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FREQUENC%-CPS P
560 —~ Telemetering low pass Low frequency band pass fil.
filter. Available from 400 —~ ter. Designed for 2.5 cps
to 70 KC. =+ 7.5% band- center frequency. At 2 to 3
width flat to 1 db. Attenua- c¢ps within 3 db. At 1.5 cps
tion greater than 35 db be- and lower, and 4 cps and
ond the 2nd harmonic of —  higher, greater than 30 db.
5% frequency. Impedance Source and Load 10K ohms.
47K ohms. MIL-F-18327B. Wt, Size: 4 x 4-11/16 x 6”. MA
0.8 oz. MIL case, MIL-F-183278.
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CYCLES -DEVIATION #RUM 4000
Band pass 400 cycle Gaussian
filter. Linear phase response
In pass band. Attenuation
380 cps to 420 cps within 0.5
db. 2nd harmonic down 25
db, 3rd harmonic down 45  greater than 45 db beyond
db. Source and load 5K ohms. 1100 cycles. 1K ohms to 100K
MIL-F-183278 Wt,, 0.9 Ibs.  ohms. MIL-F-183278; 1 Ib.

Minimum phase shift 400
cycle band pass filter. Within
+ 1.5 db 370 to 430 cycles,

Write for catalog of over
1,300 UTC HIGH RELIABILITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.
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FREQUENCY

IMC 2MC

High frequency low pass fil-
ter. Zero to 700 KC within
1 db. 1.95 mec to 10 m¢c 40
db minimum. Source and
Load 1000 ohms. Molded flat
construction for printed cir-
cuit applications. Size: 1 x 2 x
12”; Wt: 1 oz. MIL-F-183278.
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FREQUENCY - KILOCYCLES

Band reject filters (two
shown). The 1050 ~—~ filter
has 50 db attenuation and is
only 3 db at 950 and 1150
cycles. The 12.75 KC filter
has more than 100 db at.
tenuation and_is only 3 db
at 10.8 and 15 KC. Source
and ioad 600 ohms, both are
MIL-F-18327B.
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(CUSTOM BUILT)

T0 YOUR
SPECIFICATIONS

ILLUSTRATED ARE
TYPICAL SPECIAL FILTERS

RANGE OF FREQUENCIES ON SPECIAL UNITS

IS FROM 0.1 CYCLE TO 400 MC.
Over thirty years of experience in the design and

production of special filters have resulted in UTC
being a first source for difficult units. Present
designs both military and commercial incorporate
a wide variety of core structures, winding methods,
and capacitors to provide maximum performance,
stability, and reliability. Fully experienced, top en-
gineering talent backed by complete environmental
testing and life testing facilities assure the highest
standard in the industry. Full analysis and evalua-
tion of materials are conducted in UTC's Material
and Chemical Laboratories. Rigid quality control
measures coordinated with exhaustive statistical
findings and latest production procedures results
in the industry's highest degree of reliability.

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

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

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

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.

CABLE: “ARLAB"”
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THAT'S WHAT HAPPENS WHEN THE HEWLETT-PACKARD 400 SERIES
GOES SOLIO-STATE! Here's the world’s first averaging ac volt-
meter with a 0.5% of reading dc output . ..something you've
never been able to get before. Offers a broad ac range, 10 Hz
(cps) to 10 MHz (mc), 1 mV to 300 V, plus a log model,
—72to + 52 dBm.

Highest available input impedance, too, (10 MQ) with shunt
capacity at a low value (8pf) unequalied by other instruments.

WHAT'S EVEN BETTER: Price...only $285 for the 400E, only
$295 for the 400EL log model!

If you have any of the following responsibilities, you should
consider these points:

Design and production: 1 mV-300 V range, adjustable meter
setting

Systems: 0.5% of reading dc out (1 V) for ac/dc conversion

Communications: 10 Hz-10 MHz, dB scales, external battery
operation

Sciences: ac amplifier output (150 mV), long-term stability
Military: More rugged than the reliability-proven tube versions
University: budget price

The brief specs here tell the story. Compare them with any
others...and then call your Hewlett-Packard field engineer
(you probably won't even need a demonstration). Or write for
complete specs to Hewlett-Packard, Palo Alto, Calif. 94304,
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva.

‘}, HEWLET T-PACKARD @

RANGE

0

300V
Linear/Log

6 Ranges

for $285

SPECIFICATIONS

Voltage range: 1 mV to 300 V full scale, 12 ranges
Frequency range: 10 Hz to 10 MHz

hp 400E/EL
Accuracy % of reading, 3 mV to 300 V ranges

frequency 10Hz 20Hz 40Hz
At full scale ] ‘-4[ =2 l 41

2MHz 4 MHz 10 MHz

li2lL4

Accuracy % of reading, 1 mV range

frequency 10Hz 20Hz 40 Hz 500kHz 1MHz 4 MHz 6 MHz
At full scale +4 *+2 x| =2 =4 +4

—10 —10

hp 400E/EL
AC-to-DC Converter Output
Accuracy % of reading, 3 mV to 300 V ranges
10 20 40 100 500 2 4 10

Frequency  p7  Hz  Hz Hz kKHz  MHz MHz MHz

At full scale L AN 'EE [=2 | =4
*For 15°C-40°C on 1 mV-1 V ranges only.

Input impedance: 10 megohms shunted by 21 pf on the 1 mV-1 V
ranges, 10 megohms shunted by 8 pf on the 3 V-300 V ranges

Amplifier ac output: 150 mV rms for full-scale meter indication; output
impedance 50 chms, 10 Hz to 10 MHz (105 mV on the 1 mV range)

AC-DC converter output: 1 V dc output for full-scale meter deflection;
output is linear for both 400E and 400EL

External battery operation: terminals provided on rear panel

Price: 400E, $285 (replaces 400H-$325)
400 EL, $295 (replaces 400L-$325)

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

HEWLETT hp, PACKARD
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INSTRUMENTATION SPECS
in 250 KC tape recording

...now start at under $9966

representative specifications

DIRECT MODE

Frequency |S/N Ratio |Minimum RMS
Tape Speed | Bandwidth | Response | Filtered Unfiltered
60 ips  |300-250 KC +3db 35db 29 db
15 ips 100-62.5 KC| =+=3db 32 db 27 db
300-44 KC 38 db
1% ips | 50-7 KC +3db 30 db 26 db
300-5 KC 39 db

Measured with bandpass filter at output with an 18
db/octave rolloff

FM MODE

FM Center [S/N Ratio*
Carrier Without Total
Tape Frequency |Frequency| Flutter |Harmonic
Speed |Bandwidth| Response |(Nominal) Comp. |Distortion
60 ips {0-20 KC [0, —1db| 108 KC 45 db 1.5%
15 ips [ 0-5 KC +0, —1db| 27.0 KC 45 db 1.5%

17s ips| 0-625 cps {40, —1db| 3.38 KC 40 db 1.8%

“Noise measured over full bandwidth, min. rms at zero
freq. dev., with lowpass filter placed at output. Filter
has 18 db/octave rolloffs.

TAPE TRANSPORT

Maximum Interchannel Time Displacement Error: =1 microsec-
ond at 60 IPS, between two adjacent tracks on same head,

Tape Speeds: 60, 30, 15, 7vs, 3%, 17 ips standard; 0.3 to
120 ips optionally available.
Tape: 3600 feet, 1.0 mil, 12" (7 channel), 1” (14 channel).

Controls: Line (Power), Stop, Play, Reverse, Forward (fast) and
Record are pushbutton refays. A receptacie at the rear of
the transport is provided for remote control operation.

Drive Speed Accuracy: *+.25%.

FLUTTER

Speed Bandwidth Flutter (p-p)

0-200 cps 02 %

60 ips 0-10 KC 0.6 %

0-200 cps 0.2 %

30 ips 0-5 KC 0.8 %

0-200 cps 0.25%

15 ips 0-2.5 KC 0.6 %

0-200 cps 05 %

72 ips 0-1.25 KC 0.65%

’_ 0-200 cps 0.5 %

334 ips 0-625 ¢cps 0.8 %

0-200 ¢ns 0.8 %

17 ips 0-312 cps 1.2 %

HEWLETT
PACKARD h

 SANBORN
DIVISION
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Off-the-shelf IC’s in timer

Diode transistor logic in timer for space
applications saved time and money

Alvin A. Lampell, Airborne Instruments Laboratary

Designer's casebook

® Modified decade counter eliminates components

® Tunnel diode sensor protects regulator from
short circuit

® |solating transistor improves one-shot

Japanese technology

The new push for technical leadership

No longer content with following U.S. technology,
the Japanese are stressing research

When you’'re second, you try harder
Japan’s semiconductor industry offers new
components and ways to use them

Japan seeks its own route to improved IC techniques
Building on U.S. technalogy, the Japanese have
digital circuits, now are pushing linear ones

Bidding for world leadership in salid state
microwave gear
Japan has the densest network in the world

After a lull, numerical control is in demand
Sales are double this year, as the Japanese
concentrate on application work rather than design

Manual process control makes way for computers
Japanese are accepting computers for direct
digital control and integrated hierarchies
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Readers Comment

Cathodic patent question

To the Editor:

I read with interest the article
on “Regulating bias on a ship’s
hull” [Aug. 9, p. $4], and would
like to call to vour attention two
U.S. A, patents, numbers 2,021,519
and 2,221,897, issued in 1935 and
1940 respectively, which cover sub-
stantially the same svstem de-
seribed.

This development, which was
conducted in part with a U. S. Navy
contract, was applied to both naval
vessels and lighter-than-air craft.

The patents were licensed to the
American Telephone & Telegraph
Co., and the svstem is used for the
protection of buried cables and
pipe lines.

I agree, with the authors of vour
article, that this approach should
be a rewarding one for the protec-
tion of metallic components operat-
ing in the sea or other corrosive
environment.

H. S. Polin
Director
Laboratoire de Recherches
Physiques,
GCeneva, Switzerland

The author replies:

Polin’s patents are representative
ot a number issued over the last 30
veurs embracing the concept of im-
pressed current cathodic protec-
tion, incorporating various manifes-
tations of feedback principle to
obtain potential control.

The attainment of a maintenance-
free syvstem of high-current output
with high-loop gain has been far
more recent, and is partly a result
of the availability of reliable and
efficient magnetic amplifiers and
silicon controlled rvectifiers.

A problem in the past has heen
the short life or high cost of anodes
and an inherent unreliability in po-
tential sensing devices due to polar-
ization of the reference half-cell.
The current lockheed cathodic
protection svstems have features
which overcome these problems. A
patented lead-platinum bielectrode
is used as the anode for ship sys-
tems. Tt possesses a verv high cur-
rent capacity, low driving voltage,
very long life, an ability to repair

Electronics | December 13, 1965



Did you know

Sprague makes...?

SILICONTROL"®
SCR GATE DRIVES

For balanced
SCR firing in
3-phase a-cor
d-c powercon-
trol. Puise rise
time of 1 to 3
microseconds
to meet re-
quirements of
high-current-
rated SCRs.
ASK FOR BULLETIN 85,520A

Circle 277 on reader service card

INDISTOR®
R-L DELAY
NETWORKS

Pt s e
' -' Save space by re-
placmgseparatem
%;,: ') ductors and resis-
i tors. Guaranteed
L/R ratio. Available

in fully molded or
epoxy-dipped cases.

ASK FOR BULLETIN
SERIES 45,000

Circle 280 on reader service card

MOLDED-CASE
P\ULSE TRANSFORMERS

Miniature transformers in nanosecond,
medium, and high-inductance designs.
Tough moided cases for increased pro-
tection against physical damage and
severe atmospheric conditions.

ASK FOR BULLETIN 40,225A

Circle 283 on reader service card

Electronics | December 13, 1965

VOLTAGE-SENSITIVE
SWITCHES

— \-

Unigue semlconductor device which
remains in the “‘open” state until a
specified actuating voltage is reached.
When “breakdown’’ voltage is applied,
switch closes almost instantaneously,
providing a low-impedance conductive
path between terminals. Breakdown
voltages from 7 to 200 V.

ASK FOR BULLETIN 93,000

Circle 278 on reader service card

DYNACOR®
BOBBIN
CORES

>

Logical flux values in popular physical
sizes are stocked in production quan-
titiesfor fastdelivery. Valueengineered
for quality with economy.

ASK FOR BULLETIN SERIES 50,000

Circle 281 on reader service card

MOLDED-CASE
SHIELDED
R-F INDUCTORS

Fully shielded, ultra-tiny, yet perform-
ance is comparable to that of larger
units. nductance values from 0.1 to
12,000 uH. Molded for positive
protection against humidity

and handling. Meet

requirements of

MIL-C-15305. P

ASK FOR BUL- .~

LETIN SERIES

41,800 !

Circle 284 on reader service card

TRIGGER
TRANSFORMERS

FOR SCR / |

CIRCUITS

ﬁ"A better,

7 less-expen-
/,/ sive way to trigger
SCRs. Wilt accommodate
large SCR gate impedance
differences. 3-winding or 2-
winding designs for full-wave or
half-wave applications.
ASK FOR BULLETIN 40,225.2

Circle 276 on reader service card

MAGNETIC
LOGIC DEVICES

'l j

Core-diode and core transistor mag-

i netic shift registers and magnetic

counters for switching and storage ap-
plications in computer, logic, and
simiiar circuitry.

ASK FOR BULLETIN SERIES 42,000

Circle 279 on reader service card

DYNACOR®
TAPE CORES

Square loop tape cores manufactured
with high permeability alloys, de-
signed for use in critical non-linear
magnetic components. Applications in
magnetic amplifiers, saturable re-
actors, d-c to d-c and d-c to a-c con-
verters and specialty transformers.
ASK FOR BULLETIN SERIES 51,000

Circle 282 on reader service card

For complete technical data on any of
these products, write for applicable
Engineering Bulletin(s) to Technical
Literature Service, Sprague Electric
Company, 35 Marshall Street, North
Adams, Massachusetts 01248,

#55C- 4160

SPRAGUE

THE MARK OF RELIABILITY

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




Automatic Frequency-Response
Recording System

For fast response studies

of filters, networks, amplifiers,

lransducers, and other devices

operating in the audio range

Type 1350-A

Generator-Recorder Assembly,
complete, $2055 in u.s.a.

S T Easy to Use ... Accurate...
s s //',. Provides a Permanent Chart Record

’ -
o : “a
-

s At tr /-

asrencesouvesrssccvercoceed oo s e Here is an all-solid-state, servo-type recorder that

| plots the rms value of ac voltage logarithmically on a
! linear dB scale. It is coupled mechanically to a beat-
frequency audio generator whose frequency charac-

g ! teristic over the audio range is flat within =0.25 dB. To
| use this automatic recording system, connect the out-
|'7§ L{» i T ‘ j 7 I r 1 put of the generator to the device you are testing and
L ‘ fu i = = * T ‘I [H1E *1"-] : 825 A apply the device’s output to the recorder . . . Flick a
e i cvoise R stcoms ¢ e weke switch and set the system into motion; the recorder and

$00000000000000000V0RRBRRRRRNRNRRRRINNNSEl  generator operating in synchronism provide you with a

Recording of transmission characteristics of an adjustable
notch filter for four different frequency settings This plot is

response curve of the device under test in a few

a permanent ink recording on 4-inch-wide chart paper. Dy- seconds.

namic recording range is 40 dB (20- and 80-dB dynamic ) :

ranges also available) Recorder chart speed and pen writ- Call us for a trial demonstration and see for yourself
ing speed can be set over ranges of 2.5 to 75 in/min and what this recording system can do for you.

1 to 20 in/s, respectively.

( " GENERAL RADIO COMPANY

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673 /
IN EURDPE: Zurich, Switzerland ~ London, England '\,1 &‘I‘w WEST CONCORD, MASSACHUSETTS
Wansli .
BOSTON NEW YORK, N. Y., 963-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C.  SYRACUSE DALLAS  SAN FRANCISCO LDS ANGELES. DRLANDO, FLA. CLEVELAND
(W. Concord) 646-0550  (Ridgefield, N J.) 933-3140 (Oak Park) 848-9400 (Ft. Washington) 646-8030 (Rochville, Md.) 346-1600  454-9323  ME 7-2240 (Los Altos) 948-8233  469-6201 425-4671 886-0150
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itself if damaged, and is relatively
inexpensive. Additionally, the prob-
lem of unreliable reference elec-
trodes has been solved by using a
patented rejuvenation circuit which
maintains laboratory accuracy of
the silver-silver chloride half-cell.

E. L. Littauer

O. G. O’Brien
Lockheed Aircraft Service Co.
Ontario, Calif.

Facing reality

To the Editor:

When are the integrated cirenit
promoters going to face reality?
Vasil Uzunoglua’s discussion [Nov.
15, p. 114] of inductorless inte-
grated circuitry ignores a basic
fact: virtually all requirements for
frequency-sensitive circuits are dic-
tated by the specific frequency. A
tuning mechanism is required to
bring the circuit into alignment, yet
the vast microcircuit industry has
not come up with such a technique.
Instead, it insists that the circuit
user must learn to live with the
glittering junk the industry at-
tempts to pass off as a useful linear
circuit.

And it will have to come up with
more than that voltage-sensitive ca-
pacitor that was so highly touted
in those early dayvs before someone
got around to asking where the
alignment voltage was to come
from.

Yet, there is a tvpe of component
that might eventually he developed
if the solid state people will lift
their collective heads out of the
Boolean sandbox long enough to
look around them. They just might
develop some sort of adaptive
memory element such as the leamn-
ing machine pcople have becen
searching for without marked suc-
cess. Such an element could be in-

SUBSCRIPTION SERVICE

Please include an Electronics Magazine address :
labe! to insure promp!{ service whenever you
write us about your subscription,
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corporated as the alignment control
in inductorless microcircuits and
simultaneously find a large market
with the adaptive machines people.
But until such components can
be developed in a form compatible
with integrated technology, stop
cluttering up your magazine with
“solutions” to the inductor prob-
lem.
A. J. Cote Jr.
Silver Spring, Md.

The author replies:

As its title implies, the object of
the article was to make a review
and analysis of the six possible
methods to achieve bandpass char-
acteristics without an indnctance.
The tuning of a stage to a required
frequency was not the subject and
for fixed tuned stages, such as in-
termediate-frequency, the align-
ment within limits can be incorpo-
rated on a microclectronic block.

Also, the article points out clearly
the difficultics associated with the
methods in every case. For example,
the notch filter feedback method
suffers from instability, the digital
filterings from complexity and fab-
rication difficultics, etc. No claim
was made that in these methods
lies the final solution to realize
bandpass characteristics on micro-
electronic blocks. An awareness of
the difficulties with the present
techniques can open new horizons
and lead to new investigations.

As a matter of fact, T am pleased
to learn that the use of adaptive
memory elements may be a solu-
tion to the problem of tuning in-
ductorless circuits.

Vasil Uzunoglu
Scientist
Arinc Research Corp.
Annapolis, Md,

CHANGE OF ADDRESS

If you are moving, please let us know
five weeks before changing your address.
Place magazine address label here, print
your new address below.

. ATTACH
LABEL
HERE
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address

-____..__—__.___.

zip code

New from Sprugue !

Ceramic Capacitors
for Stable Circuits
All the Way
from -55Cto +125C

H Formulation 067 Monolythic® Ca-
pacitors are guaranteed not to deviate
frem room temperature capacitance by
more than +10, —15% over the wide tem-
perature range from —55C to -+125C.

Layer-built construction produces
H reliable units with high capacitance
values in small physical size. Alternately
sprayed layers of ceramic dielectric and
metallic electrodes are fired as a single

picce into one homogencous block. A
0.56 1 F capacitor is only .500” x .500"

X .235" thin!

Absence of anti-resonant points up
H to 1000 mc makes Monolythic Ca-
pacitors uniquely suited for d-¢ to high-
frequency applications.

Voltage rating, 100V @ 85 C or

S0V @ 125 C. Available in axial-
lead as well as radial-lead configurations.

For complete technical data,
write for Enginecring Bulletin 6205
to the Technical Literature Service,

Sprague Eleciric Co., 35 Marshall St.,

North Adams, Mass. 01248,

4SC 5133

THE MARK OF RELIABILITY

*Sprague’ and “(2)" are registered trademarks of the Sprague Electrlc Co.
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World's Highest
Power Tetrode —
Machlett’s ML-8545

The Machlett ML-8545 general-
purpose, vapor-cooled tetrode
delivers 16% more power with 25%
less plate voltage (plate modulation
service) than the closest competitive
tube. It is capable of 300 kW
continuous output as a Class C
amplifier or oscillator at frequencies
to 50 Mc. Maximum plate input is
420 kW. Applications include:
High-power broadcast and
communications; all-purpose rf
generation; particle acceleration.
For details on the ML-8545 and the

ML-8546 water-cooled version, write:

The Machlett Laboratories, Inc.
Springdale, Conn. 06879. An affiliate
of Raytheon Company.

ELECTRON TUBE SPECIALIST

Circle 8 on reader service card

People

“Marketing industrial electronic
products requires an entirely new
set of techniques,” says Daniel M.
Zinn, Gulton In-

dustries, Inc.s

new assistant to

the vice presi- (

dent. »@ = 4
-~ I

“The indus- g
trial user oper- T
ates under dif-
ferent rules than ‘T
does the mili-
tary,” says Zinn. “For example,
industrial users buy right to the
specification, with no exceptions.
And, perhaps most importantly,
they must be shown that technolog-
ical advances do pay off with re-
sults. They are more reluctant at
present to accept technological ad-
vancement than is the govern-
ment.”

Gulton has started to reorganize
its resources to increase its share
of the industrial electronics mar-
ket. Tts instrumentation group has
been almost entirely relocated in
Hawthorne, Calif.

In his new position, Zinn will
coordinate the technologies of the
corporation’s nationwide divisions
and subsidiaries. He is on an ex-
tended tour of Gulton’s facilities to
acquaint  himself both with the
company’s products and personnel.

“Those who follow are always be-
hind.” These words, expressing
Robert H. Rediker’s philosophy, are
on a printed

motto he  will
take to his new 4
job as professor |

. A, -
of electrical en- ey o
gineering at the

Massachusctts —
Institute of Ny
Technology. E.-_m’.ﬂ"

Rediker, a
leader in the field of solid state
phvsics, headed a team at MIT’s
Lincoln Laboratory that obtained
coherent light emission from gal-
limm arsenide in 1963. That work
coincided with similar develop-
ments by teams from the General
Electric Co. and the International
Business Machines Corp. The work
of the three groups initiated the
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There’s Ed Maloney

inside every Bendix rectifier.

In today’s semiconductor business, who still talks inside everv Bendix rectifier.

about the personal touch? Ed Maloney does . . . Sure He watches 1007 high temperature testing like a
he’s got high-reliability rectifiers . . . and ves, he  hawk; he’s right on top of the smooth flowing process;
meets military specifications . . . he’s checking into things from
and of course, he provides fast YPES MEETING __ AT 180°C the crystal stage all the way
delivery on 300 diflerent part MIL SPEC e B to shipping.
numbers, : You can't afford not to have
But . .. Ed says there's a lot USNINTIZAA 264,28 L | 200:680 ¥ 3 guy like this on vour side.
more to it than that. As Man- ?:::T;J:i;io:(m iz 222222 Place Bendix rectifiers in your

J e T
ager of Sll{_con Rectlﬁex Produc- IANINISIAR.16 A 240,770
tion, he firmly believes thgt JANINAASE.R 59 R 5 | 960, 1200
personal integrity must be built

equipment! You'll feel better
with them inside.

o

L

Bendix Semiconductor Division

THE ])J[/
HOLMDEL, NEw JERSEY CORPORATION

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JO 6-1420; Ho!mdel, N, J.—(201)
747-5400; Los Angeles—(213) 776-4100: Miami Springs, Fla.—(305) 887-5521; Minneapolis—(612) 926-4633; Redwood City, Calif.—James S.
Heaton Co.,(415) 369-4671; Seattie—Ray Johnston Co.. Inc., (206) LA 4-5170; Syracuse, N. Y.—(315)474-7531; Waltham, Mass.—(617) 899-0770;
Export—(212) 973-2121, Cable: “*Bendixint," 605 Third Ave. N. Y.: Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508—(613) TA 8-2711.
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FIRST IN DATA CONTROL

70 €PSCO’

v

Now you can

110011
000101
111110
000014

with the
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b+ el
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v o o
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10 million 6 bit words
per second

This all solid state “Video” Speed
Analog to Digital Canverter provides a new
generation of ultra high speed measurements at 0.5%,
accuracy. Parallel output words are obtained at 100 nanosecond
intervals. Here is a proven design that uses a delay line digitizing
technique and "recognizes” high frequency pulses.

Epsco Analog to Digital Converter capability covers the entire
spectrum of accuracy and speed.

Standard Units include:

Model TWV-744 — Six Bit Videoverter operates at 10 Mc.

Model TWV-745 — Seven Bit Videoverter operates at 5 Mc.

Model MSA-8 — Eight Bit 1 Mc Analog to Digital Converter.

Model AS-2 — Ten Bit integrated circuit Analog to Digital Converter
operates at 50 Kc.

DATRAC Il — Ten to fourteen Bit Analog to Digital Converter oper-
ates at 25 Ke.

Compatible Digital to Analog Converters are available for all Models,
Special Units are also available.

€psco

411 Providence Highway, Westwood, Mass. 02090 Tel. (617) 329-1500

Write for
Technical Literature.

Circle 10 on reader service card

o R

technology of semiconductor lasers.

Since then, Lincoln’s applied
physics group, headed by Rediker,
has been one of the most persistent
in extending the semiconductor
laser technology. The group has
achieved laser action in indium
arsenide, indium-gallium arsenide
and indium antimonide, and ex-
tended it to all three tvpes of ex-
citation: injection in pn junctions,
electron-beam pumping and optical
pumping.

Rediker has also made major con-
tributions to the development of
magneticallv tuned semiconductor
lasers, to the discovery of laser ac-
tion in lead salts, pressure tuning
of these lasers to coherent radiation
far into the infrared, and to the
development of optically excited
and electron-beam excited bulk
semiconductor lasers.

In addition to teaching duties,
Rediker will supervise the research
ellorts of graduate students. He in-
tends to continue his own work in
semiconductor development,

He says, “T hope to be doing
work in what is going to be im-
portant: tomorrow’s research today,
not today’s research tomorrow.”

The appointment of Finn J. Lar-
sen once again places an electronics
specialist in the post of deputy di-

H

rector of defense
research and en-
gineering.

Larsen, until
recentlv a  vice
president of
Honeywell. Tnc.,
will have a more
restricted  role
than his prede-
cessor because of a recent reor-
ganization of the department that
centralizes  electronics  programs
under Thomas Rogers as deputy
director for clectronic and informa-
tion systems.

Larsen will have considerable re-
sponsibility for the over-all man-
agement of the $7-billion annual
military research and development
cflort. He will be second in com-
mand to the recently appointed di-
rector, John Foster.

At Honeywell, Larsen directed
planning, sales and the advanced
development of avionics, space,
weapons and reconnaissance Ssys-
tems.
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Another
outstanding
development
by the makers
of BUSS Fuses

For Protection of Circuits
of 600 Volts or Less

TRON Waterproof Fuseholders fill the need for a
watertight holder that is easy to install to cive fuse pro-
tection 1o circuits in exposed locations.

Crimp-Type Tubular Terminals Available

in Many Sizes

The crimp-type tubular terminals on TRON fuse-
holders are available in sizes to take many sizes of solid
or stranded wire.

If desired, Load-side terminals can take one size wire,
while Line-side terminals take another size wire.

A crimpable insulating sleeve covers each terminal.
This provides a good surtace for taping after crimping.
When properly taped the crimped terminal is completely
insulated and waterproof.

BUSSMANN MFG. DIVISION, McGraw-Edison Co.
St. Louis, Mo, 63107

Electronics | December 13, 1965

PICTURE
APPROXIMATELY
ACTUAL

FOR USE ON:

e Mobile Power Supply Units

e Military Field Applications

o Electronic Components at Missile Sites

e Surveilance Equipment

o Fire and Police Call Systems

o Marine Equipment

e Communications Equipment

e Street or Highway Lighting Standards

e Sub-surface Junction Boxes Supplying Lighting ¢2
Equipment Circuits

e Oil Field Equipment

e Yard Lights

e Portable Outdoor or Construction Equipment

e Mine Equipment or

e Any circuit operating in exposed locations.

Watertight construction; resistance to damage by weather,
water, salt spray or corrosive fumes permit use of TRON
fuseholders in exposed locations where safety and long life
are of vital importance.

In-the-Line

FUSEHOLDER

£ _CAN BE USED AS TAP-OFF CONNECTOR

TRON Waterproof Fuscholders can also be
used as Tap-Off connectors by having the
7, Linc-side terminal large enough to permit
the two ends of the Line-wire to be crimped into it.
This eliminates costly line connections and labor.
Two Models Available
Both rated at 30 amps. at 600 volts or less
The TRON HEB Fuseholder takes fuses 13/32 inch diam-
eter by 114 inches long.
The TRON HEH Fuseholder takes fuses 13/32 inch by
134 inches long.
Write for BUSS Bulletin SFH-11

Circle 11 on reader service card

Get Trouble-Free Fuse Protection
in Wet Locations with a...

TIRON

WATERPROOF

11
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Fairchild invented Dual in-line
packaging for manufacturers of com-
mercial equipment. Dual in-line is a little

larger than military-aerospace type

packages. PRI

It is also a lot easier to !
work with.(Insert it by

hand or by machine.) lts leads have
ovstmineacrnal ) 3E dimensional toler-
2 ances to fit holes
drilled to commercial standards. Use
standard circuit boards. Flow solder it.
In fact, handle it the way you would

any discrete component. [l
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Dual in-line e

saves you trouble in the field, too: it
has an all-ceramic body to prevent
accidental shorts. Leads can be probed
from the top, where they are visible to
the serviceman. And, should you ever
have to replace a circuit,

l pair of pliers and a solder-
Rhaadod ing iron are all the equip-
ment you need. We have a complete
line of logic functions available in Dual

in-line. Your distributor mee——
: FAIRCHILD
has them in stock. Or, T ————

SEMICONDUCTOR
write for brochure.

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument, Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962.5011 B TWX: 910-379-6435;
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Obviously from Sprague!

: i

L i

. . . the precision/power
wirewound resistor
with more
PLUS features!

Silicone Encapsulated—Seals resistance ele-
ment. Provides exceptional protection against
severe environmental conditions as well as
physical damage.

Wide Application—Standard and non-inductive
windings. Equally suited for printed wiring
boards, custom packaging, and point-to-point
wiring.

Close Resistance Tolerances—Standard toler-
ances to +-0.059%.

Wide Range of Ratings—1j watt to 10 watts.
Resistance values from .050 to 66KQ.

Minified Sizes—Smaller than other conven-
tional wirewound resistors.

Excellent Stability—Under extended load life
and environmental operating parameters,
Acrasil Resistors show exceptionally small
change in resistance values.

Outstanding Reliability_—Fully meet electrical
performance requirements of MIL-R-26C, as
well as individual customer high reliability
specifications.

For complete technical data, write
for Engineering Bulletin 7450
to Technical Literature Service,
Sprague Electric Company, 35
Marshall St., North Adams, Mass.

SPRAGUE’

THE MARK OF RELIABILITY

‘Sprague’ and @ are registered trademarks of the Sprague Eiectric Co.
45 A.186-6)
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Meetings

American Association for the Advance-
ment of Science, AAAS; University of
California, Berkeley, Dec. 26-31.

International Symposium on Differential
Equations and Theory of Systems,
AFOSR, Brown University and the
University of Puerto Rico; University of
Puerto Rico, Dec. 27-30.

Astrodynamics Symposium, American
Astronautical Society; University of
California, Berkeley, Dec. 29.

Solid State Physics Conference,
Institute of Physics and The Physical
Society; Renold Building, Manchester,
England, Jan. 4-7.

Sealab Il Symposium, U.S. Navy;
Statler Hilton Hotel, Washington, D. C.,
Jan. 11-12.

Conference on Electronics in Publishing,
American University; International Inn,
Washington, D.C., Jan. 17-20.

