Measurements are correlated with similar
capacitors certified by National Bureau of Stand-
ards ® Maximum capacitance stability possible
in the state of the art ® Capacitance values from
.001 to 100uF e Specially-processed polystyrene
dielectric ® Hermetically-sealed.

 STYRACON®
DECADE CAPACITORS

Triple decade capaci-
tors with direct in-line
readout ® Accurate to
+0.5% of nominal
capacitance for any
dial setting ® Two
basic ranges of capaci-
y tance — 0.0001 to
. 0.1099¢F and 0.001 to
1.0994F @ Available in
bench or panel mount-
ing styles.

For complete technical data, write for Engi-
neering Bulletins 90,600 and 90,605 to
Technical Literature Service, Sprague Electric
Company, 35 Marshall St.,North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

“Sprague’ and '(2)’ ars registered trademarks of the Sprague Electric Co.
48C-168-63R1
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NEUTRON ACTIVITY in reactor pile is read directly on meter

New Monitor for Reactors

Noise analyzer gives
direct reading of
subcritical reactivity

By ERIC VALENTINE
Assistant Editor

NEW INSTRUMENT to measure
subcritical reactivity in nuclear piles
was to be demonstrated on Tuesday
to AEC representatives. The devel-
opers say it is the first instrument to
give a direct reading of neutron
activity in shut-down reactors.
The instrument has been installed
at the “cold, clean” (low power and
few gamma rays) Westinghouse re-
actor at Waltz Mills, Pa. Called a
shutdown-reactivity meter, it meas-
ures the power spectral density in
the reactor core, to provide a warn-
ing against unexpected criticality.

Monitoring Problem — M. A.
Schultz, of Milletron, Inc., who de-
veloped the meter with AEC back-
ing, says the technique used can
lead to a simple, direct device to
assure regulation of commercial
atomic power plants during periodic
nonoperational phases.

Reactors, he told ELECTRONICS,
can’t really be shut off. There is
always some neutron activity, even
below criticality. He attributed the
SL-1 reactor accident in Idaho, in
which three were killed, to lack of
subcriticality measurements.

There are now two ways to meas-
ure shutdown reactivity, Schultz
says: the pulsed-neutron technique,

using an accelerator in the pile to
record decay rates of neutron
bursts, and neutron counting. The
first, he says, is complex, and the
second requires interpretation.

Noise Analysis Method—The Mille-
tron technique is based upon noise
analysis. Amplitude fluctuations—
which Schultz calls noise—created
by the difference in time of arrival
of fission neutrons at a detector can
be measured on a more or less abso-
lute scale. The ratio of the fre-
quency content at a high frequency
to the content of a low frequency
is a direct measure of reactivity.
By comparing the noise amplitude
in various frequency bands, says
Schultz, activity in a subcritical pile
(when the multiplication factor is
below one) can be determined.
Milletron’s equipment (see dia-
gram) divides the high-frequency
amplitude by the low-frequency
amplitude. This is accomplished by
holding the amplitude of one signal
constant with a servo system. Out-
put is shown on a digital voltmeter.
Subcritical reactivity has been
measured in this way down to as
low as —8 percent, when the ion
chamber was located at the center
of the reactor core, Schultz reports.

Power Reactors—Schultz points out
that at present the system is suitable
only for the 30 or so cold clean
reactors in the U. S. For power re-
actors, a means must be developed
to read neutron signals among high
gamma concentrations—a discrimi-
nation technique considered feasible.
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ELECTRONIC PRODUCTS NEWS

Two new PTC
thermistors extend your
control parameters

Look at the curves for our new posi-
tive temperature coefficient thermistor
compositions D and E and you'll recog-
nize that you now have new and useful
resistance/temperature characteristics
at your disposal.

These new materials, together with
our previously available A and B com-
positions, give you this wide range of
switchpoints:

PTC Thermistor,
Low Range

Composition Switch Ma'ximum
Temp. Working Temp.
D —55C 110 C
A 0C 135 C
E 60C 135 C
B 90 C 135 C

You can read the right-hand column
as the maximum temperature for work-
ing characteristics or as maximum con-
tinuous operating temperature, which-
ever is pertinent to your circuit.

Here's how we match our PTC com-
positions and applications: A—semi-
conductor device compensation, cur-
rent limiting; B—current limiting, li-

PTC Thermistor,
High Range

Resistance-
Temperature
Characteristics

Resistance-
Temperature
Characteristics

10

1

1

01

Unit resistance al 378 C

.01

0

Unit resistance at 90 C

Temperature in degrees

Composition A Part Number
A1406P-1
A0905P-1
A0910P-1
A0610P-1

0.420
0.295
0.295
0.220

Positive Temperature
Coefficient
1000

—40 —10 +20 +50 4-804-110-4-140+170

Finished Body Sizes
Diameter | Thickness

Resistance
Ohms at 37.8°C
650 + 20%
1100 + 20%
2100 + 20%
5000 = 20%

0.180
0.170
0.220
0.190

PTC Thermistor,
Intermediate

Thermistor,
Resistance-
Temperature

—_
[=3
o

Range
Resistance—
Temperature

Characteristics

-
o

Characteristics

-

Unil resistanceal 0 C

Unit resistance at 60 C

£
-

01

0

Temperature in degrees

CompOSition D  Part Number

D0910P-1
D0904 P-1
D1406P-1

0.280
0.280
0.420
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—85 -55—25 45 435 465 4954125
Finished Body Sizes
Diameter | Thickness

Resistance
Ohms at 0°C
0.220 | 5000 + 20%
0.150 | 2400 * 209%
0.180 800 + 209%

Composition E

1000

100

0

1

A

.01

1000

100

10

1

A

.01

quid-level sensing, overheat sensors;
D-low-temperature compensation of
silicon transistors and other semicon-
ductor devices; E-liquid-level sensing,
overheat sensing, current limiting.

