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For almost a third of a century UTC has pioneered in
the development of transformers, electric wave filters,
high Q coils, magamps and similar iron core components.
Highest engineering talent plus the most complete facili-
ties for research and testing has made UTC the leading
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supplier in the industry for both stock and custom built 4
components. UTC Variductors (stock variable inductors) |

have served as a simple solution to tuned circuit for '

almost 20 years . . . for oscillators, equalizers, filters,

tuned radio circuits, etc.
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HVC units are usable over a wide
frequency range and have high sta-
bility with temperature and voltage
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Write for catalog of over
1,200 UTC HIGH RELIABILITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

The HVV Variductors have been
designed to emphasize extremely
high stability with temperature,
level, shock and vibration commen-
surate with the highest obtainable
Q. They are ideal for precise match-
ing to other components such as
capacitors with standard 10% toler-
ance. Units are provided with a ver-
nier adjustment variation of +-10%
through 900° rotation of adjustment
screw on top of case. Setting is
positive. There are 12 units in the
stock line with mean inductances
ranging from .006 Hy to 150 Hys.
Specific mean inductances other
than stock items are available on

frequency range and variation of in-
ductance with applied AC voltage
are illustrated for a typical unit,
Patent pending.

change. Nominal inductance values
of 12 stock units in series range
from .006 Hy to 150 Hys. The varia-
ble inductance range of each unit
is +200%, —70% of nominal
value through 900° rotation of ad-
justing screw on top of case. Setting
is positive. Case size and weight is
the same as HVV. U.S. Patent No.
2,879,489,
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TVC Variductors are identical to the HVC units, but provide
taps at 30% and 50% of total turns. Different taps are available
on special order. U.S. Patent No. 2,879,489.

1-11/13” long,
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IFICATIONS

UNITED TRANSFO!

11/4»
weight 5% ounces.

Mean inductance may be varied +85%,

"45% through 600° rotation of adjustment
screw in side of case. Rugged die cast case:
wide,

special order. Manufactured and WIDE D D™
8o oS00 T guaranteed to MIL-T-27B, MIL type RANGE Wg) Wﬁﬁ/@[/@f@ﬁ
FREQUENCY CYCLES TFARX20YY. Drawn metal case: 1%” COMMERCIAL GRADE i
long, 25/32" wide, 1-7/32” high Nominal inductance values of 22 stock items
e (including adjustment screw); weight: in this series range from .0085 Hy to 130 Hys.
4 AVV-15 2 ounces. Effective Q over a wide

1-7/16”  high;

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

Frequency Range
(5 cps to 600 ke fundamental)
Sensitivity
(0.3 v rms for 100% set level)
Selectivity

in the hp 3314 Harmonic Distortion Analyzer— solid-
state version of the historic standards of the industry,
the Hewlett-Packard 330 Series!

The industry-leading 330’'s have gone solid-
state in the new Hewlett-Packard 331A, which
offers extended tuning range, greater set level
sensitivity, improved selectivity, greater over-
all accuracy and easier use—AND PRICED AT
ONLY $590!

Solid-state design allows battery operation
for floating measurements, and total improve-
ments add up to previously unavailable meas-
uring capabilities in determining total audio
distortion; voltage level, power output and
gain; total distortion of AM rf carrier; noise
and hum level and audio signal frequency.

The specifications tell the total story. Check
them over carefully. Compare them with per-
formance of any other distortion analyzer.
Then call your Hewlett-Packard field engineer
or write for complete data to Hewlett-Packard,
Palo Alto, California 94304, Tel. (415) 326-
7000; Europe: 54 Route des Acacias, Geneva;
Canada: 8270 Mayrand Street, Montreal.

HEWLETT h

. JWk DYTORTION ANMLYIER
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Distortion Any fundamental frequency, 5 cps to 600

measurement kc; distortion levels of 0.1% to 100%
range: measured full scale in 7 ranges
Distortion measurement accuracy:
Harmonic Frequency Input
195°8%. | 01%Fs. | Below3ow | Above3ov

10 cps—1 mc | 20 cps—500 ke +3% +3%

I mc—3mc | 500 kce—1 mc *+6% +12% (1db)

10 cps—20 cps |+12% (1 db)| +12% (1 db)

Elimination characteristics: Fundamental rejection >80 db

Second harmonic accuracy: Better than 41 db from 5 to 20
cps; 0.6 db from 20 cps to 20 kc; —1 db from 20 to 100 kc;
—2 db from 100 to 300 kc; —3 db from 300 to 600 kc

Frequency Better than +2% from 10 cps to 200 kc;
calibration —39% from 5 to 10 cps; +8% from 200
accuracy: to 600 kc
Input Distortion mode: 1 megohm shunted by
impedance: <60 pf or use hp 10001A divider probe
Voltmeter mode: 1 me%ohm shunted by
30 pf, 1 to 300 v rms; 1 megohm shunted
by 60 pf, 300 uv to 0.3 v rms
Input level 0.3 v rms for 100% set level (up to 300 v
for distortion for set level indication may be obtained
measurements: with front panel attenuator)

DC isolation:

Voltmeter
range:

Signal ground may be =400 v dc from
external chassis

300 uv to 300 v rms full scale (13 ranges)
10 db per range; 5 cps to 3 mc

(300 uv range: 10 cps—1 mc)

Voltmeter accuracy:

PACKARD

An extra measure of quality

Range *+2% +5% +12%
300 uv 30 cps—300 kc | 20 cps—500 ke |10 cps—1 mc
1 mv—30v 10 cps—1 mc 5 cps—3 mc
100 v—300 v | 10 cps—300 ke | 5 cps—500 ke | 5 cps—2 mc
Noise Voltmeter residual noise on the 300 uv
measurements: range: <25 uv rms terminated in 600 ohms;

Price:

<30 uv rms terminated with a shielded
100 k resistor

$590
Data subject to change without notice.
Price f.0.b. factory.

Circle 1 on reader service card




10 Mc-
500 Mc

Features:

=+0.002% Frequency
Stability

External AM and Pulse
Modulation

The VHF Oscillator Type 3200A is designed for general purpose
laboratory use including receiver and amplifier testing, driving
bridges, slotted lines, antenna and filter networks, and as a local
oscillator for heterodyne detector systems in the frequency range
from 10 to 500 mc.

The push-pull oscillator is housed in a rugged aluminum casting
for maximum stability and extremely low leakage; six frequency
ranges are provided for adequate bandspread on the slide-rule
dial. Internal CW operation is provided; AM and pulse modula-
tion may be obtained through the use of a suitable external source.
The RF output is coupled through a waveguide-below-cutoff vari-
able attenuator; in addition, an electrical RF level vernier is in-
cluded as a front panel control.

A solid-state power supply furnishes all necessary operating volt-
ages including regulated dc to the oscillator heaters for minimum
hum modulation and maximum tube life.

Specifications:

Waveguide-Below-Cutoff
Output Attenuator

Solid-State Power Supply

=

Radio Frequency Characteristics
RF RANGE: 10 to 500 mc
RF ACCURACY:
*+2% (after Y2 hour warmup)
RF STABILITY:
Short Term: £0.002* (5 minutes)
Long Term: £0.02* (1 hour)
Line Voltage: +0.001%* (5 volts)

*After 4 hour warmup, under 0.2 mw load

RF OUTPUT:
Maximum Power:
>>200 mw* ( 10-130 mc)
>150 mw* (130-260 mc)
> 25 mw* (260-500 mc)
*Across external 50 ohm load

Range: 0 to >120 db attenuation from
maximum output
Load Impedance: 50 ohms nominal

RF LEAKAGE: Sufficiently low to permit
measurements at 1 uv

Amplitude Modulation
Characteristics
AM RANGE: 0 to 30%
AM DISTORTION: <1% at 30% AM
EXTERNAL AM REQUIREMENTS: Approx.
30 volts RMS into 600 ohms for 30% AM
Pulse Modulation Characteristics
EXTERNAL PM REQUIREMENTS: 140 volts
peak negative pulse into 2000 ohms for
maximum power output; typically 10
volts peak (except 50 volts on 260-500
mc range) for 1 mw peak power output
Physical Characteristics
DIMENSIONS: Height: 62" (16.5 em)
Width: 734" (19.8 cm)
Depth: 12'%," (31.8 cm)
Power Requirements
105-125/210-250 volts, 50-60 cps, 30 watts
Price: 3200A: $475.00
F.O.B. Rockaway, New Jersey

BOONTON DIVISION

PRECISION ELECTRONIC INSTRUMENTS SINCE 1934
GREEN POND ROAD, ROCKAWAY, NEW JERSEY 07866

TELEPHONE: (201) 627-640Q « TWX: (201)627-3912 » CABLE ADDRESS: BOONRACO
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I. Design

Light-coupled switch for muitiplexing

Newest optoelectronic device is a four-terminal
semiconductor switch

Edward L. Bonin, Texas Instruments, Inc.

Designer's casebook

Magnetoresistors isolate load from control
circuit; scr's regulate a-c line voltage;
diode eliminates multivibrator bias; two
transistors simulate high-current tunnel
diode

FET detects alpha particles better

A low-noise detector, the FET improves
signal-to-noise ratios at least tenfold

C.R. Seashore and C.D. O'Brien, Honeywell, Inc.

Il. Manufacturing

Connecting integrated circuits (Cover)
A universal packaging technique cuts the
cost of integrated circuits for systems
John Marley, ITT Federal Laboratories

I11. Application

Laser-television system developed

An inexpensive system is proposed to link

plants and provide security checks

C.J. Peters, R. Lucy, K.T. Lang, E.L. McGann

and G. Ratcliffe, General Telephone & Electronics
Corp.

Navigation satellites: space beacons

Space electronics may pinpoint positions of
ships and planes

E.S. Keats, Westinghouse Electric Corp.
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Readers Comment

Overheated parking meter

To the Editor:

Author W. E, Osborne seems to
have missed what I believe to be
Robert Salzman’s point [Jan. 25, p.
4]: Okay, so you invented some-
thing complicated to do a simple
job. Now get busy and combine the
simplicity of the mechanical trip
with the reliability of the astronom-
ical clock in a package too cheap to
be worth stealing. And if you can’t
do it, step aside in favor of some-
one who can.

Charles D. Mace
Consulting engineer
Maple Glen, Pa.

Gremlins at work

To the Editor:

In “The dangerous depths”
[Dec. 28, p. 77] you stated that
“Both men report to the top—Kara-
beris to the Secretary of the Navy,
Admiral Paul H. Nitze, and Martell
to the Chief of Naval Operations,
Admiral David L. McDonald.”

The Secretary of the Navy, Paul
H. Nitze, is a civilian and has no
military rank.

D. A. Olson
Director Special Training
U.S. Fleet Sonar School
Key West, Florida

* Printers” gremlins commis-
sioned civilian Nitze.

In California

To the Editor:

In your Market Report 1965, you
picture an unusual miniature tape
recorder [Jan. 11, p. 98]. Where is
the manufacturer, Craig-Panorama,
located?

Albert L. DeGraffenried
Sanders Associates, Inc.
Plainview, L. L.

= A number of readers were fas-
cinated by this device and asked the
same question. Craig-Panorama,
Inc., is at 3412 South LaCienega
Blvd., Los Angeles 16, Calif.

FET reliability

To the Editor:
I have read the articles on FET

Electronics | February 8, 1965



CAST MICA
CAPACITORS
FEATURE:

Operation to 125C
Reduced Sizes
Lighter Weight
Greater Ruggedness

QL €\ <SS

Cooler Operation

For application engineering assistance without
obligation, write to Mica Capacitor Section,
Field Engineering Dept. For complete technical
data write for Engineering Bulletins 1230 and
1240 to Technical Literature Service, Sprague
Electric Company, 35 Marshall Street, North
Adams, Massachusetts. 01248

® SoMmeTHING NEW and important has happened to trans-
mitter-type mica capacitors! In place of the old-fashioned,
bulky assemblies you’ve had to use in the past, Sprague
now offers modern, miniaturized Cast Mica Capacitors—
30% smaller in size, 30 to 40% lighter in weight, available in new
shapes and mountings for liberal new design possibilities.

® Encapsulated in high-temperature €poxy resin by a patented
process, Sprague Cast Mica Capacitors will operate at temperatures
to 125 C without derating—greatly in excess of the 70 C or 85 C
limits of conventional capacitors. This exclusive construction also
provides superior thermal conductivity—far better than with
porcelain—enabling these capacitors to carry higher r-f currents.

® Unlike older units with fragile insulating housings, Sprague
Cast Mica Capacitors are rugged. Their tough epoxy resin encap-
sulation, with improved hermetic seals, eliminates use of potting
waxes which tend to melt and cause damage to electron tubes
and other components.

® Sprague Cast Mica Capacitors, designed not only to meet
but exceed MIL Specifications, are made in both the familiar
cylindrical as well as a new rectangular shape, with female threaded
terminals on opposite ends. Although smaller in size than con-
ventional capacitors, Cast Micas can be procured—for inter-
changeability—with one or two aluminum plates having the same
center-to-center mounting holes as standard types. Where space is
critical, they may also be mounted or stacked without plates by
means of dual-ended headless screws.

SPRAGUE COMPONENTS ®
CERAMIC-BASE PRINTED NETWORKS n
PACKAGED COMPONENT ASSEMBLIES

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS

THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS

454350 R:
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BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

THE MARK OF RELIABILITY

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

« . . 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 =+=0.05%.

Wide Range of Ratings—1; watt to 10 watts.
Resistance values from .05 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.

THE MARK OF RELIABILITY

‘Sprague* and ‘(2)" are registered trademarks of the Sprague Electric Co.

4SR166.6)
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transistors [Nov. 30, p. 45; Dec. 14,
p. 33 and Dec. 28, p. 45] with great
interest. Unfortunately, there was
little or no information relating to
the reliability of such devices. It is
all very nice to be able to build
new circuits, but with the present
emphasis on reliabilitv, an engi-
neer takes a risk using them unless
he knows the appropriate failure
rates.

To date I have been unable to
obtain much reliability informa-
tion on FET’s. However from the
few reliability reports I have, it ap-
pears as though FET’s may be be-
tween one and two orders of mag-
nitude worse than “conventional”
transistors. One manufacturer of
FET’s reports a failure rate of ap-
proximately 0.7%/1.000 hours at
60% confidence, after 2 x 10® hours
operation. In catastrophic failures
only, the failure rate drops to
0.2% /1000 hours at 60% confid-
ence. Test conditions werc an am-
bient of 150°C, with 24 volts re-
verse bias (80% of rating) applied
to both junctions. These failure
rates appear comparable with those
of “ordinary” transistors. until it is
realized that these particular FET’s
have been subjected to coinprehen-
sive screening and that suspect de-
vices were eliminated prior to test.

The purpose of my letter is not
to discuss a particular manufac-
turer’s reliability report but to
emphasize that there is compara-
tivelv little known about FET
tailure rates and modes. In addi-
tion to articles on how FET’s work,
it would be advantageous to read
an article describing how they do
not work. To be most useful such
an article would discuss the failure

AV

modes of FET’s and indicate in
what environments they should not
be used.

N. Lewis
Reliability engineer
Canadian Westinghouse Co.
Hamilton, Ont.

» Almost all the manufacturers
and users tell us it is still too early
to get the kind of information
reader Lewis seeks. But Electronics
did publish an article [Dec. 28, p.
58] cautioning about using FET’s
in a radiation environment.

Which came first?

To the Editor:

Some time ago [Dec. 6, 1963, p.
69] I saw the article “Circuit with
a twist: the cascode follower” by
R. W. Johnson (the circuit is shown
below, left).

The application note suggests
that “a transistor version of the cir-
cuit should be possible”. The fu-
ture conditional tense surprises me,
I have a circuit (below, right) which
is a transistor equivalent to the cas-
code follower, except that it is use-
ful down to d-c. If so desired it
may deliver #2100 volt and several
watts, and a preceding pnp emit-
ter-follower, or a diode, would re-
duce the temperature drift to ap-
proximately 0.2mV/°C,

The transistor version has heen
used for a couple of years at the
Norwegian  Defense  Rescarch
Establishment, and I think it un-
likely that it had not been used ex-
tensively by others hefore that time,

It seems to me that in this case
the transistor version came first.

Per Bugge-Asperheim
Norwegian Defense Research
Establishment

Did the Bugge-Asperheim transistorized circuit,

right, precede the tube version, left?

Electronics | February 8, 1965



The Engineer’s@i Bes

DESIGN PATENT
D161,030

&

t Connection

Now Available in Two Versions

Gold-Plated Copper in Critical Parts . ..
for Low-lL.evel DC Applications Needing

Minimal Thermal Noise
Quantity Prices

of Nickel-Plated Brass...
for General Purpose Use

Quantity Prices

Type Description 10-99 100-999 1000-up Type Description 10-99 100-999 1000-up
938-GM Metal top binding post $1.10 $.98 $.92 938-P ' Meta! top binding post $.52 ! $.38 $.36
with metal spacer with metal spacer
938-HB Black top, black insulator 1.00 .83 .78 938-wB Black top, black insulator .75 52 49
938-KR Red top, red insulator 1.00 .83 .78 938-WR Red top, red insulator .75 .52 .49
938-LG Gold plated shorting link .25 22 .20 938-L Shorting link .10 .09 .09
. ] 5/8 DIA.
e Banana plug fits snugly into body of post, NOT just the top
e Countersunk top insures proper seating of banana plug
e Top is captive to prevent loss b
. . 0
e No awkward lugs — you solder directly to turret on mounting stud ;\(‘" 3
o Gounding post has spacer for proper height — knurl on bottom of spacer \
bites into panel for good contact and prevents rotation w
e Will accommodate banana plugs, telephone cord tips, spade lugs, slender (3) Q,Q \
alligator clips, wire, etc. — contoured cross-hole grips without shearing N 9/t16 & ,2-"734021'&_

any wire from A. W. G. No. 40 to No. 10

e Interlocking, anti-rotation keyed base for any pancl thickness to %¢”. If
keying is not desired, 5%” hole in panel frees key

@ Polystyrene insulating bushings, hollowed to minimize capacitance and
losses caused by solid dielectric

o Low dielectric constant and dissipation factor

e High leakage resistance

e Minimum moisture effects

e Sclf-storing, compatible grounding link available

Write for complete Information

GENERAL

WEST CO

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673
IN EURDPE: Zurich, Switzertand — London, England

Oto 5/|s—a|] l-:1 I"“/e ™,

3/4 DiA. t-=mi)

i o et
I N l . ____j-HOLE
5 MO
Mechanical details of | 16 I MA Dia.
Type 938 Binding Posts e g
and Assemblies. v
.--ai;lwglcgg‘

g e
s—sz/lo 10 [g‘:_\lm DIA.
5/8 732
Locking keys in %4-inch mounting hole can be omitted
if locking feature is not wanted. .