Instrumentation for Process Industries
Conference, Texas A&M University;
College Station, Tex., Jan. 19-21.

Conference on Symmetry Principles at
High Energy, AFOSR, AEC, NASA;
Univ. of Miami, Coral Gables, Florida,
Jan. 20-22.

Phonon Interaction in Solids
Conference, Princeton University;
Princeton, N. J., Jan. 20-21.

Helicopter Conference, Helicopter
Association of America; Inn of Six
Flags, Arlington, Tex., Jan. 23-26,

Aerospace Sciences Conference,
Statler-Hilton Hote!, New York, N. Y.,
Jan. 24-26.

AE-4 Electromagnetic Compatibility
Conference, SAE; General Dynamics/
Convair, San Diego, Calif., Jan. 25-26.

National Electronic Representatives
Association Marketing Conference,
ERA; Riviera Hotel, Palm Springs,
Calif., Jan. 26-30.

American Society of Testing and
Materials Spring Meeting, ASTM;
Shoreham and Sheraton Park Hotels,
Washington, D.C., Jan. 30-Feb. 4.

International Symposium on
Information Theory, AFOSR, IEEE;
University of California, Los Angeles,
Jan. 31-Feb. 2.

Integrated Circuits Seminar, |EEE,
Basic Sciences Committee; Stevens
Institute of Technology, Hoboken,
N.J., Feb. 2.

Winter Convention on Aerospace &
Electronics Systems, IEEE; International
Hotel, Los Angeles, Feb. 2-4.*

Solid State Circuits Conference, IEEE,
Untversity of Pennsylvania; Sheraton
Hotel, Philadelphia, Feb. 9-11.

Radioisotope Applications in Aerospace,
AFSC and Atomic Energy Commission;
Sheraton-Dayton Hotel, Dayton, Ohio,
Feb. 22-24.

Offshore Exploration Conference,
OECON; Lafayette Hotel, Long Beach,
Calif., Feb. 22-24.

Call for papers

Audio Engineering Society Conven-
tion, AES; Ilollvwood Roosevelt
ITotel, Los Angeles, April 25-28. Jan.
28 is deadline tor submission of ab-
stracts on all aspects of andio engi-
neering to John C. Baumann, Papers
Chairman, Ampex Corp., 8467 Beverly
Blvd., Los Angeles, 90048.

Symposium on Electron and Laser
Beam Technology, IEEE, University
ol Michigan; University of Michigan,
Aun Arbor, Apr. 6-8. Jan. 15 is dead-
line for submission of 50- and 500-
word abstracts on the physics of elec-
tron. ion, and light beams. and the
application of energy heams to micro-
miniaturization and thin films (inte-
grated-circuit construction), to Dr. G.
I. Haddad, Electrical Engineering De-
partment, University of Michigan, Ann
Arbor, Mich.

International Electronic Circuit Pack-
aging Symposium, EDN; Sports
Arena, Los Angeles. Aug. 23-24. Feb.
1 is deadline for submission of a two-
page abstract on electronic svstem
packaging, problems and materials to
the Papers Committee, Seventh
IECPS. Box 155, Englewood, Colo.
80110.

e Meeting previeW on page 16
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Here's how to cut
the time and cost
of data reduction

by b0 percent

Faster set-up, more automatic control, immediate fecd-
back of test results. Wherever data is gathered and
searched on magnetic tape, the Model 5600 Tape
Search System can provide these advantages. First,
because it combines Time Code gencration and transla-
tion of time/1D information into one compact, pro-
grammable unit.

MULTIPLE OPERATIONS
You have complete control over the RECORD,
SEARCH, and PLAYBACK of magnetic tape trans-
ports. In RECORD, the unit provides both automatic
and manual control; and generates serial time codes
for mag tape transports and oscillographs. In SEARCH
and PLAYBACK, the 5600 translates and uses pre-
viously recorded time/1D data as a reference in pro-
gramming the tape transport. This means you can
check back over your test results immediately, pro-
viding unusual flexibility in planning or re-designing
experimentation, and rapid correlation of data.

MULTIPLE ECONOMIES

The Model 5600 allows numerous economics lacking
in conventional tape scarch procedures, particularly in
applications with numerous, repetitive data runs. In
bio-medical applications, for example, separate genera-
tion and translation systems usually mean high equip-
ment costs, laborious set-up, and delays in interpreta-
tion of up to one day or more.

IRIG “B” TIME CODE: Model 5600 generates and
translates IRIG Format B time codes, modified to in-
clude BCD secconds, minutes and hours, and the 3-digit
identification code.

L) == -

o camenn

SELECTABLE ASTRODATA “A” TIME CODES:
Four speeds are available for output to oscillographs.
Rates range from a time frame of 1 second to 10 min.

FOUR MODES OF SEARCH: Scarching may be
accomplished by RECYCLE, SINGLE CYCLE,
SEARCH/STOP, MANUAL SEARCH. The search
select may be set to TIME, ID ADDRESS, or com-
bined TIME-ID ADDRESS.

WIDE ANGLE SUPER NIXIE DISPLAYS: Accu-
mulated time-of-day or elapsed time in hours. minutes
and seconds, along with 1D data programmed into the
time code, appears on the front panel with polarized
filters for maximum visibility. Up to three remote dis-
plays can be connected.

CARRIER FILTERS: Ten band-pass filters are select-
able from two front-panel rotary switches. Or.e switch
selects the proper filter for tape playback speed; the
other selects the proper filter for search speeds. Extra
switch positions permit by-passing a filter or inserting
external filter via connector.

SYNCHRONIZATION MODE (ERROR BY-PASS):
This enables operator selection of by-passing 0, 1, 2, 3,
or consecutive time words decoded erroneously without
reflecting these errors in the output register.

SINGLE-CYCLE NOISE REJECTION: Noise or
dropout of a single cycle or less occuring on the input
will not affect the decoding process.

For complete technical information, contact yo.r near-
est Astrodata representative or write direct on your
company letterhead.

S

ASTIROIDAT A
P. 0. Box 3003 m 2.0 E. Palais Road, Anaheim, California w 92803

Electronics | December 13, 1965

Circle 15 on reader service card

15



16

Three nice features

and a surprise

in Heinemann’s new
Series JA circuit breakers:

1. Natural shoulder packaging. The slim, lvy League JA weighs in
atjust 2.5 ounces per pole, including hydraulic-magnetic
actuating element, silver-alloy contacts and an uncommonly
efficient arc-quenching device.

2. Pizazz—The JA is the first breaker with snap-on color-coding
€aps that you can mix or match for functional or decorative
purposes. Also included: a very dressy white handle.

3. Convenience. The JA’s ‘universal’ terminals are made to accept
soldered, crimped-type, or screw-type connections; you can use
whichever you're tooled for—or overstocked with.

4. Economy. This is the surprise. The JA actually costs less, model for model,
than our Series AM12 breakers, which it can replace to your advantage.

The )A is available in current ratings from 0.100 to 20 amps, at up to 250V AC
or 50V DC. With a choice of time-delay or non-time-delay response.
Special-function internal circuits, too. Bulletin 3350 will give you full
technical data. Write, wire or shout for a copy.

Heinemann Eleciric Company

2600 Brunswick Pike, Trenton, N. J. 08602

Circle 16 on reader service card

Meeting preview

IEEE in Los Angeles

New developments in electronic
technology will be discussed at the
winter convention on Aerospace
and Electronic Systems of the
IEEE. In addition, government of-
ficials will also provide details on
current programs and policies.

A concurrent symposium, spon-
sored by the Air Force Systems
Command, will take place during
the convention which will be held
Feb. 2 to 4 in Los Angeles. For this
svmposium the sessions are clas-
sified; special clearances will be
required. Tactical defense problems
will be examined i sessions on tac-
tical avionics and missiles, battle-
ficld systems, and underseas war-
tare. The use of equipment and
systems in Vietnam will be re-
viewed.

Computers. The man-computer
interaction in the design process
will be emphasized in the computer
-session. J.F. Reintjes and M. L.
Dertouzos, both professors at the
Massachusetts Institute of Tech-
nology will give a talk on computer-
aided design of clectronic circuits.
The capabilities of present laser
designs and the potential of para-
metric  laser oscillators, optical
pumping systems, continuous-wave
ruby, and ion gas lasers will be
examined in depth by, among
others, speakers Robert Miller of
Bell Telephone Labs and Dieter
Roess of Siemens & Halske AG,
Germany.

Communications  will receive
special attention in both classified
and unclassified discussions. In a
session on decp space communica-
tions, Willard Patton will outline
some component problems in a
microwave deep-space communica-
tions system. In the session on
communication satellites, Lt. Gen-
eral Alfred Starbird, director of the
Defense Communication Agency
will discuss the military’s com-
munication satellite problem. Maj.
General Robert Meyer of Stratcom
and Col. Mitchell Goldenthal of
Satcom will examine the Army’s
role in global communications.

The space program will also be
discussed in sessions on the scien-
tific exploration of the planets and
the Apollo Saturn equipment.
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Why Vector for MOL telemetry?

receiving
signal conditioning
synchronizing
demultiplexing
interfacing
processing
formatting
display

signal conditioning
multiplexing

A to D conversion

programming

b formatting

processing
compression

transmission

Proved competence in microtelemetry.

Vector pioneered in microtele-
metry with the world's smallest pro-
duction-mocel VCO — only .109 cubic
inch, shock tested in excess of 20,000
G's.

Produced by the most advanced
microelectronic circuit technigues,
Vector components and systems have
the high reliability characteristics
which can come only from using true
microcircuit design and production
methods.

A family of multiplexers and A to
D converters already exists. Vector

Electronics | December 13, 1965

also has design experience in signal
conditioners, processors, synchroni-
zers and demultiplexers. From this
firm base, Vector offers complete
follow-through -- from systems design
to hardware production — with the
highest possible reliability.

Vector telemetry components and
systems are used on a wide variety of

space projects, including Saturn,
Gemini, and Apollo.

Existing, proved micrc-hardware. ..
system design and follow-through
capability . . . experience — good rea-
sons why Vector is uniquely qualified
to fill MOL requirements for airborne
and ground-based data acquisition,
handling and processing systems.

VectorDIVI’SION OF UNITED AgRAFT CORPORATION

SOUTHAMPTON, PENNSYLVANIA
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EAGEE:<-TIMERS COUNTERS

REPLACE THEM IN 5 SECONDS!

Cut down-time and increase production with
Eagle Cycl-Flex time and count controls. You
can remove them, check them and replace
them in 5 seconds or less...no tools needed!

* Cycl-Flex plug-in timers can be con-
trolled to within 0.5% of the dial range.

» Front-panel mounting makes them
easy to install and set.

* Long cycling life — through extensive
quality control and life testing
programs.

¢ A synchronous motor and toothed
clutch, produced by a special Eagle
process, assure totally accurate settings
and performance.

Add all these features together. Then add
Eagle’s special consultation, development and
design services...and custom production of all
types of units.

Compare. You’ll choose Eagle.

Electro-Mechanical, Electronic, Solid State Timing/Counting/Programming Controls [J General Purpose, Medium Power Relays

NEW-—Now standatd on all Cycl-Flex timers, a built-in pilot
light, to indicate, even from a distance, that the timer is

operating.

For full details on Cyci-Flex timers, write for Bulletin 125,
Eagle Signal Division, E. W. Bliss Company, Federal Street,

Davenport, lowa.

BLISS

¥

EAGLE SIGNAL

A DIVESION OF THE E. W. BLISS COMPANY

18
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COMPARE
Better Life Characieristics

-

~ COMPARE — ' . COMPARE

FE

= Higher Reliability . ) ; : % S — Fewer Parts

COMPARE - S (ESZ%'eerazlsé:rposg
More Design Flexibility = P | < e s

R

COMPARE ,
Lower Pull-in Voltages

New Eagle relays... more than 3,000 types...are
the best you can get anywhere. Be crafty. Check
the specs and the product. Convince yourself.
One example: Gold-plated contacts are standard
on every general purpose Eagle relay. And on me-
dium power relays, silver cadmium oxide contacts
are standard, since they deliver the best possible
current-bearing characteristics in this power range.
Check some more. Note the sturdy designs...the -

ratings that exceed all other competitively-priced Part of the *'big’’ picture...more than 3,000 types: plug-in
units...the precise engineering and inventive use with dust covers; dual latching; hermeticaily sealed; cus-
of materials. They’re all what you’d expect from tom-engineered styles.

Eagle—leaders in time/count control devices. Get full details in our new, 16-page color catalog. Send for
If you’ve ever dealt with Eagle you’ll expect more, ~ your free copy to Eagle Signal Division, E. W. Bliss Com-
and youw’ll get it. We're talking about unequalled pany, Federal Street, Davenport, lowa.

service. ..service that frankly has never before been
available from any relay manufacturer. m * E Aﬁ lE s I G " Al
Compare. You’ll choose Eagle.

A DIVISION OF THE E W. BLISS COMPANY

Electro-Mechanical, Electronic, Solid State Timing /Counting/Programming Controls (] General Purpose, Medium Power Relays
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NEW MOTOROLA TYPES TO FIT

SILICON BILATERAL
TRIGGER...MT-32 (32V+4V)

... For an economical, highly re-
liable device for use in Thyristor

LOW- VOLTAGE, FAST “NO COMPROMISE” LOW-COST
SWITCHING, EPITAXIAL PLASTIC SILICON
4-LAYER DIODES TRANSISTORS

Series M4L3052, 53, 54 . with UNIBLOC* Performance

and other triggering circuits

= Symmetrical V-l characteristics
m High pulse-current — 2 Amps

® Packaged in miniature DO-7 “‘glass”

hermetic encapsulation —
Pp = 150 mW

VOLT/AMP. CHARACTERISTICS

+
Y
(<3

—D-

SYMBOL

® | ow breakover voltages: 8-12 volts

® Low junction capacitance: typically
35pf @ 8-12 V¢

® Fast switching speeds: typically
ton = 50 nsec, tore — 100 nsec

= Packaged in DO-7 "glass’’ case
(Py = 150mW)

All this at new low prices!

TYPICAL CHARACTERISTICS

and Reliability Features!

= NPN/PNP for complementary
circuit design

= Complete “'h’"" parameters specified

m Gain specified from 100 /A to
100 mA

= High voltage — 40 volts (min)

‘Trademark of Motorola Inc.

PNP — 2N39035-6 NPN — 2N3903-4
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CHOOSE FROM 3 NEW
RTL INTEGRATED
CIRCUIT LOGIC

... for saturated switching

OPTIMIZED “FOUR-H”
GEOMETRY - FOR
MEMORY DRIVER

... for non-saturated switching

1800 MC
CURRENT-MODE
SWITCHES

COMPLEMENT LINES DESIGNS TO 12 AMPS! |  NPN-2N3959 & 2N3960
. .. to best fit your particular F————

performance/cost - :f:=

requirements! | “iu :

Optimized “'Four-H”
4 Geometry

CURRENT-GAIN — BANDWIDTH PRODUCT
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f, MINIMUM CURRENT GAIN
BANDWIDTH PRODUCT g
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PNP 2N3762 Series ,/. 7 { '/ I COLLECTOR CURRENT (mA
® Fan-out capabi_lity up to 5 _ /;’ / TYPICAL PERFORMANCE FOR THE 2N3960
® 12 nsec - typical propagation delay ; /’
® 15 mW/NODE Dissipation / 7
/ NPN

® MC300G series — designed for MILITARY ex- ’ 2N3734-37 Series
treme environmental applications. Operating
Temp. Range: 55°C to +125°C

B MC800G series — for reliable operation in
INDUSTRIAL logic applications. Operating
Temp. Range: 0 to ~100°C

® MC700G series — value priced for broad
INDUSTRIAL/COMMERCIAL applications. Oper-
ating Temp. Range: {15°C to +55°C —
choice of 19 circuit functions.

Featuring:

Featuring:

= High speeds 1, — 330 mc (NPN), . 1800' me — frequengy response
220 mc (PNP) w Specified 12 volt {(min) BVceo

= High current — to 1.5A = Low Cop — 2-5OPf (ma?) )
. ® Low r",C, — 20 psec (typ

" Coy == 7 pf (NPN) 12 pf (PNP) To8 e

® he, — specified from 10 mA to 1.5 A

® Low Ve = 07V@10A

» (New, comprehensive technical brochures are
available describing the complete MC900G,
MC800G, and MC700G series . . . check coupon
below for your copies.)

12-AMP SILICON
RECTIFIERS (50-1000V)
MR1120-MR1130

... filling your needs for
high-performance,
medium-current rectification
at an economical price!

1
|
I
1
J

. |
m 12 amps @ 150°C : Please print |
® High surge-current @ elevated 1 I
temperatures — 300 amps @ 150°C | NAME TITLE !
w Low forward voltage drop — I |
0,55V(avAerage) » I JOB FUNCTION |
m Available in standard or reverse polarity { :
CURRENT VS. TEMPERATURE I COMPANY DEPT. NO. I
DERATING CURVE | B !
| HOME }
| ADDRESS WORK PHONE _
. | |
: Loy STATE 7P {
l !
5 : Send to: :

z
g | MOTOROLA SEMICONDUCTOR PRODUCTS, INC. |
: | BOX 955, PHOENIX, ARIZONA 85001 }
3 { (1 RTL Integrated Circuit Brochures O Zener Selection Guide O Silicon :
{ Rectifier Selection Guide 7 Silicon Annular Transistor Selection Guide :

T‘, MAXIMUM CASE TEMPERATURE {°C)

: 0 Germanium Power Transistor Selection Guide =
-J
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KEPCO

=

6 BRAND NEW PROGRAMMABLE SUPPLIES
OFFER MORE PRECISE REGULATION
GREATER POWER AND HIGHER

OPERATING TEMPERATURES

TYPICAL
UNCASED MODULE

$10500

In introducing the all silicon PBX Group, Kepco has

packed more pcwer and more features into a low cost

power sLppy module than ever before. Designed to .
compleme1t the popular PAX Group, the new PBX with Panal Adapters in
modules share the same hardware, rack enclosures £ Rack Cabinet RA 6-6

and mountieg fiexibiity. 0.01% REGULATION and STABILITY
PACKAGE: |dentical to the popular PAX plug-in

modules RIPPLE | pax.*
POWER: Twice the PAX rating MODEL DC OUTPUT — (MAX) | npyy
REGULATION and STABILITY: 0.01% VOLTS | AMPS "4V | AMPS
RIPPLE' Less than 0.1 mv rms PBX 7-2 0-7 0-2 0.1 0.6
HIGH TEMPERATURES: Up to 71°C PBX 15-15 0-15 0-1.5 0.1 0.7
CURRENT LIMITING: Now so sharp, it's practically PBX 211 0-21  0-1 0.1 05

automatic crossover current regulation PBX 40—-0.5 | 0-40 0-0.5 0.1 05
PROGRAMMING: By resistance, voltage or current, PBX 72—-03 | 0-72 | 0-0.3 0.1 0.5

High speed capability available. PBX 100—-02 | 0—-100 | 0—0.2 01 05

“At 125V AC
See our complete Catalog in

eemu.usiivaeEG

For complete specifications write for PBX Brochure =146-1130

KEPCO, INC. *131-38 SANFORD AVENUE ¢ FLUSHING, N.Y. 11352 « (212) 461-7000 « TWX #212-539-6623 » Cahle: KEPCOPOWER NEWYORK
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Editorial

Westernizing
Japan

Japanese developments in electronics are mov-
ing alinost as fast as the trains on the new To-
kaido line, the railroad the Japanese are so
proud of because it is the world's fastest. They
still lag hehind the United States, as most Jap-
anese will frankly admit, but they are racing to
catch un. That's the really significant interence
of our special report on Japanese electronics
(pp. 77-112).

After reading Yasuo Tarui’s survey of in-
tegrated circuit activity (p. 90), it’s hard to be-
licve the first development started only 18
months ago. And this without benefit of a gigan-
tic military or space program to subsidize the
work. One of the biggest government research
projects supporting integrated circuit activity
is for $80,000, a sum punv hy U.S. standards.
Yet six companies are sharing in the award to
develop six different IC equipments.

Semiconductor production is the nucleus of
Japan’s electronics industry. Takuya Kojima and
Makoto Watanabe have surveved not only some
unusual Japanese devices but how some of their
associates use components in circuits (pp. 81-87).
While the technology may not be impressive
to a student of advanced semiconductor phe-
nomena, nearly every U.S. consumer-products
company uses Japanecse devices—an impressive
fact.

In solid state microwave technologv, Japan
may well be on a par with the United States.
Its terrain and economy have encouraded use of
wircless communication instead of coaxial lines
so that Japan today has the densest network in
the world, as Isoa Someya reports on page 99.
Solid state systems save installation and con-
struction costs, keenly important in a country
whose resources are sharply limited.

Because the Japancse desire greatly to be
considered an advanced people, they tend to
take a gamble on the new even before it is
proven. This has been particularly true in in-
dustrial plants, many of which were destroyed
during World War IL Rebuilding from scratch
during the post war boom, which accelerated
sharply from 1960 to 1964, many manufacturers
installed industrial electronics instead of con-

ventional electrical or mechanical controls. Jap-
anese companies have shown far more willing-
ness to change to electronics than their coun-
terparts in U.S. industry. Today, even in the
face of a recession, Japanese industry is buying
more numerically controlled machine tools (p.
106) and computers for process control (110)
than ever before.

Progress has created a demand for a lot of
new products too: radio, television and tape
recorders. Now the fads are air conditioners,
central heating and hot water heaters. At Sanyvo
Electric Co. Ltd., a major appliance manufac-
turer, executive managing director Kaoru Iue
explains the pressure: “In the summer, the aver-
age Japanese has always come home after work,
taken off his clothes and sat nude in front of
a fan to keep cool. Thousands of Japanese who
have traveled to the U.S., now believe that is
no way for an advanced people to hehave—so
they want air conditioning. In the same way,
Japanese housewives have learned the desir-
ability of having hot water in the morning, after
centuries of doing all the morning chores in cold
water.”

All this activity and dvnamism in Japan poses
a considerable threat to the U.S. electronics
industry, clearly the world’s leader. The Japa-
nese are particularly attuned to the infant mar-
kets of Asia and Africa and have serious designs
on maturing markets in Europe. For several
vears now, thev have been raising havoc in
certain parts of the U.S. electronics market.

But the most serious threat to U. S. electronics
firms mayv be something the Americans are do-
ing themselves. Manufacturer after manufac-
turer is buving Japanese consumer products
with the U. S. company’s nameplate riveted on at
the end of the production line. If U.S. manu-
facturers continue to abandon their engineer-
ing and production for Japanese products. they
are headed for oblivion because they cannot
compete with the purely merchandising organi-
zations such as Sears, Roebuck & Co. and
Montgomery Ward which buy Japanese prod-
ucts too. These merchandisers own outlets
through which they can retail the Japanese
products; the manufacturers must resell the
goods to independent retailers who then have
to compete in price with the Montgomery Wards
and Sears stores.

The two things the Japanese fear most are
the fast rate of development of U.S. technology
and U. S. automation. To offset the phenomonal
progress the Japanese are muaking, U.S. com-
panies will have to pour more eflort and money
into product development and automation of
production facilities. This is no time for Ameri-
can companies to be complacent,
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These PsB relays are immediately
available at factory prices
from your electronic parts distributor

SOLID STATE TIME DE-
LAY —You get excellent
timing characteristics in
these knob-adjustable solid
state relays. Timing range:
0.6 to 60 seconds. AC or DC
models. Internal DPDT re-
lay rated at 10 amperes,
115V AC resistive. For con-
tinuous duty over tempera-
ture range of —40°C to
-55°C:

COMPACT FOUR-POLE
RELAY—Small, rugged
4PDT relay designed to
meet exacting requirements
of data processing, com-
puter and process control
applications. Rated at 3
amperes at 30V DC or 115V
AC resistive. Solder termi-
nals. Special sockets have
printed circuit or solder lug
terminals. Also available
hermetically sealed.

POPULAR 25 AMPERE
POWER RELAY—Com-
pact, heavy-duty power re-
lay listed by U/L and CSA.
Screw terminals and rugged
construction suitable for in-
dustrial application requir-
ing reliability and long life.
AC or DC models,

VERSATILE IMPULSE/
SEQUENCING RELAY—
Unusual single-coil relay
can be used to latch, step,
count and switch in se-
guence. Switching occurs
during drop-out for greater
reliability. AC or DC mod-
els. Contacts rated for 3
amperes. Can also be fur-
nished with uni-directional
printed circuit boards hav-
ing 10 or 12 switch posi-
tions,

KR3-H

SMALL RELAY SWITCHES
20 AMPERES—Three
KR3-H relays will fit in
space required for most
other 20-ampere relays.
Mechanical life exceeds
one million operations and
twin contacts are rated at
20 amperes at 115V AC, 60
cycles resistive or 28V DC,
1 HP 115,230V 60 cycles.
Contact terminals will ac-
cept %" quick-connects or
solder connections.
Contact arrangement:
SPST-NO-DB.

...and there are 60 other types to choose from! l

Chances are, you’ll save both time and
money when yvou order standard P&B re-
lays from an authorized distributor. You’ll
get speedy service at factory prices. Your
P&B distributor has available more than

24 Circle 24 on reader service card

60 basic relay types totalling 627 coil volt-
ages and contact arrangements. All are
shown in our new Stock Catalog 100 . . .
free from your electronic parts distributor.
Ask for a personal copy today.
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POTTER = BRUMVIFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
Export: AMF International, 261 Madison Avenue, New York, N.Y.



Satellite-to-home
broadcasts weighed

High cost of money:
who gets hurt?

U. S. airlines seek
microwave network

Soviet fails again
to land on the moon

Electronics Newsletter

December 13, 1965

The National Aeronautics and Space Administration is showing increased
interest in satellites that can broadcast radio signals directly to home
receivers,

The agency has requested industry proposals for studies of such direct-
broadcast satellites. It is considering orbiting one or more such satellites
late in this decade or in the early 1970’s. The satellites would be able to
broadcast programs throughout the world. Operating n the f-m mode,
they would relay voice broadcasts to home or car radios equipped with
directional antennas.

NASA officials believe that direct television-broadcast satellites could
also be orbited by 1977, using a Snap-8 nuclear-power supply with 35
kilowatts of power.

When the Federal Reserve Board increased the cost of borrowing money
this month to a 35-year high, its action hit particularly hard at two kinds
of companies: those whose consumer products are sold largely on install-
ment, such as television receivers, and those planning rapid expansion.
One result of the increase in banks” discount rates—to 4.5% from 4%—
may be to make small-business investment companies more attractive
sources of loans [see p. 142]. SBIC’s raise money through the sale of
stock, so are not affected by the change in bank rates.

The FRB says its move was designed not to slow down business
expansion but to prevent the expansion from increasing too fast.

United States airlines are in the market for a nationwide network for
microwave communications. The network, expected tc cost about $50
million, is planned by the commercial airlines’ own communications
company, Aeronautical Radio, Inc. (Arinc). Bids are due April 1. The
airlines currently use the Bell System’s bulk leased-wire communications
service, called Telpak.

The commercial airlines’ move to their own communications net-
work was prompted by two factors that threaten the future of Telpak.
Critics of the bulk-wire service are battling it in court, contending that
it'’s unnecessary and discriminates by offering lower rates to large users;
in addition, the massive investigation of the entire Bell System,
announced recently by the government, may result in the Federal Com-
munications Commission’s ordering substantial rate boosts for bulk users.

Arinc estimates it would cost the airlines $12 million a year to operate
their own communications network. Without Telpak, the airlines would
have to spend about $65 million a year for telephone and teletype serv-
ice. With Telpak, the charge for this year is estimated at $48 million.

The Soviet Union failed in its fourth attempt to gently land a package of
instruments on the moon. Soviet scientists indicated, however, that fur-
ther efforts are planned.

The crash landing on the moon, it is believed, was caused not by
mechanical trouble aboard the spacecraft, Luna 8, but by unexpected
characteristics of the moon. Some space experts in the United States
suspect that the moon’s surface may not be reflecting the spacecraft’s
radar properly. The radar is used to keep track of the distance between
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A new role
for theF-111

Read diode’s power
and efficiency lifted

Messerschmitt
wins space contract

A boost for PAL

Addendum

Electronics Newsletter

the moon and the craft; the retrorockets are triggered by radar signals
as the spaceship approaches the moon’s surface.

At first it was simply the TFX, for tactical fighter experimental. Then
it became a two-service plane and its name was changed to F-111A for
the Air Force and F-111B for the Navy. Now the Pentagon has given it
a new role—reconnaissance—and a new name—RF-111A.

The General Dynamics Corp. has received a $12-million contract to
develop the new version of the variable swept-wing aircraft outfitted
with the latest in electronic sensors. No production commitment has
been made yet.

Defense Secretary Robert S. McNamara is said to favor further modifi-
cations to convert the plane into a strategic bomber. If that happens
the name will be changed again—to B-111.

Silicon p-n-i-n diodes are being pushed to higher power and efficiency
levels. Bernard C. De Loach Jr. and Ralph L. Johnston of Bell Telephone
Laboratories have increased the power of the Read oscillator to 147
milliwatts from 19, and its efficiency to 5% from 1.5%. The continuous-
wave output has a frequency of 5.3 gigacycles.

Two familiar names in German aeronautics—Junkers and Messerschmitt
—have won a contract that puts them solidly into the space industry.
Junkers Flugzeugund Motorenwerke AG, now a subsidiary of Messer-
schmitt AG, has been chosen as the major contractor for an international
satellite called HEOS. The satellite is a project of ESRO, the European
Space Research Organization, and has the backing of eight European
countries. The contract, for development and production of the satellite,
totals $6.5 million.

When HEOS goes up in the second half of 1968, it will investigate the
far fringes of the earth’s atmosphere in a highly eccentric orbit that will
take it about 150,000 miles from the earth.

Other members of the industry group of which Junkers is the head,
are: the British Aircraft Corp.; Etudes Techniques et Constructions
Aerospatiales, in Belgium; and Societe National D’ Etude et de Con-
struction de moteurs D’Aviation, in France.

Britain’s Television Advisory Committee has made its recommendation
on the color system it would like to see adopted. The recommendation,
made to Postmaster General Wedgewood Benn, the final arbiter for
Britain’s tv networks, is that West Germany’s PAL system should be
used with a 625-line horizontal scan. PAL is a modification of the United
States’ NTSC system which Britain favored earlier.

The Air Force will seek bids soon on a major contract covering operations
and maintenance of facilities at its Western Test Range at Vandenberg,
Calif. Among other things, the contract will cover operation and upkeep
of data-collection and communications systems, radars and displays and
launch equipment.
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Obviously

photography is the neat way to
capture information and record data

Youwould like to try it. (You
have heard that photographic
processing is now so fuss-free and
compact that it can go on all by
itself in unmanned spacecraft.)

But photo-technology may
not be your game. And your
needs are special.

Wouldn’t it be nice to talk
them over with some fellow en-

gineers who live photo-technol-
ogy day in and day out?

Electronics | December 13, 1965

You don’t have to turn into
any more of a photo-technologist
yourself than you want to be.
New developments can make
such a carefree attitude realistic.

Tell us what you want to ac-
complish. If we think you’re over-
optimistic we’ll tell you. Other-
wise. we'll invite you to Roches-
ter for conversations with the two
or three men best qualified to tell
you exactly what to do or whom

to see for the results you seek.
We have quite an assemblage

of photo-engineers to draw on.
We are, after all,

Kodak

Call or write Eastman Kodak
Company, Special Applications,
Rochester, N.Y. 14650, 716-
325-2000, Ext. 5129.
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Who cares about Who cares if you improve
component innovations?  your circuit designs?

At General Electric, enginceering is the most important Constant attention to new and improved electronic
factor in electronics. This engineering excellence means circuit designs results in better quality, lower price,
you get the best in component reliability and performance. and new market growth for your business and ours.



Who cares about all
your component needs?

You can choose from more than 6,000 different G-E elec-
tronic compenents from capacitors, semiconductors and
tubes to instruments, batteries and integrated circuits.

General Electric cares

(so do you; that’s why
we’re out to do
things your way)

We may not offer everything you want
from one supplier. But, we do come a little
closer than anyone else.