You'll find data with the curves on
the standard Carsorunpbum® PTC ther-
mistors available in each composition.
You can get engineering quantities of
these parts off our shelves. We'll be
happy to quote on production quan-
tities.

We can also give you fast delivery
on engineering quantities of special re-
sistance values, in sizes from .1” to .7”
in diameter.

For complete data sheets or to order
test quantities of any or all of our four
PTC thermistors, please write Dept.
E-12. Electronics Division, The Carbo-
rundum Company, Niagara Falls, N. Y.

CARBORUNDUM

Temperature in degrees € —40 —10 +4-20 450 4-80-+1104140-4+170
Composition B

Part Number | Finished Body Sizes
Diameter | Thickness
0.390 0.160

0.280 | 0.160

Resistance
Ohms at 90°C
22 + 20%
40 £ 20%

B1406P-1
B0906P-1

Temperature in degrees € —40 —10 +20 450 +80+4110-+140+170

Part Number | Finished Body Sizes
Diameter | Thickness
0.420 0.180

0.220 | 0.180

Resistance
Ohms at 60°L
56 + 20%
150 + 20%

E1406P-1
E0606P-1
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EATTELY POWERED
CORDLESS INTERCLRM

When your design calls

Mallory — best source for answers to battery problems for more than 20 years.
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for battery power ... call §|'FYIT) §

Mallory Battery Company, Tarrytown, New York — a division of P. R. Mallory & Co. Inc.
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Nickel 205
What is it?

What does it offer?

Nickel 205, a closely controlled
grade of commercially pure wrought
nickel (minimum 99% nickel con-
tent), was developed specifically for
electronic components. It can be
easily worked and provides good
strength, toughness, ductility and
oxidation and corrosion resistance.

Here’s what you should know about
Nickel 205 and the other special
nickel alloys.

|
Y
|

Physical Constants. At 32°F the
electrical resistivity of Nickel 205 is
about 57 ohms per circular mil per
foot. Thermal conductivity (80-
212°F) is 420 BTU/sq ft/hr/°F/in.
Its modulus of elasticity and damp-
ening are high, minimizing vibra-
tional and microphonic effects.

Mechanical Properties. Here are
nominal mechanical property ranges
for cold drawn Nickel 205 rods and
bars:

Yield Tensile
Strength, Strength, Elonga-
1000 psi. 1000 psi.  tion, %
Cold drawn 40-100 65-110 35-10

Magnetic Properties. Nickel 205 is
magnetic at room temperatures. Its
Curie temperature is 680°F. It has a
high magnetostriction coefficient and
is used in devices employing this
principle (sonar, fathometer, ultra-
sonic soldering devices, etc.)

34 CIRCLE 34 ON READER SERVICE CARD

How is it used?
Can you use it?

Corrosion Resistance. It is resistant
to practically all alkalies, to acid salts,
and to organic acids and compounds
under the most frequently encoun-
tered conditions.

e F

Fabrication. Nickel 205 can be readily
hot or cold worked, machined and
joined by the usual methods. It is
available in rods and bars, hot rolled
and cold drawn; strip, sheet, and
ribbon-cold rolled ; wire, cold drawn;
screen and gauze; nickel-clad wire
and strip; bimetallic wire and strip;
plate, tubing, seamless, welded, lock-
seam.

%

Uses. Nickel 205 is typically used for
support wires and rods, grid side
rods. base-pins. getter tabs. anodes,
cathode shields in rectifier tubes.
plates, contacts, furnace lead wire.
magnetostriction devices, structural
parts. transistor enclosures, termi-
nals. incandescent and fluorescent
lead wires.
|

1
Other Huntington Nickel Alloys

Nickel 200. This is the standard form
of commercially pure matleable
nickel. It is a general purpose mate-
rial used when the special properties
of the other nickel alloys are not
required. It is typically used for elec-
trical aund battery terminals and fur-
nace lead wire.

Nickel 201. This is a low carbon ver-
sion of Nickel 200 that is particularly
suited for spinning and cold forming
operations. It is used for getter tabs,
heating element sheathing, spun
anodes, special purpose electron tubes
and structural components.

Nickel 204.This alloy is characterized
by its excellent magnetostrictive
properties. Properly designed mag-
netostriction transducers utilizing
this alloy exhibit high efficiency, and
are highly corrosion-resistant.

Nickel 211. Electron emission of
Nickel 211 even when contaminated
by barium, is lower than that of
Nickel 205 ; making it useful for grid
wires which may become contami-
nated with barium from the cathode.

Nickel 220. This alloy is used as a
cathode base metal where fairly easy
activation is required without liber-
ating excessive amounts of barium.

Nickel 230. This is a closely controlled
alloy designed for active cathodes.

Nickel 233. Designed primarily for
the electronics industry for plates
(anodes) in vacuum tubes.

Nickel 270. A very pure grade of nick-
el (about 99.97%) that is exception-
ally “clean’ and free from inclusions.
Itistypically used forplates (anodes),
hydrogen thyratron components, pas-
sive cathodes and cathode shanks.