RADIO COMPANY

NEW YORK, N. Y., 964-2722
(Ridgefield, N. J.) 943-3140

CHICAGD
(Oak Park) 848-9400

PHILADELPHIA
(Ft. Washington) 646-8030

WASHINGTON, 0.C.
(Rochvilie, Md.) 946-1600

SYRACUSE
454.9323

NCORD, MASSACHUSETTS
DALLAS SAN FRANCISCO  LOS ANGELES ~ ORLANDD, FLA.  CLEVELAND
FL7-4031  (Los Altos) 948-8233 469-6201 425-4671 886-0150
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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
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People

“It’s a challenge I just couldn’t re-
sist.” says B. David James, who
recently resigned as the Signet-
ics Corp.’s vice
president,  re-
scarch, and now
serves as direc-
tor of research
and :engineering
for the Ultek
Corp.

In 1960, James
helped to set up
the Signetics Corp. and contributed
to the company’s advances in
epitaxial and thin-film processing
techniques. Recently he decided
he was becoming too specialized,
antd turned ‘his attention to ultra-
high-vacuum equipment because
“right now there is no sophistica-
tion” in the field.

James, who is 36 years old and
has a doctorate in physics, will re-
tain an affiliation with Signetics as
a consultant, and he expects “quite
a bit” of his evening and weekend
time to be devoted to microcir-
cuitry.

Simon Reich may play an impor-
tant, if little-known, role in the lives
of the 3.7 million residents of the
San  Francisco
Bay area.

The 26-year-
old physicist de-
signed the elec-
tronic safety
feature  that’s =
the heart of the ’
General Railway
Signal Co’s
automated rapid-transit  system
which will be tested soon in San
Francisco. General Railway is com-
peting against several other com-
panies for a contract to install a
transit network.

Reich, who has no formal train-
ing in electronics, considers elec-
tronics engineering “the only crea-
tive process left in the world.” He
uses component catalogs as text-
books, explaining, “Reading only
spoils the creative spark. You only
learn what others have done. To
create unheard-of things your mind
has to be free to go in any direc-
tion.”
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Ed Maloney knows rectifiers.

And he’s got it made.

Ed’s satisfaction with his silicon power rectifiers requirements of MIL-S-19500 and MIL-STD-750.

borders on smugness. But that’s understandable. Not only that, but you and Ed have: Single-
Look what he’s got going for him and you: Com- junction construction for lower forward drop.
petitive prices always. Broad . v PRV=50 V to 1000 V. Ip=
market acceptance. Rapid e | e it 1 A to 12 A. Each device
. BER ML SPEC X
delivery on all types. Over 300 dynamically tested for per-
1N types in the JEDEC DO-4 | ysniN1124a268,288 | MIL-S-19500/1048 formance before leaving the
package, any one of which can | plant. 1009 testing at 150°C
take a lot more punishment o |MIL'E'1/”08 _  operating. And 23 different
than the “‘lightweights.”” |JANINI202R04R06R | MIL-S-19500/260 types meeting military specs.
Devices that withstand the [ ysainisisr-16,R MIL-S-19500/162A Join Ed in feeling really con-
environmental and mechanical \ fident, use Bendix rectifiers!

Bendix Semiconductor Division ,,,J,/-./

HOLMDEL, NEW JERSEY CORPORATION

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.
—(201) 747-54004 Los Angeles—(213) 776-4100; Miami Springs, Fla.—(305) 887-5521; Minneapolis—(612) 926-4633; Seattle —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 Avenue, New York; Ottawa, Ont.—Computing Devices of Canada, P.0O. Box 508—(613) TAlbot 8-2711.
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SCR Gate Pulse
Rise Time of
1to 3
Microseconds
with
SILICONTROL

® Meet triggering requirements for com-
pletely balanced SCR firing in 3-phase
a-c or d-c power control.

® Gate firing characteristics are bal-
anced to within 5° over full 180° excur-
sion in all pulse patterns with milliwatt
signal power. Wide angle phase shift
technique of SCR conduction angle con-
trol with saturable reactor.

® No bias for pulse reset required—fail-
safc—load and control circuits fully
isolated.

e Each gate signal output is a constant
amplitude pulse 180° wide, which pro-
vides a full range of control at all phase
angles without SCR damage.

® Pulse rise time less than 3 micro-
seconds to meet gate firing requirement
of high-current-rated SCRs.

¢ Pulse amplitude is 5 volts minimum
into a 10 ohm load.

¢ Components terminal-mounted on
epoxy-laminate cards for printed circuit
wiring.

e Units available for firing of several
SCRs in parallel.

For complete technical data,
write for Engineering Bulletin 85520A4
to the Technical Literature Service,
Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 01248

45V.4130R4

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ' (2)" are registered trademarks of the Sprague Electric Co.
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Meetings

Electronics Design Conference, IEE,
Savory Place, London, W.C.2, England,
Feb. 8-9.

American Astronautical Society
Meeting, ACRS, IEEE; Denver,
Feb. 8-10.

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

Solid-State Circuits International
Conference, University of
Pennsylvania, IEEE; University

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

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

Los Angeles, Feb. 20.

Electromagnetic Compatibility Spring
Conference, SAE; Orlando, Fla.,
Feb. 23-24.

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

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

Management Conference on Operations
Research, Systems Engineering

and Electronic Data Processing,
University of Pennsylvania,
Philadelphia, Mar. 17-19.

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

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

SMPTE; Ambassador Hotel,

Los Angeles, Mar. 28-Apr. 2.

Association of Electronic Manufacturers
National Convention, AEM, Inc.; New
York Hilton Hotel, New York. Mar. 29-
Apr. 1.

Electron Beam Annual Symposium,
Pennsylvania State University, Alloyd
Corp.; Pennsylvania State University,
University Park, Pa., Mar. 31-Apr. 2.

Electronic Parts Distributors Show,
Electronic Industry Show Corp.,

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

IEEE Seminar on Space Vehicle
Reliability, {EEE; Airport Marina Hotel,
Los Angeles, Apr. 2.

National Packaging Exposition, AMA;
McCormick Place, Chicago, Apr. 5-8.

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

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

Airlines Electronic Engineering
Committee General Session, AEEC of
ALCAC; Eden Roc Hotel, Miami Beach,
Apr. 7-9.

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

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

Paris, Apr. 8-13.

IEEE Region 6 Annual Conference,
Nuclear Rocket Development Station,
Las Vegas, Apr. 13-15.

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

Call for papers

Electromagnetic Compatibility Na-
tional Symposium, G-EMC/IEEE;
Waldorf-Astoria Hotel, New York,
June 28-30. Feb. 26 is deadline for
submitting 500-word abstract to D.
Fidelman, Chairman, Technical
Program Committee, Electro-Mag-
netic Measurement Co., 50 Baiting
Place Rd., Farmingdale, N. Y.
Topics include measurement tech-
niques, suppression materials, elcc-
tro-magnetic pulse problems, ad-
vanced EMC theory, radiation
hazards, interference prediction,
susceptibility—from DC to light,
specification considerations, etc.

Symposium on Plasma Sheath—
Plasma Electromagnetics of Hyper-
sonic Flight, OAR; New England
Life Hall, Boston, and classified
session at Base Theater, L.G.
Hanscom Field, Bedford, Mass.,
Sept. 21-23. Mar. 20 is deadline for
submitting both classified and un-
classified 200-word abstracts to
Alice Cahill, CRD, Symposium
Secretary, Air Force Cambridge
Research Labs., I.G. Hanscom
Field, Bedford, Mass. 01731.
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A LOT OF MANUFACTURERS

NO LONGER MAKE THESE
POPULAR GERMANIUM AMPLIHIER
AND SWITCHING TRANSISTORS

]

|
HIGH-SPEED 10 mA LOGIC SWITCHES a
Conditions : All characteristics at 10 mA except Cos @ 10V. S
oC BVcio Vet Vee ‘\
6(typ) 0.2(typ) 055 :
AC ir Cot TS h ) 1 \
350 mc(typ) 6 ptityp) 70 ns \
2N705 2N837 2N972 2N2259 '
JAN 2N705 2N968 2N973 101 )
2N710 2N969 2N974 201 i J
2N711 2N970 2N975 "
2N827 2N971 2N2258 " Y -2
ULTRA-HIGH SPEED 10 mA LOGIC SWITCHES 4
Conditions: Same as above. See 2N964A data sheet for curves. ¥ v' - L
oC BVceo Ve Vee - L o | i ‘1 J
10(typ) 0.12(typ) 0.45 : . A
AC fr Caop TS ! [
450 mc(typ) 4 pf 30 ns i' .;

2N711A 2N829 2N962 2N965 £ ;

2N711B 2NB838 2N963 2N966 3

2N769A 2N960 USN 2N964 2N967

2N828 2N961 2N964 2N985

2N828BA USN 2Ng62 2N964A

HIGH-VOLTAGE HIGH-SPEED 50 mA SWITCHES
Conditions: Vcejmy & Vie at 50 mA. All other characteristics at 10 mA ex-
cept Con at 10 V. See 2N2955-7 data sheet for curves. é M : % o w
oc BVceo Vet Vae ®os “Z- w m
25(typ) 0.2(typ) 060
AC h? Cot -
O OH="The-Shelf Sowree!
2N2630 2N2955 2N2957 207 L4
2N2635 2N2956 107
HIGH-CURRENT HIGH-SPEED 200 mA SWITCHES You can count on Motorola as your continuing source
Conditi 2 VEE[a) & V 200 mA. All oth h teristr t 10 mA ex- . 3 .
e Ry (Tl T T AT i e for a complete line of germanium mesa transistors. Over
oc BYcio Yo vee 90 PNP device types are in stock for widely used switch-

% r— T g, on e T ing and amplifier applications!
2N1204 2N1494A 2N2096 2N2100 Some of the more popular types included are:
2N1204A 2N1495 2N2097 2N2381
2N1494 2N1496 2N2099 2N2382

SMuuSIgRAt av E = ANELTERS @ the 2N1141-43 with typical fr as high as 1200 mc.

Type No. Typ NF/db Typ Ge/db Typ fmer/mMcC 3 B 2 P . g

s P T 76 s o Units meeting Mil-S-19500/87 are available.
.| 2 pmthl | [
a7l 76 70 o e Tome 400 @ the 2N700 series . . . excellent for video amplifiers
A 7 0 22 70 40 H H H H
e Y@ U9 e o e since hy, is flat out to high frequencies.
2N3324 5.5 60 mc 29 @ 10mc 500
2N3325 ) 60 mc 30@ 10mc 500 . - ” o 2 o
S AT R AL VE L e S LI ERs 7 the 101 and 201 series used in the critical Minute-

Tyfie Typ NF Typ G ol man'mns_,sue program. These transistors achieved a system

No. db @ 200 mc db @ 200 mc me application failure rate of less than 0.0007 9% /1000 hours!
2N3279 2.9 20 2000 4 i ili
2:3§5° % 2 2000 They’re now available to all military contractors!

SNazez 0 20 2000 Looking for excellent forward AGC? Try Motorola

IN3204 % 2 = types 2N3279 through 2N3286 in your high-gain, low-

2N3 d . . e ] 4

Snas8e ity N TR noise amplifiers, oscillators and mixers, and frequency

SMALL-SIGNAL EXTREMELY VHF — UHF AMPLIFIERS : mu]tip]iers'

T . ar .

e TN ot S o These and many more low cost, high-performance tran-
2N2415 2.6 14 @ 500 2500 1 i ) ! ’
2Nzl 26 14 @00 me 2500 sistors are avall:able today 'And, what’s more, Motqrol.a s
MM1717 24 25 @ 200 me 3000 volume production capability assures you of a continuing

SMALL —~ AND LARGE-SIGNAL VHF — UHF AMPLIFIERS source Of Supply

Type Typ NF Typ Ge Typ fmue Typ Po (mW) . '

N db/@ )0 me | doipi0ime me @izt For complete details, contact your nearest Motorola semicon-
s e H o) 1£9 ductor representative or distributor or write : Motorola Semi-
e et 4 e e conductor Products Inc., Dept. TIC, Box 955, Phoenix, Arizona
USN 2N1142 3.5 24 1400 110 i i 7 7 1
i 2z g e = 85001. Meantime, clip this handy listing for future reference.

LARGE-SIGNAL VHF POWER AMPLIFIERS

Type Min G, (db) Typ fr Typ Po (mW)

No. 0.5W Po @ 160 mc mc @ 160 me Mo TOR ®
2N1561 6 500 700
2N1692 6 500 700
2N1562 (0.4 W Po) 5 500 600 —

AWras 06 80 Semiconductors
/ 254-2

\ 2N1693 (0.
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LTV SCIENCE AND ENGINEERING

MISSILES, MOBILITY...POWER ON THE GROUND

Air and space are not the only exciting challenges in
the science of defense. The Army is finding new ways
of covering old terra firma in meeting its objective:
The best equipped tactical force for limited or full-scale
action anywhere on the globe.

A good part of the answer lies in battlefield missiles
and mobility. LTV Michigan Division is supplying the
Army on both counts. The Army/LTV LANCE, the
newest battlefield missile, is undergoing development
tests and the first firing is scheduled for early 1965.
Being developed to replace the Honest John and
LaCrosse missile systems, LANCE utilizes a new sim-
plified guidance and control concept, is the first Army
missile to use pre-packaged storable liquid propellants.
The highly mobile LANCE system will extend the divi-
sion commander’s nuclear and non-nuclear firepower.

DIVISIONS AND SUBSIDIARIES: -
ELECTRONICS - LTV RANGE SYSTEMS « LTV RESEARCH CENTER -

LTV ALTEC « LTV ASTRONAUTICS « LTV CONTINENTAL ELECTRONICS -

LTV Michigan is also prime contractor for the XM-561,
a unique double-bodied, articulated six-wheeled vehicle
which can go almost anywhere the Army fights. It will
be used for test and evaluation by the military in
widely varied terrain from arctic wastelands to tropic
jungles. The design is based on the Gama Goat truck,
which LTV privately developed. Another highly mobile
vehicle being developed by LTV Michigan is the PATA
(plenum air tread amphibian). A series of air cells
mounted on a belt provides a continuous track on
which the vehicle rides.

Highly mobile missile systems and ground vehicles are
another example of the versatile store of science and
technology at LTV, leader in electronics, aircraft,
missiles, space, mobile ground vehicles, ground and
airborne communications, and range services.
Ling-Temco-Vought, Inc., Dallas, Texas.

LTV LING ELECTRONICS -

LTV MICHIGAN + LTV MILITARY

LTV TEMCO AEROSYSTEMS « LTV UNIVERSITY « LTV VOUGHT AERONAUTICS + KENTRON HAWAIL LTD.

Circle 13 on reader service card
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LING-TEMCO-VOUGHT, INC.

Unique articulation system gives six-wheeled XM-561 its maneuverability.

Army crews at Fort Sill, Okla.,, train to operate
LANCE. First firing is scheduled for early 1965.

T e il S
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F/P13964.A

PHOTOMICROGRAPH OF FAIRCHILD SILICON PLANAR EPITAXIAL MICROCIRCUIT

2.99!

Low-priced microcircuits for commercial /industrial applications

The three-input gate shown above (actual PRICE LIST 02e - MIX  NON MiX
size: m)isone of Fairchild’s new integrated F,.L 92329 J-K FLIP-FLOP 9.50 7.60 6.65 6.35
circuits selling for $2.55 each. These devices F..L 90529 HALF SHIFT REGISTER 6.50 5.30 455 4.35
! . .y =g Pt o F,.L 90029 BUFFER 3.75 3.00 2.65 255
are functional equivalents of Fairchild FZL TR n ) e e
Micrologic and Milliwatt Micrologic, guar- F,.L 91529 DUAL 3-INPUT GATE 4.75 3.80 3.35 3.20
anteed from 15°C to 55°C. Using the same Planar Ful 91129 4-INPUT GATE 4.00 3.20 2.80 2.65
Epitaxial techniques and rigid production control Rtk LU 499 'y o o
& ) F.L 92129 EXPANDER 4.00 3.20 2.80 265
they are specially manufactured for a wide range F,.L 92429 DUAL 2-INPUT GATE 4.00 3.20 2.80 265

of non-milital‘y 'dppliC'dtiOHS—iIlCludillg commercial IMMEDIATELY AVAILABLE FROM DISTRIBUTOR STOCKS

computers, industrial controls, instrumentation

and test equipment. I B
Fairchild low-priced microcircuits are immedi- FA I R . : H I I D

ately available in volume quantities. Package: low-

silhouette TO-5type with 8 or 10 leads. For complete _
details, write for the comprehensive data sheet. S E M | G D l\] D U CTD R

EASTERN CONNECTICUT Hamden: Cramer Electronics, 288-7771. FLORIDA Oriando: Crescent Electronics Sales, 423-8586; G. F. Bohman Associates, 425-8611/Winter Park: Valley Elec-
tronics. 647-1216. MARYLAND Baltimore: Valley Electronics, NO&8-4900/Beltsville: Powell Electronics, 474-1030. MASSACHUSETTS Newlon: Cramer Electronics, WO9-7700/ Watertown: L, L,
Schiey Co., WA6-0235. NEW JERSEY Cherry Hill: Valley Electronics, NO2-9337. NEW YORK Baldwin, L. I.: Taylor Electronics Corp., 223-8000/ Buftalo: Dart Sales, 684-6250; Summit Distribu-
tors, 884-3450/ Syracuse: Dart Sales, GL 4-9257; Eastern Semiconductor, 454-9247 [ Westbury, L. I.: Schweber Electronics. ED 4-747 4. PENNSYLVANIA Philadelphia: Powell Electronics, 724-1900,
CENTRAL ALABAMA Huntsville: Schweber Electronics, 5§39-2756. ILLINOIS Chicago: Avnet Electronics., 678-8160: Semiconductor Specialists. 622-8860; Solid State Electronics, 889-8033.
MICHIGAN Detroit: Semiconductor Specialists, LU 4-5901; Sheridan Associates, 353-3822. MINNESOTA Minneapolis: E. C. Electronics Sales, 888-0102; Semiconductor Specialists, UN6-3435.
MISSQURI St. Louis: Durbin-Hamilton Electro Corp.. 966-3003. OHIO Cincinnati: Sheridan Associates, 761-5432; Cleveland: 884-2001; Dayton: 277-8911. TEXAS Dallas: Norvell Associates,
FL 7-6451 Houston: Norvell Associates. MO 5-0558. WESTERN ARIZONA Phoenix: Hamilton Electro, 272-2601; G. S. Marshall Co., 946-4276. CALIFORNIA Los Angeles: Hamilton Electro,
870-3300/ Palo Alto: Hamilton Electro, 321-7541/Redwood City: G. S. Marshall Co.,, EM 6-8214/San Diego: Denny-Hamilton Electronics, 279-2421; G. S. Marshall Co., 278-6350/San
Marino: G. S. Marshall Co., MU 1-3292. COLORADO Denver: Hyer Electronics, 771-5285. NEW MEXICO Al/buquerque: Hyer Electronics, 268-6744. WASHINGTON Seattle: Hamilton Electro,
282-3886. UTAH Salt Lake City: Hyer Electronics. 322-5849. CANADA Toronto, Ontario: Avnet, 789-2621.
FAIRCHILD SEMICONDUCTOR SALES OFFICES

EASTERN ALABAMA Huntsville 536-4428. FLORIDA Or/ando CH 1-2596. MARYLAND College Park 779-6868. MASSACHUSETTS Bedford 275-8450. NEW YORK Endwell 754-2600; Long Island
ED 4-8500; Poughkeepsie 454-7320; Syracuse GR2-3391. PENNSYLVANIA Jenkintown TU6-6623. CENTRAL ILLINOIS Chicago V/8-5985. OHIO Dayton 228-1111. MINNESOTA Minneapolis
UN6-3301. TEXAS Dallas F12-9523, WESTERN ARIZONA Phoenix 946-6583. CALIFORNIA Los Angeles HO6-8393; Palo Alto 321-8780. COLORADO Denver 761-1735, WASHINGTON Seattle
AT 2-5344. CANADA OFFICE: Ontario, Toronto 782-:9230.