This means more than just being your
number one source for a full range of elec-
tronic components. Our experience, facil-
ities, and engineering competence—both
as a producer and major user—combine
to give you unmatched design capability
and component reliability.

You're also assured of continuing prod-
uct innovation—Ilike Triac, the new low-
cost SCR, Compactrons, Blackhawk capac-
itors, and nickle-cadmium batteries, just to
name a few.

How do you benefit from this continuing
partnership in electronics? Ask the people
who represent us, your G-E engineer/sales-
man or distributor. 90002

Progress /s Ovr Most Important Product

GENERAL 3 ELECTRIC



SPECIFYING MODULES?

5 points to check

— and 3 guestions for your supplier

] 1. NOISE IMMUNITY

FLIP CHIP Modules use DTL clamped logic, provide a
threshold value of 1.2-1.5 volts of noise immunity.

[T 2. DRIVING CAPABILITY (Fan Out)

Based on 1 ma = 1 unit load, FLIP CHIP gates have a
typical fan out of 18 unit loads; flip-flops have a typical
fan out of 15 unit loads.

[] 3. COsT

FLIP CHIP gates cost out at about $4.00 per gate —
mounted, tested, and ready to go. A built in design
feature permits additional diode inputs to be added at an
average cost of 60¢ each.

FLIP CHIP flip-flops run about $11.00 each and provide
multiple functions (JK, RS, T, and RST). Since the same
flip-flop can be used in a variety of applications —
counters, shift registers, jam transfer buffers, BCD
counters — inventory can be held to a minimum, reducing
costly spares.

[] 4. SPEED
Two frequency ranges are offered in our standard FLIP
CHIP line:

R Series—up to 2 mc
B Series—up to 10 mc

Both series are fully compatible with our earlier line of
System Modules.

] 5. RELIABILITY

FLIP CHIP Modules are rigidly tested and warranted for
10 years. Printed specifications are included with each
module.

[] What is the breadth of my suppliers’ line?

You need only one supplier when you select Digital. FLIP
CHIPS take you from input to ouput. Logic level con-
verters standardize incoming and outgoing signals. Digital
has a complete line of: interface modules — including
relay drivers, lamp drivers, bus drivers, Schmitt triggers,
A-D and D-A modules, and mounting hardware and power
supplies. All the equipment necessary to build a complete
system.

[[] Whatkind of delivery can | expect?

You get off-the-shelf delivery on all standard items. If it's
any easier, order through the latest Allied Electronics
catalog.

[] Can| get systems design help?

Digital applications engineers, located in major cities
throughout the United States and in Canada, Europe,
and Australia, are experienced professionals who can
understand your problem and recommend the equipment
to solve it.

Our 202 page FLIP CHIP Module Catalog has been called
the standard reference work on digital logic for the industry.
It’s a valuable manual on logic circuit design and yours for
the asking. For your free copy, just call any Digital Equip-
ment office: DIGITAL EQUIPMENT CORPORATION, Maynard,
Massachusetts 01754, Telephone: (617) 897-8821.

DIGITAL

MODULES-COMPUTERS

CAMBRIDGE, MASS. » WASHINGTON, D. C. » PARSIPPANY, N.J. » ROCHESTER. N.Y. * LOS ANGELES * PALO ALTO « CHICAGO * ANN ARBOR * PITTSBURGH * DENVER
HUNTSVILLE » ORLANDO * CARLETON PLACE AND TORONTO, ONT. * READING, ENGLAND * PARIS, FRANCE » MUNICH AND COLOGNE, GERMANY « SYDNEY, AUSTRALIA
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Now, BOTH in one instrument

HIGH POWER, LOW NOISE

—the HP 230A 10 Mc to 500 Mc
Power Amplifier

The Hewlett-Packard Model 230A is the ideal RF amplifier for
both high and low-level applications. With a typical noise figure
of 6 to 8 db, the instrument provides up to 30 db gain and a
maximum power output of 5 watts.

Typical Applications include:

SIGNAL GENERATOR POWER AMPLIFIER — Provides up to 15 volts output
from standard VHF signal generators for receiver testing, watt and volt-
meter calibration, antenna testing, and attenuation measurements. May also
be used to drive antennas for remote systems testing such as aircraft ILS.

RECEIVER PRE-SELECTOR — When used as a pre-selector with conventional
communications receivers, fractional microvolt sensitivities are attainable.

TUNED SELECTIVE FILTER — Provides a convenient means for the selective
amplification of RF signals in the 10 to 500 Mc range with exceltent rejec-
tion of undesired frequencies.

HARMONIC AMPLIFIER — May be used to amplify desired harmonics in the
output of signal generators and frequency synthesizers thereby extending
their useful range.

FREQUENCY COUNTER PRE-AMPLIFIER — As a pre-amplifier for conven-
tional frequency counters, such as the -hp- 5245L, will provide a 15 to 30
times improvement in input sensitivity. Remote, off-the-air frequency meas-
urements of FM broadcast and communication transmitters may be readily
performed.

RF MILLIVOLTMETER PRE-AMPLIFIER — Used as a pre-amplifier for RF
millivoltmeters, such as the -hp- 411, the 230A will provide 15 to 30 times
improvement in sensitivity.

HEWLETT hp PACKARD

An extra measure of quality
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Specifications

Frequency range: 10 to 500 Mc (MH2z) in
six bands: 10 to 18.5 Mc; 18.5 to 35 Mc;
35 to 65 Mz; 65 to 125 Mc; 125 to 250 Mc;
250 to 50C Mc.

RF gain: 30 db (10 to 125 Mc);
27 db (125 to 250 Mc);
24 db (250 to 500 Mc).

RF bandwidth: >700 Kc (10 to 150 Mc);
>1.4 Mc (150 to 500 Mc).

RF output:

Range: up to 15 voits across external
50-ohm load.

Impedance: 50 ohms

Calibration: 0.2 to 3 volis f.s.;
1.0 to 10 volts f.s.; 2.C to 30 volts f.s,
(incremerts of approx. 5%).

Accuracy: 1.0 db of f.s. (10 to 250 Mc),
*1.5 db f.s. (250 to 500 Mc).

Leakage: Effective shielding is greater
than 40 cb.

RF Input

Level: (for 10 volt output into 50 ohms):
<0.316 volts (10 to 128 Mc);
£0.446 volits (125 to 250 Mc);

20.630 voits (250 to 500 Mc).

Impedance: 30 ohms

AM range: repraduces modulation of
driving source 0 to 100% up to 5 volt
maximum carrier output.

AM distortion: <Z10% added to distortion
of driving source.

FIA range: repraduces modulation of
driving source except as limited by
RF bandwidtk.

FM distortion: n2gligible distortion added
to distortion of driving source for
deviations and modulation
frequencies <150 Kc.

Incidental AM: <10% added to modulation
of driving sou-ce at 150 Kc deviation.

Power: 105 to 125 v or 210 to 250 v,
50 or 60 cps, 150 w.

Mounting: cabinet for bench use;
by removal of extruded strips suitable
for 19” rack mounting.

Price: $1200.
F.0.b. factory.

For your application, contact your
local Hewlett-Packard field engineer
or write Hewlett-Packard, Green Pond
Road, Rockawey, N. J. 07866; Eur-
ope: 54 Route des Acacias, Geneva.

Data subject to change without notice.
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In studies of the structure of matter, mag-

FONER netic properties have long been of para-

mount impartance in providing information

VIBRATING o of a fundamental nature. This has been true

SAMPLE : ;n suchd\./vid'ely' di\t/)ersehfields las thste study of
e L ree radicals in bio-chemical systems, the
MAGNETGMETER y : study of the deHaas-vVan Alphen effect in
. metallic crystals at low temperatures and
4 \ investigations of the nature of the bonds in
intermetallic compounds. The limitations
imposed by classical methods of magnetic
measurements, those of low sensitivity and
of high field homogeneity, have however
made precise meaningful measurements
difficult and slow and hence have restricted
their ultimate useful employment.

The development by Foner of a versatile
and sensitive Vibrating Sample Magneto-
meter* and its commercial availability
through PAR now make possible the exten-
sion of magnetic measurement techniques
both to experiments requiring sensitivities
and resolutions heretofore unobtainable,
and to routine measurements which require
simple set up procedures and quick sample
changes. With this magnetometer, perma-
nent and/or induced magnetic moments may
be precisely measured in a uniform magnetic
field as a function of temperature, field,
crystallographic orientation, or time. This is
done by placing a small sample of the ma-
terial whose magnetic moment is to be
determined in a sample holder located at
the end of a vibrating rod and vibrating it
perpendicular to the magnetic field of the

th I H magnet. The resulting oscillating dipole field
e u tlmate induces an AC voltage in a pair of stationary
' pick-up coils mounted securely to the pole

instrument faces of the magnet. The induced voltage is

= = o measured electronically in a sysgerp whose

fur Investl atln signal-to-noise ratio is near the limit set by
g g the Johnson noise of the pick-up coils. From

the magnitude of this measured voltage, the

magnﬂtiﬂ magnetic moment of the sample is deduced.

An extremely wide range of magnetic mo-

nmnerties ments can be measured with high precision

and the instrument has a simple calibration
nf matter procedure, exhibits very high stability, and

minimizes most sources of error. Cryogenic
techniques may be used to measure mo-
ments over an extended range of tempera-
ture down to the liquid helium range. Mag-_
netic moment measurements of Ferromag-
netic, Paramagnetic. Diamagnetic, Ferrimag-
netic, Antiferraomagnetic, Metamagnetic and
Superconducting materials have been made
utilizing this system. Various versions of this
instrument have now replaced most of the
classical methods for magnetic moment
measurements in numerous laboratories
throughout the world. Price $12,500. Your
inquiries on specific magnetic measurement

problems are invited.

*Manufactured exclusively by PAR
under Ilcense In U.S. Patent No. 2,946,948.

Werite for Bulletin No. 116 to:
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Space electronics

Bootstrap calibration

The Air Force wants to know if it’s
possible 4o precisely define a satel-
lite’s orbit from ground radar data
and then use that same orbit as a
standard by which to calibrate the
same radars.

“We sometimes call it bootstrap
calibration,” savs Charles W.
Hunter, a mathematician at Air
Force Electronic Systems division,
Hanscom Ficeld, Mass.

The project, being done for the
National Range Division, is not just
an exercise in mathematical acro-
batics. One objective is to improve
the accuracy of ballistic missiles by
reducing errors in the missile-range
radars which track them. The
other is to determine the position
of orbiting satellites more accu-
rately. “Five times more accurately
than is now possible,” says Hunter,
project manager at ESD’s dirce-
torate of aerospacc instrumentation.

In orbit. Next June, the first of
two satellite pavloads designed to
test the feasibilitv ol the calibra-
tion technique will ride down the
Western Test Range atop an Atlas
hooster. It will go into an equatorial
orbit aboard the OVI-7, one of a se-
ries of vehicles Deing launched for
the Air Force Office of Aerospace
Rescarch.

In August of 1966, another cali-
bration payvload will ride piggvback
on an Atlas-Agena down the West-
ern Test Range and then inject it-
self into a polar orhit. This project
will be accomplished by the Air
Force Space Systems division.

The satellites will carry tran-
sponders tuned to most of the ra-
dars on the missile ranges [Elec-
tronics, March, 8, p. 108].

Ground work. Meanwhile, ESD
and the Mitre Corp.,, Bedford,
Mass., will be modifving cxisting
computer programs for a limited re-
duction of the radar data acquired
from each of the two satellites.

Aerospace research satellite will carry transponders that may be able
to calibrate radars on the missile ranges. General Dynamics Corp.
built the satellite which the Air Force will launch in June.

A comparative analysis center
will be set up in Bedford. It is
hoped that the final phase of the
analysis, to determine if the tech-
nique is feasible, will start in De-
cember of 1966.

Says Maj. John Musterman, chief
of the Metric Svstems division at
Bedford: “This over-all analvsis
will, we hope, tell us if self-calibra-
tion will work or il it is necessary
to stick to the old svstem of optical
beacons. If feasibility is proven, the
analvsis should also tell us that
range radars should be calibrated
before cach shot, or once a month,
or what.”

Satellite gear. The Eastern Test
Range will track the first satellite
on its calibration runs next June.
The calibration experiment will be
one of five aboard the OVI-7 ex-
perimental satellite, built by the

General Dynamics Corp. The satel-
lite will go into a 330-nautical-mile
high orbit, and will be gravity-
gradient stabilized. It will carry a
transponder for Glotrac radars and
one for C-band radars. The out-
puts from these will go into a di-
plexer and then to a single antenna.
It will not be possible to include a
transponder for the Mistram radars
because it would require too much
power—about 150 watts, compared
with 42 watts for Glotrac and 25 for
the C-band transponders.

The sccond satellite, scheduled
for an August launch, will be a P-11
made by the lockheed Missiles
and Space Co., a division of the
Lockheed Aircraft Corp. Tt will or-
bit at an altitude of 500 nautical
miles. The P-11 has its own propul-
sion unit and is spin-stabilized. Sol-
id-fuel rocket engines will allow the
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satellite to launch itself from an
orbiting spacecraft into the pre-
scribed orbital path.

The P-11 will carry six antennas.
It will have an S-band and a C-
band transponder, also a uhf and
vhf telemetry transmitter. The P-11
will carry a transponder for an S-
band space-to-ground link of the
type planned for the manned orbit-
ing laboratory. The P-11 will also
have a command and control link
to turn the uhf and vhf equipment
on and off. Lockheed will integrate
the systems for this project.

Four in space

The most complex space feat ever
attempted is under way with the
orbiting of the two-man spacecraft,
Gemini 7. The rendezvous mission’s
most delicate phase was scheduled
to begin Dec. 13 when another two-
man capsule, Gemini 6, is launched.

During its 268 hours in orbhit,
Gemini 6 will try to catch up with
the first spacecraft, sidle up to it
—probably as close as 30 feet—
and then literally fly rings around
it for about two orbits of the carth.

Gemini 7’s astronauts haven’t
been idle during their nine-day
wait in orbit. Frank Borman and
James Lovell have conducted a
series of experiments, including the
first attempt to use a laser beam to
carry voice signals between a
spacecraft and the ground.

Tight fit. The first big problem
will be timing at the launching of
Gemini 6. The National Aeronau-
tics and Space Administration will
have only 47 minutes—a record for
brevity—in which to shoot the
capsule through its keyhole in the
sky.

For most of its catch-up sprint,
Gemini 6 will be guided by carth-
bound radars and computers. For
the last 250 miles, however, As-
tronauts  Walter  Schirra  and
Thomas Stafford will be able to
control it, aided by on-board radar
and a digital computer. Such ren-
dezvous maneuvers are considered
essential for Project Apollo, whose
goal is to land Americans on the
moon by 1970.

On target. The astronauts in
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Gemini 6 will measure their dis-
tance from Gemini 7 by transmit-
ting radar pulses and measuring
the magnitude of the return signal
voltage or the time of the signal’s
return. Bearing will be plotted by
interferometry,

When the spacecraft are in the
same orbit they will share a single
ultrahigh frequency channet for
communications. Telemetry from
both will be displaved at ground
stations in real time. The craft will
not communicate directly with each
other; voice messages will be re-
layed by ground stations. Because
the two craft will be on adjacent
command frequencies, the astro-
nauts in one will turn off their re-
ceivers to avoid interference from
commands sent to the other space-
craft from the ground.

Ground radars will track both
spacecraft  simultaneously.  This
will be possible because the ships’
transponders  will return radar
pulses at difterent intervals—three-
microsecond intervals for Gemini 7
and five-microsccond for Gemini 6.

Laser experiment. For the laser
experiment, Lovell aims a  six-
pound laser transmitter at ground
reccivers in Hawaii, Ascension Is-
land and White Sands, N.M. The
transmitter, developed by the Ra-
dio Corp. of America, is 3 by 6 by
§ inches. Its four gallium-arsenide
injection lasers pulse 100 times per
second while the astronaut is tryv-
ing to make contact with the
ground; after contact is made, he
switches to 8,000 pulses per sec-
ond, and this higher pulse rate is
modulated to carry the astronaut’s
voice to the ground.

The lasers can deliver 16 watts
of light power at 9,000 angstroms.
With a telescopic sight, Lovell aims
them at another beam coming from
an argon-gas laser mounted on the
receiver on the ground. The re-
ceiver, 30 inches in diameter, con-
tains a collector and focusing unit,
with a photomultiplier at its focal
plane,

Another experiment on Gemini
7 constitutes the first test of an
electroencephalograph (EEG) in
space, to check for changes in
Lovell’s brain-wave patterns. Four
electrical leads run from Lovell’s
head to a signal conditioner, which

amplifies the waves; the waves are
then recorded on tape aboard the
spacecraft for comparison with
other EEG’s in a brain-wave library
being developed by NASA.

Military electronics

War hero—the helicopter

The combat performance of the Ist
Air Cavalry division has so im-
pressed Defense Secretary Robert
S. McNamara that he declared, dur-
ing his recent trip to South Viet-
nam, his intention to form other
helicopter-borne divisions. Before
the end of the vear, the Army will
give McNamara a specific proposal
for converting one, and possible
two. of its existing divisions into
aiv mobile units. The plan calls for
heavy procurement of helicopters
and their avionics. The new pur-
chases will follow closely on the
heels of last summer’s order for a
50% increase in the number of
helicopters for transport and recon-
naissance.

These increases, plus the need
for additional and replacement heli-
copters in Vietnam, have alrcady
led to contracts for increased pro-
duction of the Bell UH-1 and the
Boeing CH-47. Within Vietnam it-
self a buildup in helicopter strength
from 800 to 1,400 will be completed
by the end of the year and doubt-
less hundreds more will be assigned
there in 1966.

Two designs. On top of this, the
Defense Department has recently
given the go-ahead for develop-
ment of two new tvpes of helicop-
ters—a light observation helicopter
(LOH) and an armed helicopter
known as AAFSS (advanced aerial
fire support system).

The Hughes Tool Co. is develop-
ing the LOH as a replacement for
the O-1 (Bird Dog) fixed-wing plane
and the OH-13 (Sioux) and OH-23
(Raven) helicopters. The total buy
probably will exceed 2,000.

Bids for the avionics package for
the LOH are now being evaluated
and a contract award is expected
next month. The package will con-
tain radio transceivers in the uhf,
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vhf. and f-m bands, an f-m monitor
receiver for the pilot, an intercom-
munication system, and an ADF
(automatic  direction finder) for
navigation. The console will weigh
40% less than existing equipment
with these capabilities, and may
use integrated circuits.

The Lockheed Aircraft Corp. is
developing the AAFSS as a re-
placement for about 400 armed ver-
sions of the UH-1D, originally a
small transport chopper that was
converted into an armed helicopter
by attaching weapons to it. Now
the AAFSS is being designed from
the outset as an attack helicopter.

The AAFSS will be equipped
with station-kecping equipment but
the design of the airframe is too
far along to include terrain-avoid-
ance radar. The Army is working
on terrain-avoidance radar and
hopes to have such equipment
ready for the STAAS (surveillance
and target acquisition aircraft sys-
tem), the follow-on to the Mohawk
fixed-wing plane.

May use IHAS. The Army is foot-
ing part of the bill for development
of the Navy’s integrated helicopter
avionics system (ITTAS), being de-
veloped by the Teledvne Svsteins
Corp. IHAS will use microcircuits
and a small computer to provide
automatic navigation, terrain-avoid-
ance radar and station-keeping fea-
tures. This svstem, or parts of it,
angmented by fire-control features,
mayv be used in AAF'SS.

Other Army aviation projects in-
clude a ground-based command and
control svstem for use when planes
are in action: an air traffic regula-
tion system, compatible with the
Air Force and the Navy craft, for
flicht over friendly territory; and
a system to control the terminal
flight phase, when aircraft approach
an airfield’s traflic pattern.

Project Hindsight

Pentagon engineers, studving the
genesis of military inventions made
over the past two decades, have
reached tentative conclusions that,
if confirmed, may lead to profound
changes in the management and
financing of weapons rescarch.
The project chief, Chalmers W.
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Sherwin, sees four recommenda-
Tons-as likely results of the study:

» Creition.of “program oriented”
laboratories simir—to the elec-
tronics lab at the Massachusetts
Institute of Technology.

= Greater stress on research
aimed at specific end-products of
immediate value to the military.

s Less emphasis on individual
research projects bv “some profes-
sor who's got a good idea.”

= More flexibility for the contrac-
tor in apportioning military funds,
with less control from Washing-
ton.

Genealogy. The engincers in
Project Hindsight found evidence
to support the notion that neces-
sity is the mother of invention; not
vague, long-range necessity, they
emphasized, but specific, immedi-
ate needs.

Eight out of ten inventions in
the development of systems seem
to have been achieved at the local
level to solve an immediate prob-
lem in a program under contract.
the study savs. This is the kind of
invention that comes as a result of
a research group’s discovery that it
cannot fulfill its contract without
a new kind of device or material.

Furthermore, Sherwin’s  group
continues, 85% of military inven-
tions seem to have heen made in
the course of an organization’s
study in a broad area, rather than
an individual researcher’s work on
a single narrow project.

Yet these “one-shot™ projects re-
ceive 50% to 75% of the research
money spent by the Defense De-
partment, the report says.

Case histories. Project Tlind-
sight was created in response to
congressional criticism of the way
in which the Pentagon has spent
$10 Dillion on defense research
since 1945, Sherwin, deputy direc-
tor of rescarch and technology in
the Defensc Department, organized
the study around five case his-
tories: the development of the
Bullpup and Lance missiles, the
105-millimeter howitzer, the C-141
aircraft and the SPS 48 radar.
Lance, for example, includes more
than 120 inventions.

The Pentagon engincers traced
the development of each system to
see where, how and why each in-

vention came about. More than
21000 interviews have been con-
ducted so far. Eventually, Sherwin
hopes to trace the development of
every invention that has found its
way into a U.S. weapons system.

The outlook. Would his recom-
mendations result in less federal
funds for independent research?
No, says Sherwin, but they would
focus defense spending more
sharply on militarv needs, leaving
more basic science support to the
National Science Foundation.

As for the new laboratories,
Sherwin says the first probably
would be two clectrochemistry
labs to specialize in basic-mate-
rials problems that have been en-
countered in recent research on
cnergy conversion.

“We’ll want to build a capability
in one place.” he explains. “with
top scientists and graduate stu-
dents. rather than fund a bunch of
guys doing independent research.”

Advanced technology

Bird's eye viewed

The biological systemn of animals
performs  pattern  recognition so
brilliantlv that some scientists have
attempted to construct electronic
systemns with properties rescembling
those of living organs. Such sys-
tems would be invaluable in signal
analysis—for example as radar tar-
get discriminators.

The photograph shown below, for
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instance, is an analog of a pigeon’s
eye. It’s not sophisticated enough
to recognize a crust of bread, but
it does have the remarkable prop-
erty of detecting motion in a single
specific direction.

The eye, built at the Astropower
Laboratory of the Douglas Aircraft
Co. Missile and Space Systems di-
vision, is made up of photodiodes
and special-purpose circuits con-
nected in a manner that closely re-
sembles the cones and neurons in
an actual pigeon’s eye. Since bio-
logists are by no means sure of the
function of each neuron, the elec-
tronic analog is necessarily only
approximate. Still, it works. When
a ball is passed from left to right
through a beam of light that shines
on the photodiodes, the device will
produce an output, manifested as
a beep on a loudspeaker. But when
the ball swings back, the speaker
is silent.

Cones, neurons, and ganglia. To
design an electronic structure that
did not violate what was known
about the biological structure, the
Astropower stafl, under Sam S.
Viglione, worked closely with
Richard L. Binggeli of the Univer-
sity of Southern California Medical
School’s anatomy department. Bing-
geli is studying the retinas of verte-
brates.

In the real pigeon’s eye, impulses
from rods and cones, the sensors
in the pigeon retina, are trans-
mitted through a network of bi-
polar nerve cells, called ganglia,
when the cells are stimulated at a
certain threshold. The impulses
travel through the optic nerve to a
part of the brain. About 30% of all
the ganglia are direction-sensing;
each stimulates a different part of
the Dbrain. What Astropower has
built is a single ganglion, with its
associated inputs.

There are a number of cells,
called amacrines, in the eye which
apparently have no direct route to
the brain. They may connect two
cones, or two bipolar cells. Biolo-
gists have postulated that these
cells act as inhibitors, that is, al-
though one cone may be stimulated
by a moving object, an adjacent
one might not be if connected
to the first through an amacrine.
Similarly, if a biopolar cell were
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stimulated simultaneously by a

~cone and a nearby amacrine; the

impmses_would cancel each other
out, and the cell would not fire.
Astropower simulated the action of
the amacrine with an inverter cir-
cuit combined with diodes so ar-
ranged that the triggering scquence
for the bipolar circuits was only
correct when the ball moved from
left to right.

Building a model. The bipolar
cell circuitry consists of a Kirch-
hoff adder, an integrator (a resis-
tance-capacitance element), a
multivibrator or blocking oscillator,
and a function generator. The
adder sums inputs from a number
of diodes—in the eye a number of
cones may be stimulated at the
same time. The output from the
adder goes to the integrator, which
has a capacitive function; in the
eye, a bipolar cell might not fire
from a single stimulus, but a sec-
ond and third stimulus, at later
points in time, might push the po-
tential over the threshold level.

The multivibrator simulates the
slow decay of the potential across
the bipolar after it has fired, the
so-called refractory recovery pe-
riod; and the function generator is
inserted in a feedback loop be-
tween the multivibrator and the in-
tegrator so that the multivibrator
produces a standard pulse output,
like the pulses in the real eye. The
width and amplitude of the pulses
are always the same; the spacing
of the pulses is a function of the
spacing and amplitude of the im-
pulses to the entire circuit.

It's a long step from the elec-
tronic eve to whole pattern recog-
nition. But Binggeli reports that
he’s already getting feedback from
the Astropower model. “I'm learn-
ing what questions to ask,” he says.
And, perhaps, what patterns to
look for.

Manufacturing

Squeegee-printed transistors

Screen printers, which now have a
firm base in the printing of passive
networks for hybrid integrated cir-

cuits, may soon be used for large
power transistors. One supplier of
printing equipment hopes to con-
vince transistor manufacturers that
one swipe of a squeegee blade
across a printing screen can do the
work of several photoetching proc-
esses.

Affiliated Manufacturers, Inc.
(AMI) of Whitehouse, N.J,, has
found that it can print etching re-
sist on silicon wafers with a pat-
tern tolerance of one mil (0.001
inch). Dots as small as one mil in
diameter, which require even
tighter tolerances, have been
printed experimentally on other
materials. The resolution is still
far too crude for small, high-speed
transistors (see related story on p.
237) but it is good enough for etch-
ing the electrodes of large devices,
contends Alex F. Sopru, AMI’s en-
gineering manager.

The resist used is a tar-based
way, called apiezon, that is often
used to prepare printed circuit
boards for etching. The wax is
softened with solvents, forced
through holes in a printing screen
with a squeegee, and dried. The
holes in the scrcen are made by
etching a film supported on a fine
wire mesh. The wax hardens, the
substrate exposed in the resist can
be etched. For electrodes, the sub-
strate would be a thin film of metal
on the silicon wafer. As a final step,
the wax is dissolved.

The new process would elimi-
nate three additional steps semi-
conductor manufacturers now use
between application and removal
of a photosensitive resist: putting
a mask on the resist, exposing the
resist and developing it.

Green ceramics. Meanwhile,
screen printers are further refining
hybrid circuit printing technicques,
according to Sopru. One method
that he predicts will catch on fast
is automatic printing of fihkn re-
sistors and other passive-network
parts on long, flexible tapes of
green alumina ceramic. Green cer-
amic is ceramic that has becn
pressed, but not fired. The tapes
look like strips of shiny, white card-
board.

At present, the passive networks
are usually printed on individual,
fired substrates that often vary in
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size and are not as smooth as the
tapes. Sopru says the printers and
other production machines can do
a faster, more precise job when
tapes are used. The tapes can run
from the printer into a firing fur-
nace. The only problem is that the
resistor characteristics also depend
on the firing temperature, so spe-
cial inks are needed.

Machine  soldering.  Another
method that is catching on, ac-
cording to Sopru, is machine solder-
ing of active-device lcads into holes
in the ceramic substrate instead of
hand-soldering them to conduc-
tors on the top side of the sub-
strate. The trick is to get the con-
ductive inks into the holes so the
solder will stay in the holes and
form a good joint between the con-
ductor and the lead. Solder won’t
wet bare ceramic.

This is being done, Sopru says,
by having the screen printer form
a little puddle of ink over the hole.
Then a vacuum, drawn under the
substrate, sucks the ink into the
hole. The same method can be
used to connect conductor pat-
terns that have been printed on
the top and underside of the board.

Resistors can be printed on the
bottom of the substrate and de-
vices such as packaged transistors
can then be mounted on the top.
This technique avoids the practice
of bending the transistor leads
under the substrate so that the lead
ends can be soldered to a conduc-
tor pad near the hole.

Medical electronics

Telltale hearts

A device that in three minutes can
detect heart defects in children has
been developed by the Humetrics
division of the Thiokol Chemical
Corp. Called a PhonoCardinScan
(PCS), the portable instrument can
be operated by a nurse or tech-
nician.

The PCS was designed for
school heart-test projects. Physi-
cians stress that early detection of
heart  abnormalities  improves
chances of cure. When the PCS
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Portable instrument checks child’'s heart in three minutes.

notes suspicious sounds, the voung-
ster is sent to a doctor.

The PCS’ logic circuits were de-
signed, with the aid of a computer,
to recognize the sounds character-
istic of abnormal hearts. Heart
sounds from many patients were
recorded on tape and patients were
also examined by cardiologists. The
sounds were then analyzed for nor-
mal and abnormal patterns.

How it hears. The PCS picks up
two tvpes of heart information.
Suction-cup electrodes register the
electrical potential of the heart to
time the heart sound within a evcle.
A microphone, placed on four
designated areas on a patient’s
chest, picks up sounds of contrac-
tion, expansion and valve motion.

Analog information from several
cardiac cycles is examined beat by
beat. The PCS registers on one
digital counter the number of cycles
examined and on another digital
counter those cycles whose sound

patterns are considered outside the
normal, according to the infarma-
tion programed. If more than 6
out of every 10 cycles are abnormal,
the paticnt is sent on for further
examination.

A second group of counters pre-
sents the PCS operator with addi-
tional information on every beat. If
this data varies with the main
counter’s, the cycle can be thrown
out and the process begun again.

Industrial electronics

In the driver’s seat

No matter what they look like or
how they operate, every function of
the high-speed trains of the future
will depend on electronics, aceord-
ing to a $315,000 survey for the
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Commerce Department, made by

the Massachusetts Institute of
Technology.
In fact, completely automatic

electronic controls for high-speed
ground transportation—200 to 300
miles an hour—will have to be well
on the way to development before
any decisions on system design can
be made, the study said.

The study pinpointed arcas in
which new rescarch and develop-
ment efforts are needed. Congress
has authorized a three-year, $90-
million program for high-speed
ground transportation development,

with about two-thirds of it for
R&D.
Requirements for which elec-

tronic techniques have not been
perfected, the study said, include:
over-all computer control of the
system; keeping of real-time tabs
on each vehicle; speed control of
each vehicle for safe headways and
emergency stops; switching con-
trols to feed vehicles into the high-
speed guideway or to transfer pas-
senger-carrying capsules from one
vehicle to another without slowing;
and a completely computerized sys-
tem for scheduling and for reserva-
tions, ticketing, billing and ac-
counting.

Choice question. Electronics may
figure in choice of a power source
and a decision on whether the
high-speed vehicles should roll on
steel or rubber wheels, skim on
cushions of air, or float in magnetic
suspension above the guideway.