Want more information on Nickel 205
and the other high nickel alloys?
Write today for your copy of “Hunt-
ington Alloys for Electronic Uses.”
This handy little booklet gives infor-
mation on compositions, general
characteristies, typical uses and
available mill forms.

HUNTINGTON ALLOY PRODUCTS DIVISION

The International Nickel Company, Inc.
Huntington, West Virginia 25720

A\
INCO

THADSE mARE

HUNTINGTON ALLOYS
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checking

flash X-ray

system

with a Tektronix oscilloscope & camera

Quality-control test on new flash
x~-ray system front remote test
console, Upper trace displays
radiation output of the tube as
monitored by an x-ray detector
(0.2 pseclem, 20 viem). Lower
trace displays the square-wave
tube current (0.2 useclemy, S0
viem}.

photographed at Field Emission
Corporation, McMinnville, Ore.

: 'L‘AUTIDN'
X
4

B RADiATIoN

Test Engineer at Field Emission Cor-
poration, McMinnville, Oregon, uses
a Tektronix Type 555 Oscilloscope
and C-12 Camera to monitor and
record dual-beam displays of single-shot phenom-
ena on new flash x-ray system

The flash x-ray system utilizes an x-ray tube with a
newly-developed field-emission cathode—which
increases the current density by a factor of one
million over that of a thermal emitter.

Applying square-wave pulse techniques to this
high-current field-emission tube enables the x-ray
system to provide stop-motion pictures of high-
speed events at velocities up to 40,000 feet per
second.

In testing this new x-ray system with the Type 555,
the engineer uses internal triggering from one
channel to achieve direct time-relationship between
the simultaneous displays of x-ray output and tube
current. With the C-12 Camera, he records critical
t'ming and amplitude pulses up to 600 kilovolts at
1500 amperes, 0.15 microsecond duration.

For your own scientific tests and measurements
in analyzing waveforms in the dc-t0-30 me range —
you will find a Tektronix Type 555 Dual-Beam Oscil-
loscope extremely adaptable and reliable.

To observe the signal-handling ease and capabili-
ties of this dual-beam oscilloscope in your own
laboratory application, please call your Tektronix
Field Engineer. He will gladly arrange a demon-
stration for you at your convenience.

characteristics 1iependent X and Y Deflection =
DC-t0-30 MC, 12-nsec Risetime with Fast-Rise Plug-In
Units m 24 Calibrated Sweep Rates from 0.1 usec/cm to
5 sec/cm ®» 5X Magnifier m Single-Sweep Provision = Cal-
ibrated Sweep Delay m Amplitude-Level (Manual) Selec-
tion or Fully Automatic Triggering Facilities m 10-KV Ac-
celerating Potertial m 4-cm by 10-cm Display for Each
Beam, with 2-cm Qverlap » Amplitude Calibrator.

capabilities with a Tekonix Type 555 Dual-Beam
Oscilloscope, you car control either or both beams with
either time-base generator. You can operate one time-base
unit as a delay generat hold off the start of any swee
generated by the other for a precise interval from one-ha'f
microsecond to 50 seconds —ard observe both the original
display and the delayed display at the same time.

By interchanging any combiration of 17 letter-series piug-

1 units, you have signal-handlirg versatility.

The Type 555 can mean better Type 555 . $2650
engineering for you—in less
nme,

Includes Indicator Unit, Power Unit, 2 Time-Base Units, 4 Probes, Time-Base
Extension, 7 other accessories.

{without preamplifiers)

C-12 camera Inciudes /1.9 lens with
» Undistorted Viewing Rl s O R
» Direct Recording ratio, cable release, Po-
& One-Hand Portability laroid* Roll-Film Back
s Accessible Controls and on-axis, binocular-
u Lift-On Mounting viewing system. Mount-
® Swing-Away Hinging ing bezels available sep-
C-12 Camera . . . . $450  arately.

U. S. Sales Prices 1.0.b. Beaverton, Oregon “® by Polaroid Corporation

nc.,/

P. 0. BOX 500 - BEAVERTON. OREGON 97005 Phone (Area Code 503} Mitchell 40161 - Telex: 036-691 +
TWX: 503-291-6805 + Cable: TEKTRONIX + OVERSEAS DISTRIBUTORS IN 27 COUNTRIES

principal cities in the United States. Consult Telephone Directory » Tektronix Limited, Guernsey, Channel Islands
cal, Quebec » Toronto (Willowdale), Ontaric « Tektronix Australia Pty. Limited, Sydney, New South Wales
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A very big
transport
in a 2-foot
package

This is Potter's MT-24, a new vacuum
column, digital magnetic tape trans-
port which is already proving big in the
field. Packed into its mere 24” height
(or length if you prefer to mount it
sideways) is all the dependability and
performance of tape drives costing
over twice as much. Here are the facts:

PERFORMANCE — Read/write tape

speeds from 3 to 36 ips, data transfer
to 28.8 ke, 200 commands per second.
(50 ips and 40 kc performance avail-
able in the MT-36 companion unit at
very little increase in pricel)

RELIABILITY — Use of thoroughly
field tested components in combina-
tion with new vacuum column con-
struction has resulted in improved
transport dependability. Reliability
warranted 1 in 108 bits read.

COMPATIBILITY — The MT-24 is
compatible with IBM’s 7330, with pack-
ing densities of 200, 556, and 800 bpi.
One inch tape and other computer for-
mats are readily accommodated.