PLANAR: A PATENTED FAIRCHILD PROCESS
FAIRCHILD SEMICONDUCTOR/A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION/313 FAIRCHILD OR.. MOUNTAIN VIEW, CALIF./962.5011/TWX: 910.379-6435
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Editorial

Inspiration for
product
planning

Steadily and inevitably, microelectronics activ-
ity is accelerating. The latest giant step is
described on page 67: a universal packaging
technique that will mean low-cost complex
systems.

Advances of this kind should supply a much-
needed stimulus to product planning. Now an
imaginative engincer has an unprecedented
opportunity: to apply a new technology to
generate a torrent of new products.

A development like the new packaging
technique couldn’t come at a better time.
Many companies, in and out of the electronics
industry, have suddenly realized that their
product planning is moribund or nonexistent.
At a recent mecting of the National Industrial
Conference Board, one management consult-
ant charged that new product planning was
U.S. industry’s worst weakness. In the clec-
tronics industry, product development is espe-
cially weak.

Certainly a few companies—such as Hew-
lett-Packard and Texas Instruments—have
enjoyed spectacular growth as a result of their
ability to market new products. But a snccess
story is the exception. Most companies stumble
onto new products or rehash their old ones.

Large companies and small have suffered
the same disappointments in product plan-
ning. The reasons are as numerous as the
companies, but a few explanations recur again
and again. Small companies believe they are
too small to engage in product planning. Big
companies strangle new ideas with rigorous
procedures that involve too many people. And
product planning is based too often on fuzzy
desires.

Although engineers have traditionally
played a leading role in product planning,
their position has been usurped in the past

10 years by professional product planners.
These are usually marketing men who are
supposed to understand what the customer
wants. After interviewing consumers, the
product planners tell the engineers what to
design.

The great weakness in this procedure is that
the customer—even a sophisticated one in
industry—may not know what he wants. The
road to bankruptcy court is paved with prod-
ucts that were developed to satisty nonexistent
desires.

Generating new product ideas—and then
identifying the good ones—is one of the
toughest jobs in industry. Nobody can tell you
how a good idea is created or where it may
come from, yet many companies ignore free
sources of good ideas.

At Hewlett-Packard—a company almost
everybody respects for its product planning—
an executive says: “Whenever we run into a
measurement problem in the laboratory or on
the production line, we figure other people
have the same problem too. so it becomes an
idea for a new product.” Then Ilewlett-Pack-
ard screens its product ideas, on the premise
that it doesn’t pay to introduce a product
unless the device represents a real engineering
advance.

Another often-slighted source is the coterie
of purchasing agents in a customer’s plant.
Every day these men are searching for equip-
ment to satisfy current demands. They can
tell you what features are needed and what
features their companies won't buy.

But nothing is richer as a source of ideas
than a big advance in technology: that’s what
makes microelectronics such a potential stimu-
lus. Many economic limitations on the kinds of
products you can build with microelectronics
—consumer, industrial or medical—have sud-
denly been swept away. Many products that
were deemed too expensive to be built in an
clectronic form can now compete favorably
with nonelectronic devices.

With low-cost microcircuits and packaging
techniques, designers tell us they can slash the
costs of systems at least 50%—as much as 90%
in a few cases. And if that thought is intrigu-
ing, consider this: one approach may make
microcircuit chips with nearly 100 separate
components for only a few cents!

What more cncouragement does an engi-
neer need?
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Should YOU specify
this small four-pole relay by PsB?

Here is why so many engineers have

An extraordinary combination of features distinguish the KH relay. Small
size (only slightly larger than one cubic inch), 4-poles, exceptional electrical
stability over a long life, a wide choice of mountings. . . all of these and more

are found in the KH.

SWITCH FOUR CIRCUITS
FROM LOW LEVEL TO 3 AMPS

This is a four-pole re-
lay normally used in a
4 Form C arrange-
ment. It can be sup-
plied with a 2 Form Z
(DPDT-DB) config-
uration or, by not wir-
ing certain contact
terminations, any
four-pole combination
of Forms A or B may
be achieved. Berylli-
um copper is used for
the contact arms for excellent conduc-
tivity and long mechanical life.

Both AC and DC relays are available.
Minimum power requirement for AC re-
lays is 0.55 volt amperes at 25° C. DC re-
lays will operate on only 0.5 watts at 25°
C. KH relays are rated at 3 amperes, as
shown below. Under certain favorable
conditions, KH relays will switch up to 5
amperes providing extended life is not
required.

TERMINAL BLOCK
CONSTRUCTION CONTRIBUTES
TO RELIABILITY

Glass reinforced al-
kyd, a material of ex-
ceptional dimensional
stability and dielectric
properties, is used for
the terminal block.
The terminals are
molded into the block.
This construction
serves to keep the re-
lay in precise adjustment throughout its
life. T'he pierced solder terminals are easily
accessible, speeding hook up.

Now available at leading
electronic parts distributors

16 Circle 16 on reader service card

CHOOSE FROM WIDE
VARIETY OF MOUNTINGS

The terminal block is
uniquely embossed to
allow for mounting
KH relays on metal
strips or angles. This
embossing, around the
two bottom terminals,
keeps the relay from
turning when the nut
is tightened on the
stud. The KH may be
mounted in a varicety
of ways. A tab-and-
stud mounting plate
on any side or the top
of the dust cover is
available. Also, a
choice of three sockets
may be used to make
the KHaplug-inrelay.
One socket has printed circuit tabs, the
other two have pierced solder terminals,

CHOICE OF
ENCLOSURES TO MEET AlLL
REQUIREMENTS

Dust covered KH re-

lays (KHP) can be e, ..
ordered with translu- —
cent nylon or clear
Lexan cases. Hermeti-
cally sealed relays are
designated KHS, and
arc enclosed in a steel
cover, The nylon cases
are available on spe-
cial order in red, blue,
green, yellow or black so that relays in
various circuits may be color coded.

RELIABILITY OF KH SERIES
FIELD-PROVED IN MANY
APPLICATIONS

The KH has found its way into such diverse
gear as citizens band transceivers, dictating
machines, walkie-talkies, computers, aircraft
communications equipment, scoreboards,
alarm systems, and many others.

For full information call your local P&B
distributor or Sales Representative, or write:
Potter & Brumfield, Princeton, Indiana.

KH SERIES SPECIFICATIONS

CONTACTS:
Arrangements: 4 Form C (4PDT). 2 Form Z
(DPDT-DB).
Rating: 3 amps @ 30 volts DC or 115 volts AC
resistive for 100,000 operations.

COILS:
Resistance: DC: 11,000 ohms max.
AC: 3,900 ohms max.

Power: AC: 1,20 volt amperes nominal @
+25°C., .550 volt amperes mini-
mum @ +25°C.

DC: 0.9 watt nominal @ +25°C., 0.5
watt minimum operate @ +25°C.,
2.0 watts maximum @ +25°C.

TIMING VALUES:

Nominal Voltage @ 25°C. Max. Values
Pull-in time 13 ms
Drop-out time 10 ms

INSULATION RESISTANCE:

1500 megohms min.

MECH. LIFE:
DC:In excess of 100 million cycles,
AC:In excess of 50 million cycles.

ENCLOSURES:
Dust cover or hermetically sealed,

TERMINALS:
Solder lug and taper tab.

SOCKET:
Solder lug or printed circuit terminals,
Available as accessory.
DIMENSIONS:
1-21/64" x 1-7/64” x 55/64”

POTTER s BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
In Canada: Potter & Brumfield, Division of AMF Canada Ltd., Guelph, Ont.
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Simpler memory
with plasmas

Japan expected
to bar Tl plant

Two lasers work
at room heat

Electronics Newsletter

February 8, 1965

Scientists at the Boeing Co. are experimenting with solid-state plasmas
as a way to achieve simplified associative memories. The plasmas, dense
collections of charge carriers free to move within the material, are gener-
ated by applying an electric field to a bar of germanium or indium
antimonide.

When a magnetic field is applied parallel to the electrical field, the
plasma becomes unstable and causes oscillations characterized by waves
traveling in a helical pattern along the bar. Detection of the presence or
absence of the oscillations or their frequency provides a mechanism for
reading out binary data.

Because the frequency of oscillation depends on the applied voltage
and magnetic field, such memory elements can be addressed in several
ways, Boeing says. This would allow cross-indexing of data stored in
the memory, with circuitry much simpler than that of conventional
wired-core memories. Although operation at low temperature is now
mandatory, Boeing thinks it will be possible to devise systems operating
over a wide temperature range.

The Japanese government is expected to reject a proposal by Texas
Instruments, Inc., to establish a semiconductor plant in Japan.

Japanese electronics concerns have been fighting to bar TI, which
they fear might capture the integrated-circuit market before they get
commercial production going. TI also wanted to make control devices.

A government spokesman said TI will be advised to make another
application later, on what Japan considers a more reasonable basis. The
Japanese may relent if TI agrees to make technical agreements with
local companies or to share its technology in some other way, the spokes-
man indicated.

Lasers are warming up. A West German laboratory announced the first
continuous operation of a ruby laser at room temperature, and a United
States company said it had operated a pulse-type liquid laser at room
temperature. Until now, both laser actions have required cooling to cryo-
genic temperatures.

The continuous-wave laser was reported by the quantum electronics
group at the central laboratory of Siemens & Halske AG in Munich.

The ability to produce continuous output from ruby at relatively low
pumping power is attributed to a pumping arrangement developed by
D. Roess, who heads the laser and maser laboratory at Siemens. An ellip-
tical mirror and water cooling are used for the light source and crystal.

Researchers used a rod ruby with a chromium content of about 0.035%.
The threshold for c-w laser action was achieved with a two-inch mercury
arc lamp at a pump input power of 3.2 kilowatts. Measured output of the
laser was 10 milliwatts. Roess says that eventually the threshold level
could be reduced to less than 1 kilowatt for a rod of the same size.

He expects his technique to make c-w output of 10 to 100 watts avail-
able soon.

The liquid laser development was announced by General Telephone &
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New circuits
for computers?

Plane contacts
base via Syncom

Focused light
makes masks

18
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Electronics Laboratories Inc., the research subsidiary of the General
Telephone & Electronics Corp.

The laser uses a europium-chelate solution, in which the pump energy
is absorbed in the large organic part of the molecule and is transferred to
the rare-earth ion.

GT&E scientists Harold Samelson, Charles Breacher and Vincent
Brophy used a cavity consisting of a cell one millimeter in diameter closed
by mirror pistons. The cell was surrounded by a water-cooled spiral flash
tube. Above threshold, output showed the spiking characteristic of laser
action, and the spectral distribution narrowed to a single sharp line at
6,119 angstroms.

Early in the work, 1,700 joules input was needed to produce laser
action; but recently the energy threshold was reduced to about 100 joules,
with output measured at 30 millijoules per cubic centimeter of the
solution.

A new family of commercial complementary microcircuits is being
examined by Burroughs Corp. and Honeywell, Inc., with an eye toward
including them in new computer systems. The microcircuits are produced
by the Fairchild Semiconductor division of the Fairchild Camera &
Instrument Corp.

The new circuits, called CTL’s for complementary transistor logic, are
npn-pnp circuits arranged on a single chip.

Texas Instruments, Inc., has produced such microcircuits for the
Minuteman missile. And Motorola, Inc., says it has the technology to
produce them, but has found no demand.

A teletype message from a Pan American 707 cargo plane took the long
way home from the Formosa Strait to Camp Roberts, Calif., 7,000 miles
away. The message and the reply traveled 40,000 miles via Syncom 3,
the communication satellite. It was the first such air-to-ground transmis-
sion, and it indicates that interference-free communications between
aircraft and out-of-sight land stations are practicable.

The message was transmitted at 148 megacycles and received at 136.5
megacycles. The over-all noise level was only three decibels, and engi-
neers said there was no noticeable Doppler effect.

“The tests conclusively prove that worldwide satellite communications
for commercial aircraft is a possibility within two years,” said Waldo W,
Lynch, vice president, communications, at Pan American World Airways,
Inc.

Photographic masks, tiny enough to be used directly to etch integrated
circuits, are being made automatically by an experimental machine devel-
oped by the National Cash Register Co. for the Air Force Avionics
Laboratory.

Masks are conventionally made by photographically reducing the size
of large patterns. The new machine draws the pattern on a photoplate
with a focused spot of light. The plate is on a stage that is moved under
the light by a punched-tape control.

The company says errors in lines are less than 0.00002 inch and errors
over a l-inch plate are less than 0.0001 inch.

*r
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WORLD'S
SMALLEST
and

MOST
RELIABLE!

G/M Analog

Voltage
Multiplier

New Micro-miniature G/M
Analog Voltage Multiplier
measures only 0.1 cubic
inch, weighs but 0.1 ounce.

FOR ADDITIONAL DATA AND SPECIFICATIONS REFER TO REVERSE SIDE




.. THE LATEST ADVANCE IN

Micro Miniaturization

GENERAL MAGNETICS

MAGNETIC DIVISION MICRO MAGNETIC

MODULES

Completely solid state modules that perform M U LTI PLYI N G M O D U LATO RS
analog division, provide accuracy of 1% or
l:::te' oee tf:)U;"e&atrgrraatgd cg:"});"“;?t:nr © Absolute reliability— ® Low milliwatt power

ges . Nume r sists R—A : :
A.C. input signal; denominator is a D.C. con- unlimited life consumptnon
trol signal, These modules make it possible © Extreme stability with ® Four quadrant operation
to avoid complex, cumbersome circuitry form-

erly used in solving analog equations, and in negligible change of product ©® Repeatabie data over years

trig function conversion. Features include the accuracy over a wide :

high reliability of magnetic devices, adapta- temperature range of continuous, unattend,ed

bility to any signal fr_equency frovm 60 cps to ® High shock and operatnon

over 100 kc, operation over wide ambient A 3 ® Simple, lightweight, rugged

ranges and in severe environments. Small vibration proof ple, lig gnt, gg

size is ideal for printed circuits. €] Bandwidth may be extended @ May be mounted directly
L5V ey g{_ AC INPUT INUMERATOR) 800 CPS__ for the kilocycie range on printed circuit cards

[

SPECIFY “MAG MOD" for proven reliability in solid state
amplitude module applications. These dependable instru-
ments are widely employed in flight systems, fire control,
analog computers, guided missiles, nuclear equipment, an-
tennas and thousands of control systems. Micro-circuit, min-
= iature, subminiature, standard and specials available.

|
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0 80 160 240 320 400 480 560 CUSTOM REQUIREMENTS — Customized application engineer-
s e ing, when required, will be performed on a no-charge basis.
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AC OUTPUT RMS VOLTS 800 CPS

CIRCUIT AND PRINCIPLES OF G/M MAGNETIC MULTIPLIERS COVERED BY U.S. PATENT NO. 2758162

TYPE NUMBER MCM-827-2 MCM-836-1 MCM-845-1 MCM-847-1 MCM-848-1
Accuracy (% Error of Theoretical Prod.) 1% Maximum Approx. 0.5% Less than 1% 2% Maximum 5%
Input Control Signal Range (0500t (D010 2000k9 DGt 1000k 0t0soee DGt 4 s
DC Resistance of Input Signal Range 500 ohms 12.5 K ohms 12.5 K ohms 12.5 K ohms 70 K ohms
Input AC Sig. Range Amplitude, Freq. P?wfsz :2%\?. \{(;ROMKSC Phagetgesv.v3RZ'g§ cps Phagetgesv.VZ'Z'ggcps Phagt:osz\./ g(%scps Phaggosz\./ EON(l)Scps
Null at Max. AC Signal, Zero DC Sig. 15 mv RMS 10 mv RMS Max. 10 mv RMS Max. 10 mv RMS Max. 5 mv RMS Max.
Output Impedance 650 ohms 13 K ohms 12 K ohms 8 to 10 K ohms 15 K ohms
External Load 10 K to 100 K ohms 50 K ohms 50 K ohms 50 K ohms 50 K ohms
Temperature Range ~ —55°C to +85°C  —55°C to +100°C —55°C to +100°C —55°C to +100°C —55°C to +100°C
Null Drift over Temp. Range 0.1% of f.s. 0.1% 0.1% 0.1% *+02%
Accuracy Variation over Temp. Range *05% +02% *02% +02% 1%
Hysteresis in % of Max. Input DC Sig. 0.1% 0.1% 0.1% 0.1% 0.25%
% Harmonic Dist. in Output Prod. Wave Less than 5% 3% 3% to 5% 5% Maximum 5%
Overall Dimensions (in Inches) % X B4 x Vg WX B4,x 1 s X Hx Vg s X B x 1 s X B4, x Vg
Approximate Weight (in Ounces) 0.26 oz. 0.26 oz. 0.26 oz. 0.26 oz. 0.26 oz.