A linear-induction motor—essen-
tially a rotary-principle motor with
the guideway itself serving as the
stationary energy-power source—
probably would be easiest to adapt
to automatic control, the report
said. Some developmental work has
been done by the Westinghouse
Electric Co. and the General Mo-
tors Research Laboratory at Santa
Monica, Calif. And the use of sili-
con controlled rectifiers has made
variable-frequencyv power supplies
feasible at high-power levels, offer-
ing a possible means of accelera-
tion and deceleration. But linear-
induction motors are still largely
theoretical, and the MIT study said
extensive new research is needed
into all potentially promising power
systems,

Some groundwork is being done
on automatic control systems. At
least four companies are develop-
ing systems tailored to lower-speed,
more conventional railroad and
rapid-transit systems [Electronics,
July 26, 1965, pp. 71-96]. They are
the Westinghouse Air Brake Co,
General Electric Co., Westinghouse
Electric Co. and General Railway
Signal Co. Some of their techniques
may be adaptable upward, officials
have said. But the demands of the
high-speed system envisioned in
the university study is expected to
far exceed present-day control de-
vices.

Computer aided. “At the high
speeds now encountered only in air
transport,” the report said, “there
is overwhelming evidence to sug-
gest that . . . these command and
decision functions must necessarily
vield in large part to automation
through computer control.”

The MIT study recommended
that a computer system be devel-
oped to handle not only reserva-
tions but also scheduling—putting
new vehicles into service auto-
matically to meet increased de-
mand. This would require knowl-
edge of the position and of every
vehicle in the system; and once such
a process was started, it might
eventually be possible to evolve
completely free scheduling—add-
ing vehicles only when demand
arose.

The study recommended estab-
lishment of a nonprofit research
organization to coordinate R&D
activities.

A high-speed ground transporta-
tion system could be constructed
within 15 years, if intensive R&D
efforts were begun now, the study
said.

Instrumentation

Ultraviolet steel gauge

In steelmaking, one of the biggest
causes of waste has been the in-
ability to measure accurately the
width of the hot steel strip as it
passes through the mill. Conven-
tional gauges are based on infrared
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sensors; because the outer edge of
the steel cools faster than the mid-
dle, it emits less infrared—some-
times too little to be picked up by
the detector.

The Granite City Steel Co. of
Granite City, I, says it has solved
the problem by changing to ultra-
violet measurement with a width
gauge that provides its own light
source. The noncontacting gauge,
developed by Gulton Industries,
Inc,, is just as accurate as conven-
tional instruments—with error of
only ¢ inch per SO inches of strip
width—Dbut is unaffected by temn-
perature variations in the steel.

Scanning. As the steel passes
over the ultraviolet light source, the

gauge’s  scanning  mechanism
sweeps over the metal 20 times a
second. Fach time the scanner

crosses an edge of steel strip, which
is either blocking or unblocking the
light behind the strip, the scanner
generates narrow pulses defining
the location of the edge. Filters
screen out the infrared radiation.
Simultaneously, a  high-speed
counter and a shaft-driven pulse
generator convert the time between
pulses into a digital quantity whose
magnitude corresponds to the strip
width.

The scanner consists of two op-
tical systems, synchronized sequen-
tially. The two scanners and the
pulse counter are on a common
shaft; this assures that the digitiz-
ing accuracy will be independent of
any variations in the scanning
speed. The width measurement is
displaved digitally at a control con-
sole and compared with a presct
width. This comparison generates
an analog signal that can be nsed
to contro!l the mill. The scanning-
and-display process takes 0.01 scc-
ond.

This speed is important because
the company receives orders for
steel strip in a variety of widths,
and any delay in adjustment of the
width can result in expensive wast-
age.

Easy to operate. Besides reducing
waste of time and steel, the ultra-
violet gauge requires little main-
tenance and needs to be calibrated
only once—when it is installed.
That’s because it has only one mov-
ing part, a rotating shaft that whirls
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Weight: 18 Ib.
Dimensions: 11”7 x 107 x 9-5/8”

Revolutionary one-gun

9" portable color TV set
developed by

YAOU Electric Co., of Japan

One of the big news stories in consumer electronics this year was
Yaou's sucessflil commercial production of its unique ““colornet’ color
TV set. The all-solid-state system uses a line sequential system in com-
bination with a 7-1/2” single-gun color tube, ‘“‘colornetron,” developed
jointly by Yaou and Kobe Kogyo Co., Ltd. The result is an advanced TV
color receiver with many attractive features:—

1.

9.

10.

single-gun color tube with post focusing system gives bright, natu-
ral color reproduction and makes adjustment and operation very
easy

. ingenious combination of three interval APC circuit, offset subcarrier

demodulator, and storage counter circuit eliminates color drift

. low switching frequency and full utilization of beam current results in

stable performance and bright picture screen without ‘‘crawling’*

. low switching frequency drastically reduces interference from

spurious radiation

. phosphorescent materials are applied to the picture tube vertically,

so color purity is not affected by terrestrial magnetism, and the
set can be moved at will without necessitating readjustment

. elimination of convergence circuit meant that servicing is no more

difficult than for a black and white set

with post accelerating system, deflection power is very small and
deflection yoke and other components the same as for black and
white sets, so production cost of the set can be kept very low

. all-transistorization (47 transistors, 25 diodes, 16 thermistors, and 3

high voltage rectifiers) keeps the set compact and light weight
power consumption is only 30 watts (DC-20 watts)—1/10 that of a
conventional vacuum tube color TV set

receiver can be operated on DC 12V battery

This revolutionary portable color TV set is only the latest example of the
creative ingenuity built into every Yaou product. No wonder Yaou'’s elec-
tric and electronic consumer line has gained a reputation for quality and
originality, along with reasonable prices.

OYAOU

(Outside of the United States & Canada.

Yaou products are marketed under brand name of * () GENERAL *)
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Varistors
come get’em

We make 99 standard silicon carbide varistors and
stock them for immediate off-the-shelf delivery.
Values range from 0.25 through 3.00 watts; sizes from
0.500” x 0.090” through 1.50” x 0.155” in discs. You’ll
find a full range of sizes in rod varistors just as avail-
able. Prices fromm $0.08 to $1.00. Send for complete
technical data and see how economically. how quickly
we can help you solve arc-suppression, voltage-regu-
lation and -control problems with CArRBORUNDUM® varis-
tors. Varistors Dept. LKLS-12, Electronics Division,
The Carborundum Company. Niagara Falls, N. Y.

CARBORUNDUM

Circle 42 on reader service card

Electronics Review

the two optical scanners’ lenses at
1,200 revolutions a minute.

The gauge can also be checked to
zero hetween strips. Conventional
gauges have to be reset or recali-
brated for each width, while pro-
cdluction is interrupted.

The steel company declines to
discuss savings, but Gulton says
they should allow Granite Citv to
amortize the machine’s $60.000 cost
in less than six months. The com-
pany already has decided to install
an ultraviolet scanner at an auto-
mated mill under construction at
Granite City.

Computers

Printing in patches

A computer program developed by
Bell Telephone Laboratories uses a
cathode-ray tube in printing, pro-
viding a fast way to set a page of
type.

The prograi, still experimental,
displays, on the face of the crt. let-
tering in any type font, or other de-
signs or patterns.

An electron heam traces irregu-
lar patches on the screen. The
patches are assembled into letters.
To the eve the display appears only
as an irregular dancing spot zig-
zagging widely across the screen;
hut a camera using time-exposure
produces negatives and pictures of
the lettering. Negatives can be
quickly converted to a printing
plate.

Previous use. Cathode-ray tubes
have previously been used in text
displays, but only where printed
output was not needed. And the
displays have been limited to a rel-
atively small number of characters
of a single size and style. Two sys-
tems have been used; in one a short
sequence of instruction for each in-
dividual letter directs the electron
beam to trace the outline of that
letter. In the other a mask or sten-
cil with the letters cut out shapes
the beam by passing it through the
appropriate part of the stencil; the
beam is then deflected to the
proper point on the screen. Either
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way, the display is limited to one
particular shape of the letter gener-
ated by the instructions or cut into
the stencil.

Present-day electronic tvpeset-
ting techniques are generally lim-
ited to automatic hvphenation and
justification (margin-straightening)
using tvpesetling machines cen-
trolled by computer-generated pa-
per tape.

Simple to use. To use the new
technique, an operator types on a
keyboard in much the same way as
on a standard typewriter. The new
program can display text in any
alphabet, simply by assembling the
patches in the proper order for the
characters desired. The program
can also display musical scores,
line drawings, mathematical equa-
tions, or any other graphic output.
With this technique, the “tvpe”
can be “set” for a printed page
much faster than by anv other
method, and the printing plate then
made from the photographic nega-
tive by conventional techniques.

Bell is working on clearer dis-
plavs of more shapes, and on a
special-purpose computer for op-
erating the display. Eventually it
may be possible for a reporter to
file a news story, editors to edit it,
and the printing plate to he made
for it, without once writing it on
paper.

Avionics

The radar gap

At 4:18 pn. on Saturday, Trans
World Airlines Flight 42 bound
from San Francisco and Eastern
Airlines” 3:30 shuttle from Boston
were just two of almost a hundred
blips on the radar scope in the air
route control center at John F. Ken-
nedy International Airport. The two
blips were on a collision course,
but nobody in the control center
was concerned. According to the
flight plans of the planes, they were
separated in the air by 1,000 feet of
altitude which doesn’t show on the
two-dimensional radar. At 4:20 p.m.
the blips met; but one blip even-
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WHERE THE WEDGE-ACTION*IS!

These contacts provide the highest confidence
level ever established by an electromechanical relay

Electro-Tec's wedge-action contact design has been proving
itself for over 8 years in 6PDT operations — establishing a
dry-circuit confidence level of 90% based on a failure rate of
only .001% in 10,000 operations. It's been available for over
a year for 2PDT operations. Our new Y2-size crystal can
wedge-action relay will be available soon in production quan-
tities. In all wedge-action relays, each precious-metal contact
combines a long contact wipe area with a high contact force.
This combination gives you low, low contact resistance, stable
within 15 to 20 milliohms over 100,000 operations. It gives you
extreme shock, vibration, and acceleration immunity. Gives
you a critical-application relay that outperforms spec. require-
ments. (Test data available on request.) Competitively priced.
*U. S. Patent No. 2,866,046 and others pending

Request Literature on Wedge-Action Relays

2PDT MINI-WEDGE @

SLIP RINGS ¢ RELAYS o SWITCHES

P.O. BOX 667 ¢ ORMOND BEACH, FLA.
(904) 677-1771 o TWX 810-857-0305

Manufacturing facilities: Ormond Beach, Fla. - Blacksburg, Va.
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how to convert
resolver and synchro angles
to digits
(and vice versa)

North Atlantic now brings you a new family of solid-state analog-to-digital and
digital-to-analog converters for resolver and synchro data. They offer a major advance
in conversion accuracy in modern navigation, simulation, data processing and meas-
urement systems.

Typical of these new instruments is the Model API-5450 shown here. It provides
both continuous and command conversion of both resolver and synchro angles,
accommodates all line-to-line voltages from 11.8 to 90 volts at 400 cps. Output data
is in decimal digits and is presented both as a Nixie-tube display and a five-digit
printer output with supplementary print command. Accuracy is 0.01° and update
time is less than 1 second.

All instruments in this family are designed to MIL-T-21200 and feature all solid-
state circuitry and precision transformers—there are no motors, gears, or relays.
Their flexible plug-in modular circuit design permits a wide range of variations to
suit your specific requirements. For example:

w 18 bit or 10 second accuracy
and resolution

w binary, BCD, or decimal
inputs/outputs

m multiplexed channels

= multi-speed inputs/outputs
w high conversion speeds

= other signal frequencies

Your North Atlantic representative has complete application information. He'll be
glad to help you solve interface problems in measurement and data
conversion. Simply call or write.

NORTHEH ATLANTIC industries, inc.

TERMINAL DRIVE, PLAINVIEW, L. I, NEW YORK e OVerbrook 1-8600
®
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tually disappeared—and U. S, com-
mercial air service suffered its 15th
midair collision in the past 16
vears.

No 3-D radar. In the aftermath
of Saturday’s crash, the question
again arose why the Federal Avia-
tion Agency does not have three-
dimensional radar to warn ground
controllers that assiencd altitude
separations have vanished. It was
a familiar question because it had
arisen five vears carlier in 1960
when TWA and United  Airlines
planes collided over Staten Island,
N. Y, killing 134 people.

Right after that accident, the
FAA rushed work on 3-D radar,
building a giant 14-storv antenna
to test a svstein designed by Max-
son Electronics Corp. in Great
River, N. Y. But that effort died be-
cause the svstem could not measure
altitudes closer than 1.000 feet, the
minimum separation between
planes the FAA will permit,

As a result, FAA quietlv dropped
its plans for 3-D radar, claiming
that no svstem was accurate
enough. Instead, it adopted a pro-
gram of installing beacon trans-
ponders that transmit altitude in-
formation and aircraft identification
in digital form to the ground.

Only for jets. The FAA’s svstem
is scheduled to be operational hy
1970. Today. only jet aircraft carry
beacons, and not nntil 1969 will all
jets have the kind compatable with
FAA’s svstem. The Eastern plane,
a piston-powered Constellation car-
ried no beacon.

When the FAA dropped its pro-
aram in 1961 to install 3-D radar,
its experts believed that controllers
had to have altitnde information
with an accuracy greater than radar
could provide. The controllers
wanted to measure altitude separa-
tions as small as 100 feet, but the
smallest even the best military
height finders could measure was
1.000 feet. Even the best 3-1 radar
developed for the military could
distinguish a separation of only 500
feet.

At the time, radar accuracy and
speed of coverage were limited by
mechanical antennas. Today, elec-
tronic scanning with phased arrays
may supplv the agency’s required
accuracy at a speed it wants,
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HI-VOLTAGE:.....

TRS 3C1LC
TO -5 PACKAGE

For camplete specifications
I N D U S @O contact any Industro

distributor or

sales office

TRANSISTOR CORPORATION
35-13 36th Ave., Long Island City, N. Y. 11106 - Phone (212) 392-8000

REPRESENTATIVES: Argus Associates, Inz., P. 0. Box 68, Warminster, Penna., 215-675-4131 « Castronics, Ltd., P. C. 296, Cownsview, Ontario, Janada, 789 4664 -

Dorado Elec. Reps., 13615 Victory Blwd., Van Nuys, Calif., 213-872.4124 « Geartner Associates, Inz., 235 Lincoln Road, Miami 3each, Fla., 305-521-0200 « Al dubert
Associates, P. 0. Box 143, Brockline Nass.. 02145, 617 CO 2-0027 « ). R. Sales Eng'g Co., 6446 W. Bloomingdale Ave., Chizago, Ill., 312-88%.6662 « Machine &
Products (Esropean Export), 52 Wall St., New York, N.Y. WH 4-43%0 « Melvin Sales, 113 Camino Real, Millbrae, California, 415-697-6922 s« Paclard Associatss, 6434
Maple Averue, Dallas. Texas. 214-357-5013 « W. ), Stulgis Co., nc., 698 W. Crockett St., Seattle, Washington, ATwater 2-7370 + Western Elect. Componenss 4301
Birch St.; hewport Beach, Calif., 714-54G-1322 « White Sales Co. P. 0. Box 8432, Minneapolis, Mimnesota, Y429-5710 R

Electronics | December 13, 1665




Searching for Clues to
Microcircuit Reliability?

Measure circuit temperature.

Excessive temperatures rob a microcir-
cuit’s reliability end performance. But you can
track down microcircuit “hot spots” non-
destructively and without contact with a Barnes
Infrared Micrcscope, a unique tool for study-
ing microcircuit performance.

There’'s a Barnes Infrared Microscope for
practically every measurement situation. It's
easy to use — features simultaneous viewing
while measuring — direct temperature readout
—1Y%°C temperature sensitivity at ambient. It's
ideal for checking circuits of low power dissipa-
tion and handles target areas down to 0.0003
inch in diameter toc.

Choose the Barnes microscope with an
infrared detector matching your requirements,

Batnes

En’gineering Company
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Need microsecond response for high speed
scanning, and measuring thermal transients?
Use a cooled infrared detector in a stainless
steel dewar. Gives 8-hour operation without
attention. Troublefree life. How about special
flexibility at lowest cost? Try our unique ther-
mistor bolometer detector. Works without
coolants. Operates anywhere, at any angle —
even upside down.

With a full line of accessories and scan-
ning stages, Barnes has the right Infrared
Microscope to improve your microcircuit's
reliability. Better investigate these new tools
today. Phone, write or TWX our Product Sales
Department for further information and a
demonstration.

30 Commerce Road e Stamford, Connecticut 06902
Telzphone: (203) 348-5381 o TWX: (203) 327-0B40
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APPLIED R & D: Air Products total response literally begins
here — at modern, recently expanded research and develop-
ment laboratories, where scientists, chemists and engineers are
assigned to projects ranging from explorations for improved
products and processes of the future . . . to solutions of current
customer problems.

In cryogenics — the science of the supercold in which Air
Products continues to play a major pioneering role — typical
projects extend from development of improved systems for pro-
duction, distribution and storage of cryogenic liquids and gases
...to more efficient and economical methods for Air Products
customers to utilize these products. Still other projects are
aimed at investigating and developing totally new dimensions
of technology and service to our customers.

From these efforts have come such key developments as:
Oxy-fuel lances — pioneered by Air Products — that promise to
double steel production rates ... Special oxygen processes for
the copper refining industry . .. High-purity annealing gases that
protect and improve the quality and versatility of steel and
other metals ... Special applications of gas atmospheres in float-
glass manufacturing processes ... Development of a complete
line of specialty gases...The world’s most advanced liquid
nitrogen in-transit food refrigeration system . . . N,-ON-SITE
automatic plants to supply ultrahigh purity nitrogen.

m

DESIGN AND ENGINEERING: Height-
ened creativity in design and engineering
is a key aspect of Air Products response
to the demands of rapidly advancing cryo-
genic technology.

Moving from initial concept to final de-
tailed specifications, Air Products design
and engineering groups tailor their efforts
to the individualized requirements of each
customer.

Dramatically illustrating the creativity
factor involved in these projects is the
frequent need to develop entirely new de-
sign concepts for component equipment
that would otherwise be unavailable.

Successful development of such com-
ponents, and their optimum integration
into total systems, is greatly facilitated by
Air Products depth of experience in oper-
ating its own nationwide network of indus-
trial gas production plants. Each plant
figuratively serves as a “field laboratory”
in which new design concepts can be test-
ed under day-to-day operating situations.
This experience proves invaluable in de-
signing the equipment or systems that may
serve your future requirements.

TOTAL RESPONSE by ¥t /Rodicls ...
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FABRICATION AND CON-
STRUCTION — Translating en-
gineering concepts into phys-
ical components and systems
presents a major challenge to
corporate versatility. A chal-
lenge to which Air Products
responds with a quarter cen-
tury’s experience in fabricat-
ing equipment for its own and
customer use. Many exclusive
fabrication techniques devel-
oped by Air Products testify
to outstanding competence in
the manufacture of equipment
ranging in size from the minia-
ture to the massive.

Complementing this fabrica-
tion capability is proven lead-
ership in construction of major
plant facilities for the produc-
tion of industrial gases. Crit-
ical-path scheduling and other
computerized programs opti-
mize work flow during succes-
s ve stages of construction, re-
ducing costs and assuring on-
time start-up.

PLANT OPERATIONS - Techno-
logical and safety factors require
outstanding competence in the op-
eration of a modern cryogenic proc-
ess plant. This level of competence
is exemplified by the trained operat-
ing teams that provide reliable prod-
uct supply from industrial gas pro-
duction facilities operated by Air
Products.

In each instance, Air Products op-
erating capability gives an added
measure of confidence that critical
supply commitments will be met. In
addition, the availability of highly
skilled operating personnel meets
the demands of increasingly auto-
mated equipment — with resultant
maximization of plant efficiency.

Safety, a prime requisite in all
phases of cryogenic technology, is
a further by-product of the skills of
Air Products operating specialists.
Continuing feedback of information
and data from each Air Products
plant facility creates, in addition, a
vast knowledge-reservoir drawn
upon by all Company groups in fully
satisfying customer needs.

MAKES THE DIFFERENCE

- - -
PRODUCT DISTRIBUTION — Nerve center
of Air Products distribution network is a com-
puter-control center. Here, distribution spe-
cialists program each customer’s product
demand patterns, relate total requirements
to plant production, and schedule rail and
highway transports for optimal product dis-
tribution.

Though seemingly complex, this computer-
controlled response has been refined to
standard operating procedures that provide
product availability when and where needed.

Economy, another vital aspect of Air Prod-
ucts distribution leadership, is underscored
by the world’'s most modern fleets of tank-
trucks, tank-trailers, and railway tank-cars,
for the deliveries of bulk quantities of lique-
fied gases. Cylinder trucks and tube trailers
distribute gaseous products.

Operating from Air Products nationwide
network of production plants and distribution
centers, these rolling fleets make on-time,
every-time deliveries to meet your every in-
dustrial gas requirement.




GASES IN TONNAGE QUANTITIES: Air Products — pioneer of the on-site concept of industrial gas
production — builds a cryogenic production facility at or near the customer’s location . . . economically
supplies gases in tonnage volumes via direct pipeline,

GASES IN BULK QUANTITIES: Small to medium volume demand for industrial and medical gases is
most economically supplied by bulk liquid deliveries to storage units installed on your property by
Air Products. Liquid content is automatically vaporized and drawn off as a gas when needed. In addi-
tion, tube-trailers provide bulk deliveries of gaseous product.

GASES IN CYLINDER QUANTITIES: To customers requiring gases in cylinder quantities, Air Products
means assurance of full-line product selection. Nationwide fieets of cylinder trucks and trailers speed
deliveries of these gases from Air Products production plants and distribution centers. Added value: An
Air Products analysis of your gas applications, and programming your most economical supply pattern.

RARE GASES: Deliveries of argon, neon, krypton and zenon — in the quantities and purities you re-
quire—are backed by the famed Air Products service that helps customers select and apply gases most
efficiently and economically.

ANNEALING GASES: Air Products has adapted its on-site production leadership to the tonnage-volume
supply of hydrogen and ultrahigh purity nitrogen gas mixtures that protect and improve the quality
and versatility of steel and other metals.

SPECIALTY GASES: Air Products proprietary techniques in gas blending — plus the industry’s most
advanced quality control program — underscore a line of more than 100 specialty gas products includ-
ing: research gases, gas mixtures, calibration gas standards, doping gases, zero gases, biomedical
gases, and industrial and forming gas atmospheres.

ALLENTOWN, PENNSYLVANIA



Military spending
expands budget. ..

... slowing progress
on Nike X system. ..

... and keeping rein
on NASA spending

Washington Newsletter

December 13, 1965

The war in Vietnam has ruined President Johnson’s efforts to hold this
fiscal year’s spending below $100 billion. Government outlays in fiscal
1966, ending next June 30, will be $5 billion to $7 billion higher than
the $99.7 billion total originally projected. The President is likely to seek
as much extra spending as possible in the current year, through supple-
mentary appropriations, to take some of the inevitable pressure off what
is shaping up as an enormously tight budget for fiscal 1967.

Military spending alone for fiscal 1966 will climb between $3 billion
and $4 billion from the $49 billion that was estimated last January.

The big question now is the size of the additional buildup that John-
son will announce in January when he makes his requests for spending
for 1967.

Unofficial expectations are that, for 1967, military costs will climb
yet another $3 billion to $4 billion, to $55 billion. Minimal additional
increases in what is being called a “lean” and “disciplined” budget should
push the over-all total to a record $110 billion.

So 1967 will not be a year for initiating programs.

It is increasingly likely, for instance, that the government will back
away again from a clear-cut commitment to build and deploy the Nike
X antimissile missile defense system. President Johnson and Defense
Secretary Robert S. McNamara must reach a decision soon in drawing
up a new defense budget for submission to Congress next month.

But the rising cost of the Vietnam war and the inflationary potential
of increasing government spending generally are known to be causing
Johnson serious concern. These two problems are strong arguments
against approval for production of Nike X now, particularly since there
is such controversy both inside and outside the government on the need
for the system.

The expectation is that production will be postponed for another
year, or that only a modest start will be made so as not to constitute a
firm commitment to eventually build the entire system. McNamara has
long indicated doubts about how effective Nike X would be against a
Soviet attack and about the high cost—$20 billion—for such a defense.
But he has shown considerable interest in a more modest version, costing
$6 billion to $10 billion, for protection against a Communist Chinese
missile threat.

Now, however, approval of even this less-ambitious system appears
doubtful because of the budgetary climate. As a reflection of this, Nike
X advocates have begun to talk up a still more limited possibility—a
pinpoint defense system to protect the United States’ intercontinental
missile sites. The problem is the high cost of tooling up to achieve such
limited production.

Similarly, the National Aeronautics and Space Administration’s budget
for fiscal 1967 will be held tightly to programs already under way. That
is the word coming out of conferences now being held by NASA and
the Bureau of the Budget. NASA wants a $5.6-billion budget for fiscal

51



Research projects
to be catalogued

Bigger civilian role
for science weighed

52

Washington Newsletter

1967. The Budget Bureau wants to hold it to $5.1 billion.

NASA has planned to start a round of post-Apallo programs in fiscal
1967 as funding for current programs begins to taper off. This is con-
tingent, however, on the agency’s keeping its over-all budget at the
$5.3-billion level, at which it has been running for the past couple of
years. Now, NASA sources say they are not sure whether the White
House will approve any of the new programs. NASA has definitely been
told that there will no across-the-board long-range money; funds must
be earmarked for specific projects to stand a chance of approval.

The major program NASA wants to start next year is Project Voyager,
to land unmanned instrument packages on Mars by 1971. The estimated
cost is $1.5 billion. Congress authorized $48 million this year for study
purposes, but hasn’t officially approved the program in its entirety. Such
approval would require $150 million to $200 million more in next year’s
budget. NASA also wants to move forward on programs to extend Proj-
ect Apollo, whose goal is to land men on the moon by 1970. The space
agency won’t know for two to three weeks which of these will be
approved, if any.

Whether NASA’s budget for fiscal 1967 dips slightly below this year’s
level or not, spending during fiscal 1967 will hold at about $5.6 billion,
about the same as this year’s because spending lags behind new appro-
priations and contract-letting.

The attention of government specialists in handling scientific and tech-
nical information is beginning to turn to the need for information on
projects that are still under way; earlier efforts concentrated on com-
pleted projects.

The Federal Clearinghouse for Scientific and Technical Information
will begin publication early next year of a catalog of all current physical
research, both basic and applied, supported by the government.

The listing, to be distributed to industry twice a month, will come
out of the Smithsonian Institution’s Science Information Exchange,
which already has a catalog of about 12,000 projects.

For internal, research-management purposes, NASA is seeking pro-
posals by Dec. 20 on an automated program-management and informa-
tion system. The program will give NASA the ability to call any current
research projects out of the system for a look or for meshing with other
parts of the space program. NASA also has an agreement with the
Defense Department under which the two agencies exchange reports of
research projects.

Are the United States’ scientific resources being “economically employed
to achieve our vital national goals”® A research subcommittee of the
powerful House Committee on Government Operations will begin hear-
ings on that question in January.

The subcommittee’s chairman, Henry S. Reuss (D., Wis.), agrees with
Gov. Edmund G. Brown of California and Sen. Gaylord Nelson (D., Wis.)
that a national effort might be justified, applying research-and-devel-
opment techniques to water, sewerage, transportation, crime and civilian
industrial technology.
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Did you ever wish someone
would combine the
best cleaning features
of fluorocarbon solvents
and water detergents?

Someone did!

It's called FREON“T-WD 602.

FREON T-WD 602 solvent* is a clear,
stable dispersion of water in FREON'
TF that combines the cleaning power
of water detergents with the unique
properties of FREON fluorocarbon sol-
vents. It cleans organic and inorganic
soils at the same time...and cleans
better than water detergents alone.
Here's why:

Lower surface tension — Water has a
surface tension of 72 dynes per centi:
meter. With a detergent, this drops to
approximately 30. But FREON T-WD
602 has a surface tension of only 19.5
dynes' It easily penetrates even the
most Microscopic pores and crevices
to dissolve and wash away contami-
nants that water and detergents can
never reach...and its high density
floats particulate matter away.

Electronics | December 13, 1965

Quick drying—A system using FREON
T-WD 602 speeds up production.
Parts come out clean, dry and ready
to handle. No extra drying procedures
are needed.

Leaves no residue —Parts cleaned in
FREON T-WD 602 followed by a
FREON TF vapor rinse dry without
leaving any residue.

Can be re-used — You can renew the
FREON T-WD 602 bath just by letting
it settle, skimming off soils and re-
placing with an equal volume of water.

FREON T-WD 602 is ideal for clean-
ing complex assemblies where a com-

AUPIND s
i

“te g3 eav ot
BETTER THINGS FOR BETTER LIVING AL
... THROUGH CHEMISTRY

bination of organic and inorganic
soils exists. It is one of a group of
“tailored” solvents for special clean-
ing problems based on FREON TF. For
more information, mail the coupon.
*Process \position pateénts applied for

Du Pont Co.,, Room 3309-A

Witmington, Delaware 19898

Please send complete information on
FREON T-WD 602; [J the other FREON

“tailored” solvents. | am interested in

r
|
|
|
|
|
| cleaning
|
i
|
i
|
|
|
|

|
|
|
|

|

|
|

|
Company :
|

|
|
|
4

Name. __Title
Address __ _
City. State Zip
In Europe. mail to: Du Pont de Nemours International S.A
L *Freon Prod. Div.. 81 route de I'Aire, Geneva, Switzerland
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THREE NEW RTV SILICONE RUBBER DEVELOPMENTS

$

PRt e bbby l-}‘WH ft

RTV-7 foam for shock and vibration damping
at extreme temperatures

RTV-7 foams to five times its original volume to provide mechani-
cal support. Even at temperatures as low as —65°F or as high as
350°F, it retains the flexibility needed to absorb severe shock and
vibration . . . assures continuous protection for electronic compo-
nents and electrical apparatus.

Mixed with a curing agent, RTV-7 liquid silicone rubber foams
and cures on the spot. In 10 minutes flat. Density can be varied
to meet specilic requirements.

AUTHORIZED DISTRIBUTORS OF RTV INDUSTRIAL SEALANTS

ALABAMA CONNECTICUT INDIANA MICHIGAN (cont’d) NEW YORK

Argo & Company R. H. Carison Co., Inc. Hyaline Plastics Coro. Ren Plastics Inc. Punt, Inc.

Birmingham Greenwich Indianapolis Lansing 5Ioral FE:q{k ST

ueen City Rubber Co.

ARIZONA e e 10WA MAESOTA Buffalo

Electrical Specialty Co. Washington Plastic Supply, Inc. ppetogiZEOmpany Adhesive Products Corp.

Phoenix FLORIDA Des Moines Inneapolis New York

CALIFORNIA Gulf Semiconductors, Inc.  KENTUCKY R e, ol iy Eimbudlin Rubler G0,

Electrical Specialty Co. Coral Gables General Rubber & St. Louis Syracuse

Los Angeles Gl_Jlf Semiconductors, Inc. Supply Co. Régal Plastic Supply Co.

Etectrical Specialty Co. Winter Park Louisville Kansas City HIO

Seufhoan Franeiseo ILLINOIS MASSACHUSETTS NEBRASKA Clenaiang oer Co

R.v. Weatherford Co. Allied Radio Corp. Northeast Chemical Co. Regal Plastic Supply Co. Parkway Products, Inc.

Glendale Chicago Boston Grana Cincinnati 4
Federal Insulation Corp. neinnaty

COLORADO Chicago MICHIGAN NEW JERSEY OREGON .

Electrical Speciaity Co. J. ). Glenn and Co., Inc. F. B. Wright Co., Inc. Smooth-on Mfg. Co. Electrical Specialty Co.

Denver Chicago Dearborn Jersey City Portland

B e e T —— W B S e Y S ——————r e TR
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Ultra-high strength RTV-630.
slash it, flex it double...it never tears

By far the toughest two-part RTV silicone rubber ever
developed, General Electric’s RTV-630 has a tear
strength of 100 psi —die B. That’s more than twice the
tear resistance of any other RTV.

Three physical properties comparable to those of
heat cured rubber are the basis for RTV-630’s uncom-
mon toughness.

o [Hardness measures 55-70 durometer.

e Tensile strength registers as high as 850 psi.

e Llongation ranges hetween 300% and 400%.
The overall strength and durability of General Llec-
tric’s newest RTV are complemented by its superior
reversion resistance. By its rapid curing time. And by
its outstanding thick section cure capabilities.