ECONOMY — MT-24 (and
costs less per effective bit trg
than any other transporton t

. . . and with greater ope
pendability and data tg
bility than tape dri

than twice as mucl

Potter is shippi
Delivery within 4
Write — Sales

PO




SEMICONDUCTORS

Modern semiconductor electronics began with the use of point-contact polycrystal-
line germanium diodes as radar mixers during World War Il. It received a big push,
conceptually, with the invention of the point-contact transistor in 1948.

But, practically, the semiconductor field has gained its major impetus from ad-
vances in materials technology. Zone refining of germanium; successful commercial
production of electrically pure silicon; vapor-phase diffusion of impurities; perfec-
tion of planar, or oxide-passivated, silicon devices; and epitaxial layer growth were
all milestones in the development of today's semiconductors.

Drawing upon the rich background of materials and device technology, semi-
conductor manufacturers now offer the circuit engineer a large and often bewilder-
ing array of transistors, diodes and special devices.

in this report, five specialists in circuit applications of semiconductors discuss
some of the newer devices now available to circuit designers. They tell how and
where to use them to get the greatest advantage. Applications treated inciude:
logic circuits; smali-signal applications, including high-frequency and very-high-
frequency circuits; and power and controf circuits.

These applications make use of devices such as: high-speed switching transistors,
tunnel diodes, pnp low-noise silicon transistors, special agc transistors, complemen-
tary pnp-npn silicon transistors, varactor diodes, pin diodes, silicon controlied
rectifiers, silicon controlled switches, light-activated switches, bidirectional and
unidirectional switching diodes, unijunction transistors and more.

Circuits specifically covered will encompass: NAND-NOR logic in various con-
figurations, low-noise audio amplifiers, vhf frequency multipliers, r-f amplifiers,
agc circuits, controlled rectifiers, d-c and frequency converters, motor-speed con-
trol and many other applications.

. Besides highlighting these new, practical semiconductor-circuit applications,
each section includes a comprehensive bibliography.

JOHN M., CARROLL, Managing Editor

Tektronix, i

Tektronix Field Offices: in
Tektronix Canada Ltd.: Vionl.q) g=
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LOGIC CIRCUIT DESIGN

Modern semiconductor components provide the logic designer with

a broad spectrum of techniques. Today the question is when to

use which one. This section compares several widely used logic

circuits: TRL nor, TDL nor, TDL nand, DCTL nor and nonsaturating
circuits such as current-mode logic, current-inhibit logic and
emitter-follower logic; also use of tunnel diodes and integrated circuits

By ARCHIE LAMBERT, Applications Engineer, Texas Instruments Incorporated, Dallas, Texas

ARCHIE LAMBERT received his MSEE
from the University of Arkansas;

his professional experience has

been in circuit development. His
present speciality is the design of
high-speed logic and switching
circuits in TI's Semiconductor
Research and Development Labs

DESIGNERS of logic circuits face perhaps the greatest
challenge in the entire electronics field. They are confronted
with not only a large number of logic circuit configurations,
but also with a wide range of design philosophies. Advantages
and disadvantages of various design philosophies will be dis-
cussed in this section. Several widely used logic-circuit
configurations will be described and the advantages and dis-
advantages of each listed. The use of relatively new semi-
conductor devices in logic-circuit designs will be mentioned
and for completeness, solid-state networks will be discussed
briefly.

DESIGN PHILOSOPHY

Absolute Worst Case—The designer of logic circuits must
cope with reliability requirements on one hand and circuit
application efficiency on the other. If he chooses to design
highly reliable circuits, he may design circuits to operate
properly even when every circuit parameter has drifted to its
absolute worst-case or end-of-life tolerance limit. The cir-
cuits so designed will be highly reliable from an aging
standpoint; however, circuits designed to such an extreme
may not be practical.

For example, a transistor switching circuit designed to
operatc under absolute worst-case conditions may have a
seriously limited fan-in and fan-out. The switching circuit
may not be able to switch a load power much in excess of
the drive power input. The use of such a design may be
excessively expensive since a large number of circuits will
be needed to perform the desired logic. Moreover, the con-
servative design may, in fact, decrease overall machine re-
liability because of the quantity of circuits used.

Initial Werst Case—On the other hand, the designer may

favor cir_uit application efficiency and use only initial tol-
erance limits in the design. But then one or more circuit
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APPLICATIONS engineers measure logic circuit propagation time in circuits they have developed

parameters may dominate circuit operation. If these param-
eters drift beyond initial tolerance limits, the circuit may
fail before the majority of components have approached their
end of life limiting values. Thus, both the conservative and the
liberal approaches have disadvantages.

Statistical Design—A statistical approach is desirable from
both the reliability and the applicatign efficiency standpoints.
The statistical approach means that circuits are designed so
that the chances of circuit malfunction are extremely remote.
One disadvantage is the time required to obtain the statistics
for a particular design. However, if it can be assumed that all
parameters possess normal distributions and that all tol-
erances are specified at the same relative limits, formulas
from statistical literature may be used to determine overall
tolerances. For example, if parameters arec being added as
in Eq. 1, formulas from literature on statistics may be used
to obtain the tolerance of a parameter

ar =biyi+ by + bz + byoyn (1)
If ba = nominal value of nrh parameter; « — nominal
value of resulting parameter; x = | + T. where T. is re-

sulting tolerance; and y = 1 + T,, where T ,’s are individual
tolerances then

Tom [ O G T 4 On Tl - 0 Tol g
x (’)1 + b, + ha + bn)2
Unfortunately, not all expressions are as simple as Eq. 1.