OTHER G/M COMPONENTS
Also available is a complete line
of magnetic modulators, mag-
netic multiplying modulators,
high stability oscillators and re-
lays. Write today for bulletins
MM 101 Series Micro Magnetic
Modulators, MM 102 Miniaturized
Magnetic Modulators, MM 103
Standard Magnetic Modulators,
MM 104 Miniaturized Multiplying
Modulators, MM 105 Miniaturized
High-strability Osﬂlllatoqs, MMMIOdG
Micro Magnetic Multiplying Mod-

e imas et [oml . GENERAL MAGNETICS ¢ INC
and M olid State Magnetic INC.
Demodulators. & 135 BLOOMFIELD AVENUE, BLOOMFIELD, NEW JERSEY 07003

THERE IS NO SUBSTITUTE FOR RELIABILITY

Bulletin MM 109
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WE'VE DESIGNED AND PRODUCED THIS
TRICKIER TRANSISTOR. AND NEARLY
ALL THE REST BESIDES. NOW THERE’S
HARDLY ANYTHING IN AN HITACHI TV
THAT HITACHI DOESN'T MANUFACTURE.

For many years now Hitachi has been producing 7 :z~!y every transistor they need for their large TV range.
All, that is, except one The trickier ov> But ‘-~ . _~. = even producing t.. It's called the Ultra tgh
Frequency transistor. So, now the circuits arc .-~ ¢ 7.-=', _te. Nearly all 100% Hitachi. Nearly every tran-
sistor .. . diode ... and picture tube is designed... ue«..uped...and produced within the confines of Hitachi.
The advantages in quality control, reliability and price must be distinctly apparent. For full details of all Hitachi
transistors, please write to the addresses below:

HITACH! SALES CORPORATION: 333, N. Michigan Avenue, Chicago 1, IIl.,, U.S.A. Tel: 726- L] e Lw
4572/4 / 666, 5th Avenue, New York, N.Y. 10019, U.S.A. Tel: 581.8844 / 12715, S. Daphne °
Avenue, Hawthorne, Calif., U.S.A. Tel: 757-8143 / HITACHI, LTD., DUESSELDORF OFFICE:

Graf Adolf Strasse 37, Duesseldorf, West Germany Tel: 10846 Tokyo Japon
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CONSIDER YOUR HARNESSING OPERATION . ..




Would you like to save money
while improving the product?

Have you considered that your company
may be overlooking the possibility of
achieving savings on harness operations
while, at the same time. the product is im-
proved? Gudebrod engineers have been
making recommendations to companies like
yours with just such results! Here's how 1t
is done:

FOR THE STANDARDS ENGINEER

As electronic engineering becomes more and
more sophisticated, as the use of electronic
equipment becomes more widespread, the
specifications, even for lacing materials,
become more exacting. Gudebrod engineers
can suggest the right tying tape for your
particular requirements. The two hundred
plus tvpes of tape in the Gudebrod line are
specially designed for specific purposes and
each one of these tapes is engineered for
efficiency in the tying operation as well.
Our engineers will be happy to work with
your Standards Engincer to save money
while improving the product.

FOR THE METHODS ENGINEER

Gudebrod has engineered its entire tape
line with the basic idca of producing tapes
that *‘tie themselves.”” Easy, safe handling,

<8820 51

QQ 4‘5‘
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o
G
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12 SOUTH 12th STREET,

non-slip knots, trim harnesses have been
kept in mind—features that speed the
harnessing operation. In addition, there are
dispensing packages, cut lengths, bobbins,
color identification—custom designed for
the lacing job. Gudebrod engineers will be
pleased to work with your Methods Engi-
neer to save money while improving the
product.

FOR THE PRODUCTION ENGINEER

Gudebrod has a lacing tool, the Cable-Lacer,
the first hand tool specifically designed to
case and speed harness tying. No longer need
cable lacing be a hand wearing, hand
tearing chore. The Cable-Lacer has paid
for itself in as little as one day—you can
benefit from the savings every day there-
after. A Gudebrod engineer would welcome
an opportunity to demonstrate the Cable-
Lacer—and to work with your Production
Engineer to save money while improving
the product.

HARNESS OPERATION SURVEY—-FREE

Consider then, this offer by Gudebrod to
work with your Standards, Methods and
Operating Engineers in suggesting how to
save money on harness operations while
you improve your product. A Gudebrod
engineer will make, at your convenience, a
complete survey of your harness materials,
methods and production. It will be a
thorough-going review well worth while—
and there will be absolutely no cost or obli-
gation. Why not write or phone today
requesting your survey?

UDEBROD BROS. SILK CO.,INC.

FOUNDED IN 1870

D e Tinien . Dhria

PHILADELPHIA,

PENNSYLVANIA 19107

Area Code 215, WA 2-1122 » TWX 215-569-8551
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PAR excellence in a digital voltmeter

It’s small

The new PAR Model CS-3.1
represents a breakthrough
in reducing the size of digi-
tal voltmeters. The size re-
' duction has been achieved
_ without compromising the
outstanding operating char-
acteristics of this unit.

itis only 614” wide, 5” high and 83;” deep. Weighs
but 9 Ibs. Two units can be mounted in a 514"
rack panel without any modification or special
mounting hardware. Individual units can be used
as digital panel meters.

It’s reliable

Compiletely solid state electronic circuitry except
for two miniature nuvistor tubes at the input stage
of the comparator to obtain high impedance input.
High reliability dry-reed relays are used to switch
the attenuators, for automatic ranging, automatic
polarity, and ampilifier stabilization. Long service
free life is assured by use of glass epoxy boards,
aged zener references, rugged plug-in printed
circuit construction, and long life nixie tubes.

It’s versatile

The CS-3.1 digital volt-
meter can be used in
many applications.
Ranging is automatic.
Polarity indication is au-
tomatic. It is available
with ten line decimal
coded output for digital
print-out. It may be used
with an associated re-
mote readout. Balancing
timeisfrom0.15t03.15
seconds, depending on
the change of range.
Sensitivity is 1 millivolt.
Accuracy is =0.19%
*+1 count.

It’s loaded

Truly floating: and guarded differential input cir-
cuit permit differential voltage measurements with
guard floating up to =500 volts DC with respect
to chassis, which is at power line ground.
Common mode rejection is greater than 100 d.b.
Input impedance is a minimum of 10 megohms at
all times.

Write for bulletin no. 107 to:

Princeton Applied Research Corp., Dept. D., Box 965, Princeton, New Jersey
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Communication with any one

Communications

Telephones aloft

Man’s ability to escape the nagging
ring of the telephone is about to
be cut down again. Air-to-ground
radiotelephone service mayv soon
be available to the 35,000 business
aircraft in the United States.

With approval of the commercial
service by the Federal Communi-
cations Commission impending,
makers of mobile radio equipment
figure on $100 million in sales of
original cquipment. Each two-way
communication unit would cost
about $3,000.

The service has been in effect
cexperimentally  for about seven
years, with 10 ground terminals
serving more than 90 planes. It
will take the American Telephone
and Telegraph Co. two to three
vears to complete the 60 to 90 sta-
tions needed for nationwide serv-
ice. But existing facilities will serve
travelers over the Northeast as
soon as cquipment is installed in
the aircraft.

Airlines are cool. Airlines are not
enthusiastic about the scrvice. They
fear a ticup during bad weather.
If a system under control of the
crew could be worked out, how-
ever, they say they may be willing
to provide an air-ground phone.

The airborne caller selects an
open channel, and presses his talk
button to signal the ground-station
operator. He gives her the number
and the call goes through in the
usual manner except that the air-
borne party must push the button
to talk and releasc it to listen.

From the ground, a caller dials
long distance and gives the opera-
tor the approximate location of the
aircraft. The operator dials a five-
digit number and the control
equipment automatically adds an-
other digit that identifics the chan-
nel to be used. In the plane, the
receiver automatically tunes in to
that channel.

In a company plane, executive
tries out airborne radiotelephone.
He'll charge calls to

his air telephone number.

Three-minute rates are expected
to vary from about $1.50 to $4, with
each additional minute adding
from 50 cents to $1.35.

Suppliers. Although AT&T is
carrying the ball in this develop-
ment, other companies will be in-
volved immediately, notably the
independent  telephone companies
and radio-equipment manufactur-
ers. Airhorne equipment is avail-
able now from the Delco Radio
division of the General Motors Co.
and other manufacturers of mobile
radio equipment expecting to get
into the market. The user, not the
telephone company, furnishes the

equipment.
Ground stations will he about
200 miles apart, and the same

channel frequencies will be re-
peated at 2bout 500-mile intervals
to reduce co-channel interference.

Reception range. An aircraft will
have to be flying between 5,000
and 30,000 feet for good coverage.

ground station will generally be
good for about an hour. Low-flying
planes generally travel slower than
those at higher altitudes; therefore,
onc at 5,000 fect will cross a 200-
mile-wide circle in about the same
length of time that it takes for a
jet airliner flving at 30,000 fect to
cover a 500-mile-wide circle. Both
craft will receive good signals in
these instances.

The 450-megacycle band has
been selected for the system. There
are six frequency-modulation (==
15 kilocvcles) duplex channels plus
the ground-air (%5) signal chan-
nel. Both airborne and ground
transmitters are rated at 15 watts
output.

When a channel is idle, a dial
tone is transmitted from the ground
station at about 0.5 watt; this per-
mits the customer in the plane to
select a channel. The ground-air
signaling channel uses combina-
tions of 600- and 1,500-cycle tones
to operate the selective calling
cquipment in the channel chosen
by the ground operator.

Radios in subways

The first link of a radiotelephone
system for the New York City sub-
ways is expected to be operating by
June. In part it’s an answer to the
crime wave that has terrorized sub-
way riders. The system provides
the first two-way communications
for trainmen with police or track
dispatchers.

A motorman will be able to com-
municate with a train dispatcher on
one channel of the network. A sec-
ond channel will link a central dis-
patcher’s desk with subway police
and track workers, who will carry
mobile radios. Each channel will
have its own frequency.

The first phase of the project,
costing about $750,000, covers a
section on the Lexington Ave-
nue line, from the Bowling Green
Station to 125th Street.
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Special cable. The system, which
is being built by Motorola Com-
munications & Electronics, Inc., a
division of Motorola, Inc., uses a
special cable produced by the Am-
phenol division of the Amphenol-
Borg Electronics Corp. The cable
acts as an antenna, “leaking” radio-
frequency signals, which are picked
up by the receivers.

Six separate 25-watt base-station
transmitter-receievrs must be in-
stalled over the 15-mile link be-
cause power falls off sharply in a
tunnel. The cable, which is de-
signed so that power losses don’t
exceed one decibel per 100 feet, is
fireproof and can be used in radio
systems in any tunnel or mine.

Signals from mobile radios are
transmitted to and from the various
fixed transmitters-receivers in the
tunnel. The signals are then sent
over wire lines to central control
consoles. When a signal comes into
the console, a light is activated on
the panel telling the operator where
the call originates.

Subway police, track walkers and
flag men will carry 1.4-watt trans-
mitter-receivers and motormen will
have 8-watt radios that are plugged
into the 32-volt outlet on the train.

Manufacturing

Pi-winder

Howard A. George, owner of the
Coil Winding Equipment Co., has
given coil designers some strangely
shaped coil windings produced by
an experimental inachine he in-
vented. He believes these coils are
superior to those wound on con-
ventional machines and will cost
less. The new winder will be shown
for the first time at the IEEE Show
in New York on March 22.

The machine can wind universal
coils at angles up to almost 90°,
compared to the conventional 25°,
and it’s unusually fast—it is rated
at 6,000 rpm and has made coils
at 9,000 rpm. Use of the winder for
other types of components is under
investigation.

To minimize dielectric losses in
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Winding angle of new machine is set by changing
rotational plane of flyer at right.

radio-frequency coils, the aim is
to keep the distributed capacitance
as low as possible. In the familiar
pi-wound or universal coil the wire
crosses the coil face at an angle.
The higher the angle, the fewer
the turns in each layer, and the less
the capacitance.

Bow ties and balls. Coils wound
by the new machine look like bow
ties in cross-section—their sides
slope inward, instead of remaining
straight as in the customary pi-
wound coils. When wound at
angles near 90° the coils resemble
halls of twine.

The machine can wind toroids
from the outside, instead of the
slower inside-ontside technique. by
enclosing the toroid in wire. It
might also be used to wind lumped-
constant delay lines, with delays

Machine can be used to wind coils
into unusual shapes.

adjusted by varying the capacity
in the wound “lumps.”

The most interesting new pos-
sibility, George says, is the winding
of noninductive resistors from a
single strand of wire. Normally,
pairs of wires or pairs of windings
are needed so that current can flow
in opposite directions and cancel
inductances.

However, if a ball is wound by
using a 90° winding angle, the
windings look like lines of latitude
on the earth. When the windings
have progressed 180 around the
ball, the direction of current How
in the wire becomes reversed. The
lines ot latitude become pairs of
wires facing in opposite directions.

These new torms are still ex-
perimental because the relationship
between capacitance and induc-
tance in coils wound at such high
angles has not been studied.

Orbiting flyer. The machine
winds at high speed because it
does not use the cams and re-
ciprocating motions generally used
in universal winders to move the
wire rapidly back and forth across
the coil form.

The winding principle is akin
to drawing scrolls on moving paper
with a pendulum. The coil form
revolves on a spindle at the left
(see photo) while the wire guide
rotates in a different plane on the
flyer at the right. The winding
angle is set by swiveling the right-
hand mechanism on the bed plate.

The effect is as though the flyer
were orbiting with a wobbling mo-
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tion over the coil form, thus form-
ing the lattice pattern. One-half or
less cross per turn is made if the
spindle revolves in the same direc-
tion as the flyer, and one-half to
five crosses result if they go in
opposite directions.

Higher angles. Conventional uni-
versal winders are limited to a 25°
angle, George says, because of the
need to balance winding slippage
and wire tension. Also, as coil
diameter builds up, the winding
angle drops until at abont 5° lat-
tice tving becomes insufficient for
further winding.

Because his machine winds at
a constant angle, the tying or inter-
locking action is maintained as the
coil builds up.

Components

High hope for low-light

Space and military applications
may open up soon for the image
orthicon, a low-light-level camera
tube now restricted to c¢ntertain-
ment and industrial uses.

These new applications are pos-
sible because of the reduction in
weight, size and power needs of
the electrostatic image orthicon de-
veloped at the Gencral Electric
Co.’s tube works in Syracuse. N. Y.

Now the “see-in-the-dark™ tube
can be tested for use in round-the-
clock weather surveillance by satel-
lite. Applications are seen for an
electrostatic image orthicon with a
fiber optics faceplate. In combina-
tion with image intensifiers. the
new tube could provide passive tar-
get surveillance and detect enemy
movements in the dark.

Portable tv studio. The 1l-ounce
tube can be housed in a light-
weight, compact camera head. In
combination with a small video
tape recorder, it would make a suit-
case-sized remote television studio.

According to GE, clectrostatic
focusing and deflection give 30-
fold reduction in power drain, 20-
fold reduction in weight, and a five-
fold cut in size. The conventional
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Electrostatic image orthicon was
developed by General Electric Co.
engineers Kurt Schlesinger, left,

and Bernard Day. Reduced power,
weight and size may now give it a place
in military and space applications.

image orthicon weighs 14 pounds
and employs magnetic focusing and
deflection, requiring yokes and
coils in its circuitry. Both the
weight and bulk are prohibitive for
satellite applications.

Camera system circuitry for the
orthicon has been simplified and
allows the designer greater flexibil-
itv to produce variable scan and
frame rate capability.

On one watt. Operation of the
clectrostatic tube is similar to that
of the magnetically focused ver-
sion. But tiny, lightweight compo-
nents—a Deflectron, an Einzel
lens, and a spiral lens—which re-
quire much lower power levels, do
the deflecting and focusing. Only
one watt handles deflection, focus-
ing and collimation.

The Deflectron was invented by
Kurt Schlesinger of GE who, with
Bernard Day, developed the elec-
trostatic image orthicon. The De-
flectron is a ceramic device with an
internal circuit pattern for bending
the electron beam, It has a common
center of deflection for both hori-
zontal and vertical beams, and re-
places the deflection plates of the
magnetically operated tubes.

The Einzel lens focuses the beam
with an electrostatic field which is
changed by varying the voltage.

A nonlinear, spiral lans plays a
major role in tube readout by colli-
mating the beam so that it strikes
the target at precisely a 90° angle
and prevents shading in image
quality.

Sensitivity. Also, a high-gain,
thin-ilm magnesium oxide target
can store signals for a longer time
prior to readout, providing greater
sensitivity with low frame rates or
beam pulsing.

The new electrostatic image orth-
icon has a resolution of 600 lines
per frame. It is predicted that it
will achieve higher sensitivity lev-
els, but it also is expected that the
magnetically focused and deflected
tubes will outperform the electro-
static tube in very high resolution
applications.

Price slash

When motors with printed circuits
instcad of conventional windings
were first introduced in 1959, they
cost $350. Prices have been tum-
bling since then, and now Printed
Motors, Inc., whose PM-368 motor
had been selling for $150, has
slashed that price to $65.

The motor, redesignated the U9,
will be even cheaper in quantity;
in lots of 2,000 the price is $40,
down from $92. This, says the com-
pany, will make the U9 competitive
with conventional a-¢ and d-c servo
motors. All parts of the U9 are off-
the-shelf equipment.

Big market. Producers of me-
dium-speed data processing equip-
ment, will be the big-volume buy-
ers, according to the company, a
division of Photocircuits, Inc.

Orders for the new U9 have come
in for these applications:

= Driving tape recls in an analog
magnetic tape recorder that oper-
ates at 100 inches per second;

= Operating in a point to point
numerical control system that in-
dexes a table at 90 positions per
minute;

= Recording data in a 25-line
printer that gets output from a
computer;

» And driving a paper tape
reader at 500 characters per sec-
ond.
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The company claims that the
printed-circuit motor is used in
these applications because it pro-
vides smoother torque and higher
speed of response than conven-
tional geared motors.

Printed Motors hints that in the
near future it may introduce a less
precise printed motor for under
$10.

Medical electronics

Heart readings anywhere

That little black bag the doctor
carries on house calls may soon
hold a device that, in emergency
heart cases, could mean the dif-
ference between life and death.