Proven in Plastics Processing and
Flexible Mold Applications

Already used for prototypes and in extended runs for
plastic parts fabrication, RTV-630 has consistently
demonstrated superior performance under rigorous
production conditions.

PENNSYLVANIA

Smith of Philadelphia, Inc.

Philadelphia

Speck-Marshall Co.

McKees Rocks

TEXAS

Lawrence Electronic Co.

Dallas

Houston Industrial
Supply Co., Inc.

Houston

WASHINGTON

Electrical Specialty Co.

Seattle

WISCONSIN

R. ). Wittenburg Co.

Milwaukee
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In thermoforming reinforced plastic parts for space
vehicles, RTV-630 was successfully used as a male
punch die. Subjected to 5000 psi at 350°F, it has per-
formed more than six times longer than previously
used materials without any visible signs of fatigue or
deterioration.

In multi-cavity molding of epoxy parts for elec-
tronic modiles, RTV-630 molds lasted twice as long
as molds made with conventional RTV’s.

Now the toughest RTV in existence, RTV-630 also
promises to be important in other applications. In
potting and encapsulating. Molded functional parts.
Pressure bag and matched die molding of reinforced
plastics. Conveyor belts. And release coatings.

7 common properties of all G-E RTV silicone rubbers

® Ozone, weather and
age resistance.

® Strong bonds.

@ Excellent dielectric.

® Minimum shrinkage.

® Extreme temperature
resistance.

® Room temperature cures.

® Chemical resistance.

Ready-to-use RTV-102 cartridge pack
speeds production line sealing

Department, General Electric Company, Waterford, New York.

GENERAL @3 ELECTRIC

Circle 55 on reader service card

No catalyst, no mixing, no priming needed. RTV-102 sealant is
ready to go, ready to speed sealing jobs. Provides tough, flexible
rubber seals for radio chassis, terminal connectors, other electrical
and electronic applications. Ideal for hard-to-reach spots. Sets in
minutes. Cures in hours. Won’t sag, shrink, crack, harden or peel.

General Electric’s new cartridge pack comes with white (RTV-
102) and translucent (RTV-108) compounds. In six and 12 ounce
sizes for hand or air powered caulking guns.

For complete information on these newest G-E RTV compounds, ask your

nearest distributor as listed, or write to Section N12167, Silicone Products
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CLARE MILITARY-TYPE

Meet the most rigid design requirements..............

Circuit designers working to military standards
of reliability will find that CLARE Military
Type Relays are precise components of unusual
flexibility, capable of long-life operation under
a wide variety of contact loads. They offer the
designer exactly the relays he needs—standard,
extra sensitive, latching, miniaturized —with
sensitivity ranging from 40 to 250 mw. All meet

stringent requirements of shock, vibration and
linear acceleration, in ambient temperatures
ranging from —65°C to +125°C. Terminals
are designed for 0.2” grid spacing. Terminal
types include plug-in, solder hook, straight lead
and formed lead. Mounting styles may be plain,
side plate, stud or ear bracket. Relays are avail-
able with soldered or welded (W) cases.

Versatile Contact Capability « Gold-plated contact areas provide consistently low contact
resistance. Bifurcated contacts, with high contact pressures and overtravel for proper wipe,
provide reliable operation at high or low level.

Long Mechanical Life « Contacts and armature are only moving parts. .. obviating mechan-
ical failure and assuring consistent trouble-free, long-life operation.

High Sensitivity « Consistently high sensitivity (while still maintaining wide contact gaps
and high contact forces) is made possible by coils and magnetic parts of maximum size.

CLARE Quality « A continuous testing program, with feedback to product engineering,
quality control, and production functions, results in standard production relays of constantly
improving quality. It also provides reliability data of immediate value to the customer. Clare
Military Type Relays meet the rigid specifications of MIL-R-5757D ... plus the even more
stringent requirements of the Clare Quality Assurance Program.

F/ One-Coil LF Two-Coil LF SF//
FW One-Coil LFW Two-Coil LFW SFW

Contact Aftingement 2 Form C (dpdt)

2.0 amp res @

Contact Rating— 28 VDC, 25°C

.0 amp res @

2.0 amp res @ 28 VDC, 125°C Ve IRk

ol e o Osampren@  J6VDE 13i
TOTE 1.0 amp res @ 115VAC, 125°C e Tl B Cx e

115 VAC, 125°

Contact Rating —

{ 100,000 miss-free operations monitored at every
Low Level

10ua @ 10 mv. /| operation for a maximum drop of .5 mv.

Contact Resistance—

Before Life 50 milliohms max @ 6v, 100 ma

Contact Resistance—
After Life

Maximum Operate Time

100 milliohms max @ 6v, 100 ma

i aleligal e tmce) 5.0 ms 8.0 ms 6.0 ms 8.0 ms 5.0 ms
Nominal Must-Operate 100 mw 40-200 mw
Sensitivity 250 mw 50 mw (per coil) (Note 1) 160 mw
Nominal Operating 3.2-110vdc 3.2-54vdc
Voltage Rl s (continuous duty) (continuous duty) Ex3-1iTAvO S B
. . 35-10,000 40-9100 15-4400 35-10,000 40-3500
CelFEETe ohms ohms ohms (per coil) ohms ohms
ENVIRONMENTAL CAPABILITIES (Temperature Range: —65°C to +125°C)
Shock 1 65 65
(Y sine wave 11 +1 ms pulse) o 009 g g
125" double .250” double .125” double .250” double
Vibration amplitude or amplitude or 20 g amplitude or amplitude or
20 g (Note 2) (Note 2) 15 g (Note 2) 20 g (Note 2)

Linear Acceleration 100 g

1. SF and SFW Relays are available in four ranges of sensitivity—40-60 mw, 61-80 mw, 81-120 mw, 121-200 mw.

NOTES: J2. Whichever is less and depending on mounting style.
l3. 100,000 miss-free operations monitored at every operation for a maximum drop of 10% of source voltage.
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RELAYS

....with a wide range of
relay types built for
100,000 miss-free
operations!

F/FW* STANDARD

Non-polarized o Single-side stable ¢ Single coil operation
High speed relays with operate and release time of

5 ms max. Operate at a power of 250 mw approx. Have
mean mechanical life of 50,000,000 operations at 30

cps. Dimensions of Type F soldered enclosure are:

800" wide, .396” deep and .875” high. FW (welded)
enclosures are .900" high.

SF/SFW* SENSITIVE

Non-polarized ¢ Single-side stable ¢ Single coil operation
High-sensitivity versions of F/FW relays. Identical in
dimensions, similar in construction but capable of
operating as low as 40 mw. Four models available with
varying operating sensitivities (see Note 1, Table of
Electrical Characteristics).

lF/lFW* LATCHING

Polarized o Bi-stable ¢ Single or double coil operation
Magnetic latching relays. Dimensions identical to

Type F/FW relays. Two permanent magnets
incorporated in the dynamically balanced armature
provide latching forces to hold contacts 1n either

stable position. One-coil relays operate at approximately
50 mw, two-coil at approximately 100 mw per coil.

HFM/N/A TURIZED

Non-polarized » Single-side stable ¢ Single coil operation
Half-size relays with same dimensions as F/FW relays
except height (.410” max.). With standard 26.5 vde
coil, has resistance of 1250 ohms, must-operate
sensitivity of 160 mw and power requirement of

560 mw at nominal voltage. Also available with
special 26.5 vdc coil, resistance of 700 ohms, must-
operate sensitivity of 290 mw and power requirement
of 1000 mw.

*W indicates welded enclosures.

For complete information contact your
nearest CLARE Sales Engineer

CALL— NEEDHAM (Mass.): (617) 444-4200 « GREAT NECK, L.I. (N.Y.):
(516) 466-2100 « SYRACUSE: (315) 422-0347 « PHILADELPHIA: (215)
386-3385+ WASHINGTON : (202) 393-1337 - ORLANDO: (305) 424-9508 -
CHICAGO: (312) 262-7700 » MINNEAPOLIS: (612) 920-3125 « CLEVE-
LAND: (216) 221-9030 « XENIA (Ohio): (513) 426-5485 « CINCINNATI:
(513) 891-3827 » MISSION (Kansas): (913) 722-2441 . DALLAS: (214)
741-4411 « HOUSTON: (713) 528-3811 « SEATTLE: (206) 725-9700 « SAN
FRANCISCO: (415) 982-7932 . VAN NUYS (Cal): (213) 787-2510 -
TORONTO, CANADA: C, P, Clare Canada .Lid. » TOKYO, JAPAN : Westrex Co,, Orient
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Write Group 12N7°C.P.CLARE & CO.

3101 Pratt Boulevard Chicago, lll. 60645

CLARE

relays and related control components

Circle 57 on reader service card
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Great editorial is something he takes to a meeting
(What a climate for selling!)

Electronics magazine helps engineers make decisions.
It keeps a vital audience of technical men informed on
what is new, different and changing in their highly
complex world.

These key mren are influential in purchasing a
wide rangenf products and services. For example:
nearly 80% buy or specify electronic components;
nearly 80% buy or specify electronic equipment.

More than 65,000 engineér-subseribers here and
abroad depend on the great editorial of Electronics
to help them do their jobs effectively. They read Elec-
tronies carefully, and pass along their copies to
119,000* additional readers.

You can sell these important customers and pros-
pects when they are most responsive, by advertising
in Electrenices.

LE

Electronics

A McGraw-Hill Marke?-Directed Publicationl
330 West 42nd Street, New York, N.Y. 10036

SMEMBER: A)IDIT BUREAY OF CIRCULATIONS, AMERICAN BUSINESS PRESS



We want to thank

the microwave engineering
community for its
immediate and enthusiastic
acceptance of our new
Modular Microwave
Signal Generators &
Sources. Polarad
generator / source sales are
soaring, & everyone who
adopts the PEI modular
rack / stack (or “more instru-

mentation for your instrument
dollar”) Philosophy Becomes a
Logical Prospect for Modular
Spectrum Analyzers, Modular
SSB Analysis Systems, and the
World’s Finest RFI Equipment.
Want More Signal Capability per
Dollar?

World Leader in
Microwave
Instrumentation

Call Your Local Polarad
Sales Engineer or Call Us Directly
at (212) EX 2-4500 for a Demo

or a Quote.

Model 1107/1108

Signal Generators
3.80-11.0 GC

+3dbmto —127 dbm
(+10 dbm uncalibrated)

Source

0.95-2.40 GC

Varies from 50 to 320 mw depending
on frequency.

Source

1.95-4.20 GC

Varies from 50 to 230 mw depending
on frequency.

Sources

3.80-11.0 GC

Varies from 25 to 200 mw depending
on frequency.

Doublers

10.0-21.0 GC

0 dbm to —100 dbm; max. input
200 mw; conversion loss < 18 db.

Modulator

Sufficient level to modulate all modular-:
generators and sources.

Pulse, Square Wave & Sawtooth FM.
Pulse width: 0.2-10 usec.

Repetition rate: 10 to 10,000 pps.

Sync delay: 0 and 2- 2 000 ,usec

Phase-Lock Frequency Stabilizer
Stabilization of any oscillator—BWO,
VTM, or Reflex Klystron, up to 12.4 GC.

POLARAD

ELECTRONIC INSTRUMENTS

A Division of Polarad Electronics Corporation
34-02 QUEENS BOULEVARD
LONG ISLAND CITY, NEW YORK 11101

Circle 59 on reader service card



60

1 4
A |

e 8,
Lastitssbiinsdon ot 1i
12 i f{ i it W
H "'|"""'"|”“|"ﬂ' ?IM!
| Illlull. i 'N;:{l;ll‘l ll!l
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MTA molded electrolytics outperform
many metal case capacitors

MALLORY + S

MALLORY +
MaD‘ IN HSAJ

MALLORY +
MADE IN USA

The MTA is a different kind of
aluminum electrolvtic. Its plastic
case is molded in one piece around
the capacitor element. Its price is
exceptionally attractive. And its
performance and quality beat card-
board and plastic case miniatures,
and even many metal case models.
It’s already being used by leading
manufacturers of entertainment and
commercial electronic equipment.
Here are some results of evaluation
testing done recently.

Low temperature stability is good
for a miniature aluminum capacitor.
Capacity retention, even at —30°C,

is more than ample for most uses.

High temperature tests at 65°C and
at 85° C, show that DC leakage,
dissipation factor and capacitance
stability are comparable with much
higher priced units. DC leakage of
polar models is less than 0.03 micro-
amperes per mfd-volt.

Long-term reliability tests indicate
that the MTA may set a new
standard of value in its class. At
85°C, there hasn’t been a single
failure of any kind in 1 million
piece-hours of life test. At 65°C,
there has been only one failure in
214 million piece-hours.

% of initial Capacitance

-30°C -20°C -10°C 0°C +10°C  -20°C
LOW TEMPERATURE CHARACTERISTICS

CIRCLE 105 ON READER SERVICE CARD

Miniature 5-Watt Control

Only 34" in diameter, this Mallory
wire-wound control is rated 5 watts
at 35°C ambient . . . can be derated
linearly to zero watts at 105°C.

Resistance range is 1 to 25,000
ohms for non-linear tapers. Non-
linear tapers can be supplied on
order, with resistance range depend-
ing on taper.

Two styles are available: VW, with
3g” bushing and !4” shaft; and SC,
with 14 ” bushing and 14" shaft. Can
also bhe supplied in military types
as QVW and QSC. Special mounting

arrangements can be provided to
your specifications.

CIRCLE 106 ON READER SERVICE CARD

MOL Film Resistors
rated full wattage
at 70°C

We are now rating MOL metal oxide
film resistors for full wattage at
70° C ambient. Even at this new
higher temperature, these resistors
maintain the superior stability
which has made them the choice of
all major television manufacturers.

In a typical load-life test at 70°C,
1259, of rated load was applied on
a cycle of 15 minutes on and 15
minutes off. After 200 hours, resis-
tance change of 7-watt MOL
resistors averaged less than 5.

The MOL line has superior stability
on all counts. Temperature coefhi-
cient is only +250 PI’M/°C.
Humidity tests at 959 R.H. for
100 hours at no load showed less
than 0.049%, change in resistance.

A wide range of resistance values
is available in 2, 3, 4, 5 and 7 watt
sizes.

70°C

o
o

n
v

0
o

PERCENT OF RATED LOAD
o
[«]

O 50 100 150 200 250

AMBIENT TEMPERATURE (°C)
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DESIGNER’S FILE

P. R. MALLORY & CO. INC., INDIANAPOLIS, INDIANA 48208

MTPH tantalum capacitors
record zero failures
in 3,700,000 test hours

Quality control and long term test-
ing of MTPH miniature wet slug
tantalum capacitors shows a reli-
ability level amply high for the
most demanding applications. In
3.1 million piece-hours of testing
at rated voltage at 85°C, there have
been zero failures, either cata-
strophic or DC leakage degradation.

These capacitors are manufactured
in the same "white room” facilities
that we use for producing a similar
line for Minuteman 11 for Autonetics
Division of North American Avia-
tion. Reliability programs under
Minuteman specifications have
been in eontinuous operation at this
facility for over two years.

T'The MTPH has considerably higher
rating per unit volume than other
wet slug, solid or foil tantalum
capacitors. Maximum C-V product
ranges up to 170,000 mfd-volts per
cubic inch. Tts small case size makes
it applieable for use with thin films
and integrated circuits. Ratings are
from 450 mfd, 6 volts to 6.8 mfd,
50 volts; case sizes are 0.115” dia.
by 0.400", 0.145” dia. by 0.590",
and 0.225" dia. by 0.775".

CIRCLE 108 ON READER SERVICE CARD
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‘““Zero defects’” program
produces high-reliability
Certified Mercry Cells

One of many inspection operations on the Mallor);Certified Cell line.

For battery applications where
maximum reliability is required,
such as implanted heart pace-
makers, we are producing Certified
Mercury Cells in a special, com-
pletely separate manufacturing
facility. The Certified Cell line,
unique in battery manufacturing,
uses the most advanced methods of
screening and quality control to
assure ‘‘zero defects’’ output. Of
the many thousands of cells pro-
duced on this line, there has not yet
been a single report of premature
failure. As a result of the Certified
Cell program, the mean life of cells
used in heart pacers has been in-
creased by about 509.

All manufacturing operations are
performed by trained technicians.
Every ecomponent...anode and

cathode pellets, containers, seals...
is individually tested and pre-
selected and only those which come
within tight limits of optimum
specification values are used.
Fall-outs are discarded and not
re-worked.

Complete physical and electrical
tests are made on each cell during
and after assembly. Complete test
data are kept in permanent record
for each production lot. Each ship-
ment is individually certified to
have been produced to the highest
level of quality that is possible
under the present state of the art.

A broad range of Mallory Mercury
Cells can be supplied under the
Certified Cell program.

CIRCLE 109 ON READER SERVICE CARD
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SPECIrTUm analysis

withyour @™ osciloscope

provides phase lock
and 100 MHz dispersion

phase lock — Permits stable displays at 1 kHz/cm
dispersion by locking the frequency of the RF local oscil-
lator to the internal 1-MHz crystal-controlled reference,
or to an external standard frequency.

calibrated dispersion — screen width calibrat-

e . ed from 1 kHz/cm to 10 MHz/cm in 1-2-5 sequence

aF CENTER FREQ

iF
O5HTION. ATTEN 4B

VERTICAL

o " ny:c'" ru:’ ‘ ‘
- ) | permits direct readings of displayed frequencies. For

y F’_&%/ | (@ ease of operation, resolution is coupled to dispersion

= @ T and varies from 1 kHz to 100 kHz. Can be uncoupled for
. Y

1 optimized displays.
o N p play

. * | @~
DISPERSION ren,
:

on
T L@
20 s
.

L)

K———"
DiSPERSION AANTE ———— PHASE LOC!
O A »

dlsplay flatness — =1 dB over 100 MHz dispersion.

recorder output — A front-panel connector pro-
vides a dc-coupled analog output of the spectral display
for chart recorders or other uses.

o veATICAL
DiggaA Y

1 R
Type 1L20 Type 1L30

10 MHz —4.2 GHz | 925 MHz—10.5 GHz
110 —90 (-dBm) 105—75 (-dBm)

With Phase Lock, less than 300 Hz
on fundamental.

ri ——_. .
other characteristics

Frequency Rang;

Minimum Sensitivity
Incidental FM

TYPE 1L20 TYPE 1L30

Dial Accuracy

IF Attenuation |

IF Gain

Display i

(2 MHz 1% of rf input frequency)

51 dB =-0.1 dB/dB in 1-dB steps
>5()78I3, variable

Log, linear, square law, video

925 MHZ : ][]5 GHZ Price ' $199500 | $1995.00

Type 3L10 for Tektronix 560-Series Oscilloscopes provides 1 MHz to 36 MHz spectrum
analysis capability.
U.S. Sales Prices, f.0.b. Beaverion. Oregon

10 MHz - 4.2 GHz

These new spectrum analyzer plug-in units can be used in
all Tektronix oscilloscopes that accept letter-series plug-
ins. They provide a rapid and accurate method for display
and analysis of energy distribution over a wide range of
frequencies. Type 1L10 with similar features covering fre-
quency range from 1 MHz to 36 MHz also available.

#

For more information or a demonstration, call your Tektronix field engineer.

Tektronix, Inc.
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Lodex*, General Electric's new permanent-magnet material, can be
formed economicelly into the precise shape and size for your appli-
cation.

Expensive form grinding or high-temperéture treating are eliminated
because this material is pressed into its final shape.

Lodex magnetic material consists of elongated single-domain par-
ticles dispersed in a lead matrix. This makes it possible to produce
magnet shapes to extremely ciose physical tolerances and to maintain
close magnetic uniformity.

Lodex magnetic material is already being used in many products:

Battery-powered Motors—provices the stator field flux for truly
portable appliances such as automatic movie cameras or electric
tooth brushes.

Hearing Aids—is contributing to miniaturization of newer hearing aids
by providing a force field for diaphragm movement in a compact pack-
age.

Precision Meters—provides uniform magnetic fields in the air gap,
making it especially suited for core meters.

Reed Switches—provides highiy uniform magnetic performance with
high-density packaging.

Other applications include automotive speedometers and gauges,
speakers, relays, thermostats, microphones, timing motors, and light
meters. There are many others.

Contact your G-E Sales Engineer to discover
how this innovation in magnetic materials
can help solve your design and application
problems. Magnetic Materials Section, Edmaore,
Mich. 731-03

*Trademark of the General Electric Company.

GENERAL 3 ELECTRIC
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CEC goes all-out
with temperature instrumentation

Long noted for its leadership in the
measurement fields of pressure, velocity
and acceleration, CEC has now ex-
tended its capability even further with
the release of a broad line of precision
temperature transducers and signal
conditioning equipment.

These advanced instruments include
Thermocouple Temperature Probes,
Thermocouple Reference Junctions,
Integral Bridge Resistance Temperature
Transducers, and Precision, Single-Ele-
ment, Platinum Resistance Temperature
Transducers.

All of the above readily meet the most
stringent industrial and military speci-
fications, and all are fully compatible
with the specialized requirements of
modern instrumentation systems. For
unique applications requiring non-
standard equipment, CEC can also
furnish custom-designed components or
complete instrumentation systems to
comply with specialized temperature
measurement requirements.

-
gy

PN -
=y ———

— W

Precision Thermocouple
Temperature Probes

CEC Precision Thermocouple Temper-
ature Probes are manufactured from
premium-grade thermoelectric materials
and highest quality hardware. Their
rugged design and precision construc-
tion assure the greatest practical
accuracy, making them the logical
choice for laboratory, industrial, field
and airborne applications where tem-
peratures of gases or liquids are to be
measured, monitored or controlled.

64 Circle 64 on reader service card

Type 8-302 Thermocoupie Reference Junction

The 8-301 and 8-302 are basically the
same tvpe of Thermocouple Reference
Junction. The bridge circuitry of both
is similar to that used in CEC’s high-
precision, full-bridge resistance ther-
mometers. They are available for use
with all commonly supplied thermo-
couple elements.

They share other common advantages,
too. A sealed, anodized aluminum hous-
ing provides protection against 100%
humidity and altitude environments,
enabling them to withstand the stresses
encountered in missile and airborne
applications. And, a copper sleeve over
the compensator assembly assures uni-
form temperature throughout the bridge
assembly, thus virtually eliminating
transient error.

They differ in type of electrical connec-
tions, in voltage requirements and size.
The 8-301 contains its own internal
regulator and operates from an unregu-
lated 28 v d-c power supply. The 8-302
uses a precise, regulated 10 v d-c power
supply, weighs less than 6 ounces and is
self compensating.

Type 4-550 Integral Bridge
Temperature Transducers

CEC’'s Integral Bridge resistance
temperature transducers contain all
electrical circuitry required to produce
direct voltages proportional to the tem-
perature being measured. These probes
combine a four-arm bridge, as well as
the sensing element, in the thermometer
stem, thereby providing a linear voltage
output without drift. Transducers for
immersion in both hquids and gases are
standard. and all designs can be casily
modified to meet user requirements for
temperature range, immersion length,
mounting provisions and electrical
connector.

Type 4-502-0001 Resistane
Temperature Transducer

The Type 4-502-0001 is a wire-wound,
four-terminal. strain-free, open-element
platinum transducer. With a range of
—320°F to -500°F, it is designed for
highly accurate temperature measure-
ments of liquids, gases and cryogenic
fluids. Construction features include
coils that are wound on platinum tubes
to minimize thermal strain cffects, and
a non-inductive coil that prevents the
sensing of stray field effects.

For all specifications and facts about
CEC's new family of precision tempera-
ture measuring instruments, call or
write for CEC Bulletin Kit #7064-X8.

CEC

Transducer Division

CONSOLIDATED
ELECTRODYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRIEDBERG (HESSEN), W. GERMANY

Electronics | December 13, 1965



There's not even the hint of a “miss’™ in this
A-MP* Patchcord Programming System!

Patchcord Programming Systems are comprised
of a series of metallic contact junctions. The
electrical performance of these systems is de-
termined by the sum of the mechanical properties
of these junctions.

Check ours out . . . feature by feature .. . and one
fact is outstanding: it's quality-built at every point
for overall reliable performance.

Ours is a modern, compact, lightweight system
designed with fewer moving mechanical parts and
is quality-controlled to maintain precision toler-
ances, resulting in increased reliability.

All contacts are gold-over-nickel plated. This,
coupled with our patented double-wiping action
that pre-cleans contact springs and patchcerd pins,
assures positive, reliable connections everytime.

Twin-Detent Patchcords, in manual ar semi-
permanent types, incorporate a specially
designed, wholly contained spring-member that
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locks the cord to board and prevents program
failure by accidental dislodgement. Patchcords
can be easily hand-removed to facilitate program
changes.

As for rear board wiring, precision crimped
LANCELOK* contacts provide maximum electrical
performance and positive retention in the board
through a unique locking lance design.

These are just highlights. All of them add up to
the quality you look for to assure reliable per-
formance. Get all the details you need by writing
today for complete information.

*Trademark of AMP INCORPORATED

R N e N e e e ] B h
: : INDUSTRIAL }
| | SALES |
] INCORPORATED ) DIVISION i
!_Ez:'risburg, Pennsylivania ! _!
A-MP* products and i ing i —?re_ '—‘—lz)uz—h_‘fj:—_'—in:

Australia o Canada ¢ £ngland e France ¢ Holland o Ifaly e Japan ® Mexico @ West Germany
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GUDEBROD LACING TAPE CAN

SAVE YOU MONEY-

SPECIAL
FINISHES
SPEED HARNESSING

Gudebrod hasLacing Tape
that almost laces itself—

the worker guides it in-
stead of having to fight it.
Work goes fast!

 BETTER
HARNESSES
~FEWER REJECTS

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

WORKER
SAFETY
APPRECIATED

Gudebrod Lacing Tape is

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

GUDEBROD
CABLE-LACER
another money saver

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

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

FOUNDED IN 1870

Area Code 215, WA 2-1122

UDEBROD BROS. SILK CO,,INC.

% 12 SOUTH 12th STREET,PHILADELPHIA,PENNSYLVANIA 19107

66 Circle 66 on reader service card
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INTERROGATOR

PNP SILICON TRANSISTORS—76 TYPES IN 9 PACKAGES

Question: Why not PNP in your design plans?

Greater efficiency, greater reliability, overall savings.

A broad line of PNP SILICON POWER TRANSISTORS is available, from 8.75 watts
to 85 watts of power capability, in a wide variety of package types. BVceo ratings
range from 40 volts to 120 volts, with saturation resistances as low as 0.3 ohms
@lc = 1Amp., and minimum hre of 10 @ Ic = 3 Amps., and 20 @ Ic — 1 Amp.
These PNP types can be used as complements to Silicon Transistor Corporation’s
existing NPN silicon power transistors, and are supplied in the 2N3163 through
2N3208 series, and also in other series custom-designed to meet specific require-
ments. To satisfy virtually any power circuit design, these characteristics are
available in the following packages: T0-5,7/16”D.E.S., T0-8, T0-37, T0-53, 11/16”
D.E.S., T0-3, and the isolated collector versions of the T0-53 and 11/16” D.E.S.
For more information, be the interrogator yourself—and question.

(3% SILICON TRANSISTOR CORPORATION

EAST GATE BLVD., GARDEN CITY, NEW YORK 11532, 516 Ploneer 2-4100. TWX 510-222-8258

REGIONAL OFFICES:

CHICAGO, ILL. 60625, 5555 NORTH LINCOLN AVE., 312-271-0366-7, TWX 910-221-13C4
LOS ALTOS, CALIF. 94022, 1 FIRST ST., 415-941-2842.
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Questions and Answers. PNP.

C\;)Jﬂ::é:r Use Current* Max. Current TYEE
Vepo-Volts  'cAMPS  lg-Amps 10-61 1053 103
10 3.0 2N3163 2N3167 2N3171
o 20 50  aN3175  2N3179 2N3183
a0 50 2N3187  2n31el 2Nalss
e 30  2N3164  2N3168 2N3172
6 20 5.0 n3176 2N3180 2N3184
30 50 2n31ss 3192 2N3196
i 10 30 2N3165  N3169  2N3173
Ts0 20 50 2N3177 2N3181  2N3185
30 50 2N3189 2N3193  oN3le?
T 0 a0 N3I66  2N3170  oN3174
160 2.0 5.0 2N3178 2N3182 2N3186
T30 so0 2N3190  2N3194  2N3198

“Use Current: That collector current level at which the gain and saturation
voltages are specitied

Circle 67 on reader service card 67



New Micro-Miniature Pre-Punched In-
sulating Board and Terminals — New
Micro-Vectorbord is perfect as a holding
matrix for making cordwood modules,
and for mounting integrated circuits
and discrete components. Dense small
hole grid patterns and micro-miniature
Push-In terminals, connectors, etc., per-
mit high component densities. Made of
epoxy glass in 4 grid patterns: 1/64”
1/32” thick. Copper clading if required.
Frames for stiffening and mounting in
card guides. Plugbords with edge
mounted Miniature Elco Varicons
available 9-52 contacts spaced .05 cen-
ters.

Patent pending )

New Expandable Cases — New extrud-
ed aluminum Frame-Loc Rails are now
available in wide size range to make
sleek handsome circuit cases (or chassis)
virtually any size or shape. Longitudinal
grooves accommiodate circuit boards on
various center spacings. Circuits on
etched cards requiring RFI shielding,
or those employing bulkier components
can be readily packaged. Complete
“RF tight” cases with or without mount-
ed shielded connectors, or case parts
only are available with all hardware
for plug-in rack, or chassis mounting.

SOLID
COPPER SHEET

UNPUNCHED
EPOXY ~-GLASS

\—“VECTORBORD
Pre-Punched Terminal Board

Patented

Copper Covered Sheets of Holes —
COPPCO Vectorbord utilizes un-
punched sheets of 2 oz. copper bonded
to pre-punched insulating board with
an adhesive liner of thin unpunched
epoxy glass. The result is a sheet of
holes with an unperforated copper sur-
face. The inherent utility of pre-
punched holes is immediately available
tor terminals or component leads below
the unpunched copper and glass liner
lavers. Yet holes never interfere with
etching conductor paths or arcas wher-
ever required. Available off-the-shelf on
one or two sides of epoxy glass Vector-

bord.

Patent pending

Solderless Side Entry U-Clip Terminal
— New Solderless U-CLIPS with less
than .002 ohms resistance for instant
“Iush-In” use in 1/16” or 3/32” holes
for testing or breadboarding circuits
and components. A unique “side entry”
slot for component wires is uncovered
by finger pressure on a plunger permit-
ting leads to be conveniently “laid in”
rather than threaded through the ter-
minal. Contact reliability is achieved
by the possibility to criss-cross leads
over a 270° range. Terminals may be
used again and again.

w

New Do-lIt-Yourself Resist Patterns
for Etching Prototype Circuits in
Minutes — New pattern sheets of
Vector’s Rub-On-Resist have lines from
1/64” to 1/8” and transistor pads for
05" and .1” center-tq-center layouts.
Easy-to-Use Vectoresist eliminates
sticky tapes and photographic tech-
niques for making prototype etched
circuit layouts. Junctions do not under-
cut in ctching because application pres-
sure fuses joining pieces. Kit 27XA
($5.95) has 1 all-purpose Vectoresist
sheet and everything else except hot wa-
ter for making 2 etched circuit boards
in minutes.

Vectorize your breadhoarding
and profit 3 ways!

SPEED — With Vector hardware ex-
perimental circuits are assembled in
minutes . . . without soldering.

DELIVERABILITY— Prototypes made
with Vector hardware are handsome
enough to deliver for customer approval.