When an expression of the form shown in Eq. 3 is too
complicated for the application of simple statistical formulas

ar = [ (b yy, byyo, by ys, . . . by ya) (3)
a = [ (b, b, bs, . .. ba)

the expression may be expanded in an approximate Taylor
series as shown in Eq. 4. All second-order effects have been

electronics December 6, 1963

WHAT PRICE RELIABILITY?

The logic designer today constantly faces the problem
of balancing reliability requirements against circuit
application efficiency. There are several schools of
design philosophy. Absolute worst-case design is
based on end-of-life parameters and represents the
extreme right wing or conservative approach. Initial
worst-case design uses only initial tolerance limits and
represents the liberal or left wing. Statistical design
techniques take the middle of the road but often re-
quire more time and trouble than they are worth. One
answer is called quantized probability design. It ap-
proaches the middle of the road from the conserva-
tive side

dropped from the expression since their effect is negligible
for practical tolerance limits. Equation 4 is now in the form
of Eq. 1 and the resulting tolerance is as shown in Eq. 5

or or
z =1 +-07|- n—1nH+ o (2= 1)

or ... or _
+ o (ws = 1) + o (= 1) 4)

o o\, (O o\, [(Or .\, . m'—)‘z
Tr—\/(a.’/l 7l) +(b.’lz 72) . s 11) + OYn T (5)
Consider the circuit shown in Fig. 1. The expression for
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CIRCUIT CONFIGURATION frequently encountered in logic ﬂmHMSES 8; gqurup?rs =

circuit design—Fig. 1

BASIC transistor-resistor logic (TRL) circuit—Fig. 2

Vee

R
1]

Iepo (OFF} YCE(SAT)

Veg(SAT) = — LIMITING - CONDITION
= on circuit for TRL and
the on equation—Fig. 3

OVERSCORE INDICATES MAXIMUM
UNDERSCORE INDICATES MINIMUM

Vg * VgelON)
Re *n (Vg (AT) Ve ON) (Ve = TcaoRL~VeE (ON)) Ry +IN- 1R (Ve ON) - Tgg (ON))

= S —

+ = —— = ——
Ry RL Ry + R RLIN=1)+ Ry Ry h Re/N

Voe — Vg (SAT) Ve ONI~ VCE(SAT)‘)

current / may be written in the form Quantitized Probability Design—Often the labor and time
required may prohibit the statistical approach. By properly

2=14T = Vi—Vo Va— Vo PP Vo—Vo (6) weighting each independent variable according to its effect
IRi IRk, IRk, on the dependent variable and assigning limits accordingly, it

is possible to use an approach that will in all cases be more
conservative than the statistical approach but less conservative
than the end-of-life worst-case approach.

Equation 6 is now in the form of Eq. 3. The following ex-
pression shows how the nth term of Eq. 5 may be obtained

for this circuit For example, in Eq. 3 parameters which have large partial
ox dr dr dx derivatives would be weighted much heavier than those
Dy d(1+4Tw) > d 14Tk X D (14 Tvo) having small partials. By assigning worst-case end-of-life
’ o tolerance limits to parameters that have large partials, initial
Thus, the tolerance expression for the circuit is worst-case tolerance limits to parameters having second-
_ ’ " order effects (somewhat smaller partials), and nominal
V) V. values to parameters having third-order effects (negligible
R R partials) it is possible to approach the statistical design from
Ty= le (Tv)® + IK2 (Tva) + - + the conservative side.
: " 2 2 2
= 4 e SATURATED LOGIC
= ;—" (Tva)*+ T (Tvo)*+ + (Tr)*+ . .
L TRL NOR Circuit—Transistor-resistor logic (TRL) circuits
_ o . use only transistors and resistors to perform logical opera-
V=V, Va—Vo tions. These circuits are sometimes referred to as Nor logic
Rxs Rx. blocks because of the way in which the output is related to
7 (Tl + -+ —7 (Txa)*  (7) one or more inputs. Figure 2 shows a TRL circuit with M
— inputs and N outputs. A negative signal (binary 1) to the
where R = Rxy || Raa [} .. . || Ran input resistors will cause the pnp transistor to be in saturation

40 December 6, 1963 electronics



Yag

Vee (5AT)
Rg
Vg (OFF)

—
Icao

Rg [2]

Veg (5a1) =

= Ry

Vee (saT) = ()

Vg + Vg (OFF)
Ve (OFF)+ Vg (SAT)
Re/M

Rg

[o:1e)

= Vge(OFF) IS ASSUMED TO REVERSE-BIAS THE TRANSISTOR

LIMITING-CONDITION oft circuit for TRL and the off equa-
tion—Fig. 4

Ry

SAMPLE CURVE for limiting-case circuit design—Fig. 5

=Vee

+Vgg

(A)

(8)

TRANSISTOR-DIODE LOGIC (TDL) nor circuit (A) and TDL nand circuit (B)—Fig. 6

and the collector potential to be driven nearly to ground
(binary 0). Because the or and the NoT functions are per-
formed by the input resistor network and the transistor
respectively, the circuit is considered to be a Nor circuit.

A logical expression for this circuit is
Output = A + B +C =AEBC

If the binary expression for negative and ground levels are
reversed

Output = A + B + C = ABC
These expressions show that the circuit performs the NoT and
the AND function for reversed reference levels. Therefore,
the only difference in the NorR and NAND circuit is the assign-
ment of reference levels.