The three-pound transistorized
device, made by the Westinghouse
Electric Corp., lets the doctor view
magnified electrocardiograph sig-
nals on an oscilloscope screen right
at the patient’s bedside. Called
the Miniscope, it works on four
rechargeable flashlight batteries
and will retail for about $380.

Other portable instruments on
the market now weigh about 20
pounds, provide a printed record
of the electrical activity of the
heart, and cost nearly $600.

In Baltimore city hospitals the
Miniscope is being used under the
direction of Dr. Joseph Reddings,

chief of anesthesiology. Dr. Red-
dings says the instrument is useful
for clinical observations of a pa-
tient’s heart, although it wouldn't
be used for detailed studies re-
quiring a printed readout on cali-
brated tape.

The Miniscope contains a minia-
ture oscilloscope mounted in a case
that measures seven by five bv two
inches. The electrical pulses are
picked up by two small suction
plugs that are fastened to the
palms of thc patient’s hands. The
pulses arc reproduced as waves on
the face of the oscilloscope. Two
control knobs are provided: one
for amplifving or reducing the
height of a wave and the other for
centering the wave on the oscil-
loscope screen.

Computers

Accordion circuits

Another computer manufacturer
has put microcircuits to work. The
Burroughs Corp.’s newest modular
multiprocessor, the D-84, devel-
oped for general-purpose military
use, is the company’s first with in-
tegrated circuits.

The 100-pound computer, like
its big brother the D-825—of which
more than 40 have been sold—is
a collection of independently op-

Electrocardiogram is taken with the new Miniscope. Portable instrument from
Westinghouse Electric Corp. provides clinical data on patient’s heart.
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erating memory, data-processor
and input/output modules, each
the size of an attaché case.

Each D 84 will be custom de-
signed (the number of modules and
the configuration depends on the
application) so Burroughs hasn’t
fixed a price. The smaller D 84’s
will probably cost under $100,000.

Folded circuits. The logic cir-
cuits are organized much like the
computer itself. Each subassembly
is a functional whole of up to 12
different integrated circuits. For
example, the circuits needed in a
six-bit register make one subas-
sembly and four of these make a
24-bit register.

Although the subassembly de-
sign is unusual, it is relatively easy
to make. The circuit flatpacks arc
welded or soldered to five-inch-
long. double-sided printed circuits
made on H-film. H-film is a new
thermally stable plastic made by
the Du Pont Co. Its char point is
800° C. Copper-foil tabs put on
top of the flatpacks provide a
ground path and heat sinking.

The strip assembly is accordion-
folded into a comb-shaped plastic
header with 28 pins. The header
assembly is potted and plugged or
soldered into a double-sided
printed-circuit laminated to an alu-
minum plate by a silicone-rubber
pad. The plate acts as stiffencr,
heat sink and ground plane. Two
boards make a plug-in card of 48
subassemblics. Four cards make
up the central-data-processor mod-
ule.

Two circuit speeds. Resistor-
transistor circuits for the nand-nor
logic are supplied by Fairchild
Semiconductor, and General Micro-
Electronics, Inc.

Power is saved and cooling prob-
lems avoided by using slower cir-
cuits where high specd isn’t
needed. Some circuits dissipate 4
milliwatts and have an average de-
lay of 40 nanoseconds. Others dis-
sipate 20 milliwatts and have 20-
nanosecond delay. With a 2-micro-
second memory, the computer can
add in 4 microseconds.

Other types of circuits are used
where higher power is needed.
Thin-film circuits with attached
transistors and diodes drive the
4,096-word memory. Some input/
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Now-TRIMPOT® Miniature Adjustable
Time Delays for Critical Applications

Need to stall for time? These two miniature modules offer delays
with a repeatable accuracy of +59% from —55°C to +120°C.
They are the Bourns Model 3300 Time Delay Relay and Model
3907 Time Delay Module. Both units give you the versatility of
either the DPDT high-current-carrying capabilities of an integral
relay or the long operating life of a solid state timing switch.

Both modules are capable of providing a time delay range of
0.1 to 200 seconds by the external addition of a readily avail-
able resistor or a capacitor-resistor combination. More
important, these miniature time delays have a self-contained
adjustment feature by means of a Bourns TRIMPOT® potenti-
ometer allowing precise selection of the desired delay time
through a 1.5 sec. range.

Model 3900 employs a DPDT relay capable of one ampere at
26.5 VDC, while Model 3907 features an internal SPST NO
solid state device rated at 250 milliamperes at 26.5 VDC.

An internal diode protects the units against accidental polarity
reversal, and protection is provided against transients up to
2009, of the operating voltage with pulse widths of 0.5 micro-
seconds, Both models have all welded circuitry, are vacuum-

potted and meet the environmental requirements of MIL-R-
5757D. They readily withstand 20G, 2000 CPS vibration and
75G shock.

Models 3900 and 3907 are available from stock. Write today
for complete technical data.

MODEL 3900 MODEL 3907
Time delay range: 0.1 to 200 Seconds 0.1 to 200 Seconds
Nominal voltage: 20 to 30 VDC 20 to 30 VDC
Life (min) : 10% cycles 108 cycles
Output: DPDT Relay SPST NO — Solid
State

Contact rating:

Ambient temp.
range:
Size:

1 ampere resistive 0.05 amperes resise

at 26.5 VDC,
120°C

—55 to 4120°C
47 x 8" x 131"

tive at 26.5 VDC,
120°C;0.250
amps at 25°C

—55 to +4120°C
4" x.8"x 1.0"

ACTUAL SIZE

i BOURNS

A

BOURNS, INC, TRIMPOT DIVISION

1200 COLUMBIA AVE., RIVERSIDE. CALIF.

PHONE 684-1700 *° TWX: 714-662 03582
CABLE: SBOURNSINC.

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA
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Accordion-folded subassemblies are
made by attaching flatpacks to flexible
strip of printed circuitry.

output-module circuits are made
with discrete components, since
the module usually must actuate
clectromechanical devices.

Expandable system. The mem-
ory and data-processor modules
arc standard assemblies, but the
I/0 module is custom-built to suit
peripheral gear such as displays.
printers or communications scts,

The basic D-84—one of cach
module plus a power supply in the
housing—occupies 1.4 cubic feet
and dissipates 110 watts of power.
A half-size version can be made,
too. If extra data-processor mod-
ules are used, a memory-switch
module, also made with integrated
circuits, lets them share the mem-
ories. Up to 16 memories, made
with thin films or cores, can be in-
cluded in a system.

The modules don’t have to go
into one housing. Walter Walsh,
program manager, says they can be
linked by cables and put. for exam-
ple, in armor-plated bulges at dif-
ferent points on a tank. If the sys-
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tem has more than one of each kind
of module, and some get knocked
out of action, the computer will
continue operating as long as one
of cach module still works.

Space electronics

Balloons and buoys

Next year Nimbus B will be picking
up weather data from free-floating
buoys in the sea for the National
Aeronautics and Space Adminis-
tration. The Weather Bureau has
other plans for collecting weather
data and if an experimental program
known as Scomo (Satellite Collec-
tion of Meteorological Operations)
works out, five years from now
new satellites may be orbiting over
a worldwide chain of 7,000 con-
stant-latitude weather balloons to
pick up information.

Scomo has been in the works for
some time [Electronics, Feb. 21,
1964, p. 14] but now seems ready
to move ahead. The Weather Bu-
reau has awarded a $100,000 con-
tract to the G. T. Schjeldahl Co. for
five experimental weather balloons
that will have two-dimensional cir-
cuitry deposited on an extremely
thin, 0.001 inch Teflon substrate.

The experimental balloons will
be demonstrated in May at a meet-
ing of the World Meteorological
Organization. If their performance
is satisfactory, it may mean the go-
ahead for a data-gathering system
that would space 7,000 similar bal-
loons around the world. Each bal-
loon would be fixed at a constant
altitude, ranging from 10,000 to
107,000 miles above the earth.

In the system, the ground station
would send commands to the satel-
lite and the satellite would interro-
gate the balloons. Responses would
be stored in the satellite until its
next pass, 90 minutes later, over
the ground station where the data
would be retrieved.

Thin package. The maximum
thickness of an oscillator in the
circuit will be 0.050 inch, while the
transmitter, receiver, logic circuits
and solar cells would be 0.010 inch

thick each. Platinum resistors less
than 1 mil thick will be attached
to the circuits, while the other cir-
cuit elements including plate ca-
pacitors, finger capacitors and in-
ductors will be of deposited copper.

Buoys. For the NASA system,
Nimbus B, in addition to taking
cloud-cover pictures, will collect
data from free-floating buoys in the
sea and relay it to central ground
stations every 90 minutes. Radia-
tion, Inc. will receive $1.7 million
to produce four satellite electronics
packages and six buoy electronics
packages.

Up to 14 frec-floating buoys will
be equipped with sensors for read-
ings of pressure, temperature, hu-
midity wind speed and wind direc-
tion. These readings, along with
two range measurements to enable
location of the buoy, will be trans-
mitted to Nimbus. Each buoy will
have a transponder that transmits
at 465 megacycles with 23 watts of
power. Transducers and digital
logic receive the satellite’s coded
address and digitize the weather
information.

When the satellite passes over
the buoy, it will transmit its ad-
dress code at 400 Mc with 25 watts
of power. This commands the buoy
to send the weather information.
The information will be stored in a
20,000-bit ferrite core memory and
transmitted later on command to
the ground stations at Fairbanks,
Alaska and Rosman, N. C. by
pulse-code modulation.

At the ground stations, a signal
at 465 Mc commands Nimbus to
transmit the contents of its mem-
ory to the ground.

Comsat's customers

The Communications  Satellite
Corp., preparing to begin com-
mercial service to Europe in May,
must first make some business de-
cisions with far-reaching effects in
the electronics industry.

Comsat is expected to file its
proposed rates with the Federal
Cominunications Commission. The
FCC must also decide on who will
own the ground stations, and who
may lease channels.

There’s no problem getting cus-
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AIR BATH (sTABILITY X 0.01°C)

Type 9152 series of saturated standard cell Constant Temperature En-~
closures have *0.01°C long term stability. Enclosures feature a new
patented solid state temperature controller. Standard models house
from 4 to 12 cells. Type 9152/P4 is a portable enclosure designed as a
transfer standard for intercomparison with NBS and users lab. Operates
in extreme ambients; testing down to —20°C shows no deterioration in
internal temperature control. Saturated cells contain porous partitions
and can be shipped by commercial carrier. Accuracy guaranteed to
0.0001%, with NBS figures. Power required: 110 v/60 cps or 12 VDC
with automatic switchover for AC power failure. A bridge detection sys~
tem, that eliminates a thermometer and absolute temperature as an
accuracy factor, indicates internal temperature variances to *0.001°C.

OIL BATH (STABILITY X0.05°C)

Type 9730 series of oil baths are thermostated at one fixed temperature
setting or adjustable for a number of fixed points between 20°C and
40°C. New, patented solid state temperature controller regulates bath
to *0.05°C. Thermistor bridge detects +0.01°C variations in tempera-
ture control. Gradients in bath less than #0.01°C. Construction fea-
tures are all copper terminals, 34” x 17” x 13" deep (ID) stainless steel
insulated tank, 14” of formica bench space slanted toward bath, motor
driven impeller for optimum oil circulation (mounted underneath tank)
and cooling tubes to lower temperature of bath below ambient.

Sensitive

You can’t measure
with more accuracy
than you know
your standards!

You can't know
your standards
with more accuracy
than you know
your temperature
stability!

Type 9730 series

Manufactured by Guildline Instruments, Ltd.
Smith Falls, Ontario

THE SINGER COMPANY
Research' § METRICS DIVISION i cncnor

A Tradymark of THL SINGER COMPANY

Design and production of PANORAMIC ¢« SENSITIVE RESEARCH ¢ EMPIRE » GERTSCH instruments for measurement
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tomers. The American Telephone
& Telegraph Corp. has offered to
lease about half of the 240 chan-
nels that are expected to be made
available. Canada also wants some
channels. So do other prospective
users.

Whatever the rates, the FCC has
said it will insist that the public
be able to make a telephone call to
Europe via satellite at no more
than the present $12 cost for a
three-minute call. By 1970, satellite
service and worldwide direct-dis-
tance dialing are expected to cut
fees 50%.

Who can use it? The sclection of
customers isn’t as simple as it may
sound. Congress has stipulated
that Comsat make its services
available to common-carrier com-
munication companies, such as
AT&T and the nationalized sys-
tems of Europe, and to “other
authorized entities” as determined
by the FCC. The obvious question
is: what constitutes an authorized
entity?

Comsat has received informal
queries from news media, such as
the Associated Press and radio net-
works; also from the International
Business Machines Corp. and other
companies interested in leasing
circuits for private use, particularly
for transmitting data for comput-
ers. If the FCC approves, these
organizations could lease circuits
directly from Comsat, probably at
a lower rate than if they had to
work through a common carrier
such as AT&T.

Within the next few wecks, the
FCC is expected to issue a pro-
posed ruling and to call for com-
ment from prospective users of the
satellite. Some months after that, a
decision will probably be reached.

Ownership. The communications
industry is divided over who
should own ground stations in the
United States. The initial Early
Bird service will use AT&T’s sta-
tion in Andover, Maine. But Com-
sat wants sole ownership of all
ground stations; AT&T has said
it would accept a 50% shared own-
ership arrangement between Com-
sat and the carriers. Some other
uscrs want to own the stations
themselves and have the FCC li-
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cense them like radio stations.

Final arguments were heard Jan.
25, and the FCC says it will make a
decision by early spring.

There is more at stake than the
first four stations, scheduled to be
built in the Northeast, Southwest,
Northwest and Hawaii., Eventually
there is a good chance that ground
stations may be placed near every
major U.S. metropolitan area. It is
this long-range potential that
makes the scrambling so vigorous.

Instrumentation

Stemming the tide

The flood of test-data documents
threatening to engulf the National
Aeronautics and Space Administra-
tion may be stemmed by the use
of video tape.

An automated document-filing
and retrieval system developed by
the Ampex Corp. will be installed
at the Marshall Space Flight Cen-
ter in Huntsville, Ala., by the mid-
dle of the year. The microfiling sys-
tem, called Videofile, will cost
8875,000. Subsequent systems will
cost from $200,000 to $1 million,
depending on their complexity.

St. John Courtenay, of the tech-
nical and scientific staff of Mar-
shall’s Astrionics Laboratory, says
that ultimately the system will be
expanded to include all NASA in-
stallations, and their major contrac-
tors. The Videofile system at Mar-
shall will be used primarily in
conncction with the Saturn pro-
grani.

In videofiling, documents are re-
corded on the same kind of mag-
netic video tape used in television
broadcasting. The system includes
a vidco-tape recorder with elec-
tronic location-coding and a buffer
stage. The output is displaved on
a tv sereen. Documents may also be
retrieved in the form of printed
copies.

Winning features. Ampex re-
ceived the contract after competi-
tive bidding. Factors in making the
award, NASA tcechnical stafl mem-
bers indicate, included the modular

nature of the system, permitting
economical and virtually unlimited
expansion; use of solid-state elec-
tronic techniques to record, erase,
update and display; and ease of
data transmission to and from re-
mote locations by microwave video
or standard facsimile.

In the Videofile system, which
can be used as well in commercial
and industrial applications, a tv
camera photographs the document,
and the image is stored on one
space on the tape, which is held
stationary. A recording head moves
across it as the picture is scanned.
A seven-digit code is put on the
edge of the tape at each document
location. The code, punched in by
a keyboard operator, permits auto-
matic location of a document.

Queries come through a key-
board, punched cards from a com-
puter, or other input methods. The
Videofile locates the material by
scanning the codes on the tape
track. A searcher can scan a com-
plete category until the required
document is located.

No tie-ups. A buffer stage is pro-
vided so that the system will not be
tied up while a document is being
read out. A memory tube stores the
image of the document when it is
located, and this is read out on the
tv screen.

The Videofile at Huntsville will
be available to all NASA organiza-
tions and their contractors. It will
store source documents and other
technical data for the Parts Relia-
bility Information Center, or Prince,
a clearing house of information on
rcliability of parts and equipment
used in space programs.

Graphics. At present, the index
to Prince is automated to provide
access to abstract and bibliographic
data on parts reliability and per-
formance. The next step, Vidcofile,
will automate graphic technical-
data storage, retrieval and dissemi-
nation.

The prodigious storage capabil-
itv of the modular Videofile on-line
hardware configuration can eco-
nomically handle systems ex-
ceeding 25 million graphic images,
according to NASA estimates. Each
reel of videotape can store more
than a quarter of a million 8% by
11-inch images.
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ITT Heat-Shrink
Tubing forms
a tight mechanical
bond seconds after
applying heat.

ITT Heat-Shrink Tubing bonds / jackets /insulates /
splices / encapsulates /weatherproofs

ITT Heat-Shrink Tubing is used to insulate
terminals and tools, to assemble and weather-
proof wire bundles and to protect them against
abrasion, to vibration-proof and weatherproof
electrical connectors. Possibly you can add to
the growing list of other mechanical and elec-
trical insulation applications.

This highly versatile tubing is made of irradi-
ated polyolefin which, upon exposure to heat at
250° F., shrinks in seconds to form a tight
mechanical bond over even irregularly shaped
items. Heat can be applied by a hand held in-
dustrial hot air gun (for applications such as
terminal insulation in junction boxes) or by

conveyor belt through-oven installations for
mass production. In fact, almost any heating
method except direct flame can be used.

ITT Heat-Shrink Tubing is available now from
stock in a variety of colors (for color coding),
sizes (up to 1” diameter) and wall thicknesses
(for increased strength and high dielectric).

Undoubtedly there are money-saving, time-
saving applications of I TT Heat-Shrink Tubing
in your operation. Discover its almost limitless
possibilities. For a free sample write Wire and
Cable Division, International Telephone and
Telegraph Corporation, Clinton, Mass.

wire and cable division

Electronics | February 8, 1965

Circle 33 on reader service card

33



A. King McCord,

President, Westinghouse Air Brake Company, says,

“We’ve introduced the world to WABCO with Industrial Advertising.”

“We gave severn individual companies a single
corporate identity—virtually overnight. We let
customers in thirty major markets know that
Westinghouse Air Brake now ranks among the
world’s most skilled and diversified suppliers—of
earthmovers, drilling equipment, compressors,

Advertising cuts the cost of selling . . .

automatic signal and control systems, electronic
guidance detection and communications equipment,
control valves, hydraulic and pneumatic cylinders,
and—that’s right—air brakes. We told the story fast
and inexpensively to hundreds of thousands of pur-
chasing influences, with Industrial Advertising.”