SAVINGS —Experimental circuits made
with Vector hardware can be quickly
disassembled and the low cost compo-
nents used over and over without
clean-up.

beloe @

ELECTRONIC CO., INC.
1100 Flower Street, Glendale, California

AR
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December 13, 1965 | Highlights of this issue

Technical Articles

Off-the-shelf integrated
circuits for versatile
and accurate timer:

page 70

Special Report

The new push for technical
leadership: page 77

When you're second, you
try harder: page 81

Japan seeks its own route
to improved IC techniques:
page 90

Bidding for world
leadership in solid
state microwave:
page 99

After a lull, numerical
control is enjoying new
popularity: page 106

Manual process control
makes way for computers:

-
-

More and more engineers are finding that it is cheaper to use
oft-the-shelf integrated circuits, particularly if the equipment
is digital, than discrete components. In a precision timer for
space applications, IC’s saved time and money and made the
finished product more reliable.

Japanese technology

The Japanese are not content with following U. S. technology.
Today, most companies are stressing rescarch, even though
they still depend heavily on government laboratories and uni-
versities for basic studices.

In onc decade, Japan’s semiconductor industry has become
the world’s sccond largest. But quantity is not its only accom-
plishment. The Japanese have developed some unusual de-
vices and interesting ways to use semiconductors jn circuits.

Though the integrated circuit work started only 1S maonths
ago, the Japanese have made great strides to catch up with
U.S. technology. After developing digital devices for com-
puters, they shifted emphasis to linear units because there
is greater potential in the products most important to Jap-
anese clectronics producers.

With the densest microwave network in
the world, the Japanese have much to gain
by going to solid state systems. Every city
in Japan has a skyline of microwave an-
tennas. For our cover, we zeroed in on
one, with Tokyo as a background.

Electronics

Sales in numerical control doubled this year. There’s a pref-
crence for less expensive, point-to-point systems. Finding
applications is more important than designing systems.

Worried by rising labor costs, many Japanese are looking
to computer control to run plants in steel, chemical, petroleum,

page 110 paper, cement and electric industries. Two concepts are direct
digital control and integrated hierarchies.
Coming = First European electronics market report
December 27 = More on error control in communications

= Processing radar optical signals
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Solid State

Off-the-shelf integrated circuits
for versatile and accurate timer

Monolithic diode transistor logic circuit chosen to meet stringent

requirements for airplane and spacecraft applications

By Alvin A. Lampell

Airborne Instruments Laboratory,
Division of Cutler-Hammer, Inc., Deer Park, N.Y.

As the availability of digital integrated circuits in-
creases, engineers rely less on custom-made cir-
cuits. They are learning how to fit off-the-shelf IC’s
to system requirements. As a result, they are saving
time and money.

For example, the engineers at Airborne Instru-
ments Laboratory faced the problem of designing
an accurate and versatile spacecraft timer that met
stringent requirements. They chose IC’s and the
timer met the requirements with high reliability.

The primary goal of the laboratory, a division of
Cutler-Hammer, Inc., was to develop a prepro-
gramed source of delays ranging from 2 seconds to
10 minutes or more. But the specifications also
called for a minimum accuracy of repeatability of
99% (the time delay obtained with a specifie dial
setting should be repeated within 1% if the setting
is changed, then reset) and a maximum variation
of 5% for delays up to 60 seconds for temperatures
ranging from —20° through +70°C. With these
requirements in mind, the engineers were required
to cull carefully the available commercial IC’s.

Signetics circuit used

The unit finally selected was a monolithic diode

The author

Alvin A. Lampell is in the

special projects section of
Airborne Instruments Laboratory's
space systems department. He
joined Airborne in 1959.

70

transistor logic circuit, the SE124G, manufactured
by Signetics Corporation. The SE124G, a flip-flop
cirenit, is packaged in a ten-lead flat-pack, approxi-
mately Y4-inch square and ';-inch thick.

The timer circuit, comprising three SE124G in-
tegrated circuits and 22 discrete components, is
on page 71. As shown by the dotted lines, one or
two of the integrated circuits can be eliminated if
a narrower range of time delays is aceeptable. Ad-
ditional IC’s provide longer delays. For example,
four IC’s provide delays up to 20 minutes; five pro-
vide delays up to 40 minutes. Adding IC’s to the
basic 3-IC system also increases the time span over
which variations from temperature changes can bhe
held to 5%. With 4 IC’s, the limit is 2 minutes; with
5 IC’s, it’s doubled.

In one application, the timer IC’s, the signal-
processing input circuitry and the signal-receiving
output circuit are housed in a single module shown
on page 71. Most of the equipment’s IC cases (cach
Vs-inch square by Y-inch thick) are stacked and
welded to form a cordwood assembly for com-
pactness. The module is potted with an alumina-
filled epoxy to improve its ability to withstand
shock, and to assure improved temperature distribu-
tion through the entire unit. Only about one-third of
the space in the module is occupied by the timer
IC’s and their associated discrete components. The
timer unit measures 13-inch square by l-inch
high, but because of a 1-inch potentiometer protrm-
sion, the total depth is 2% inches. The photograph
on page 71 shows a small module, within the
larger module, which contains timer IC’s plus other
IC’s not associated with timing. A second small
module, also within the larger module but not visi-
ble in the photo, contains other non-timing IC’s.
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OUTPUT CIRCUITRY
CONNECTIONS

INTEGRATED .PRECISION
CIRCUIT
MODULE - POTENTIOMETER
{TIME DELAY
TEFLON BASE VARIED BY
TURNING)

&

Timer package also includes components and integrated
circuits not associated with the timing function. The
timer circuitry occupies oniy one-third of the package.

Operation of the timing circuit shown below
starts with a negative-going pulse (pulse chang-
ing from -4 volts to slightlv-above-ground voltage)
applied at the input designated “set.” This sets all
three of the flip-flop integrated-circuits to zero. The
base of Q,, an n-p-n transistor, becomes more nega-
tive, Q, turns off and Dy is back biased.

A constant charging current is supplied to C,
by the constant-current generator circuit consisting
of Qa, Ri, Re, Ds (IN643) and R; (resistor R; is a
1,000-ohm potentiometer). As a result, the voltage
across C; increases lincarly with time until the
voltage at the emitter of Qs, the unijunction tran-
sistor, is sufficient to turn it on. The rate at which
C, is positively charged is determined by the setting
of the potentiometer, R;. As the potentiometer arm
is moved toward the +24-volt-connection point,
the voltage on the base of Q. increases, the charg-

OUTPUT +4v +12V +24V

NV

Ry R3
2000 33,000

ing rate decreases, and the delay increases.

After C, has been sufficiently charged, Qs is
triggered and C; is rapidly discharged through Ry,
Ry and the emitter-to-base-one junction of Q. Tran-
sistor Q is turned on by the conducting unijunc-
tion transistor and supplies a pulse to 1C., changing
its flip-flop seting from the zero to the one state.

As the discharge current from C, flowing through
Q. decreases, Q; drops out of conduction. Capacitor
C, starts to charge again and the entire cycle is
repeated.

For a delay system with n IC’s in the feedback
network, 2" charging cveles are required to obtain
the desired delay interval. In this case, two inte-
grated circuits are being used, therefore C; must be
charged and discharged four times before C; turns
on, ending the delay period.

At the end of the sccond charging cycle, the
pulse supplied by Q, changes the IC. flip-flop cir-
cuit from one to the zera state and the IC; flip-flop
circuit goes from the zero to the one state. At the
end of the third cvcle, IC. changes from the zero to
the one state. Finally, at the end of the fourth cvcle,
the pulse supplied by Q, changes both IC. and IC;
from the one to the zero state, causing IC; to
change from the zero to the one state, and thereby
turning on Q,. The conducting Q,, in turn, clamps
C, to ground.

An expression for the current supplied to charge
capacitor C, can be derived by examining the base
circuitry for Q. which is in the diagram on page
73. Once this current is known, the time re-
quired to charge C; can be determined. The portion
of the circuit to be replaced by a Thévenin equiva-
lent circuit is inside the box formed by the broken
lines. The same circuitry is shown in the center
diagram where the Thévenin equivalent circuit is
represented by R,

The Thévenin equivalent resistance, R.,, is actu-
ally three resistances, R;, (R, — R,), and Ry in

+24V R,
1000

+12V +12V

+4v

Ds
1N643

Ré
10,000

4 Rsg Q3
£D300 = 100 2N2422A
A g
T 60uf
Rg %
100
L T
-2
IC3 =3 j ICZ
SE1246 0 @ | sef2a6
| ——— cP

| f

Timing circuit provides delays up to 10 minutes. If shorter delays are satisfactory, one
or both of the integrated circuits (shown connected with broken lines) may be eliminated.



parallel. The expression for R, is

Rk, — R,
I( PD -) (R‘)
R, = =* 1
€g Rr.(Rp - Rr) + R ( )
R, ’
where R, = total potentiometer resistance, and
R, = resistance between potentiometer and the

+12-volt supply.

Because R.(R, — R,)/R, is equal to or less than
500 ohms and R, is much larger than R, (in this
case 10,000 ohms) equation 1 reduces to

R(Ry — R.)
o @)

Using nodal analysis, the Thévenin equivalent
voltage for the portion of the circuit contained
within the broken lines on page 73 is:

Ry, =

l: (24 —R12)Rz 412 — V,_]l()()()()
oL 3)
10000 + PelFr = £

P

where Vy is the forward voltage drop of diode Dj.
Using the same approximations that led to equa-
tion 2, equation 3 reduces to

(24— 12)R,
= R,

The equivalent circuit on page 73 represents
the charging circuit for capacitor Ci. The current
flowing in this circuit is the emitter current of
transistor Qz

T (%)
b + (Rerl" 6)

where Vg = Qs base-to-emitter voltage and 8 =
Q> current gain.

For the 2N2605, g is tvpically equal to or greater
than 50 at a temperature of 25°C and a collector
current of 10 microamperes.

Because Rs is much greater than R/, equation
5 can be rewritten as

_:—)—':1’ = V’Ii’lzv o 1'.eq

Ve

+12 -V, (1)

I, =

= 6
I, R (6)
From equations 4 and 6
o[ (@ -12)R, _ ]
o R O
R;

Since Vi and Vi are approximately  equal
throughout the entire operating temperature range,
they effectively cancel. Eliminating Vi and V., and
substituting R, 40,000 ohms, 1. I./a, and
V, equal to (12 R,/R;) —12 in equation 7 vyiclds

o4 | e
fors . R . 9= Ve

40,0000 40,000
where 1. is the collector current of Q. and also the
charging current for C;, « is the Q. current gain in
a common-base circuit. Vp is substituted in the
cquation solely to make the equation easier to
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handle. The subscript P denotes that V. is a func-
tion of the potentiometer setting.

The circuit is designed so when Q, conducts,
capacitor C; charges until its top electrode reaches
a voltage which is sufficient to trigger Qs, the
unijunction transistor. The charging current is the
output of the constant-current generator, given in
equation 8.

The charging circuit

A simplified representation of the charging cir-
cuit is on page 73. The voltage across the ca-
pacitor is given by the expression

1 Le(t)
c /’i“/l (9)
Ifl‘(()+)

Solving equation 9 yields
I1t/Cy = E(t) — E(0%) (10)
where E.(t) is the voltage across C; after a time t
and E.(07) is the voltage initially across C,.

The initial voltage across Cy is
E(0%) = Vpa+ Veorsan + TR, (11)
where Vi, is the voltage drop across D, and
Versar 18 the saturation voltage for Q.

Since the maximum value of 1. is only ahout
0.3 milliampere, the IRy product will be no more
than 0.03. This is small enough to permit dropping
the I.R, component from equation 11. Therefore,
the expression for E.(0*) is simplified to
E(0%) = Vpi + Verisan (12)
Unijunction transistor

The voltage required to turn on the unijunction
transistor is given by
Voo = Visn + Vp (13)

The following definitions apply to the equations
given above:

Ve =

Vop» = peak-point (turn-on voltage)
Ve = total base supply voltage
n = instrinsic standoff ratio (ratio is constant
with temperature and Vg, variations)
Vp = forward voltage drop for unijunetion
diode.

The current that flows in the charging circuit
of C, must be greater than the peak-point current
(the current at which the unijunction transistor is
triggered). It must also be less than the sustaining
current so the unijunction transistor will turn ofl
after it is triggered. In this circuit, 1, should be
greater than 20 microamperes—the peak-point cur-
rent (the current at which the unijunction transistor
is triggered). It must also be less than the sustain-
ing current so the unijunction transistor will turn
off after it is triggered. In this circuit, 1. should
be greater than 20 microamperes—the peak-point
current for Q;—but less than 8 milliamperes, the
sustaining current.

The unijunction-transistor portion of the timing
syvstem is also depicted in the circuit on page 73.
This is the arrangement to be used if one integrated
circuit is employed. For longer delays, Ds and Ry
are added to the circuit to provide a reliable refer-
ence voltage to which C; discharges.
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+24V

Rs
40,000

To provide an expression for delay time, equa-
tion 10 can be rewritten
_ [E() = E(0)] C,

'y
Since the voltage across C, is cqual to V,,, when
Q; fires, V,,, = E(t). Therefore, from cquation 13,
E.(t) = Vppy + Vp. From equations 8 and 12
[( Viern+Vp)—( VD:;'*‘_"YCE(SA )] C1 (40,000a)
2% — V,

t (14)

t =

(15)
The unijunction diode voltage drop, Vi, is ap-
proximately equal to the sum of V3 and Vegsan).
Equation 15 reduces to
VBR"? -
= /
i Vg — Vp s
where K; = 40,000C; and V., = supply voltage.
Using partial derivatives to account for the vari-
ations due to changes in Vg, V., « and V,

/
- - Q4 ; ‘ B ho =3
Al = /\,1[( YVS”_ ].Po )Al [;/;‘{‘( VS”—- ‘.Po >Aa
VHIM(Y
|:< (VSo" V'l’o/2 >:| [AVSO_A" D:| (17)

where the subscript 0 indicates time t,.

A 60-microfarad capacitor was chosen for Cy;
this value is adequate for the time delay range
required. The capacitor exhibited a positive linear
temperature coefficient between —53 to +85°C. A
slight improvement in the accuracy of the timer can
be obtained if the 40,000-ohm resistor R; has a
negative temperature coefficient to offset the effects
of temperature changes on C.

The vahie of o for Q. varies with temperature
and is typically from 0.995 through 0.98. The value
of the standoff ratio » for Q; is typically between
0.62 and 0.75.

If the +24-volt and +412-volt power supplies
have I-percent variations and « varies by 0.015,
t will vary by about =5 percent.

Separate +4-volt and —2-volt sources are re-
quired to bias the integrated circuits. The circuits
could be operated with applied voltages of -4
volts and ground, however the units would then
be less immune to noise. If a slight increase in
package size is permissible, the 4-4-volt supply
may be obtained from the +12-volt supply by

(16)
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+24V Base circuitry for Q. in the

timer circuit on page 71

is shown in diagram at

Rs left. In the center diagram

40,000 the base circuitry has been
replaced by a Thevenin
equivalence resistance and

Vge FOR Q2  voltage. The constant
current supplied to charge
Req C, is generated by the
Req circuit shown at the right.
8
Veq Veq
100 +12v
—A\/V\,
Ic— | Rg
Q3
CONSTANT
C)CURRENT *1 eouF 100
GENERATOR T ¢ Rg
CHARGING CIRCUIT L

Unijunction-transistor stage: capacitor
C, is charged until the firing voltage for the
unijunction transistor is reached.

means of a zener diode. This would not affect the
timer accuracy.

There is a practical limit to the maximum time
delay obtainable with the basic circuit (excluding
IC- and IC,). Repeatability also decreases rapidly
as the leakage currents of C, and Dy approach the
level of the charging current L.

Components  with low-leakage characteristics
should be selected for C; and Dy. In this applica-
tion, an RL series capacitor, made by International
Telephone and Telegraph Corp., with a d-c leakage
current of 0.4 microamperes at 25°C and 1.2 micro-
amperes at 125°C was selected for C,. For Dy, a
FD300 diode made by the Fairchild Semiconduc-
tor Division of the Fairchild Camera & Instrument
Corp. was selected. The FD300 has a leakage cur-
rent of only three microamperes at 150°C with a
reverse voltage of 125 volts. To further minimize the
effect of the leakage currents, the timing system
should be designed for a minimum value of charg-
ing current.

Resistors Ry und Rg protect transistors Q, and
Qs, respectively, from current surges; R limits
the base current of Q, to a safe value. Variable
resistor, R;, is a ten-turn clock-face potentiometer,
model number 3600, manufactured by Bourns, Inc.
If the space requirement had been more critical,
the Bourns model 330, a microminiature potenti-
ometer, could have been used. In this case, some
repeatability accuracy would be sacrificed.

The timer system has been employed in several
airborne applications and has provided the 99%
repeatability desired. In one application, it has been
slightly modified to generate linear sweeps for
display.
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Circuit design

Designer’s casebook

Modified decade counter
eliminates components

By Phil Ward

Texas Instruments, Inc., Dallas, Tex.

Because the binary-coded decimal counter shown
below has no capacitively coupled feedback cir-
cuits, it increases the operating speed of the cir-
cuit. By using a simple wiring change and adding
a single diode, Ds, the circuit returns to its initial
state at the count of 10 rather than 16. The modi-
fications are shown by the heavy lines.

Designer’s casebook is a regular

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

The wiring change involves breaking the trigger
input lines on stage 4 and connecting side A to the
2° output of stage 1, and side B to the 2% output
of stage 3. Negative-going trigger pulses from stage
1 do not affect stage 4 until it has been flipped by
a negative-going pulse from stage 3.

Stage 4 is flipped for the first time at the count
of cight, and causes the counter to hold the binary
number 1000, In this count, stage 4 has the 1 out-
put. The ninth pulse forces the 2° output of stage
1 to go positive and makes the counter read 1001.
Therefore the circuit operates as an ordinary binary
counter up to and incliding the count of nine.
While the circuit is holding the count of nine, the
1 output of the fourth stage, through diode s,
reverse-biases the trigger gate of stage 2 so that
it will reject the next pulse from stage 1. How-
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Decimal counter operates at the maximum repetition rate of the flip-flop stages. Heavy
lines in the schematic indicate the changes that have been made in the basic circuit.
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ever, the tenth pulse still forces the output of stage
I to reset to 0, and this negative pulse rescts stage
4. The outputs of stage 1 to 4 now read 0000 and
the binary-coded decimal cvele begins again.
This method of advancing the count reduces the
number of circuit components. It also permits the
binarv-coded decimal counter to operate at the
maximum repetition rate of the basic flip-flop and

its trigger circuit. Decade counters which use ca-
pacitively coupled feedback require time delavs to
allow the feedback pulses to advance the connt
properly and to permit transient counter states to
subside. This circuit uses no feedback pulses so no
transient counter states occur. The only eritical re-
quirement is that the collector load resistors, Ry, be
small compared to the trigger circuit resistors, R..

SH&

Tunnel-diode sensor protects

regulator from short circuit

By Jack Takesuye

Motorola Semiconductor Products, Inc., Phoenix, Ariz.

Short-circuit protection, excellent regulation and
fast response to changing Toad conditions are pro-
vided by the series regulator shown below. With an
input voltage ranging from 30 to 40 volts d-c, the

output at a full load of 3 amperes will be held to
within 99.05% of 28 volts. With an input voltage
of 353 volts, and a load current varied from 0
through 3 amperes, the output voltage will be main-
tained within 99.85% of 28 volts. When switching
from half-load to tull-load, the response time—the
time for the output voltage to return to within 10%
of its initial value—will be less than 4 microsec-
onds.

The basic circuit, at the right in the schematic,
is subject to short-circuit overload. Under normal
conditions, output voltage is requlated by the series
pass-transistor, Q,. The drive for Q, is obtained by
sampling the output voltage of the regulator with
the voltage divider R;, Ry and Ry This sampled
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Regulator includes an overload circuit—to protect the series pass-transistor, Q,,
against damage from short-circuited loads—and a delaying network to prevent oscilla-
tions when connected to a capacitive load. The network does not increase the response

time under varying load conditions.
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voltage is compared to the reference voltage pro-
vided by the zener diode D,. The difference between
the two voltages is amplified and drives Q, to mini-
mize the difference. If the output terminals are
short-circuited, Q, is driven fullv on in an attempt
to maintain constant output voltage.

Under these conditions, Q; will operate at maxi-
mum collector-to-emitter voltage and collector cur-
rent, and can be damaged from excessive heating
or secondary breakdown. If secondary breakdown
does occur, Q; cannot be protected by fusing be-
cause transistor failure may occrr i a few micro-
seconds; the fuses will not open guickly enough.

To protect Q, from damage, an overload-sensing
circuit consisting of tunnel diode 1, and transistor
Q., is used to trigger a monostable multivibrator,
which removes the drive from Q. This turns oft
the regulator circuit untit the multivibrator resets.
If the overload still exists, the regulator is again
turned ofl. This type of protection would be ade-
quate for resistive loads, bnt for large capacitive
loads, the surge current charging the capacitor also
would cause the overload protective circuit to turn
the regulator off. It the capacitor is discharged by
a shunt load, the overload would trigger again after
the regulator turned on. This could result in a
low-frequencey oscillation. To eliminate this prob-
Iem, the drive to the series pass-transistor can be

applicd stowly, minimizing the surge current. How-
ever, a simple RC-delaying network would degrade
the response time (full to half load) of the regulator.

To slowly apply drive to the series pass-transistor
and maintain good response time of the regulator,
the delaving network is added to the circuit. The
voltage to drive Q, builds up slowly because C,
must be charged through Ry and Rs. This results
in a slow-rising voltage at the collector of Qy and
minimizes the surge current when the regulator is
turned on. Once the capacitor C; is charged, diode
D. is back biased and decouples the delayving net-
work from the regulator circuit; therefore, no loss in
response time is noticed from full-load to half-load
steps.

Potentiometer Ry in the overload protection cir-
cuit is adjusted to turn off the regnlator when the
load current exceeds 3.5 amperes. This keeps the
load line within the safe limit of the operating char-
acteristics of the series pass-transistor, Q.

The overload problem in series-regulator voltage
supplies can be solved by many unique circuits.
Various factors such as cost, reliability and per-
formance determine the type of overload protection
that should be used. The protective cirenitry in this
design increases the reliability of the series-reg-
ulator supply without degrading its perforimance
capabilities.

Isolating transistor
improves one-shot

By Jozek Kalisz

Institute of Nuclear Research, Warsaw, Poland

Several improvements in one-shot multivibrator
performance are obtained by adding transistor Q,
as in the circuit at the right. The triggering cir-
cuit is isolated from the timing circuit, allowing
the duration of the output pulse to be fully inde-
pendent of the input pulse amplitude. In the con-
ventional triggering method, shown by the com-
ponents in the dotted lines, a 50% change in pulse
duration may occur as trigger amplitude is varied
from one through eight volts.

Another improvement is that the minimum trig-
gering voltage is reduced from 0.25 to 0.1 volts.
Furthermore, the circuit provides increased input
impedance while reducing recovery time. Fast re-
covery is obtained by allowing C, to discharge
through the low-impedance, base-to-emitter path
that appears when Q, and Q. conduct. Isolating
the trigger input from the timing-circuit R.C, also
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Trigger inputs at the base of Q. are isolated from
timing elements R.C., reducing the pulse-width variations
and improving trigger sensitivity and recovery time.

reduces the variation in output pulse width caused
by temperature, because Ry and temperature-sensi-
tive diode D, no longer shunt R..

Except for the addition of transistor Q,, the cir-
cuit has the same number of components as a
standard one-shot multivibrator.
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Japanese technology

The new push
for technical leadership

No longer content with improving on U.S. developments,
Japanese engineers are now stressing research. One
reason is the increased cost of labor

By Lewis H. Young
Editor

In 1960, when this magazine last took an in-depth look at electronics in Japan [Electronics,
May 17, 1960, pp. 53 to 100], we found an industry built abmost entively on cheap labor.
Research was meager. The principal products were low-priced transistors, components
and radios. The best customers were bargain stores.

Today’s vibrant Japanese industry is growing as rapidly as anv in that country. IHigh-
speed production lines spew forth television sets, radios and tape recorders, and workers
apply the private brand names of American electronics manufacturers as well as such
American retail giants as Sears, Roebuck and Co. and Montgomery Ward & Co. Silicon
transistors are slowly appearing, and engineers are installing facilities to produce inte-
grated circuits.

But the biggest change is the new accent on research. At company after company,
engineers talk about developing new concepts, rather than improving on American tech-
nology. Money, long scarce, is beginning to arrive from surprising places: The Bell Tele-
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phone Laboratories, for instance, is financing work
at the University of Tokyo on time-division elec-
tronic switching for telephone exchanges.

A glamor industry

Electronics” importance to the Japanese economy
is far greater than one would guess from its annual
sales of $2.5 billion to $3.0 billion. The technology
offers Japan everything she needs in order to attain
her national goals:

s Economic growth. The electronics industry is
expanding nearly 15% a year, and that’s just a
start. With relatively little capital necessary, com-
pared with steel or chemicals, electronics com-
panies are springing up all over the country and
existing concerns are constantly adding facilities.

s Exports. Despite a vear-long recession, exports
of semiconductors, components, radios, television
sets, tape recorders and microwave equipment
continue to climb, bolstering the country’s balance
of international payments. Record sales have been
reported by the Sony Corp., which exports 63%
of its production; also by the Nippon Electric Co.
and Sanvo Electric Co., other big exporters.

* Long-range potential. Although the United
States is Japan’s best customer, with Western
Europe a poor second, the new countries of Africa
and Asia have gargantuan appetites for communica-
tions equipment and consumer products, which are
Japanese specialties. These countries still lack
money to buy such goods, but the Japanese are
confident that they have the inside track for the
time when the demand materializes, Japan has al-
ready sold solid state microwave equipment to
Pakistan, Indonesia and India, and maintains good
relations with many of these new countries.

» Prestige. Because electronics is an advanced
technology, the Japanese think it can help them
attain the reputation of being an advanced coun-
try. After shutting themselves off from the rest of
the world for nearly 300 years, until 1850, the
Japanese became known as copiers when they
rushed to catch up. The desire to be considered
advanced—which approaches the dimensions of
an obsession in some quarters—is one reason the
Japanese grasp any new technological idea that
comes along, even if they sec no immediate appli-
cation or benefit. An example is the way Japancse
companies plunged into color television in 1960—
and, in many cases, were burned.

» Productivity. Electronics technology offers the
capability of developing the automatic control
equipment necessary to keep Japanese industries
competitive with those in other parts of the world.

Tough nut to crack

“To compete in world markets, Japan will have
to become a highly automated, high-efficiency pro-
ducer,” says Masahiro Shimizu, president of Ho-
kushin Electric Works, Ltd., a producer of in-
struments, process controllers and computers for
automation. Shimizu and other progressive execu-
tives recognize the nutcracker in which Japan’s

electronics industry is being squeezed.

From the south—Taiwan and Hong Kong—
comes the threat of cheap labor—the same asset
that Japan once used against the United States.
From the east comes pressure by the superior tech-
nology of the United States. But the Japanese fig-
ure to be a tough nut to crack.

Salaries in Japan have risen sharply in the past
five years—about 10% a year, with a 13% jump
in 1965. A production worker starts at nearly $168
a month if you add fringe benefits; that’s hardly
competitive with the $15 a month paid in Taiwan
or $30 a month in Hong Kong. And these increases
will probably continue.

Electronics technology in the United States is
still superior to Japan’s, but the Japanese have
been able to shorten development schedules by
using the results of U.S. experiments and omitting
the procedure that U.S. engineers had found to be
unproductive. Evaluating the current status of
Japanese electronics, Ichiro Isaka, chief engincer
of the Electronic Industry Association of Japan,
says: “In consumer products, Japan is number one
in the world because of its high production rates
and low costs. Our microwave equipment com-
petes on even terms with U.S. products. But we
are way behind in the study of integrated circuits.”

Being second to the U.S. in technology is more
than a matter of embarrassment to the Japanese.
It is expensive, because Japanese companies must
pay royalties to the U.S. owners of patents the
Japanese want to use.

Fujitsu, Ltd., is an exception because it will not
sign a licensing agreement with a foreign company.
This producer of computers, numerical control for
machine tools, components and semiconductors
prefers to develop its own devices and procedures
even though it may enter a market late as a result.
More typical, however, is the Nippon Electric Co.,
which has a long list of licensing arrangements:
with Honeywell Inc, for data-processing equip-
ment; with the International Telephone and Tele-
graph Corp. for connnunications equipment; with
the Western Electric Co. for telephone equipment;
with Varian Associates for microwave tubes and
linear accelcrators; and with the Fairchild Instru-
ment & Camera Co. and General Electric Co. for
semiconductor processes.

An American who has lived in Japan for many

Electronics makes the Japanese appear advanced.
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years noted another change recently. He said:
“When I first came to Japan in 1954, Japanese
consumer products were made badly. The only
saving grace was that you could get them repaired.
Today, Japanese appliances are beautifully made,
but when something goes wrong there’s nobody
to fix them.” Most good servicemen have given
up repair work for emploviment in factories where
they work shorter hours and carn more pay.

But clearly the biggest change is the new accent
on research. One of the greatest incentives to this
approach is the desire to become independent of
U.S. patents.

More development than research

The biggest deterrent to effective rescarch in
Japan is management’s inability to evaluate the
importance of such studies. Sanai Mito, managing
director of the Central Rescarch Laboratory at
the Havakawa Electric Co. explains: “Now com-
panies realize how important rescearch is, but we
are just half-way. Management is too hasty. Though
they claim they understand rescarch, they want
quick results. To get quick results vou have to go
into development work, not rescarch.”

As a result, the accomplishments of Japanese
laboratories are heavier on development than on
research. At Matsushita, Tetsujiro Nakao, senior
managing divector, puts the case strongly: “Devel-
opment is important, but if we ignore fundamental
rescarch we will be in trouble.” Yet the Central
Rescarch Laboratory recently completed the de-
sign of a home video tape recorder, a project more
akin to an engineering department than a research
fucility. Nako says his company spends about
3.8% of sales income on rescarch and develop-
ment; last vear’s sales totaled about $616 million.
“At least 15% of the total R&D budget is car-
marked for basic research,” he added proudly.

The growth of rescarch facilitics and the for-
mation of new ones in the past five vears, clearly
shows Japan’s intent, The list of expanded facili-
ties and new ones is imposing:

» Just four years ago Havakawa, which manu-
factures Sharp-brand tv sets, tape recorders and
other consumer products, organized its first central
research laboratory, even though the company itself
started in 1923.

= Sanyo Electric Co., another appliance maker.
officially recognized the importance of rescarch
when it chartered a central laboratory in Decem-
ber, 1961, after a small group had operated as a
technical department for three vears at the com-
pany’s headquarters. The laboratory  stafl  has
increased to 230 people and is expected to expand
to 300 as the proper personnel is found.

= The central research laboratory at Hitachi,
Ltd., has increased from 600 to 1,400 people over
the past five years—and is still growing. The pres-
ent goal is a staff of 1,500.

= In 1960, the research facility at Mitsubishi
Electric had 600 to 700 employees; today the num-
ber is 1,500.
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Management is still too hasty; can't wait for research.

Even though Japanese companies have increased
their expenditures for R&D dramatically, there is
still a serions shortage of funds for that purpose.
The Japanese recognize that they must compete
with the United States and bewail the giant appro-
priations for military and space research in Amer-
ica. By contrast, Japan’s space program is budgeted
around $7 million for 1965—and that is nearly dou-
ble last vear’s figure.

To stretch R&D funds, the government and
companies have evolved practices designed to mini-
mize duplication of effort. A lot of fundamental
rescarch is performed at government laboratorics,
and the results are available to all companies.

When word of a truly significant development
reaches Japan, the first research is likely to be done
at a government laboratory. In 1953, development
of numerical control for machine tools started at
the Government  Mechanical Laboratory  near
Tokvo. The first Japanese-designed computer was
built in prototvpe at the Electrotechnical laboratory.

Many microwave developments started at the
Electrical Communications Laboratory of the Nip-
pon Telegraph and Telephone Public Corp., which
the government owns. Much broadcasting equip-
ment has been designed at the rescarch laboratories
of Nippon Hoso Kyvokai, the government-controlled
Japan Broadcasting Co.