Figure 3 shows a limiting condition for maintaining tran-
sistor Q: in saturation. All input transistors except one are
in saturation and all circuit parameters have gone to the
limit which would tend to reduce base drive to QO:. The equa-
tion shown in the figure is an expression for a minimum value
of R, in terms of all other circuit variables.

Figure 4 shows the limiting case for maintaining Q, at cutoff.
The equation is an expression for the maximum value of
R, which will assure that the transistor remains cutoff. All
values on the right hand side of the two equations (except

E, and R,) are selected on the basis of collector current re-
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quirements, expected range of saturation voltages, voltage and
resistor tolerances, and desired values of M and N.

By solving the two equations, plots (see Fig. 5) of maxi-
mum and minimum R versus Ry are obtained. The area
between the curves represents a closed set of solutions. Any
solution in the enclosed area is valid. However, there are
some rules of thumb for selecting a solution. The theory
behind the design would allow the selection of any point
lying on or between the two curves. However, by moving in
from the boundaries, a safety factor is incorporated in the
design; reliability increases as the point chosen moves from
the boundary toward the center of the set. In general, speed
can be increased by moving toward the origin on the set.
Power dissipation can be decreased by moving away from
the axis on the set. Thus, point 4 would allow the fastest
operation. point B would increase reliability and point C
would decrease power drain.

The design equations given for the TRL circuit may be
used to favor either the conservative or the liberal approach.
The conservative approach may be favored by using absolute
worst-case tolerance limits. However, in many cases the
result is much too conservative and inefficient. Then the
equations may be used with more optimistic tolerance limits
to improve circuit efficiency. The assignment of tolerance
limits should be based upon engineering judgment and a
detailed analysis of the pertinent equations. All partial
derivatives should be weighted in assigning tolerance limits.

.



PROPAGATION test circuit for the TIX895 experimental switching transistor—front view, above; rear view, opposite page

Having obtained a solution. the designer should check
by using one or more of these procedures.
® Make Monte Carlo runs on a computer using con-
servatively estimated parameter distributions.
® Test a large number of circuits under adverse conditions.
® Make an analytical study using Taylor expansion and
statistical formulas.
Transistor-Diode NOR Circuit Diodes may be used with
transistors to perform the Nor function (see Fig. 6A). The
circuit performs the same function as the TRL circuit; how-
ever, isolation of inputs and outputs provided by the diodes
allows more fan-ins and fan-outs for identical transistors.
Limiting condition oN and OFF equations may be developed
for this circuit and a design procedure similar to that for
TRL may be used.

Transistor-Diode NAND Circuit A second transistor-diode
legic block is shown in Fig. 6B. The transistor with the in-
put diodes performs the NoT and AND operation on input
signals. A logical expression for the output of this circuit is

Output = ABC
Propagation time in the transistor-diode NAND circuit can

be reduced by a factor of 50 percent or more without in-
troducing crosstalk by placing a speed-up capacitor across

+Vee

Rr. The propagation time attributed to storage time can be
made negligible by selecting the capacitor on the basis of
stored base charge.

The calculation of capacitance for a required switching
time becomes complicated because of the nonlinear input
impedance of the transistor. The time constant of the input
circuit with a speed-up capacitor is the product of the
capacitor and equivalent resistance comprised of Rk, Rs
and the input resistance of the transistor. This time constant
will determine the speed of charging and discharging the
capacitor. For proper operation, the capacitor voltage must
reach a large percentage of its final value before the input
changes. The value of the capacitor is generally between 10
and 20,000 pf, depending upon Qsx (excess stored base
charge) and supply voltages used.

Two criteria must be used in choosing the capacitor.
First. charging and discharging currents increase with the
size of the capacitor. Secondly, input circuit time constants
increase with the size of the capacitor and therefore the time
required for the capacitor to reach a static value increases.
Thus, the value of the capacitor must be a compromise be-
tween improved switching time and the clock rate. The
faster the desired switching time, the higher the (ransient
current necessary, and the larger the selected value of the
capacitor. The higher the desired clock rate, the smaller the
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o

SR
DIRECT-COUPLED tran- Teex e
sistor logic (DCTL) nor 'y
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input circuit time constant allowable and the smaller the
selected value of capacitor.

DIRECT-COUPLED TRANSISTOR LOGIC

Direct-coupled transistor logic (DCTL) does not rely upon
diodes, resistors or capacitors for coupling between stages.
Coupling between transistor elements is direct. The choice of
element interconnections will depend upon the logic function
desired. Figure 7 shows a typical DCTL Nor circuit. The
transistor to be used in such a design should possess the
following d-c characteristics: a low collector saturation
voltage, a relatively high minimum base-to-emitter voltage with
a narrow spread, a reasonably high current gain, and low
collector-to-emitter leakage.

As can be seen from Fig. 7, Q. will conduct when O, is OFF.
The voltage at point 4 will depend upon the input impedances
of Qs O and Q. If Q. and Qs have input characteristics as
shown in the inset, Q. will require /amax and Vagmao tO
saturate. Transistor Qs requires Vzimim and Jpmim to
saturate. Thus, for proper operation of the circuit, the ex-
cess base current to Qs will be

VeEmwsny = Vegmin _ AVee _

Rs "Rs

[

1

|

l

I
b
S
®

Because of this additional current requirement, the limiting
condition for determining fan-out is when one transistor has
a Var characteristic similar to Q. and all other transistors
have characteristics similar to Q.. The collector saturation
voltage must be less than the minimum oN base-to-emitter
voltage encountered to assure that all output transistors are
oFF when O, is ON.