ASSOCIATION OF INDUSTRIAL ADVERTISERS

@ 271 Madison Ave., New York, N Y. 10016
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You need a pushbutton switch. {0

Bill, at the next board, needs a toggle switch. .« =

Sam’s looking for placard indicators. ﬂ

Joe wants a switchlite. 1 “ '

-"'I

— L By
g1
o B

Harry wants a hermetically-sealed switch.

Here's the easy way to get all the answers at once!

Just check the bingo card in this book for any or
all of the Control Switch catalogs listed below. Or
send us a card of your own.

If you get all of our catalogs you'll have it made.

First, because these catalogs cover a combination
of switch types and switchlites that no other
manufacturer can offer. So you get a concentrated
reference.

Second, because some switch manufacturers
don't make any of the switches we make. So Control
Switch catalogs save wild goose chases.

Third, because we make only quality switches. Here's the list. Check the Reader Serv-
For computers, aircraft, missiles, control panels, ice Card number at the left for the
and such. So our catalogs save time screening catalogs you want.
out switches that haven't got it. %233 Condensed Switch Catalog 100
#234 Basic Snap-Action Switch Cata-
log 110

#235 Toggle Catalog 180
#236 |ndicator Light Catalog 120

#237 Hermetic Switch Catalog 130
CONTROI‘S #238 Switchlite Catalog 220
COMPANY #239 Pushbutton Catalog 190

®OF AMERICA

CONTROL SWITCH DIVISION
° 1420 Delmar Drive, Folcroft. Pennsylvania 19032
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Now...coaxial patchcord programing!

If you've been inserting, removing, changing and re-
inserting individual or multiple coaxial connectors. ..
hold everything! Simple or complex switching of coaxial
circuits needn't be that tedious. Not any more. We've
designed a Coaxial Patchcord Programming System
to do the job for you.

This system is a natural for analog work as well as other
critical low-level applications including telemetry instru-
mentation, data processing, communications and test
equipment. You can change programs as rapidly as you
can change a patchboard, and pre-program at your
convenience.

In fact, our Coaxial Patchcord Programming oystem
gives you 2ll the flexibility of Universal Patchcord Sys-
tems, including post patching. Permanent boards feature
up to 3036 individually shielded contacts ... one-crimp
coaxial contacts that connect the rear board with the
equipment. you are programming. A special camming
mechanism provides AMP's exclusive double wiping
action. This action removes lint, dust and other foreign
contaminants from the surfaces of the rear board spring
contacts and patchcord tips and assures reliable elec-
trical contact.

Not only is this the first patchboard programming system
for coaxial cable, it's universal in concept. Hybrid sys-
tems are available to let you mix coaxial and universal
patchcords in one system!

Circle 36 on reader service card

Here's a rundown on performance specs:

@ Minimum resistance between adjacent contacts: 1013
ohms

® Maximum VSWR: 1.2 from O to 100 megacycles
® Adjacent cross talk: —60db from O to 100 megacycles
o Contact spacing: .375" x .270"

© Double wiping action and redundant contacts assure
positive contact

® Contact areas: gold over nickel plated

® Four standard sizes: 506, 1012, 2024 and 3036
contact positions

Find out how easy coaxial patchcord pro
can be in your operations. Write today for . -
specifications.

*Trademark of AMP INCORPORATED

AP oo
| | SALES |
: INCORPORATED : DIVISION :

) Harrisburg, Pennsylivania J

A-MP* products and i ing ist are ilable through subsidiary jes in;
Australia o Canada » England » France e Holland » italy » Japan e Mexico » West Germany
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Budget plays down
civilian electronics

‘Rewson’ means
quicker data

Eglin's radar
to be rebuilt

Changes planned
in patent system

Washington Newsletter

February 8, 1965

President Johnson’s spending plans for fiscal 1966, starting July 1, are
skimpy for civilian programs requiring electronics. Great Society pro-
grams in health, welfare, job training and education get the big increases
this year. Many programs involving electronics are postponed in John-
son’s drive to hold spending under $100 billion.

The Administration is deferring major research and development
sought by federal agencies in astronomy, seismology, high-energy physics
and oceanography. While the Post Office checks out automatic zip-code
and address readers, its research and development budget drops by $3
million, to $16 million.

The Weather Bureau, one of the few gainers, gets an increase of $28
million, to $145 million. Of the increase, $20 million is for weather satel-
lites. The Bureau of Standards’ research to develop a common language
for computers goes up $1 million, to $5.5 million.

The economy drive slows efforts throughout the government to auto-
mate the handling of scientific and technical information. Spending for
these programs will be held close to the present $200-million-a-year
level, although they have been growing 10% annually.

Johnson’s science adviser, Donald Hornig, says that some R&D efforts
that were deferred this year will stand a better chance next year.

The Navy is making life easier for electronics companies working on
certain highly classified projects, and for its own bureaus, by establish-
ing a central projects office to which both industry and Navy bureaus
can go for information.

The new office also is expected to eliminate duplication in Navy
research activities.

The new office is called Rewson, an acronym that is freely derived from
its list of interests: reconnaissance, electronic warfare, special operations
and Naval intelligence processing systems. Rewson is part of the Office
of Naval Materiel. Before Rewson was established, these projects were
managed independently by different Navy bureaus.

The Pentagon definitely will rebuild the AN/FPS-85 early-warning and
satellite-tracking radar at Eglin Air Force Base, Fla., high military
sources say. The $30-million system was destroyed by fire Jan. 5 [Elec-
tronics, Jan. 25 p. 101.]

The new phased-array unit will have the same basic design as the
original, but some improvements will be incorporated, taking advantage
of technical advances made since the original system was designed.

The radar is expected to cost far less than the original, since research
won’t have to be duplicated.

Each branch of the federal government has plans that could profoundly
change the patent system.

The Johnson Administration plans to increase fees so that patent hold-
ers will pay the full cost of operating the Patent Office; the Supreme
Court has agreed to consider whether an inventor can sue for triple
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Two V/STOL's
gaining favor

Steeper cut seen
in excise taxes

Addenda

Washington Newsletter

damages if it is proved that a rival fraudulently patented his idea; and
Senate Whip Russell B. Long is stepping up his drive to tighten the
Federal grip on patents generated by government research.

Under the Administration’s fee plan, the Patent Office’s $8-million an-
nual income from fees would eventually be tripled. Operations, which
now cost $30 million a year, would be streamlined and automated. The
biggest boost would be in periodic renewal fees, so that inventors would
be less inclined to leave the Patent Office clogged with uncommercial
ideas. A patent that now costs $60 to obtain and maintain for its 17-year
life would cost $400 under the new plan.

The Justice Department urged the Supreme Court to take the patent
case because patent fraud is a recurring problem and present law gives
an inventor no ground to recover damages. The court is being asked to
allow the inventor to sue under the antitrust laws.

Sen. Long, in his drive to stop the government from “giving away”
patents that “belong to all the people,” is tacking amendments to every
piece of research and development legislation in the Senate.

The Pentagon is expected to narrow the field soon to two prototypes of
a V/STOL, a vertical or short-takeoff and landing craft. It has been study-
ing six different versions.

The two survivors probably will be the XC-142, a tilt-wing transport
plane made by Ling-Temco-Vought, Inc., the Ryan Aeronautical Co. and
the Fairchild Hiller Corp.; and the P-1127, a swiveling-jet strike-recon-
naissance plane built by the Hawker Siddeley Group, Ltd., and jointly
funded by the British, United States and West German governments.

Operational tests will determine, as one Pentagon civilian official put
it, whether V/STOL craft “are worth the extra cost.”

After 14 years and a $300 million investment in V/STOL programs,
the House Armed Services Committee is pressuring the Pentagon to
decide whether a V/STOL tactical fighter can be developed. Meanwhile
it is urging the services not to overcommit themselves to helicopters.

Top administration officials hint that the $1.75 billion excise tax reduction
proposed by President Johnson may be even steeper—possibly double
that size.

This encourages makers of business machines, radios and television
sets to fight for repeal of excise taxes that now add about $300 million a
year to the prices of these products.

There will be intense lobbying until late March or April, when the
President will specify which excises should be cut to make up his tax-cut
package. Then the focus will shift to the House Ways and Means Com-
mittee and the Senate Finance Committee, where specifics will be
thrashed out.

Prospects are good that at least half of the present excise burden will be
lifted from consumer electronics and business machines.

The Commerce Department is expanding an experiment with the Elec-
tronic Industries Association and five regional organizations to get gov-
ernment research results into the hands of local industries. A 23-state
network should be operating by July 1.
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Him say,"When reliability counts, count on Mylar®,”

There'll be no signaling from your computer (or its oper- temperature or humidity changes) and durable (no plas-
ators) if you make certain that all your tapes are on a ticizer to dry out or become brittle with age). No wonder it
base of “Mylar”*. That's because “Mylar” is strong (a has been the most used tape base for the past ten years.
tensile strength of 20,000 psi), stable (unaffected by Remember: When reliability counts, count on “Mylar”.

UU p[] @ only DU PONT makes
MYLAR’
L s rat ONF
8etterThings forBetter Living
<. .through Chemistry FOLYESTER FIEM

*Du Pont’s registered trademark for its polyester film
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FOR PRECISION INSTRUMENTATION
.... CONSIDER ROHDE & SCHWARZ

UNIQUE

PHASE AND LOSS
MEASURING SYSTEM

TYPE PDF
10 CPS TO 50 MC FREQUENCY RANGE

The PDF measures phase and attenuation of 4-terminal networks or trans-
mission lines. Major applications include measurement of filters, crystals,
cables, communication and television systems, antenna arrays, semi-
conductors, ferrites, microcircuits, amplifiers, receivers, attenuators, etc,

e Simultaneous reading of attenuation and phase.

e Extremely wide range of frequency 10 cps to 50 Mc.

e Frequency converter incredases sensitivity to 50
microvolts.

o Inputs adaptable to conventional characteristic im-
pedances or usable with high impedance.

e High impedance attenuator probes are also included,

=

(o o

A7

FIELD STRENGTH
METER TYPE HFH
0.1 to 30 Mc
Frequency Range
Measures electric and electromag-
netic components of a field directly
by means of one calibrated rod and
threerotatable loop
, antennas. Does not
require use of cali-
bration charts be-
cause it has a built-
in tracking cali-
brating oscillator.

e Linear range of 20 db and
logarithmic ranges of 40 and
60 db.

o As field strength meter, its range
is0to 120 db (1xV/mto 1V/m).

e Calibration is independent of ag-
ing of tubes and components.

e Can be operated from 12 volt

battery for field operation.

Measures average and peakvalue.

% T W

FREQUENCY
SYNTHESIZER
TYPE XUA
30 Cycles to 30 Mc
Continuously Adjustable

This extremely popular instrument
combines excellent resolution (0.5
cps) with wide range. Frequency is

Py read on only
o three scales in
= ,iMc, ke, and

o = e cycles. It is
(=) Q O ./ widely used for

*
* "j?determlnlng
ra | frequency char-
'@ @ ®  .ieristics of
‘ * filters, frequen-
Gy * cy selective
networks, amplifiers and communi-
cations systems without need for
accessory counters or frequency

meters,
e Adjustable in crystal-controlled

steps of 100 kc and 1 ke,

e 0 to 1000 cycle scale has 0.5
cps reading accuracy.

e Output voltage continuously vari-
able from 100 uV to 1 V by
means of precision attenuator
and output voltmeter.

e Stability of built-in g
crystal is 2 x 10-8 |~
per day. s

Circle No. 224 A

ROHDE & SCHWARZ

Please have salesman call on me. Circle No. 226
111 LEXINGTON AVE
PASSAIC. N, J.
201-773-8010
ELECTRONIC MEASURING EQUIPMENT FOR THE UNCOMPROMISING

E
&

Circle No. 222

DIAGRAPHS PLOT
IMPEDANCE DATA
30 to 2400 Mc
Frequency Range
The Diagraphs employ the direc-
tional coupler principle. Measure-
ments are made directly on a Smith
or transmission-line chart without
computation — saving time, ex-
pense, and eliminating error.

Baluns, variable shorts and acces-

sories for measurements of semi-

conductors available,

e Measures impedance and admit-
tance.

e Plots transmission characteris-
tics.

e Acts as a phasemeter from
—180° to --180°.

e Acts as a linear measuring re-
ceiver.

e Two frequency ranges available:
30 to 420 Mc or 300 to 2400 Mc.

Circle No. 225
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HOW DO YOU DESIGN
PEACE OF MIND?

When Value Analysis confirms your selection

of transistors . .. and you know your design will
work, you'll appreciate the low cost of Sperry’s
industrial PNP silicon planars even more.

..
-

| SPE /J ﬁ BBl

Send for Sales Specification Sheets
Representative Circle 220 on reader service card Circle 41 on reader service card

Low cost PNP Planar Transistors, Sperry’s industrial types, provide quality...and a heads-up
method of reducing cost. You get the proven reliability of the planar process in a hermetically sealed
TO-46 package. Which of these features will provide your peace of mind ...low noise figure for minimum
error signal detection; a typical gain bandwidth in the 50 mc range to provide design

ease in broad band amplifiers; BV¢y, of 40 V and 60 V compatible with commonly

used industrial power sources. Circuit designers and systems designers in many

industries are turning to Sperry’s industrial transistors to preserve their own econ-

omy. Makes sense. Here are our new types: 2N3579...2N3580...2N3581...2N3582. SEMICONDUCTOR

[] Try a little peace of mind for yourself ... write for the technical data on Sperry’'s. D!VISION OF

- _ ) SPERRY RAND
industrial types...now. [] SPERRY SEMICONDUCTOR, Norwalk, Connecticut 06852. CORPORATION
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WHICH ONE
IS THE BEST
VLF RECEIVER?

They all are! Whichever you select, you can't go wrong because all six are EECO
880 Series VLF Receivers/Phase Comparators. And now—with major new fea-
tures including an all electronic servo—EECO VLF Receivers are better than ever!

® Tunes entire IRIG designated VLF band using only three digital thumbwheel
switches; no other tuning, filter selection, or local oscillator switching is required
® Utilizes an electronic servo with adjustable tracking rate for phase correction ®
Provides a built-in counter and recorder to display phase correction ® Disables
servo automatically during loss of VLF signal ® Makes a nearly instantaneous
frequency comparison to an accuracy of 1 part in 10%; comparison to 1 part in
10'° can be made in a few hours ® Will not lose phase continuity (or phase refer-
ence) when tuning from station to station ® Has optional features such as 60 KC
channel reception.

Prices for the improved EECO 880 Series VLF Receivers start below $4000,
depending upon the options—another reason why you should look to EECO
for precision timing products . . . automatic programming equipment . . . test
instrumentation . . . data handling equipment ...and complete timing and
data systems.

Electronic Engineering Company of California

®
‘:" 1601 EAST CHESTNUT AVE. ¢ BOX 58 e SANTA ANA, CALIF. e KIMBERLY 7-5501
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METALLIZED MYLAR...packaged with CARE!

We care . .. when we select basic materials, when we precision-process, when we test, when we deliver.
Our reward: unqualified industry acceptance!

e DRAMATIC SIZE REDUCTION IN 50V SERIES
A full range of capacitance from .01 through 10.0 mfd. Sized
from 7/16” long x .187” wide x .094” thick.

® RECTANGULAR SHAPE FOR GREATER FLEXIBILITY
Axial leads (X663F) or radial leads (X663FR) for flat or edge
mounting.

® JOIN THE TREND
Metallized Mylar's* proven superiority in D.F., L.R. and
stability with life is speeding the industry trend away from
metallized paper types.

*Du Pont registered trademark

Electronics | February 8, 1965

® ULTRAMINIATURE, LIGHTWEIGHT

® ALSO 100, 200, 400, and 600-VOLT RATINGS

® MIL-C-27287 PERFORMANCE and RUGGEDNESS
® AVAILABLE FROM STOCK

Write for details on the complete TRW Capacitor line:
112 W. First St., Ogallala, Nebraska

PN
Phone: 308-284-3611 pmm T e
TWX: 308-526-7816 L ey AL

\ ‘\¢—,s i /\

TRW cAPACITOR DIVISION

THOMPSON RAMO WOOLORIOGE INC

Circle 43 on reader service card 43



'PRECISION
|l SWITCHES

for accurately controlled

switching in electrical

circuits...

Unlimited applications—C.D.I. thumbwheel and
rotary switches offer fast, sure settings and
quick read-out for computer, automated ma-
chine control consoles, check-out equipment,
test equipment, programming applications, etc.

Quick Serviceability—In five seconds, any wafer
of a C.D.l. rotary switch can be removed. No
soldering, disassembling or wiring required.
The entire module on thumbwheel switches is
removable for equally fast maintenance or re-
placement.

Extreme versatility—Regardless of size or
shape, C.D.l. is well prepared to meet your
every switch requirement. Qur comprehensive
line of thumbwheel and rotary switches is sup-
plemented by an engineering capacity that will
custom design any switch to your precise
specifications.

Patent No. 3104299
Other Pat. Pend.

NEW PUSHBUTTON SWITCH

IMPERVIOUS TO DUST AND LIQUIDS

The completely sealed front pane! portions of Series PSB
4 binary and decimal rotary pushbutton switches are com-:

pletely impervious to dust and liquids. Ten positions. Ideal

tor limited space—requires only 1” panel space per module.

Simply press button to operate. Available with or without
Series PSB internal lighting. Data Sheets available.

CHICAGO DYNAMIC INDUSTRIES, INC.

PRECISION PRODUCTS DIVISION 1725 Diversey Bivd,, Chicago. lllinois 60614 Phone: WE llington 5-4600
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Bourns KNOBPOT® potentiometers—
dial, knob and

precision potentiometer,

all in front of the panel!

Nothing behind the panel but the solder hooks and the
bushing —everything else is out in front in a single unit!
Take your choice of two models: 34”-diameter Model
3600 or the 114 ” “Senior’’ Model 364 0. Both are highly
accurate. Model 3640, for example, has a combined
dial/potentiometer accuracy of +0.19 — better than
most potentiometers before a dial is added! Both are
also outstandingly compact. Model 3600 is shorter by
15” than comparable potentiometers — to say nothing
of the space it saves by incorporating its own turns-
counting dial.

Installation is simple: no separate dial to attach, no
complicated mounting procedure, no phasing. Just drill
two holes, put the unit on the panel and tighten a nut.
That's it! Be out in front with Bourns KNOBPOT poten-
tiometers —write for complete technical information.