When developments are completed at a gov-
ernment laboratory the results are given or sold
to Japanese clectronics companies. Almost every
Japanese computer company owes its technical
start in data processing to the development of the
Mark IV computer, the first machine built at the
government’s Electrotechnical laboratory. A few
months ago, the Electrical Communications Labh-
oratory gave the solid state design for a 15-giga-
cvele microwave repeater, which had been designed
and tested at the laboratory, to the Nippon Electric
Co. to manufacture for the telephone company.

When a governiment lab charges a royalty, the
tee is often microscopic. Toshiba paid only $1,500
for the design of a two-tube color camera, devel-
oped by the research laboratory of the Japan Broad-
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casting Co., for televising the Olympics held in
Tokyo last autumn. The payment included technical
help in starting production.

Universities also help the Japanese to get more
research per dollar. Although government profes-
sors are prohibited from receiving payment for out-
side activities, many faculty members secretly ig-
nore the ban and work for private companies as
consultants, buttressing the technical effort.

There is a legal way to use the universities too;
it’s called a kenkyusei, or research student. A com-
pany can send a graduate engineer to a university
for one or two years to perform rescarch under
university supervision and take some courses. The
cost is $300 per year plus the student’s full salary.
This year, Tokyo University registered about 30
kenkvusei.

One complaint heard often about Japanese edu-
cational practices is that too much money is spent
on elementary and secondary schools and not
enough on colleges and universities. Japan can
boast of a literacy rate of nearly 100%, even though
the language is exceedingly complex with nearly
2,500 characters (compared with English’s 26).

In contrast, Japan’s colleges have unattractive,
rundown physical plants that are overflowing with
students. Even in new facilities, such as those
built to replace the bombed-out electrical engincer-
ing building at Osaka University, the structures
are stark and unadorned, with unpainted concrete
walls on the inside.

Changes in research

Because the facilities are so bad, most of the
research carried out at universities is theoretical,
requiring a minimum of equipment. At the Uni-
versity of Tokyvo, for example, sitting in a ram-
shackle frame building, Prof. Takashi Isobe studies
correlation techniques and pattern recognition. His
most recent work has been to develop a new
method of measuring the dvnamic characteristics
of a control system.

Across the campus, in a slightly sturdier build-
ing, Prof. Jin-Ichi Nagumo studies self-organizing
systems and learning machines, and develops sim-
ple devices for medical electronics, such as a
direct-coupled pacemaker.

But conditions are changing. More money for
experimental equipment is becoming  available.
Some of it comes from surprising places. The Bell
Telephone Laboratories, for example, is financing
work on time-division electronic switching at the
University of Tokyo. Money is coming from Jap-
anese companies too, as more of them are sending
their R&D staffs back to college to keep up with
American technology, because so many faculty
members have gone to the United States for grad-
uate study.

Despite Japanese efforts to husband their re-
scarch resources, there is still plenty of duplication.
The reason is that Japanese companies tend to
play follow-the-leader. Half a dozen companies,
for instance, are striving to develop continuous-
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wave Gunn-effect oscillators for microwave appli-
cations. Also, after word spread that the aggressive
Sony Corp. was building an electronic calculator,
two appliance makers—the Hayakawa Electric Co.
and the Yaou Electric Co.—rushed the develop-
ment of similar calculators too.

The greatest rescarch effort is going into inte-
grated circuits and electronic switching for tele-
phone exchanges. Still, a catalog of other Japanese
research is impressive.

At the Nippon Electric Co., which many Jap-
anese credit with conducting the best industrial
research in Japan, projects range from computer
developments to quantum electronics.

The NEAC L-2 computer, built at Nippon Elec-
tric’s Central Rescarch Laboratory, is the basis
of the company’s new model 500 commercial ma-
chine. It has a 10-megacycle clock rate and three
memories: wire, core, and a read-only “eddycard”
memory made of square holes in a copper plastic
sandwich. In the experimental machine, Nippon
Electric has built an index register of 15 words
with tunnel diode circuitry to increase speed. The
machine’s add and subtract time is (.5 micro-
second, with fixed-point arithmetic and 1.4 micro-
seconds with floating point; times for multiplica-
tion are 1.9 to 7.7 microseconds for fixed point
and 2.4 to 7 microseconds for floating point.

Most of Nippon Electric’s work with integrated
circuits (see p. 90 for a survey of all integrated-
circuit work in Japan) is being done at the com-
pany’s semiconductor division. But the lab is trying
to develop integrated circuits—double NOR logic
units—for delta-imodulation communication equip-
ment.

In another project, a researcher at NEC has
studied voice analysis and built a machine that ac-
cepts numbers, given orally, for dialing a telephone.

One of the Mitsubishi Electric Corp’s top-
priotity research projects is the development of
three-dimensional radar for Japan’s defense agency.
Savs one Mitsubishi engineer: “It’s the only devel-
opment we can give the U.S8.”

Details are classificd, and the company says
only that the svstem uses a phased-array antenna.
If it works, and the tests should be completed by
next summer, Mitsubishi’s system will be the most
accurate radar in the world and have the longest
range.

Matsushita’s Wireless Research Laboratory has
almost as many projects under way as the com-
pany’s Central Rescarch Laboratory. Tts emphasis
is on new materials and components. About a year
away from commercial use is a cubic boride mate-
rial for the recording heads of tape recorders. Its
hardness is 1,000 on a Vickers scale, compared
with 600 for ceramic materials; its permeability
at 100 cycles per second is 3,000, far better than
the 1,600 of ordinary head materials. Its one flaw
is a higher coercive force than that found in con-
ventional materials, so present work is aimed at
reducing this force, the company says.

Closer to production is a cadmium-sulfide p-n
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junction for photovoltaic cells. This material is
less expensive than silicon, which has been used
the same way, but cadmium sulfide’s efficiency
when generating power is slightly lower. Current
generated is 15 milliamperes per square centimeter
at 0.4 volt with a load and 0.5 volt on open circuit.

At Sanyo’s central laboratory, work on injection
clectroluminescence shows promise because Sanyo
scientists see a potential for high efficiency and
brightness in the single crystals of zinc telluride
which thev are using.

Despite the surge of recent research, Japan's
greatest strength still lies in her ability to perform
high-quality development of products based on
American technology. Visitors from the United
States continually find examples of ingenious en-
gineering. Last month at one of Sanvo’s labora-
tories, for example, an experimental silicon con-
trolled rectifier was controlling a refrigerator’s mo-
tor. Changing the frequency of electricity doubled
the running speed of the 40-watt motor, producing
the same cooling effect as with an 80-watt motor.

To assess the technical contribution of the clee-
tronics industry in Japan, the editors of Electronics
have asked several Japanese experts to report on
their specialties, emphasizing those developments
which are peculiarly Japanese. From these reports,
which appear on pages 81 to 112, an engineer can
assess Japanese technology. Those segments of
technology selected are:

1. Discrete semiconductor devices, which are
essential ingredients in most products (see below).

2. Integrated circuits, because the Japanese are
emphasizing linear devices and racing to catch
up with the United States (p. 90).

3. Solid state microwave, because the Japanese
have the densest networks in the world and hoast
that their equipment is as good as anvbody’s (p.
99).

4. Industrial electronics, because the Japanese
are pushing hard for automation to offset rising
labor costs. One report covers numerical control
of machine tools (p. 106); the other, process control
by computer (p. 110},

Japanese technology

When you're second, you try harder

In one decade, Japan's semiconductor industry has become the world’s second

largest. Pioneering engineers, a variety of un usual devices, and breakthroughs

in miniaturization techniques account for phenomenal growth

By Takuya Kojima and Makoto Watanabe

Electrical Communications Laboratory,
Nippon Telegraph and Telephone Public Corp., Tokyo

Large scale production of semiconductor devices is
the nucleus of the Japanese clectronics industry.
More than 400 million transistors were produced
last vear, making Japan’s semiconductor industry
the second largest in the world, trailing only the
United States. Yet quantity is not the industry’s
sole accomplishment. Japanese engineers have cre-
ated some unusual devices such as the passivated
mesa transistor, a bidirectional twin transistor, the
Esaki diode, and a double-diffused pnp transistor
of unique structure.

All this has happened in the last decade. The
dominant force hehind such rapid growth has been
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Japan’s pioneering in the transistorizing of con-
sumer products such as a-m and f-m radios, tape
recorders and television sets, now small enough to
be called microsets.

The structure of the Japanese industry helped
too. All the makers of semiconductor devices in
Japan—and the total number is less than 20—also
manufacture consumer products, other electronic
equipment or both. Because thev are in the same
company, information flows rapidly between device
builders and equipment designers.

Most of the semiconductors made in Japan are
germanium devices, and go into consumer prod-
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ncts. New consumer products, however, require
better quality devices. Thus, the transistorization
of large television reviewers, with screens up to 19
inches, demands high-frequency transistors and
high-power devices. Communication and industrial
equipment also needs special-purpose devices of
high quality. Although silicon technology is new
in Japan, its spread has been rapid and most semi-
conductor suppliers produce both germanium and
silicon devices.

Challenge of higher frequencies

As in the United States, there is great pressure
in Japan to produce higher-frequency devices. For
example, television makers want transistors capable
of operating up to 1,000 megacycles for ultrahigh-
frequency receivers. For this application, Japanese
suppliers ofler both germanium and silicon devices.

To boost operating frequency, Japanese firms are
trying ecither to minimize the base spreading re-
sistance of their devices or to minimize the col-
lector capacitance. The reasons become  evident
from the equation for maximum frequency of oscil-
lation of a transistor:
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where 1y, is the base spreading resistance, ¢ is
the collector capacitance and . is the carrier
transit time between emitter and collector. The base
spreading resistance and collector capacitance de-
grade performance. Base spreading resistance not
only decreascs the power gain and output power
but also degrades the noise figure.

To lower this resistance in silicon transistors,
firms have introduced some novel device structures.
For example, the Nippon Electric Co., Japan’s big-
gest microwave cquipment manufacturer, uses a
multiple base diffusion process to add another arca
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PROJECTION CAUSED
BY DRIVE-IN EFFECT

Emitter mesa transistor built by the Nippon Electric Co.
(left) withstands drive-in effect which had destroyed
conventional mesa transistor (right).
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of impurities in the 2SC288, 2SC289, and 2SC272
devices (shown above). After the usual diffusion
has formed a conventional base area, a second
process diffuses impurities just outside the emitter
area, widening the base thickness and reducing the
base spreading resistance. The r-c. product of
the 2SC28S is only 3 picoseconds; the base re-
sistance is less than Y4 that of a conventional tran-
sistor.

NEC also achieves a low base spreading resist-
ance with a second approach called emitter mesa
structure and shown in the figure below. This struce-
ture reduces the drive-in effect in which impurities
in the base region are driven toward the collector
area, forming a small projection in the collector
junction plane.

Though the effect is more pronounced in a silicon
mesa transistor, where the impurity is gallinm, than
in a planar transistor where the impurity is horon,
it becomes critical in any high-frequency transistor.
That’s becanse a high-frequency device has an ex-
tremely narrow base width which is a bottleneck
in the base region between the area immediately
beneath the emitter junction and the area outside
the junction. The bottleneck causes an appreciable
increase in the base resistance and disturbs the
uniform carrier flow in the base area.

In the emitter mesa structure, a mesa formed by
a vapor ctching process prior to diffusion, offsets
the drive-in effect. The height of the mesa is just
cnough to compensate for the depth of the projec-
tion that would be formed in the junction plane by
the drive-in phenomenon. Thus an ideal flat junc-
tion structure results.

There is one other advantage of the emitter mesa
structure: it eliminates unwanted parasitic capaci-
tance and carrier injections around the vertical ont-
side edge of the base. Although these can be
ignored in an ordinary device, they are appreciable
in a high-frequency transistor whose emitter width
is 5 microns or less. The parasitic capacitance de-
creases the high-frequency amplification factor in
the small-current region of the emitter; the excess
carrier injection at the edge decreases the current
amplification factor in the large-current region of
the emitter. By using the emitter mesa structure,
NEC increases the gain by 3 db throughout the
range of emitter current and decreases noise by
0.5 db.

From the equation for the maximum frequency of
oscillation of a transistor (above), it is clear that
frequency can also be increased if collector capaci-
tance is reduced. In the base mesa transistor, de-
signed by NEC, the geometry lowers this char-
acteristic. In the structure (p. 83), the base area
is defined by a deposited laver of silicon dioxide.
Since only a small region of the base is needed
to make contact with the metallization of the
electrode, the capacitance of the metallized por-
tion to the collector is negligible. Such low col-
lector capacitance makes the device well-suited for
application in wideband-amplifiers—and especially
in amplifiers with automatic gain control because
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Building a base mesa transistor
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circuit capacitance changes less with changes in
voltage stemming from the gain control.

[t secms clear that all three techniques—multiple
diffused hase, emitter mesa, and base mesa—could
be applied to one deviee, to produce even better
transistors capable of handling higher frequencices.

At the Matsushita Electronies Corp., the semi-
conductor producer of the big Matsushita Indus-
trial Electronics Co., another approach to reducing
collector capacitance has been taken with extended
base planar transistors. A highly doped arca just
beneath the extended base electrode shields the
electrode from the collector. In the Matsushita
25C562 series, the base-to-collector capacitance is
as low as 0.15 picofarads.

AMinimum hase-to-collector capacitance climinates
several bothersome effects. By definition, in an ex-
tended base electrode device, a metallized contact
to the basce is extended along the silicon dioxide
layer on top of the collector bulk semiconductor
region for casier bonding of the hase lead wire,
If the deviee has an extremely small base area,
the parasitic capacitance between  the extended
base electrode and the collector hulk semiconduc-
tor region is comparable to the capacitance of the
intrinsic collector junction. Such a high capacitance
makes it impossible cither to increase the power
gain of the transistor in  ultra-high-frequency
ranges or to stabilize transistor operation at lower
frequencies where capacitance can cause feedback.
In addition, if the intermediate frequency stage of
an amplifier is cquipped with automatic gain con-
trol, high capacitance causes the bandpass char-
acteristics to change with the gain of the transistor.

Most of the high-frequencey devices Matsushita
has developed are going into television sets, The
25C562 is used in the control stage of television
i-f amplifiers with forward gain control. The 28C-
563 goes into the output stage of i-f amnplifiers. And
the 25C593, with a power gain of 20 db at 50 Mc
and @ cutofl frequeney more than 1,500 Me, is for
uht tuners.

Because silicon devices cost considerably more
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than germanium ones, there is still a lot of interest
in germanium devices in Japan, even for high-fre-
quency applications. Japanese engineers use mesa,
planar and alloyed diflused types of germanium
transistors in high-frequency applications. One ex-
ample is the 2SA448, a double-diffused pnp tran-
sistor, shown on page S4, developed by the Sony
Corp. The mesa surface is divided into two steps
of equal area, separated by a space of only one
micron. One step is the base contact metallization
region; the other is the emitter contact metalliza-
tion region.

Even though high precision is required in manu-
facturing, the fabrication of the 2SA448 is rela-
tively simple. First, a coating of silicon dioxide is
deposited uniformly over the entire face of a
germanium wafer. Then gallium is deposited on
the oxide coating and diffused throngh it to form
the emitter layer of p4 material. Trenches in the
SiO. are formed by a photolithographic process.
The p4 material below these trenches is etched ont
to form deeps whose bottoins reach to the p
material. Then the SiO. layer is removed, leaving
a surface of alternating p+ and p — stripes. At
this point, the device is a p— wafer with parallel
ribbons of p-+ material along its upper surface.

In the next step, the base diffusion of n-type
material takes place. A layer of n-tyvpe aterial
forms at the base of the trenches and under the p-+
ribbons because the diffusion constant of the n im-
purity is 1,000 times that of gallium which was
the p+ impurity. But, because the quantity of n
impurity is much smaller than that of gallium, the
p-+ region stays a p+ region. Aided by geometry,
the n impurity extends further into the p— region
at the bottom of the trenches thap under the p-+
region. Since the n layer under the p+ laver is
the base region of the finished deviee and the n
layer at the bottom of the deeps is the base lead
attachment region, the finished transistor has a
thin base and low base spreading resistance.

After the second diffusion, a shadow evaporation
process forms the almninum base and emitter con-

83



. .

One micron or less separates the emitter electrode (top)
and base electrode (bottom) of Sony’s double diffused
germanium pnp transistor. Used for high-frequency
applications, it can be fabricated easily.
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How Sony’s germanium transistor, 25A448, performs at
high frequency. Its performance is good up to 1 gigacycle.

tact regions. In this process, the entire base and
emitter contract regions are metallized with only
about a micron spacing between them. No preci-
sion positioning is required since the step in the
structure provides a built-in mask.

Finally, the wafers are diced and individual
pellets mounted on tabs for mesa masking and
mesa etching. Mounting, lead attachment and seal-
ing are conventional.

Built this way, Sony’s 25A448 has a power gain
of 8 db at 1 gigacvele. Noise figure at this fre-
quency is 7 db in the common emitter connection.

Power transistors

The considerable effort to produce high-fre-
quency devices has not been duplicated with high-
power units. Though many companies make power
transistors, both silicon and germaninm, most are
conventionally designed.

Epitaxial or triple-diffused silicon power tran-
sistors are manufactured with capacities ranging
from 10 to 150 watts—not exceptional when com-
pared with devices made in the United States with
power ratings up to 300 watts. Currently the
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28D137 made by Kobe Kogyo has the highest col-
lector breakdown voltage of any device made in
Japan: 300 volts. Recently, both Kobe Kogyo and
Toshiba (Tokyo Shibaura Electric Co.) started man-
ufacturing overlay transistors which have higher
power capability in the high-frequency range.

In entertainment and industrial applications.
alloy drift and diffused base germanium transistors
are still used almost exclusively. In audio-frequency
amplifiers, horizontal deflecting systems for tv pic-
ture tubes, and regulated power supplies, they have
proven to be free of secondary breakdown. Many
people wonder whether silicon will ever replace
germanium for such applications.

The passivated mesa

Although the planar structure is clearly the most
widely used for silicon transistors, it has one serious
limitation: the breakdown voltage of the collector
is low. After examining the probable causes of this
limitation, Hitachi Ltd., has developed an im-
proved passivated mesa transistor which has a
hetter collector junction.

In Japan, as in the United States, the causes
of collector breakdown in planar structure are not
clear. Partially, it’s caused by geometry: the electric
ficld is concentrated at the corners of the diffused
area. Some researchers believe that a large amount
of impurities in the base region cause surface
breakdown. The surface of the base has a greater
concentration of impurities than the region ad-
jacent to the horizontal collector junction because
diffusion produces a graded layer with a higher
concentration of impurities near the surface.

At other times, a poor silicon-silicon dioxide
interface seems the cause. Or, if the silicon-silicon
dioxide surfaces are separated by an n4 surface
layer, breakdown can occur too.

Hitachi’s new process produces a mesa structure
that has a high collector breakdown voltage, low
noise figure, small leakage current, and a high cur-
rent amplification factor in the small current region.

The process is applied to a completed mesa
transistor. After silicon dioxide is deposited on the
transistor by the thermal decomposition of organie
oxysilane, a thin film of lead is deposited onto the
oxide layer, Finally, the device is exposed to high
temperature so the lead and silicon dioxide can
combine to form a protective glass whose composi-
tion is lead oxide and silicon dioxide.

Many kinds of transistors treated this way are
available for entertainment and industrial applica-
tions. For example, the Hitachi 2SD190 is a silicon
device with a BV, of 300 volts; the 25280H is a
twin transistor for low-level differential amplifiers
and it has an excellent reliability record.

Hitachi claims the process can be applied to
other semiconductor devices, too.

Beginning of field effect devices

Among Japanese engincers, the field effect tran-
sistor is still a novelty whose application is very
limited. Only five companies supply them at pres-
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ent: Toshiba, Hitachi, Fujitsu, Kobe Kogyo and
Mitsubishi. Typical of these devices is the Toshiba
2S]13, a p-channel junction FET with a transcon-
ductance of 3.5 milliohms. The Mitsubishi 3SK15
series is a depletion mode metal oxide semicon-
ductor device for general purpose use. The Hitachi
3SK11 is a depletion mode n-channel MOS fabri-
cated by a technique called field cooling process.

Depletion mode, enhancement mode and even
nonuniform channel MOS devices can be made by
the field cooling process. A small guantity of mov-
able impurities, such as sodium ions, are impreg-
nated in the silicon dioxide layer. An electric field
applied between the gate and bulk crystal at high
temperature causes the impurities to drift through
the oxide layer, changing the surface potential of
the silicon appreciably. When the surface channel
has reached the desired conductance, the field is
removed and the device is cooled, fixing the im-
purities in the oxide layer.

Making the Esaki diode

Unquestionably the best known Japanese semi-
conductor development is the Esaki or tunnel diode,
invented by Leo Esaki at the Sony Corp. in 1957.
After a resounding acceptance, particularly Dbe-

Applications of passivated mesa transistors

cause of its apparent high speed, the tunnel diode
turned into a big disappointment. One reason was
the incorrect use of the device in circuits. It is a
diode and cannot replace transistors or other multi-
lead devices. But another reason was reliability.
Initially, every manufacturer fabricated Esaki di-
odes by a conventional alloy-etching process. Tt
produced a diode whose structure resembled a
boulder balanced on a point, and the device was
not very rugged.

In addition, performance requirements were in
conflict with each other. For a high cutoff fre-
quency, the junction diameter has to be about 5
microns or less; but for high reliability, the final
junction diameter cannot be smaller than the initial
junction diameter before etching. It turned out that
a S-micron diameter area—needed for high-fre-
quency cutoff—was too small for lead attachment.

Because the Esaki diode was a truly Japancse
development, Japanese companies continue to work
with it. To build more reliable devices, some of
them have switched to a mask technique. At Sony,
where the device was developed, a process called
the bridge technique was developed, using a com-
bination of evaporated mask and etching methods.

In the new Sony process, after a germanium slice
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Low-drift differential amplifier uses two pairs of twin passivated mesa transistors.
Voltage gain is 40 db; drift is 10 microvolts per degree centigrade.
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In the output stage of a home radio, a high voltage passivated mesa transistor is protected by a silicon varistor.
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In Sony’s new method of fabricating tunnel diodes, a
dot of alloy material bridges the trench between two
metallized areas. The result is a more rugged device.

has been coated with silicon dioxide, a trench about
20 microns wide is cut in the oxide coating by
photolithographic etching. Then two regions, 50
microns by 50 microns, on cach side of the trench
are metallized. An alloy dot bridges the two metal-
lized arcas over the trench, forming a junction at
the bottom of the trench and ohmic contacts to the
two metallized regions. A final etching process
brings the diode to the desired characteristics of
peak current and peak-to-valley current ratio.

In a diode made this way, the ctched junction
is only slightly smaller than the original junction.
But the junction does not have to contribute to
mechanical support; rather, the ohmic contact re-
gion supports the junction.

Besides being stronger, the new diode has better
electrical characteristics. One which Sony produces
has a cutofl frequency of 10 to 21 gigacycles, self
resonant frequency of 14 to 22 gigacvceles, and a
capacitance-to-peak current ratio of 0.1 to 0.25
picofarads per milliampere.

Other high-frequency diodes

Because of Japan’s interest in and use of solid
state microwave, there has been a lot of activity in
developing high-frequency diodes for communi-
cation systems. Among the first Japanese semi-
conductor developments was the Kita diode or
silver-bonded  diode  developed at the Electrical
Communications Laboratory of NTT, and now
manufactured by Nippon Electric Co.

The Kita diode has outstanding characteristics
when used as a parametric amplifier, up-converter
or frequency multiplier at microwave frequencies.
The reason is the small capacitance of the depletion
layer, typicallv less than 0.5 picofarads, and a low
series resistance, less than 10 ohms. Although the
device was first developed in 1954, its greatest
applications have appeared in the past two or three
years. Now new ones are being discovered in high-
speed switching, clamping and clipping.

Making the diode is relatively easy; the big dit-
ference is in the method of bonding. In a conven-
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tional diode gold wires are used. In the Kita device,
the tip of a silver whisker, containing a small
amount of gallium, contacts a bulk crystal which
has been highly doped with n type germanium or
silicon. Applying a large current pulse produces a
very small area of p+4 material on the crystal,
completing the fabrication of the diode.

As an indication of Japanese activity producing
a variety of diodes:

* Nippon Electric Co. produces high frequency
zener diodes with low junction capacitance.

= Fujitsu Ltd., the Nippon Electric Co., and the
Mitsubishi Electric Corp. make silicon diffused
varactors for solid state microwave systems of 2,
4 and 6 Ge. The Mitsubishi MVEG006 can deliver
an output of 3 watts at 4 Ge¢ when used as a fre-
quency tripler. That’s the highest output at this
frequency of any Japanesc diode.

* The New Japan Radio Co., Ltd., Fujitsu Ltd.,
and the Sanyo Electric Co. make variable-capaci-
tance diodes with a retrograded junction, a device
which is also called a hyper-abrupt junction diode.
These devices are used as a tuning element which
covers a wide frequency range and as a modulator
in f-m communications systems.

® [ujitsu Ltd., has also developed a new gallium-
arsenide light emitting diode that throws a nar-
row beam of noncoherent light through a trans-
parent window at the top of the mounting. It has
been used in a micromanipulator which accurately
positions tools driven by a pulse motor.

Special purpose devices

A look at some of the special purpose devices
developed in Japan helps understand both the
spread of Japan’s semiconductor industry and its
electronics industry.

One unusual device is the V-203, a bidirectional
twin transistor, built by the Nippon Eleetric Co.
for balanced modulators. A unique junction struc-
ture and a controlled epitaxial technique produces
symmetrical characteristics (see circuit below).

Another device is a high-speed four-laver diode
developed by Mitsubishi. A two-terminal silicon de-
vice, it has a breakover voltage of only 3 volts and

+

Balanced modulator has a symmetrical
twin transistor (in color) built by the
Nippon Electric Co. This configuration
has high conversion efficiency and small
carrier leakage because the saturation
resistance and voltage are appreciably
smaller than those of diodes used

in conventional modulators.

Electronics | December 13, 1965



a switching time of 20 nanoseconds. Most probably
application is in fast digital circuits.

And still another new device is the gate-turnoff
silicon controlled rectifier produced by Toshiba.
Labeled the M8392, it has a turnolf gain of 8; that
is, a gate current of 500 milliamps can turn off a
cirrent of 4 amps.

Power handling devices

Although both power equipment manufacturers
and transistor makers make power handling devices
—silicon rectifiers, silicon controlled rectifiers, and
silicon symmetrical switches (bidirectional four-
layer diodes)—the development effort doesn’t be-
gin to compare with that in the United States. In
general, scr’s, for example, are expensive and are
not yet used widely. Until recently, Japanese scr’s
did not have the large current-carrying capacities
ot those available in the U.S. and Europe.

The situation is changing and some new devices
supply the strongest evidence. A new ser devel-
oped by Nippon Electric Co. uses a silicon slice
1% inches in diameter; it’s the biggest ser de-
veloped in Japan. Called the V-179, it has a mean
forward current of 700 amps, repetitive peak re-
verse voltage of 2,350 volts, and a surge current
rating of 9,000 amps.

One not so large is the CJ-021 built by Hitachi
for ac-de conversion in a 2,200 kilowatt clectric
locomotive. Ratings of this scr are: a peak reverse
voltage of 1,200 volts and a mean forward current
of 390 amps. Because so much of Japan’s extensive
railroads net is electrified, there is likely to be an
increased use of scr’s for conversion and speed
control as the manufacturing volume increases and
decreases the cost,

Hitachi has one other interesting scr, the CR-
93VE, a small high speed device. It takes only 3
microscconds to turn on 1,000 amps, and 6 micro-
seconds to turn off 10 amps. But it can handle
1,000 amps only for short surges.

Silicon symmetrical switches are a specialty of
the Shindengen Electric Manufacturing Co. which
makes several series of them. Its KXB series con-
tains  two terminal bidirectional switches with
breakover voltages of 100 to 200 volts. The K17B-10
and K17B-20 have a rating of 150 amps, bidirec-
tional rms current and the K5B can handle 12 amps.

Another supplier is Hitachi, whose FR-01 is a
3-layer switch with one control gate electrode. A
control current, cither positive or negative, of 100
milliamps can fire the switch in cither direction,
regulating an rms current of 16 amperes,

High-voltage rectifiers

Still a small part of the Japanese semiconductor
industry is the manufacture of high-voltage recti-
fiers, capable of handling reverse voltages of 3,000
and 4,000 volts. The Hitachi HO3-DA has a peak
reverse voltage of 3,000 volts and a rated mean for-
ward current of 470 amps. A device made by the
Sanken Elcctric Co. has a breakdown voltage ex-
ceeding 4,000 volts; mean forward current is 150
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At the Nippon Electric Co., miniature high-fre-
quency transistors are assembled on rolls of Kovar
material to simplify manufacturing and handling.
The transistors are mounted in tiny ceramic headers
called Micro Disks which also minimize parasitic
capacitunces and inductance created by conventional

single-ended packages.

Assembly is simple and automated. Leads are
stamped from a continuous flat strip of Kovar. Sili-
con dies are mounted on the collector leads and in-
terval leads are attached between the buase and
emitter and the leads on the strip. Tiny cerumic
disks, recessed like an ashtray in the center are
coated with low-melting glass, then attached from
both sides of the strip. When the assembly is heated,
the glass melts and a hermetic seal is formed. The
leads are cut out from the strip and the devices

separated from each other for final testing.
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milliamps and the forward voltage drop is only
one volt when maximum forward current flows.

Shindengen makes an avalanche rectifier diode,
the S5Z-50, with a reverse surge power rating of
2.5 kilowatts for 10 microsecond pulses. In the S5Z
series, peak reverse voltages range from 400 to
1,200 volts; mean forward current is about 20 amps.

Any survey of the Japanese semiconductor indus-
try would not be complete without mentioning sev-
eral processing techniques which have been de-
veloped.

Many of the high voltage devices made in Japan
receive a special surface treatment called ONV,
which means oxidation by nitrogen dioxide vapor.
The treatment, developed at the Electrical Com-
munications Laboratory, consists of two processes:
cleaning the silicon surface in an atmosphere of
hydrogen fluoride and nitrogen dioxide; and oxidiz-
ing at a low temperature. Such treatment raises
breakdown voltage, minimizes leakage current and

steps up the surge power rating.

Though germanium devices far outnumber silicon
devices produced by Japanese semiconductor mak-
ers, more research effort is being applied to silicon
technology because it is newer. For example, the
Oki Electric Co. has perfected a simple process for
depositing polycrystal silicon.

The company has made a tiny diode with an
upper ohmic contact formed by depositing poly-
crystal silicon. The polycrystal material is deposited
in a window cut into oxide masking. During fabrica-
tion, it acts as an impurity source for diffusing the
p-n junction beneath it, and afterwards as a pro-
tective coating and contact to the completed junc-
tion. This technique supplies a rigid, reliable con-
tact that is simple; no ball or fancy contact structure
is required as it is with many kinds of silicon
diodes.

Another application of silicon polycrystal pro-
duces isolated silicon islands in integrated circuits

1. Switching the horizontal
deflection of a tv tube

Two transistors connected in series
are the essential components in
a circuit (at right) designed to
switch the horizontal deflection of
a television tube. One has a rela-
tively low breakdown voltage but
switches at high speed; the other

Some Japanese uses of semiconductor components

TR,
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has a high breakdown voltage but
sacrifices high frequency charac-
teristics for a wide area of safe
operation. The first has a grounded
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Transistors switch horizontal deflection of TV tube

emitter, the second a grounded
hase connection.

To switch on the circuit, a sig-
nal is applied across the base and
emitter of the first transistor, caus-
ing a base current to flow equiva-
lent to

Ip = 22
B R, used, this high-spee

If Is is large enough to turn on the
second transistor, a deflection cur-
rent flows equivalent to

1
LD (El + E‘l) t

Ip =

where

I, = yoke current in amperes

Lp = voke inductance in micro-
henries

E, and E. are power supply
voltages in volts

t = time in microsecond after

second trunsistor turns on

When an off signal is applied to
the first transistor, the charge
stored in the base of the second
transistor flows through resistance
Ry until it disappears. Not until
the stored charge completely dis-
appears is the switching complete.