NONSATURATED LOGIC

The most common forms of nonsaturated logic circuits are
current-mode  logic, current-inhibit logic, and emitter-
follower logic.

Nonsaturated logic is often used when desired operating
speeds are higher than those attainable with saturated logic.
The most frequently used nonsaturated logic configuration
(see Fig. 8) is the current-mode switch. Because the tran-
sistor is operating nonsaturated, turn-off storage time is al-
most negligible. Also, the operating point is optimized for
fr and Ce.

Figure 8A shows a complementary current-mode switch.
The collector current is determined by V., R, and hyn If Ry,
is small enough, the transistor will not saturaic and the
collector will be at a positive level. Therefore, the output

~Vee

-V,
(A) (8) =

+VCC
RL RL
+4AV r—
Q Q2
oV —=—t—
=AY — —
+AV — 0 %REE
e
—ay - ~Vee
R'EE 0y

+ Ve +Vg

(C)

NONSATURATING LOGIC showing current-mode switching (A) and a typical current-inhibit circuit (B)—Fig. 8
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can be used to drive a complementary transistor. Figure 8B
shows how the circuit may be modified to shift the operat-
ing point so that the output may be used to drive an
identical stage.

Parameters to be considered in the design of current-
mode logic circuits are power dissipation, current gain, base-
to-emitter voltage, collector leakage, collector cutoff fre-
quency, and collector-to-base capacitance.

A current-inhibit logic circuit is shown in Fig. 8C. If
Q. is in the oN condition, it will inhibit the emitter current
to O: and Q.. The emitter current from Q; may in turn
be inhibited by another transistor operating at a higher cur-
rent. Various combinations of complementary transistors
may be arranged to give the desired logic function.

In some cases diodes perform all logic functions while
emitter followers placed between cascaded stages restore
the current signal level. Speed is not seriously impaired by
the addition of the emitter followers since an emitter follower
is much faster than an ordinary saturating common-emitter
stage. However, there exists the problem of voltage-level
restoration after a number of cascaded emitter follower and
diode stages. The number of stages between level restorers
will depend upon minimum output swing of last voltage
amplifier, maximum input swing required of next voltage
amplifier, and drift in voltage between inputs and output of
the diode gate.

COMPARISON OF LOGIC TYPES

TRL Versus TDL—When speed or maximum fan-in is not
of primary importance, TRL circuitry rather than TDL may
be used to achieve simplicity, economy and reliability. The
speed of a TRL circuit is primarily transistor dependent up to
the point where load resistors and junction capacitances
impose limiting time constants. Generally there is a good
correlation between transistor switching times and TRL cir-
cuit propagation time.

TDL NOR Versus TDL NAND—Primary differences be-
tween TDL Nor and NAND circuits are speed and fan-out
capabilities. By using a speed-up capacitor to obtain ap-
proximate voltage drives during switching, the propagation
time of a TDL NAND circuit may be reduced to 50 percent
of the propagation time of an equivalent TDL NOR stage.
However, the Nor circuit offers better fan-out capabilities.
The TDL NaND circuit may be more difficult to design
but often the speed gained by adding a speed-up capacitor
outweighs this disadvantage. The TDL NAND circuit is the
only saturated logic configuration in which propagation time
can be decreased significantly with speed-up capacitors with-
out introducing crosstalk. However, if speed is not of pri-
mary importance, the higher fan-out of the TDL Nor cir-
cuit makes it desirable in some systems. Also, if speed-up
capacitors are not used with the TDL NAND configuration,
the equivalent NOR circuit is slightly faster. If speed is not
of primary concern, TDL Nor will be more economical.

DCTL—Since the DCTL configuration has no passive ele-
ments between active devices, severe requirements are placed
on the transistors to assure uniform operation throughout
the system. The output voltage swings are small and switch-
ing performance is much more dependent on transistor
parameters than it is with TDL circuits. Propagation time
through DCTL circuits is in general faster than through
TRL circuits and slower than through TDL circuits. The
possibility of heavy saturation of direct-coupled stages causes
storage time to be a predominant factor in the propagation
time.

In general, the DCTL configuration will require many
more active clements to perform a logic function than will
TDL and TRL configurations. In some cases the sheer
quantity of active elements may present a reliability problem.

Nonsaturated—Since storage time is a significant portion of
propagation time, nonsaturated logic is used to eliminate
this part of the delay. The price for this faster operation is
increased power dissipation, increased number of components

LL)

and a resulting increase in cost. In the past the speed ad-
vantage often outweighed the disadvantages, making non-
saturated logic economically feasible. Today, with the low
storage time performance of silicon and germanium epitaxial
diffused-base switching transistors, the advantage gained by
using nonsaturated logic is not nearly so significant as it was
a few years ago.

SPEED CONSIDERATIONS

It can be shown empirically that propagation time for cer-
tain saturated logic circuits may be approximated by

fy o t?iN + tozl-‘p

Where ¢, = propagation time per stage; f,y — total turn-on
time of the transistor; and forr = total turn-off time of the
transistor.

Thus if OFF time is reduced from four times the ON
time to one and one-half times the on time, the propaga-
tion can be reduced 56 percent. In the past it was not
unusual for switching transistors to have storage times which
caused turn-off time to be four or more times as large as
turn-on time. However, epitaxial multidiffused switching
transistors with turn-off times only slightly greater than
turn-on times are common today. For example, the 2N743,
2N744, 2N2368 and 2N2369 silicon switches have typical
turn-on times of 10 nanoseconds and typical turn-off times
of 15 nanoseconds.