Model 3640

Mod eTSGOi)

4" dia., 10-turn 14 dia., 10-turn

Std. resistances 10042-250K 1002-500K
Std. dial accuracy

{correlation of dial

reading to output,

including linearity) +0.5% +0.1%
Std. repeatability of

dial reading 0.1% 0.05%
Power rating 1.5W at 25°C 2.5W at 25°C
Max. operating temp. 125°C 125°C

Humidity MIL-R-12934C cycling MIL-R-12934C cycling
MODEL 3660 LABPOT®
PRECISION POTENTIOMETER

Compact dial-readout potentiometer for many laboratory uses.
Contains a specially selected KNOBPOT unit with 19 resist-
ance tolerance to provide highly precise measurement. Large
5-way binding posts permit easy hookup of any kind of leads.
Fused for protection against burnout. Standard resistances: 1K,
10K, 100K ohms.

OURINS

BOURNS, INC.. TRIMPOT DIVISION

1200 COLUMBIA AVE.. RIVERSIDE. CALIF,

PHONE 684-1700 * TWX: 714-682 9582
cCABLE: BOURNSINC,

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSOUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, 1OWA: TORONTO, CANAOA

Circle 45 on reader service card



Small Size < Contact Versatility * Good Power Gain

CLARE automated

production makes possible
this high quality Type LB
Relay at lowest

possibie cost R

"

This new CLARE Type LB Relay is designed for the customer who must
have a high quality relay at a reasonable price. A miniature telephone type
relay of extraordinary switching capacity and versatility for its size, it is an
ideal component for such industrial and commercial applications as:

BUSINESS MACHINES COMMUNICATIONS EQUIPMENT
PROCESS DATA LOGGERS PROCESS CONTROLS
DIGITAL INSTRUMENTS COMPUTER PERIPHERAL

EQUIPMENT
AIRCRAFT & MISSILE
SIMULATORS GROUND SUPPORT EQUIPMENT
VENDING MACHINES ENTERTAINMENT DEVICES

Manufacture and adjustment of the CLARE LB relay are completely auto-
matic — producing consistently high quality, at an outstanding low price.
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Characteristics *

Maximum Switching Capacity

Type LB Relay with mating socket—

for wired assembly mounting.

The Type LB provides contact versa-
tility, good power gain characteristics
and maximum switching capacity in
relation to its small compact size. The
overall height of the LB assembly (for
printed circuit board application) is
but 1.24 inches. Mounting styles in-
clude 1) a direct plug-in socket for
wired assemblies and 2) printed cir-
cuit terminals for direct mounting to
printed circuit boards.

All Type LB relays are available
with contact forms A, B, C, and D—
with up to six forms on a relay. For
high level applications, the Type LB
is rated at 2 amps, 28vdc resistive,
100,000 operations. For low level ap-

Electronics | February 8, 1965

Type LB Relay with cover plate—
for mounting on printed circuit boards.

plications, 10 micro amperes, 10mv,
with a maximum dynamic contact re-
sistance of 50 ohms. Must operate
sensitivity for a 6 form C arrangement
is 350mw. Coil resistances up to 6550
ohms are available.

Send for data sheet No.
552. For more detailed
information on the ap-

plication of the Type
LB Relay to a specific CLARE
requirement, write @
CLARE Application
Engineering. Address:
C.P.Clare & Co., Group relays and
02N5, 3101 Pratt Bou- related contro/
levard, Chicago, Illi- components
nois 60645.
Circle 47 on reader service card 47
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LET WINCHESTER ELECTRONICS HELP YOU CRIMP HIGH CONNECTOR COSTS

Lowest production and replacement costs, greatest
designflexibility, increased reliability .. .theseare the
all-important benefits of incorporating removable,
crimp contact connectors into your system. And
industry-pacing Winchester Electronics supplies
the whole package—inserts, shells, contacts, hoods,
mounting plates, jackscrews and jacksockets, inser-
tion and removal tools, and automated, portable
pneumatic and manual crimping tools.

Our removable, crimp contact connector package
means faster assembly of wires during any phase of
the production cycle; circuit changes or replace-
ment of individual contacts without destroying the
connector; and positive crimped connections with
contacts that can accommodate a wide range of
wire sizes. Stock is readily available in numerous

miniature and subminiature rack and panel, and
printed circuit types.

We also offer complete lines of miniature and
subminiature rectangular, round, printed circuit,
quick-disconnect/heavy-duty, environmental and
special-application connectors. Prompt delivery
and engineering assistance are assured by a
nationwide network of distributors, regional offices
and representatives. For a complete description of
our connectors, accessories and tools, write for a
copy of Catalog No. 364: Winchester Electronics,
Main Street and Hillside Avenue, Oakville, Conn.

VWINCHESTER ELECTRONICS
A DIVISION OF LITTON INDUSTRIES

48
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CW Signal—1 ke
Amplitude Modulation

4.5 gc CW Signal

. with these new Tektronix Spectrum Analyzer Units—which
fitall Tektronix Oscilloscopes thatacceptletter-series or 1-series
plug-ins.

You buy only the plug-in unit.
You have a complete spectrum analyzer at a fraction of the cost

of other analyzers. You don't have to purchase, store, and main-
tain both an oscilloscope and a separate analyzer.

it's the simplest way of spectrum analysis—for you're already
familiar with the oscilloscope controls. Add the analyzer func-
tions and you convert quickly and conveniently from time-based
displays to frequency-based displays.

Original units previously manufactured by Pentrix,
now manufactured and marketed by Tektronix, Inc.

" 2voE 555 DUALBEA

FM Single Tone
Modulation

TIME BASE A

TIME BASE B

X

me DAY
TR
ot

TYPE 21 A TiME-BASE UMY
— ()

TYPE 22 A TIME-RASE UMY
— e,
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asme
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e lu~c|x0~ !
e T
(6\ [e‘
| @ n

v son woi9

s

renTRIY

i pEesion

ORILAND. OREGON. &5 A

— e et

CHARACTERISTICS

L-20 L-30

Frequenzy Range

10 Mc—4 Gc

1 G¢c—10.4 Gc

Minimum Sensitivity

110—90 (-dbm)

105—75 (-dbm)

Dial Accuracy

+(2 Mc + 1% of R.F. frequency)

Dispersion

15 kc to 60 Mc.

Oscilloscope magnifier usable to 3 kc.

Resolution BWV
Dlsplay

1 ke to 100 ke, variable

Log, linear, square law, vndeo

$1,995 each

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

Several Spectrum Analyzer Plug-in
Units — covering other frequency
ranges—are available from Tektronix,
and comprehensive field services
back up every instrument.

.

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

Tektronix, Inc.

P.O, BOX 500+ BEAVERTON, OREGON 97005 - Phone: {Area Code 503) 644-0161 « Telex 036691
TWX: 503-291-6805 + Cable: TEKTRONIX + OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES
TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory.
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and still a speed merchant
at 5.0 amps.

TEST
TRANSISTOR

PULSE
GENERATOR

2N2657 2N2697 2N2877 2N2632

2N2658 2N2698 2N2878 2N2633
2N2879 2N2634
2N2880

Packages available: TO-5, 4 watts @ 100°C; small stud, 20 watts @ 100°C. 7/16° hex, 30 watts @ 100°C; 9/16° hex, 40 watts @ 100°C.

Your fast solution for high-current switching:
the 5-amp silicon planar family from Honeywell

Silicon-NPN Test Performance FOR PRICE AND DELIVERY contact your

AL Types e tons Specifications nearest sales office or distributor. For
fr Vee=10V. Ic=200mA | 30 mc min. more complete specifications or circuit
:Vm im:":g“: 83:335 min. Honeywell design assistance, write: Mr. Charles
e AU oy, Olson, Honeywell Semiconductor Prod-
Vag (sat) Ic=1A 1.2-1.5V max. | ucts Division, 2747 Fourth Avenue So.,
Vee(sat) Ie=1A 0.25-0.5V max. | Minneapolis, Minn. 55408.

Hl SILICON AND GERMANIUM POWER TRANSISTORS ¢« INTEGRATED CIRCUITS
s J HONEYWELL INTERNATIONAL: Sates and service offices in principal cities of the world.
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“CLEAN SWEEP”
PANEL INSTRUMENTS

A fresh approach to ultra-modern instrument de-
sign provides a ‘‘clean sweep’ of the pointer over

] .6
9 iy, -8
\\\\\\\\ /i/////

N 7,
N fas 2 he full scale.
MILLIAMPERES // the full scale

You get instant readability easier and at greater
distances—plus more attractive designs to
integrate into your equipment.

Self-shielded, accurate, reliable D.C.
instruments have the exclusive Triplett
BAR-RING movements.

Whatever your panel instrument
requirement, look to Triplett
for the right size and
style, the right
capability at the
right price.

SHIELDED BAR-

R S RING MOVEMENTS

§ PERES 2l
unﬂ ;cu'f'ucxnp'?i | i ALNICO MAGNET IS

00 10 20 30 40 MOUNTED INSIDE SOFT
g : IRON RING: FULLY
SELF-SHIELDED ——————3

Not affected by magnetic panels
or substantially by stray mag-
netic fields for D.C.
More Torque
. : DIE CAST ONE-PIECE
Lower Terminal Resistance
. 1 FRAME HOLDS IRON
hasten REsponse CORE IN EXACT ALIGNMENT
Exceedingly Rugged and
Accurate
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Coaxial cable delay lines. Big. Miniature. Plain, packaged
or potted. Capable of accuracies up to = .02 nanoseconds.

Combine the outstanding performance character-
istics of Phelps Dodge Electronic’s coaxial cables
with a proprictary ability to bend to a radius of
three times the sheath diameter to the center line
of the bend. Add newly developed neasuring and
testing techniques to meet unheard-of accuracies.
Result? The unique in coaxial delay lines,

Here is broader band operation. less attenuation
per nanosecond of delay and greater stability over
wide temperature ranges. Here too, is great lati-

PHELPS DODGE .. ... o
H NORTH HAVEN, CONNECTICUT

Circle 52 on reader service card

tude in the specification of operating parameters,
physical dimensions or, moisture, vibration, shock
and temperature resistance. Packaging? Contain-
ers, shock mounting, standard rack panel mount.
ing, strapping, potting and encapsulating. And,
availability for operation at frequencies from 60
cps to 12 Ge, power {rom one milliwatt to many
kilowatts, impedances of 50, 70, 75, 100 and
125 ohms.

Can we tell you more? Let us know your
requirements, or write for Bulletin DL-2.
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February 8, 1965 | Highlights of this issue

Technical Articles

Solid-state light-coupled
switch for low-level
multiplexing:

page 54

Microcomponent boards
link integrated circuits:
page 67

Laser-television system
with off-the-shelf gear:
page 75

Navigation satellites
for ships and planes
page 79

As activity in optoelectronics picks up momentum,
new devices are appearing with increasing frequency.
One problem that optoelectronic devices solve neatly is
circuit isolation, which is never complete when a three-
terminal switching transistor is used. This four-term-
inal solid-state switch isolates the signal circuit by
coupling with a beam of light.

These days, the big problem in microelectronics is
often packaging or interconnecting the elements rather
than designing the circuit. A universal packaging tech-
nique not only solves the interconnection problem but
opens the door to other benefits: automation of engi-
neering and production, and cost-cutting.

One of the applications considered when the laser was
first demonstrated was for carrying television programs.
Now a step has been made toward realizing that appli-
cation inexpensively. In this system, proposed for plant
security and interoffice communications, the laser
beam travels a mile,

Ever since he learned to walk, man has been asking,
“Where am 1?"" Satellites with electronic instrumenta-
tion and communications promise an automatic answer
to that question for ships and aircraft. Several systems
have already been proposed to do the job.

Coming
February 22

» Missile range updates its
instrumentation

» Alook at micropower transistors

» Microelectronic receiver
controls monkey’s actions

» Production tips
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Solid state

Light-coupled semiconductor switch
for low-level multiplexing

Four-terminal device isolates the drive signal

from switching terminals and has flow offset voltage

By Edward L. Bonin

Texas Instruments, Inc., Dallas, Texas

A four-terminal semiconductor switching device
has been developed that completely isolates the
drive circuit from the switching cireuit. Using light-
beam coupling,' it permits the engineer to design
without worrying about electrical interaction be-
tween circuits. Its useful frequency range is from
d-c to several kilocycles per second.

This switch permits only a feeble offset volt-
age—30 microvolts in the case of one device—to be
developed across the signal terminals. This char-
acteristic makes the new switch particularly useful
for low-level chopper or multiplex applications.

Texas Instruments, Inc., calls the switch OMS,
for optoelectronic multiplex switch, to emphasize
the major application for which it is intended.

Light source and detector

The device [shown on page 55] combines a gal-
lium arsenide-pn-junction light source and a silicon
photodetector in one package. The photodetector is
a diffused, planar photo-transistor with symmetrical
conduction characteristics. The pn-junction light
source is gallium arsenide.

Drive current forward-biases the light-emitting
diode, causing it to give off photons that are
collected efficiently by the detector. This light is in
the near-infrared range at a wavelength of about
0.9 micron.

The emitting diode operates at high efficiency
at —25° to +75°C, the operating range of conven-
tional devices. At 25°C the efliciency is about 2%;
that is, for every 100 electrons that flow through the
diode, two photons are transmitted out of the gal-
lium arsenide. Earlier devices that operated on a
similar principle provided emission efficiencies of
0.1% to 0.3%.

The construction of the four-terminal switch is

54

shown on page 55. The light-source diode and
photo-detector arc mounted in separate headers to
permit adjustment prior to hermetic sealing. The
stud is also the positive drive terminal. Two of the
three leads at the other end of the package are
terminals for the signal section; the third lead, the
negative drive terminal, is connected to the case.
The n-region of the light-source diode lies be-
tween the positive drive connection (p-region) and
the photo-detector. The n-region, which is also
connected to the metal case, forms an electrostatic
shield between the drive and signal sections.

Electrical characteristics

Two devices that use this construction are being
marketed commercially. These are the PEX3002 and
the PEX3003. In both, the light source and the de-
tector are separated by only a few thousandths of
an inch, which is sufficient to support a 400-volt po-
tential without breakdown. The leakage resistance
between the drive and signal terminals is due pri-
marily to the package itself, and is typically 4 10'*
ohms. Even if the device is removed from the pack-
age, this resistance does not change appreciably.

For fixed values of drive current, the detector
exhibits a symmetrical. bilateral current-voltage
characteristic as shown in the graph on page 56.
This characteristic is similar to that of a conven-
tional double-emitter chopper transistor. The de-
tector biasing that vesults from light absorption in
the region near its pn junction corresponds closely
to base-collector forward biasing for a conventional
double-emitter transistor. However, the four-term-
inal optically coupled switch does not duplicate
the accelerated turn-off that is obtained with the
double-cmitter device by reverse-biasing its base-
collector junction.

The voltage-current curve for a constant drive
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Checking the performance of the four-terminal switch in a series-shunt chopper circuit
are Edward Bonin, engineer at Tl, and Gerald Meeks, a technician. Oscilloscope shows
the square-wave output obtained at an operating frequency of one kilocycle.

current Iy, crosses the Vg and I axes near the origin
(Vs=0, Iy=—0). The curve does not necessarily
cross exactly at the origin; even for zero signal cur-
rent, a small voltage may be developed across the
signal terminals. This terminal voltage, called the
offset voltage V,, is added algebraically to the in-
coming signal and determines the minimum prac-
tical level for the signal voltage.

An unusual feature of the device is that the ollsct
voltage of individual units may be adjusted to a
minimum prior to hermetic sealing. This is ac-
complished by moving the light source closer to the
detector or farther from it. This adjustment ac-
counts for the low offset voltage for the switch.

As shown on page 56, the magnitude of V, for

PHYSICAL CIRCUIT

REPRESENTATION SYMBOL

SILICON
o . PHOTODETECTOR
N-TYPE L | ol S
MATERIAL
< GALLIUM
P-TYPE ARSENIDE
MATERIAL 3 = LIGHT SOURCE
Ip

Ig = SIGNAL CURRENT Ip= DRIVE CURRENT
Four-terminal switch consists of a gallium-arsenide
light-injection diode (source) and a silicon
phototransistor (detector). The source and detector
are only a few thousandths of an inch apart.
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the PEX3002 does not exceed 30 microvolts at case
temperatures of —25°, 4-25° and +4-75°C for a
drive current of 100 milliamperes. For the
PEX3003, the magnitude of Vq does not exceed 100
microvolts under the same conditions.

In general, the Vg of a device may be positive or
negative with respect to the Vo of another device.
For the PEX3002, the algebraic diflerence of Vo
values at —25°C and 4-75°C does not exceed 40
microvolts; for the PEX3003 this difference is 125
microvolts or less. Changes in V, with temperature
are a result of changes in the diode source’s light
output and in detector parameters. As experience is
gained in fabricating the switch. it should be pos-
sible to produce one with a V4 of less than 16 mi-

Cross section of the
four-terminal switch.
The detector consists
of two sections to the
left of the semicircular
source. Top and bottom
leads at left are switch
terminals. The center
lead and the stud are
drive terminals.

PHOTO DETECTOR

LIGHT
SOURCE
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Current-voltage characteristic for the four-terminal
switch is similar to that for a conventional
double-emitter chopper transistor.
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TEMPERATURE (°C)

Offset voltage varies with temperature. Curves
indicate characteristics for four-terminal switches.
Straight lines are guaranteed maximums.

crovolts over the operating temperature range.

The switch’s “on” resistance Rox, although small,
accounts for an algebraic increase in the voltage
across the signal terminals as the signal current is
increased. Because Vo is small, the on resistance is
largely a measure of the static slope (V/I) of the
current-voltage characteristic. When the switch is
on, the signal terminals are usually biased in the
region near the origin, where the curves are nearly
vertical. For an ordinary transistor switch, this
would be called the saturation region.

In chopper applications, for high accuracy, Rox
should be small compared with the input imped-
ance of the following electrical stage. For the four-
terminal switch, Rox is typically 30 ohms for a
signal current Iy of =1 ma, drive current I, of 100
milliamperes, temperature Tc of 25°C. The effects
of changes in I Ip, and T on Rox are indicated in
the graphs below. For very large values of Iy,
the detector will be biased out of saturation and
Rox will increase abruptly. The reduction in Rox
with I, shown below reflects the increase in
the light output of the source with bias. As the
temperaturce increases, the reduction in the source’s
output efficiency is balanced by the increasing cur-
rent gain of the detector.

Current in the off state

For zero bias on the light source, the switch is
off and generally only a small current flows. This
off current Is(orr) is a function of the signal voltage
Vs and temperature, as shown at the top of p.