Il. Esaki diodes in a pcm system

Possibly because the Esaki or tun-
nel diode was developed by a
countryman, Japanese engineers
have retained a fondness for it
even though many U.S. engineers
became disenchanted with the de-
vice a long time ago. Properly
device has
some clear advantages. For exam-
ple, the Nippon Telegraph and
Telephone Public Corp. has just
designed Esaki diodes into three
switching circuits (sce below and
p. 89) for a 24-channel pulse code
modulation communications syvs-

tem. By using this device. NTT
not only reduced the size of the
equipment, but decreased power
consumption by nearly two-thirds,
to 67 watts from 220 watts. The
three are: a temporary memory, a
pulse shaping circuit, and a volt-
age comparator.

The temporary memory is equiv-
alent to a bistable flip-flop circuit.

The pulse shaping circuit, like
a Schmitt trigger, converts a sine-
wave to a pulse train.

In the voltage comparator, when
incoming signal exceeds a specified
level, an output pulse of definite
amplitude appears at the output.

-10v

Temporary
memory

is equivalent
to a bistable
flip-flop circuit.
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in a process similar to Motorola’s EPIC process—
but simpler.

In Motorola’s process, a silicon crystal is etched
to a waflle-like pattern and then oxidized. Poly-
crystal is deposited over the wallle-like face; the
bulk of the single crystal material is removed by
grinding and lapping until the waffle-like projec-
tions are a group of oxide-isolated islands sup-
ported by polycrystal silicon.

In the Oki process, the starting material is a
two-layer structure of thin silicon single crystal
on a polyerystal bulk. In the cteh that produces
the waflle-like structure, the single crystal is cut
down to the supporting polycrystal. The structure
is then oxidized and polverystal silicon deposited
just as it s in the EPIC process. But the original
polycrystal silicon is removed, leaving a group of
oxide-insulated islands supported by polyerystal
silicon. What makes this process simpler is that
the polycrystal material is removed casily.

The authors

After receiving his Ph.D from Osaka University,
Takuya Kojima (left) started his engineering career by
developing tubes for wideband amplifiers. He switched
to semiconductor devices in 1955 and now heads
solid state engineering work at the Electrical
Communications Laboratory.

Ever since he graduated from the University of Tokyo

in 1953, Makoto Watanabe (right) has had an interest in
semiconductors. As a staff engineer at the Electrical
Communications Laboratory, he develops high frequency
germanium and silicon devices.

Pulse shaping circuit,
like a Schmitt trigger,
converts incoming
sinewave signal

to a pulse train.
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Ill. Esaki diodes in a memory
matrix

In voltage comparator,
when incoming signal
exceeds a specified

level, an output pulse
appears at the K
output terminal.

INCOMING
SIGNAL

'
TIMING
PULSE

One attraction of the Esaki diode
has always been its high speed.
At the Electrical Commumication
Laboratory of NTT, engineers have
used the tunnel diode to design a
high speed memorv matrix whose
cvele time is under 50 nanoseconds.

The peak current through the
diode is one millampere and the
capacitance connected in parallel
with it is 50 picofarads. Thus a
driving pulse with u rise time of 3
nanoseconds can deliver a read-

+E,

out pulse of 80 millivolts on the
sense line. The capacitance in par-
allel to the diode matches the rise
time of @ memory cell with that
of the driving pulse and stabilizes
the operation against external noise.

Two silicon diodes and a load
resistance form a load line (see cir-
cuit diagram below). which is con-
nected between a bias line and a
word line of the matrix.

In the static condition, the op-
erating point is at one of two points

on the voltage-current curve, de-
pending on whether a zero or a
one is being stored. When informa-
tion is read onut, a negative pulse
or vulue —Vy is impressed on the
word line, causing a small noise to
appear in the sense line. The size
of this noise is large if a one is
stored, small it a zero is stored.

A zero is written when a positive
pulse is applied to the word line
while a negative pulse is applied
to the digit line.

|
Memory circuit (left) and matrix [-D Sl (I J— BIAS LINE
(right) with tunnel diode (in ———+E
color) runs at high speed. A
R
R
<
D, Dy
— ———1E, >
WORD DRIVER
_[__4 WORD LINE
L
C
DIGIT DRIVER SENSE AMPLIFIER
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Japanese technology

Japan seeks its own route
to improved IC techniques

Encouraged by the government, Japanese electronics companies, building

on U. S. technology, are coordinating research, revising processing

techniques and shifting their emphasis to linear circuits

By Yasuo Tarui

Electrotechnical Laboratory
Ministry of International Trade and Industry

When integrated circuit activity started in Japan
last year it followed almost exactly the pattern
established by the United States. Initially, the big-
gest effort was to develop digital cirenits for use
in computers. This year, however, the emphasis
has shifted to linecar circuits because their potential
secems more applicable to the products most im-
portant to Japanese industry—consumer, communi-
cations and industrial equipment.

The beginning of Japanese activity can be traced
directly to the International Business Machine
Corp.’s introduction of the System 360 series of
computers, which incorporate hybrid integrated
circuits. Because Japanese makers of general-pur-
pose machines, six in all, have barely been holding
their own with IBM, it was clear they had to have
IC equipment if they were to continue to compete
with any success. IBM has already installed more
than 30% of all the computers in Japan. The move
to integrated circuits was natural for the six Ja-
panese computer companics because they also man-
ufacture semiconductors.

By the autumn of 1965, Fujitsu Ltd., Hitachi Ltd.
and the Nippon Electric Co., the big three of the

The author

b AL Yasuo Tarui has worked with semi-
conductors ever since he joined the
Electrotechnical Laboratory. Today
he is a strong advocate of integrated
circuits. In October, he received

his Doctor of Engineering degree
from the University of Tokyo

for research on the measurement

of transistor parameters.
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Japanese computer industry, were ready with com-
puters using integrated circuits (page 93).

Five other semiconductor companies have de-
veloped monolithic integrated circuits too. At pres-
ent, in Japan as in the United States, diode-transis-
tor logic is the most popular approach to computer
design. Of the cight major producers, only the Sony
Corp. and the Matsushita Electrical Industrial
Corp., are not computer makers. But, it can be seen
in the table on page 91 that not all the develop-
ment work has been digital; a number of amplifiers
have also been produced.

Government programs

The six computer companies are being helped
and encouraged by the Japanese government. For
example, the Ministry of International Trade and
Industry (MITI) has made available about $50,000
in research grants to them for the development of
special integrated circuits. Ostensibly, the grant is
to cover half the direct costs of a project. In reality,
the Ministry’s estimate is invariably low and the
grant rarely covers more than one-third the cost
of the rescarch.

All the projects in this program (page 92) are
scheduled to be completed by the spring of 1966,
One advantage of coordinating research this way is
to reduce duplication of effort. Thus one company
works on the general register of a high-speed com-
puter and another on a low-cost control memory.
A third company is developing the arithmetic and
control units for a desk-tvpe caleulator; a fourth,
the arithmetic and control units for a small-sized
computer; a fifth, the arithmetic unit of a high speed
computer; and the sixth, a read-only memory tester.
The research accomplished in cach project will be
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available to all the companies.

Producers are also being encouraged by the Mi-
crocircuit Technical Committee of the Japan Elec-
tronic Industry Development Association. Chair-
man of the committee is Noboru Takagi, a professor
at the University of Tokyo; Tsuneo Momota of
MITTI's Electrotechnical Laboratory is the vice
chairman. Because of their affiliations, they can
disseminate technical information widely.

In September 1964, a new eclement was intro-
duced into the Japanese integrated circuit picture
when Kyodo Electronics Laboratory Inc., was
formed by an American semiconductor specialist,
Bernard Jacobs, and five Japanese component com-
panies. Only Jacobs has had any background in
semiconductor production. The five arc: Toko Inc.,
a maker of coils and other electronic components;
the Nippon Chemical Condensor Co., electrolytic
and nonelectrolytic capacitors; the Koden Electron-
ics Co., radio direction finders and loran systems;
the Pioneer Electronics Corp., speakers and hi-f
components; and the Alps Electric Co., switches
and television tuners.

Among integrated circuit producers in Japan,
Kyodo is the only company that has not been pro-
ducing transistors and other semiconductor de-
vices. Last sumimer, it perfected its first product,
a hybrid flip-flop that operates at a repetition rate
of 25 megacvcles. By 1966, it expects to offer a
complete line of integrated circuits in Japan and
the United States.

|. Examining Japanese products

Though many of the integrated circuits developed
in Japan thus far closely resemble those available
in the United States, there are some that are un-
usual. In addition, a lot of new processing tech-
niques have bheen perfected, some to improve on
U. S. technology and, some, frankly to avoid patents
that cover procedures developed in the U.S. A
closer examination of the unusual Japanese prod-
ucts show a decided bias for linear circuits.

Negative feedback amplifier

At the Nippon Electric Co. (NEC), a group of
four engineers headed by Toshio Kurosawa has
developed a negative feedback-type amplifier with
a bandwidth of 10 megacycles. Some idea of po-
tential applications can be deduced by the fact
that two of the engineers are specialists on tele-
phone carrier equipment; Kurosawa and the fourth
engineer are semiconductor specialists.

In designing this amplifier, the NEC group rec-
ognized that absolute values of resistance are dif-
ficult to reproduce in an integrated circuit. But
they capitalized on the fact that resistance ratios
can be maintained because the geometry of cle-
ments on the same chip can be matched, even if
absolute values of resistivity or depth of diffusion
cannot be maintained. Thus, controlling the gain
by the ratio of resistance produced their stable
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Integrated circuit manufacturers

Company Digital circuits | Linear circuits
Nippon Electric DTL Low-level 3-stage
Co. amplifier for hear-
TTL ing aid
CTL Low-level 2-stage

direct-coupled am-
MOS transistor | plifier (f.=2, 7 Mc)
gate
3-stage direct-
coupled wideband
amplifier (f.=25
Mc)

Feedback amplifier

Hitachi Ltd. ECL
MOS transistor
gate 8-bit shift

register

Separated collector
Darlington ampli-
fier

l

modified DCTL
(resistors on

Fujitsu Ltd. audio-frequency

amplifier (thin film)

Si0y) |
i-f amplifier
DTL
ECL
Mitsubishi TTL, DTL 2-stage direct-

Electric Corp. coupled wideband

Synchronizing | amplifier (fo=3 Mc)
signal-distribu-

tor

Pulse amplifier
(resistors and

capacitor on
Si0y)
Oki Electric TTL
Industry Co.
DTL
MOS transistor
gate flip-flop
Toshiba DTL a-f amplifier
Sony Corp. 2-stage direct-
coupled wideband
amplifier (f.=12
Mc)
i-f amplifier

hearing aid (gain,.
80 db)

Matsushita Electronics Corp.
(a joint venture of Matsushita
Electric Industrial Co. and
Philips  Gloeilampenfabrieken,
N.V., Netherlands)

DTL—Diode transistor logic
TTL—Transistor transistor logic
CTL—Complementary transistor logic
ECL—Emitter coupled logic
MOS—Metal oxide semiconductor
DCTL—Direct coupled transistor logic
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Negative feedback amplifier (photo and circuit diagram) for possible telephone-carrier applications
is produced by the Nippon Electric Co. Because it depends on ratios of resistance
rather than absolute values, the amplifier is stable and its performance consistent.

constant-gain amplifier. The circuit diagram and
a photo of the chip are above.

A series-paralle]l feedback circuit reduces power
consumption by stabilizing the d-c¢ bias setting at
a low current and improves impedance matching.
Low value resistances in the feedback circuit re-
duce random fuctuations in resistance.

Several IC amplifiers of this design showed con-

Government-aided research projects .

sistent performance in tests. The gain of any one
was within 0.3 decibel of the gain of any other
amplifier. And the gain proved to be independent
of temperature; since all the resistances change
by the same percentage, the ratio of critical re-
sistances in the feedback circuit does not change.

Examining the gain-frequency curves, nearly o-
shaped, it is scen that there arc two cutofl fre-

Company Abbreviated specification Company Abbreviated specification
in charge Equipment (typical function) in charge Equipment (typical function)
Fujitsu Arithmetic By CML—memory capacity; Tokyo Processor By DTL- -memory capacity of
Ltd. unit of 512 words (18 bits{sign per Shibaura of small- 8 words, each ward consist-
high-speed word, 16 instructions) clock Electric Co. size ing of 14 units of 5 bits each
computer  frequency of 8 Mc. (16 mega- (Toshiba) computer  to give 13 decimal digits.
cycle 2-phase) add time: 1 (business  add and subtract time: 3
usec machine) millisec
multiply and divide time: 100
Nippon Low-cost By CTL, transistors and di- to 300 millisec
Electric control odes-—memory capacity 16
Co. memory words with 18 bits per word . . . . o . .
access time: 250 nsec Oki Electric Arithmetic By. thin-film integrated cir-
cycle time: 500 nsec Industry anq control cu@s augend sAu‘btrahend
nondestructive reading Co. units (‘)f‘ a regls‘te‘r: 10 d|g|ts‘ ‘ _
symplified  multiplicand multiplier regis-
General By CTL, transistors, and di- politalbie — _9d_'g't§ .
registerofa odes memory capacity 24 computer mu!tlp!lcatlon register: 10
high-speed words with 32 bits per word (deSkabipe xalells ) )
computer s (e B calculator) memor){ regnster: 2 registers
EYEIeRtime I 00SEe of 10 digits each. Operable
nondestructive reading a? room . t.emperature ?nd
high humidity, compact size
Mitsubishi Arithmetic By DTL—memory capacity of
Electric and contro! 4,096 words with 18 bits per Hitachi Read-only By ECTL, transistors and
Corp. units of word Ltd. memory diodes, read cycle: 40 nsec
small-size add time: 20 usec tester memory capacity: 512 words
computer divide time: 140 usec of 54 bits per word
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Japanese computers with integrated circuits

Nippon Electric Co.

Hitachi Ltd. Fujitsu Ltd.

NEAC 2200 series model
500

Computer

HITAC 8000 series model FACOM 230 series model 60

8500

Word length
Number of instructions

6 bits/character
about 50 with variants

32 bits/word
144

42 bits/word

wire
33 k~524 k characters
0.188 us/character

Main memory
Capacity
Cycle time

wire (scratch pad memory)
66 k~524 k Bytes
0.84 us/Bytes

128 k words
0.92 us/word

Operation speed*

decimal add (fixed) 9.9 us (5+5 digits) 1.92 us 1.15 us
decimal multiply (fixed) 110 us (5+5 digits) 12.1 us 4.1 us
Family of integrated circuit CTL ECTL TTL
propagation delay 5ns 20 ns/pair 10 to 15ns
Clock frequency 6 Mc 8.7 Mc
Serial or parallel paralle! paralle! parallel

* Oniv representative values out of many available operations; comparison

of operation speed appears to be for different conditions.

quencies when no feedback is applied—a cutoff
frequency being a corner in the gain-frequency
curve. The first is caused by the collector capaci-
tance of the second transistor; the second by a
combination of collector capacitance and the cutoff
of the current amplification factor of the last stage.

When used as an audio amplifier, the circuit has
these characteristics:

Gain 36 db
(600 ohm input and output impedances)
Overload point 17 dbm
Amplifier noise figure 52 db at 1 ke
Gain-frequency characteristic 0.15 db

between the range of 0.2 kc and 3.4 kc
with reference to 0.00 db at 1 ke

Improved Darlington circuit

Some of the disadvantages of a standard Darling-
ton circuit have been eliminated in a linear inte-
grated amplifier developed by Hitachi. In their
modification of the Darlington circuit. useful to
above 10 Mc, the Hitachi group has minimized in-
put stray capacitance, output stray capacitance and
collector capacitance. At the same time, it has
tried to maximize amnlification, f, of the transistors
and to keep the current amplification factor of the
transistor in the last stage small.

With this design, the phenomenon known as the
Miller effect is dissipated. In a conventional Dar-
lington circuit, in which the collectors of all threc
transistors are connected, a very high capacitance
—equal to the base-to-emitter capacitance multi-
plied by the gain—is reflected back to the input
terminal. Because the Darlington circuit has a high
impedance at low frequencies, the reflected capa-
citance (the Miller effect) reduces bandwidth
greatly. In narrow-band amplifiers, the feedback
capacitance also reduces gain and tends to cause
instability. In addition, the Darlington circuit norm-
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ally has a high collector-to-emitter threshold volt-
age so it cannot be switched when operated at low
power supply voltages.

The large output-to-input feedback capacitance
of the circuit (caused by the inclusion of the base-
to-collector capacitance of the first transistor) pro-
duces the Miller effect. The Hitachi design elimi-
nates that problem by a separate connection for
one transistor. Hitachi’s separate-collector Darling-
ton and the standard Darlington are compared on
page 94.

In the manufacture of the Hitachi circuit, a
three-step process produces a high concentration
of boron in a smooth silicon dioxide surface. The
process starts with the box diffusion of boron at
1,100° to 1,200° C for 20 minutes. A second diffu-
sion is performed for seven and a half hours in
wet oxygen at 1,200° C. In the third step, all silicon
dioxide is removed and the diffusion repeated under
the same conditions for an additional seven and a
half hours.

For ohmic contacts and interconnections, the
Hitachi researchers deposit a silver-aluminum layer.
The silver layer is evaporated to a thickness of
50 to 100 angstroms while the surface temperature
of the wafer is held to 500° C. The layer of alumi-
num is evaporated to a thickness of 5,000 ang-
stroms while the surface temperature is maintained
at 250° C. This procedure produces a very fine-
grain cvaporated layver which is honded well to
the substrate. The separate-collector Darlington
circuit has been used in an intermediate-frequency
amplifier (p. 94) and its gain-frequency  char-
acteristic measured at 455 ke. and at 10.7 Mec.
Under the latter conditions, the gain-frequency
curve is asymmetric, indicating a small amount of
instability. The analysis on page 94 shows that sta-
bility can be improved by decreasing the feedback
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Using Hitachi’s modified Darlington circuit . . .
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Conventional Darlington circuit (right) in
which all three transistors have a common
lead and Hitachi’s separate-cotlector circuit.

+ 0AuF
Separate-collector circuit is used in an i-f amplifier. No high capacitance is reflected back
to the input with a Darlington configuration, and the circuit has greater bandwidths.
80
— T=25°C
s | Ein=0.5mV
Pry Ve 29V
Ic =19.25mA
70+
60—+
At 10.7 Mc, gain-frequency curve of i-f amplifier 300 2:)0 1(1)0 20 ! 1
is asymmetric, indicating a small amount of ~ ~ ) ) 0 100 200 300
AF (KC)

instability. Feedback capacitance is too high.

capacitance and increasing the cutofl frequency of
the forward transconductance.

Synchronizing-signal distributor

Two chips make up a circuit that distributes a
synchronizing signal to many cameras in a tele-
vision studio. A group at the Mitsubishi Electric
Corp. developed the circuit with help from Nippon
Hoso Kvokai, the Japan Broadcasting Corp. One
chip is the input section: the other, the output
(photographs of the chips and corresponding cir-
cuits are on p. 93).

In the input section there are terminals for a
delav circuit, should one he needed. Following the
delav circuit is an cemitter-follower output stage
with a Darlington connection for maximum input
impedance. Diodes were added to speed up the
circuit by extracting turn-off base current. An im-
pedance of about 10 kilohms is measured at the
input.

The output section also uses a Darlington connec-
tion in the output stage to obtain high d-c current
gain.

\When the two chips are connected in a signal-
distributing circuit, the transient transter character-
istics are:

in nanoseconds
Rise time 20 to 30
Fall time 40 to 60

Leading-edge propagation time 70 to 90 nsec
Trailing-edge propagation time 100 to 160 nsec
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These measurements were made with the delay
line terminals shorted, at a pulse repetition fre-
quency of 15.75 ke, pulse width of 5 msec, and in-
put pulse height of —4 volts.

An 8-channel synchronizing-signal generator has
been assembled with the two-chip circuit technique.

MOS shift register

Already  producing  metal-oxide-semiconductor
transistors, Hitachi has extended its discrete-device
fabrication techniques to build an 8-bit shift regis-
ter on a single chip with MOS devices. Hitachi has
alrcady placed 96 MOS transistors and 32 AMOS
diodes on a chip 2 mim by LS mm.

Another company experimenting with MOS inte-
grated circuits for computer devices s the Nippon
Electric Co. At its central research laboratory. NEC
has built a very small-capacity MOS memory
S MOS transistors on a chip packaged in a TO-5
can. NEC rescarchers are still a long way from
their goal of 400 MOS transistors (or 100 bits of
memory) on a single chip that would be capable
of a 5- to 10-Mc clock rate. The first experimental
units, 2 bits in a TO-5 can, have an access time
of 50 nanoseconds; rescarchers want a cycle time
of 100 to 200 nanoscconds.

Optoelectronic devices for logic

At the Semiconductor Rescarch Institute of
Tohoku University, in Sendai, investigators are
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developing  optoclectronic integrated  circuits  to
perform logic  functions. Headed by Professor
Junichi Nishizawa, the group has discovered that
rouglhening two parallel faces of a gallium arsenide
laser-diode prevents the light from leaving these
faces and redirects it, thereby increasing the light
output from the other two sides faces. Now, they
are studying the interaction effects of a single crys-
tal with two diodes, one with roughened surfaces.

In such an arrangement, the researchers have
observed an interesting quenching of the light out-
put in one direction. When a diode is biased with
a current greater than its threshold current, the
light emitted in one direction varies with changes
in current through the other diode. By harnessing
this dependency, the group expects to make a de-
vice capable of on-off logic.

Another research program at Sendai has pro-
duced an optoelectronic isolator with a 1.7 Ge cut-
oft frequency. The device consists of a gallium-
arsenide laser diode aud a silicon p-i-n photodiode.
An electric signal is converted to light in the laser
diode; the light is detected by the photodiode
which acts as a transformer with good isolation.

From this research might come a direct cur-
rent-to-gigacyele frequency isolator for optoelec-
tronic logic, and a transformer with good isolation
for integrated circuits.

In the experimental device, a 20-millivolt a-c sig-
nal of 1.5 Gce is superimposed on the 12-ampere-
pulse current to the laser diode, which operates
at liquid nitrogen temperatures. The pulse has a
duration of 1 microsecond and a repetition fre-
quency of 50 cycles per second. The output of the
photodiode is detected with a local oscillator, whose
frequency is 1.51 Ge, and then amplified.

The over-all current-transfer ratio is 13%, with
an optical fiber between the laser diode and the
photodiode. The cutoff frequency is limited by the
photodiode now, but researchers believe that im-
proved diodes will be available soon with cutoff
frequencies of about 10 Ge.

Il. New processing techniques

While most of their production techniques for
integrated circuits are based on technology devel-
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Synchronizing signal is distributed to several television cameras by this integrated circuit
composed of two chips (photos). One chip (circuit diagram in box at left) is input
section, other is output. Additional output chips for more cameras can be added in parallel.
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Roughening two parallel faces of a laser diode by
sandblasting redirects the light to the other sides. Light
transmitted in the Y direction by diode D. depends

on current carried by diode D: as shown by the curves.

Oki's improved method of isolation
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5. Cut windows in oxide.
* Qki improvement

7. Protect with oxide layer.

8. Grow silicon polycrystal.

9. Remove polycrystal.

oped in the United States, in a number of cases
the Japanese have made what are sometimes minor-
sounding but important changes. One Japanesc
company, for example, has developed better meth-
ods of dielectric isolation.

Isolating the devices on an integrated circuit is
essential. Of the two known methods, dielectric
isolation is far superior to reversed-diode isolation.
In the U.S., a method of fabricating dielectrically
isolated integrated circuits was published in the
Proceedings of the IEEE in January, 1965 by D. A.
Maxwell, R.H. Beeson and D.F. Allison. Now
Toshimichi Sakata and Mamoru Ikegami of the Oki
Electric Co. have improved on the original U.S.
method.

Though slight, the difference between the two
processes is significant. To appreciate the differ-
ence, it is necessary to have a general understand-
ing of the U.S. process. In it, mesa-like projections
of polycrystalline silicon are formed on a substrate
of single crystal silicon by photolithography: the
surface of the silicon wafer is oxidized; polycrystal-
line silicon is deposited to fill in the valleys and
cover the mesas; finally, the chip is flipped over
and the original wafer is removed by grinding and
polishing until only oxide-insulated islands sup-
ported by the deposited polycrystalline silicon re-
main. Removing the original wafer is difficult.

Oki’s improved method is shown, step-by-step,
below at left. Polycrystalline silicon is deposited
for support before the photolithography process
forms the mesas. During the formation of the mesas,
all silicon between the mesas is removed. Then the
procedure is the same as that in the American
method: valleys are filled in and the mesas covered
with a deposit of polycrystalline silicon.

When the first polycrystalline layer is removed,
the silicon islands in which the semiconductor de-
vices are fabricated are exposed.

Of significance in the improved method is the
fact that silicon dioxide film separates the semi-
conductor islands from the polycrystalline layer
that has to be removed. As a result, it is much
easier to remove the layer than to remove the sili-
con single crystal which is contiguous with the
islands.

Vapor selective etching

Sakata and Ikegame have also developed a
method of selective etching capable of sharp reso-
lution for sonie fabricating of dielectric isolation.
With this procedure, it is possible to etch deeply
in the vertical direction and minimize the etch in
the horizontal direction without any etching of the
silicon-dioxide passivation laver.

Windows are cut in the silicon-dioxide layer,
using conventional photomasking and etching
methods. Then a second silicon wafer is placed on
top of the etched surface and the polycrystalline
underside of the first wafer is heated to about
1,200° C in an atmosphere of hydrogen and hydro-
gen chloride (see top page 97).

Heating causes the silicon under the windows to
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vaporize and deposit on the cooler wafer above
them. In this way, silicon is etched in the vertical
direction with high resolution. The amount of side
etching necessary to finish the design is three to
five times less than the amount required with con-
ventional methods.

Toshiba’s preferential epitaxial growth

Toshiba (Tokyo Shibaura Electric Co.) developed
a method of forming n-type islands in p-type silicon
substrate to make transistors and silicon controlled
rectifiers [Electronics, April 5, 1965, p. 185]. Now
the technique has been applied to integrated cir-
cuits so that, exclusive of regions masked by a
laver of silicon oxide, silicon is grown epitaxially
on substrates.

The process starts when the substrate is oxidized
thermally. Next, windows are etched through the
oxide film at the places where islands of n-type
material are desired. Anhydrous hydrogen chloride,
which does not attack the oxide film, etches moats
into the substrate. The moats are filled epitaxially
with n-tvpe silicon single crvstals into which planar
structures are fabricated.

Experience shows the process works best when a
buried n-type collector layer is tormed. Toshiba’s
method cuts the time to fabricate isolation to about
30 minutes, an important reduction compared to the
10 to 30 hours required to produce islands of isola-
tion by conventional diffusion processes.

A transistor built this way has a cutofl frequency
above 130 megacycles; maximum collector voltage
is 60 volts and maximum collector current is 500
milliamperes. At 100 ma, the current amplification
is more than 20.

In diodes made this way, the p-n junction has

L]

—-«—ANOTHER Si WAFER

$i0,

+———POLYCRYSTAL Si

In vapor-selective etching process at Oki Electric,

heat is applied to polycrystal support material so
temperature gradient exists. This causes silicon to
evaporate through windows cut into the oxide layer and
deposit on a second silicon wafer above the windows.

reversed-bias characteristics, low leakage current
and hard zener breakdown.

Chromium-silicon thin-film resistors

Trying to produce high resistivity for hybrid
integrated circuits and thin-film circuits, Saburo
Iikawa and Tatsuya Enomoto of the Mitsubishi
Electric Corp. developed chromium-silicon resistors
with resistance high enough to be used in com-
munications receivers.

The thin film is evaporated from a tantalum hoat
containing a mixture of powders—60% (by weight)
silicon and the rest chromium. Chemical analvsis
of the evaporated film shows a composition of 80%
silicon and 20% chromium by weight.

Electrically, the sheet resistance can be controlled
to values between 1,000 and 10,000 ohms per
square. So far, Mitsubishi has used resistors made
of films with a resistivity of 5,000 ohms per square;
temperature coeflicient has been minus 100 parts
per million per degree centigrade.

To make terminations on the resistor, Mitsubishi

Islands of n-type material (here stained with gold) are formed in p-type material by Toshiba’'s masked epitaxial
process. Hydrogen chloride etches moats which are filled epitaxially with n-type silicon single crystal.
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evaporates chromium and then a mixture of chrom-
jum and copper. The outer surface of the termina-
tion is pure copper.

These resistances are relatively stable. In one
test, the resistance changed only 0.08% after a
power dissipation of 2 milliwatts per square milli-
meter for 1,000 hours at 85° C. Atter 3,000 hours of
this test, change in resistance was still less than 1%.

The first use of these devices was in hybrid cir-
cuits for a portable transceiver used by railroad
workers on the New Tokaido railway line. In
these circuits, the chromium-silicon resistors sup-
plied the high resistance; nickel-chromium films
made up small resistance and tantalum oxide films
were capacitors (see circuits at right).

Tantalum photoetching

Normally tantalum  thin-film circuits cannot be
deposited  directly  onto semiconductor  chips
because the silicon dioxide layer would be removed
when the tantalinm Jayer is ctched. Ichiro Miwa and
Takeo Nishimura at Hitachi developed a simple
and accurate method of fabricating tantalum  thin-
film circuits and recently modified it for use on the
oxidized silicon surface of other semiconductor
materials.

The Hitachi researchers found that Kodak Photo-
resist would protect the oxide coating long enough
during the tantalum etching. Thus KPR is spreacd
over the semiconductor material; then removed by
photolithographic means wherever tantalum is to
be applied.

Fabricating tantalum  circuits by the Hitachi
method depends on the selective etching of tan-

Japanese integrated DTL NAND gates

Average
Propa- Power

Maxi- Maxi- gation dissi- Operating

mum mum delay pation tempera-
Company* fan-in fan-out (ns) (mw) ture cc)
Nippon more 6 15 15 —15~125
Electric Co. than 6
Fujitsultd. 3 6 15 35 0~75
Tokyo 3 5 15 10 —30~125
Shibaura
Electric Co.
(Toshiba)
Mitsubishi 5 35 10 0~75
Electric
Mfg. Co.
Oki Electric 10 30 15 0~75
Industry
Co.
Hitachi 6 6 20 20 0~65
Ltd.

* Only these six companies are producing general-purpose
digital computers.
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Stage of an audio amplifier (in photo and circuit
diagram) using Mitsubishi’'s chromium-silicon resistors
with resistance up to 68,000 ohms. In this thin-film
circuit, smaller resistances are made by nickel-
chromium resistors. Transistors and other parts shown
in dotted boxes are not a part of the film circuit.

talum and tantalum oxide. Aqueous alkaline sohu-
tions will dissolve the oxide but not tantalum; acids
will dissolve tantalum but not its oxide. Thus
tantalum oxide is used as a mask when etehing
tantalum with acids.

A typical circuit would be made this way:

= After a tantalum film is deposited on an insulat-
ing substrate, its surtace is clectrolytically anodized
until specific sheet resistivity is obtained.

= Kodak Photoresist is applied to the film. A pho-
tolithograph etch removes tantalum oxide and layers
of tantalum from all places that are not to be used
for resistors, capacitors or conductors. First, an
alkaline solution dissolves the oxide layer: then an
acid solution dissolves the exposed tantalum.

» The ovide layer covering conductors s then
dissolved with an aqueous solution.

» A conductive film, which forms the conductors
and counterelectrodes for the capacitors, is de-
posited over the entire surface.

« A photolithographic process dissolves the un-
necessary portions of the conductive film.

Though KPR is known to have inferior resistance
to active etchants, it can protect the silicon dioxide
film because the film is subjected to the active solu-
tions for a very short time. There is a small variation
in the time required to etch tantalum from different
parts of the circuit. It is only during this variation
period that KPR is required to protect the silicon
dioxide film,
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% _Bidding for world leadership

in solid state microwave gear

With problems uniquely suited to solution by microwave, the Japanese

are making big advances in solid state equipment using such components
as the tunnel diode, Kita diode, hyperabrupt diode and mesa transistor

By Isao Someya

Electrical Communication Laboratory
Nippon Telegraph and Public Corp.
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