Propagation time in TDL circuits of approximately twenty
nanoseconds per stage is easily realized with these tran-
sistors. If speed-up capacitors are used, propagation times
of 5 to 10 nanoseconds per stage can be obtained. The
2N2411 and 2N2412 transistors (complements of the above)
exhibit only slightly longer switching times. In the ger-
manium area, the TIX895 has a total switching time of 5
nanoseconds. Propagation time with speed-up capacitors of
one nanosecond per stage has been obtained. A photo shows
the test circuit. At present, economics limits the use of this
transistor to small volume circuits. However, propagation
times equivalent to those of the 2N743 series and 2N2368
series may be obtained using the 2N797 and 2N964 com-
plementary transistors. Pyramiding capabilities of the 2N964
and 2N797 are better than those of the 2N743 and 2N744;
however, silicon has the advantage of being able to operate
at a much higher temperature.

NEW SEMICONDUCTOR PRODUCTS

Relatively new semiconductor products such as the field-
effect transistor, the unijunction transistor, the avalanche
switch, and the new low-level pnpn device lend themselves
to special computer circuits. The field effect’s high trans-
conductance and high input impedance make it attractive as
a memory sense amplifier. The unijunction’s negative-re-
sistance characteristic makes it particularly desirable for
use in slow-speed ring counters, low-frequency oscillators,
and timer circuits. The avalanche transistor’s ability to
switch currents up to 10 amperes with rise times of three
nanoseconds makes it desirable in discriminator circuits,
strobe circuits, core and thin-film driver circuits, level-
detector circuits, and pulse-generator circuits. The new low-
level silicon-controlled switch has applications in low-level,
low-speed, high-voltage ring-counter circuits.

The negative-resistance semiconductor devices mentioned
have frequency characteristics which impose severe limita-
tions on clock rates. The tunnel diode, on the other hand,
has good high-frequency characteristics making possible
logic circuits operating at clock rates between 100 megacycles
and 1,000 megacycles. A tunnel-diode balanced-pair logic
circuit described by Gibson has a fan power of four and
operates reliably on a sinusoidal clock source of 250 mega-
cycles.

The balanced pair or twin circuit is shown in Fig. 9. The
supply voltage which can be a sinusoid, is obtained from the
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sccondary of the centertapped transformer. The tunnel diodes
are in series and the inputs and outputs are taken between
ground and the junction of the tunnel diodes. When the
supply goes positive, point 4 positive with respect to point
B, the diodes conduct in the reverse direction and point C
remains at ground since the diodes. the supply voltage and
the resistors Rs form a balanced bridge. When the supply
goes ncgative. point B positive with respect to point A4, the
diodes conduct in the forward direction and point C will
remain at approximately ground potential until peak current
in one or the other diodes is reached. Which diode reaches
peak first is dependent on whether the input is negative or
positive. If the input is positive. current will flow into point
C and diode D. will switch to its high-voltage state. There-
fore. the tunnel-diode balanced-pair circuit gives an output of
the same polarity as the majority of the inputs.

Lead inductances and diode capacitances introduce a delay
in the transmission path between the two diodes in the twin
circuit. This delay and not the finite switching time of the
diodes is the principal factor limiting speed of the circuit.
State-of-the-art tunnel diodes switch in 27 picoseconds—
the time it takes light to travel 0.3 inch. Thus. packaging
and not diode speed wiN limit the speed of future computers.

CHOICE OF LOGIC TYPE

The sclection of one or more of these logic types will entail

TUNNEL-DIODE LOGIC showing the balanced pair or twin
circuit—Fig. 9

FACTORS INFLUENCING SELECTION
OF CIRCUITS-TABLE

MA — Military Airborne Computers
MG — Military Ground Computers
Com — Commercial Computers

1963-1966 1966-1969
MA MG Com MA MG Com
RELIABILITY 1* 2 3 1 2 2
SPEED 4 3 2 2 2 1
COST 3 1 1 3 1 1
POWER 3 4 4 4 4 4
SIZE 2 4 4 3 3 3

*Numbers indicate relative importance
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a compromise based on reliability, speed, cost, power and size
factors. The relative order of importance of each of the
factors will naturally vary with different programs. The table,
based on a recent marketing survey. shows the relative impor-
tance of factors influencing the selection of a type of logic
circuit. The ranking of factors influencing military airborne
applications is based on the assumption that microminjature
circuits will be used during the 1966-1969 period. Note the
change from the 1963-1966 period.

Solid-state networks will play an important part in future
logic circuit designs. The importance of this role will depend
in part upon technological breakthroughs. In the short period
since the introduction of the integrated network, major im-
provements such as reduction of R.s from 100 ohms to 10
ohms. have occurred. Some manufacturers offer fully inte-
grated circuits capable of 20 to 30-megacycle clock rates—a
great improvement over speeds initially available with inte-
grated circuits.

In the next 10 years new forms of integrated circuits will
arisc bearing little resemblance 1o those presently being pro-
duced. The difference in future products and today's solid-
state networks will probably be as striking as the differences
between grown or alloy-junction transistors and the new ¢pi-
taxial multidiffused switching transistors. Rescarch areas which
may greatly influence logic circuit design include rescarch with
new materials. active thin-film-device rescarch, bionics, new
fubrication techniques, and optoelectronics.
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