{Vy +6) VOLTS

2N726

INPUT

Vi +1.2V+
Il .
V‘ RPN

I
Vi

PEX3003

{Vy +6) VOLTS
8703 1K 12K
0s __ OUTPUT
2NT775 Vg +6V
f—LV'2+4V
5 2N706
21K 1K % 1K
V2

Binary switching circuit. The four-terminal switch makes possible the transfer of binary (on-off) signal between two
electrically isolated circuits. Besides the switch, four conventional transistors are employed.

w100 : : w1000, w50 T : ‘
=92 80 Ip = 100mA =23 23 90
=x 60r 7y 23 2 = 301 5
28 ,oF T 23 100 235 4 Ip = 100mA _
& 3 &3¢ &€ Z &z I - 1mA
Z* 2 I 1 Z= 10 - Z= 10 | | |

001 o 1 10 10 20 40 60 100 160 -5 0 25 50 75

Ig (MILLIAMPERES) DRIVE CURRENT I, (MILLIAMPERES) T (°C)

Relationship between signal current and on resistance, at room temperature and at an
elevated temperature, are shown in top set of curves. Middle set depicts decrease of Rox as
I is increased. Ip is equal to 0.01 Is. Bottom curve shows how Rox increased with temperature.
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56. The leakage current increases considerably
as the signal voltage approaches the breakdown
voltage BVg, which is typically eight volts.

Drive requirements

The gallium-arsenide-source diode has a highly
nonlinear current-voltage characteristic and should
be used in a high-resistance |stable current| cir-
cuit? The diode’s voltage drop for the typical
operating forward current of 100 milliamperes is
about 1.3 volts. Operation at 100 milliamperes is a
compromise between low Rox and Vo over the
temperature range. and good operating speed.
Of course, other values of drive current can also
be used.

The best switching speeds are obtained with the

R
o ; R
L
I 1K Vout
ViN 0
A
Rs L.V
100 /J e
T0  Vour
Vin 10M

Analog switching circuits. Top series chopper circuit
requires low R. and R.. values. The series-shunt-connected
circuit at bottom is better for a large load resistance.

012—\
XK L ViUt
A Qs
ViN AMPLIFIER
Riy:10M
0 PASSBAND =
_ 2 40 CPS TO 40 KC
COMMON-
MODE I
VOLTAGE
—

Application of four-terminal switches in a high-noise
environment. Three switches are used with a
differential amplifier.
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signal terminals operating in a low-impedance cir-
cuit. An example of general-purpose switching be-
tween two isolated circuits is shown in the diagram
on page 56. Voltage V, and V. are the bias volt-
ages and may differ by as much as 400 volts. In
this circuit, the drive current I, is 40 milliamperes,
the signal current Ig is 2 milliamperes, the output
voltage is 2 volts peak-to-peak, and the switching
(rise and fall) times are 10 microseconds. The low
impedance for the signal terminals is provided by
connecting the four-terminal switch in series with
an emitter in the current-mode switching circuit.

Binary switching

This circuit is useful for binary (on-off) switch-
ing. For analog switching, in which the amplitude

Output waveforms for series-shunt chopper circuit. Top
waveform is for zero input signal. Bottom waveform was
obtained for a one-millivolt signal with Ry, of 10 megohms
and a frequency of two kilocycles per second. Each major
verticle box represents 500 microvolts; each major
horizontal box represents 100 microseconds..

Output waveform for the circuit at left, with zero signal
and common-mode voltage of five volts rms at 400
cycles per second. Each major vertical box represents
200 microvolts (referred to the input); each

horizontal vertical box represents 50 microseconds.
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Chopper-stabilized microammeter uses four-terminal switches. A, is a differential amplifier; A. and A; are
linear amplifiers. The D-c input handled varies from a few hundred microvolts to several volts.

of a signal must be preserved, circuits such as those
shown on page 57 may be used. These chopper
circuits convert low-level d-¢ or low-frequency
signals to a-c signals by applying square-wave
drive currcnts to the four-terminal switch devices.
The a-c signals can then be amplified with low-
level a-c circuits that are easier to design for stable
performance than are direct-coupled stages.

Because the signal terminals of the four-terminal
switch have symmetrical characteristics, the input
signal may have either positive or negative polarity.
Obtaining low impedance for the signal terminals
with a series-type chopper circuit generally re-
quires a small source resistance Rg and small load
resistance R;.

For a large load resistance, the series-shunt-
connected circuit is faster. In this circuit two four-
terminal switches operate alternately. For this cir-
cuit, the first switching device is provided with a
small load resistance for faster turn-off by the
shunting action of the second device when it is
turned on. Output waveforms for the series-shunt
circuit, operating at 2 kilocycles per second with
Ip equal to 100 milliamperes square-wave and Ry,
equal to 10 megohms, are shown on page 57 for

INPUTS
. =

OUTPUT

Multiplex switching circuit is used for sequential
sampling of a large number of signals.
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zero input signal and with a d-c signal of one
millivolt. The scales for the major divisions arc 500
microvolts for the vertical boxes and 100 micro-
seconds for the horizontal hoxes. Switching times
for this circuit typically range from 5 to 20 mirco-
seconds. For the series type of circuit with I, of
100 milliamperes and R;, of 1,000 ohms, the rise
time is typically 3 microseconds and the fall time
is 20 to 40 microseconds.

The advantages of complete isolation of the drive
and signal circuits arc particularly evident when
considering common-mode noise.® Often, with sig-
nals of small amplitude, neither lead from the signal
transducer can be grounded at the amplifier. This
may be the case, for instance, if the transducer is
remotely connected in airborne equipment. If one
lead of the transducer is grounded on the airplane
frame and if one side of the amplifier input is also
grounded, noise voltages between thesc two ground
points on the airframe appear as additional signal
input to the amplifier. A circuit in which this noisy
environment occurs is shown at bottom of page 57.

To overcome the presence of the noise voltage or
common-mode voltage, three 4-terminal switching
devices are used. Switches 1 and 2 operate simul-
taneously and alternately with switch 3. Rejection
of much of the common-mode voltage is provided
hy a differential amplifier because neither input
terminal of the amplifier needs to be grounded.

When switches 1 and 2 are on, the two input
leads of the amplifier are connected across the
signal source. The amplificr is designed so that its
input is determined by the difference betwecen the
voltages applied to the two input terminals, in this
case, this difference is the signal.

The amplifier is nearly immune to the common-
mode noise that is applied from onec input lead to
ground. When drive to switch 3 is applied, it is
removed from switches 1 and 2. This low-imped-
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Eight-channel multiplex switch uses eight
4-terminal switches. Each switch circuit
includes a pair of drive transistors.

ance shunting accelerates the turn-off. Similarly,
when switches 1 and 2 are turned on, a low im-
pedance through the signal source is provided to
turn off switch 3. The waveform on page 57 shows
the amplifier output for zero signal and a common-
mode sine-wave voltage of 5 volts rms at 400 cycles
per second. The repctition rate for the switches is
about 14 kilocycles per second. Even with such
high common-mode noise, the circuit can amplify
small signals.

Multiplex circuit

The multiplex circuit shown on page 58 is used
when a large number of signals must each be moni-
tored frequently. In the Titan II missile, for ex-
ample, 250 variables are monitored and transmitted
in flight.4

Each signal input is connected to one terminal of
the switch. In general, this input signal may come
directly from a signal transducer or may be the out-
put of an intermediate amplifier, depending on the
circuit inpedances and voltage levels. The comple-
mentary switch terminals are all connected to form
a single signal-output terminal. When the switches
are turned on one at a time, the output waveform
becomes a repetitive sampling of all input voltages.

The operation of the multiplex circuit is similar
to that of the serics-shunt chopper that was dis-
cussed previously. Assume at a given time that one
switch is on. Drive is removed from this switch and
offered to the next simnultaneously. The low-imped-
ance paths that run through the switch that is
turning on and through the inputs help to reduce
the turn-off time. This action is identical in the
series-shunt chopper.

In each switch, both terminals remain at signal
potential as shown in the diagram on page 58. This
makes it necessary for the signal section of the
switch to have good isolation from the drive sec-
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tion. With optical coupling across the air gap, the
coupling between the drive and signal sections of
the OMS device is represented by a leakage re-
sistance of about 4 10'? ohms and capacitance of
about 3 picofarads. Also, because the offset voltage
of the four-terminal switch is small, signal trans-
ducers may be connected directly without the need
for amplification before the multiplexing operation.

A complete eight-channel mulitplex-switch
board, using cight OMS devices for sampling bit
rates of up to 30 kilocycles per second, is shown at
the left. Development of the basic switching de-
vice and printed circuit board were sponsored by
the Electronics Technology division, Air Force Avi-
onics Laboratory, under contract AF33(616)-8339.

Test-equipment circuit

Several four-terminal switching devices are used
in the chopper-stabilized d-¢ microammeter shown
on page 58. In the circuit®, a small voltage is de-
veloped when input current flows through the small
resistor R!, which shunts the input. In one signal
path, this voltage is chopped with the series-shunt
connection of switches 1 and 2. This a-c signal is
amplified by the a-c circuit A®, then the zero-refer-
ence level of this signal is established by the syn-
chronously driven secries-shunt chopper, switches
3 and 4. After passing through a low-pass filter
(R4 and C1), the signal—now d-c—is applied to one
input of difterential amplifier Al. A1’s other input
is connected to the signal-input terminal. With this
circuit, the ammplifiers have stable gain.

The high-level output of Al is then connccted to
a low-gain d-c amplifier A3, which drives the output
meter. The low oftset voltage rating of the four-
terminal switch requires only a millivolt or less to
be developed across the input resistor R1. This re-
sistor can be changed to establish the measuring
range of the meter. For measuring very small cur-
rents, the size of the input resistor determines the
maxiium speed of the switches.
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Magnetoresistors isolate
load from control circuit

By Robert M. Gitlin

American Aerospace Controls, Inc., Farmingdale, N.Y.

Magnetoresistance triggering is one of the few
methods of applying d-c bias levels and a-c trigger
pulses while maintaining complete isolation be-
tween the control and load circuits. The magneto-
resistance trigger module is a solid-state device
requiring neither heaters nor filaments.

The operation of the basic trigger module de-
pends upon the flux-variable characteristics of two
magnetoresistance elements, M; and M., connected
in a simple wheatstone bridge, as shown at the
left on page 61. Flux excited by the current in the
coil, alters the resistances of M; and M., causing
the bridge to become unbalanced. The magnetic
circuit is physically arranged with an internal mag-
netic bias so that the flux field causes opposing
resistance variations in M; and M., increasing the

VOLTS

Eg-BRIDGE OUTPUT

3
7 /\\M; e
”

Vg-BRIDGE INPUT
VOLTS

Designer's casebook is a regular
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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.

sensitivity of the bridge output. When the bridge
is unbalanced, some part of the bridge excitation
voltage appears across the output terminals.

The output for the module shown in the diagram
is about 1 volt d-c¢ (or a-c rms) with coil current
of 25 ma and bridge excitation of 24 volts. Larger
modules develop proportionately greater outputs.
Note that the input current or the bridge excitation
voltage can be either polarity.

Since the magnetoresistance trigger module does
not rely on conventional transformer principles for
coupling between input and output, both a-c and
d-c inputs can be applied separately or in com-
bination to the bridge circuit and the input coil.
The graph shows that with constant d-c coil current
as a parameter the input-output voltage charac-
teristics are linear. The table of waveshapes il-
lustrates the various possible operating modes.

A-c signals of the same frequency applied simul-
tancously to the coil and bridge produce an output
at twice the input frequency. This a-c output is
oflset from zero by the d-¢ bias level. The a-c
signal can be filtered out or a capacitor can be
uscd to block the d-c bias level, in either case,
providing useful control features.

A basic control circuit for adjusting the firing

COIL INPUT BRIDGE INPUT BRIDGE OUTPUT
D-C p-c ANALOG MULTL,
+ + | + | —
0 0+ 0
D-C A-C
+ + +
i : BAvAvAY
D-C TO A-C CON-
A-C D-C VERSION MULTI.
+ 4+ | ———— | PHASE SENSITIVE
0_%% 0 NULL DETECTION
A-C A-C MODUL ATION
+ + +
e e |t hamAAnL
+ + 0
- - DOUBLE FREQ.

Input-output voltage characteristics of the magnetoresistance module with coil current as a parameter.
The table of waveshapes shows that the roles of the current coil and bridge excitation in control
circuits can be interchanged. The flux-resistance variations of the magnetoresistance elements

are physically arranged to provide maximum output sensitivity.
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Magnetoresistance trigger module provides electrical
isolation between load and control circuits. Flux induced
by the trigger current in the coil changes the resistance
of the magnetoresistance elements M, and M.,
unbalancing the bridge and producing an output
voltage E.,.

angle and trigger level of an scr, is shown above
right. The capability of this circuit can be increased
by introducing an AND logic function. Two wind-
ings can be provided on the magnetic core of the
magnetoresistance module. One winding provides
the bias for the bridge and the other transmits the
trigger pulses. The scr fires only when both bias
and trigger pulses are present simultaneously. It is
also possible to implement the AND function by
varying the level of bridge excitation. Since no
output is developed unless the bridge is excited,
adjustment of excitation voltage provides a flexible
means of control.

In some applications it may be necessary to ap-
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SERIES 3000 MODULE

Scr trigger module. The output voltage has the same
waveshape as the input coil current. A thermistor

can be inserted between the bridge output (junction of M,
and M.) and the scr gate for temperature compensation.

ply input signals to the bridge and use the coil
as the bias control. The magnetoresistance module
then becomes a continuously variable bridge whose
input-output ratio depends upon coil current
(bridge imbalance). This circuit can be useful as a
variable attenuator for automatic gain control and
related applications.

The rate of resistance variation of the magneto-
resistance elements in response to changes in mag-
netic flux is of the order of megacycles per second.

Scr’s regulate
a-c line voltage

By Reuben Wechsler

Semiconductor Division, Motorola, Inc.
Phoenix, Ariz.

The a-c line-voltage regulator shown in the diagram
on the following page, maintains the nominal output
load voltage within 1 volt as the line voltage varies
between 105 and 125 volts. The circuit package is
compact and lightweight because the regulating is
actually done by silicon controlled rectifiers.

The full-wave bridge (MDA 920-4, Motorola)
rectifies the line voltage and furnishes low d-c

power for the unijunction transistor trigger circuit.
The trigger circuit supplies the scr gate trigger
pulses via transformer T, and regulates the scr
firing time as the line voltage varies.

When the line voltage increases, the voltage
applied to base 2 of the unijunction transistor also
increases, but the emitter supply voltage is held
constant by zener diode D,. The trigger frequency
decreases, delaying the scr firing time. The average
current through the scr’s and T, decreases until the
load voltage returns to its nominal value. Similarly,
when the line voltage decreases, the unijunction
transistor trigger frequency increases, scr conduc-
tion increases, the average current through the scr’s
and T: increases until the load voltage again re-
turns to its nominal value.

Zener diode D; only serves to drop the rectified
line voltage to a safe operating level for the UJT.
Using a zener diode instead of voltage-dropping
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A-c input line voltage controls the trigger rate of the unijun ction relaxation oscillator. Average current
through scr's is controlled by the unijunction transistor triggers. Reference source for the regulator
is zener diode D.. The regulated output voltage level is adjusted by R..

resistors provides some regulation for the trigger
circuit supply. Diode D, prevents filter capacitor
C, from discharging back through the circuit.

Optimum regulation is achieved by applying 125
volts across the input terminals and adjusting po-
tentiometer R. to provide 97 volts across the lower
section of autotransformer T. as indicated in the
circuit diagram. Autotransformer T. steps up the
output voltage from 97 volts to the nominal 115-
volt line voltage.

The specified scr’s can handle load currents
of 25 amperes. It is important to note that one of
the scr’s is of reverse polarity (i.e., the anode and
cathode are interchanged with respect to the case).
Both scr’s can be mounted on the same heat sink,
without insulating washers.

For lower current applications, the scr’s in the
circuit diagram can be replaced by the MCR1304-4
and MCRI1304R-4; these are capable of an average
load current of 11 amperes.

Diode eliminates
multivibrator bias

By C. S. Osborne
Racal Instruments, Ltd., Berkshire, England

A conventional one-shot multivibrator circuit usu-
ally needs a bias voltage to keep onc of the tran-
sistors nonconducting while the circuit is quiescent.
But this bias voltage can be eliminated by con-
necting diode D; to keep Q; nonconducting in the
circuit at right, on page 63, top.

When the transistor is quiescent, the only volt-
age available to cause base current to flow in Q,
is the saturated emitter-collector voltage of the
conducting transistor Q.. This voltage is too small
to causc any base current to flow in Q, because
the base-emitter voltage of Q, is larger than the
saturated emitter-collector voltage of Q. Also,
diode D, presents a high forward impedance when
a small potential is impressed across it (especially
if D, is a silicon diode). A low-voltage zener diode
could be used instead of the forward-conducting
diode shown in the lower circuit diagram.

With the base effectively open-circuited, the
collector current is Ingo, which is negligible com-
pared with the collector current Ic when Q, is con-
ducting. This causes a slight decrease in the volt-
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Standard one-shot muitivibrator circuit, shown at the left, must have a bias voitage that keeps
transistor Q. from conducting during quiescence. But if diode D, is added, right,
it keeps Q: nonconducting during quiescence and the bias voltage is unnecessary.

age swing applied to C,, which causes an insig-
nificant decrease in the circuit’s on time.
When Q, conducts, its base current is slightly

modified by the forward voltage drop across Dy,
which must be considered in calculating the value
Of R;.

Two transistors simulate
high-current tunnel diode

By Sidney V. Soanes

Ferranti Electronics, Toronto

The volt-ampere characteristic of the circuit shown
at right is similar to that of a tunnel diode but the
V.I characteristic can be controlled conveniently.
The peak current of this simulated “tunnel diode”
circuit can be varied over a wide range by the cur-
rent Ix.

The negative resistance region of the volt-ampere
characteristic is explained as follows. Current Ik
is derived from a constant-current source. Assume
Q, and Q- are identical transistors, and consider
the circuit to be in the condition where Ix = Ix
and Vxy = Vgy (point a on the V-I curve). From
these assumptions, the condition must also exist
that IBl = IBg.

Let Vxy increase positively by a very small
amount. Then I;;; increases, causing I¢: to increase.
Because Iy is fixed, Ip. decreases. But I de-
creases more than Iy increases because of the
gain of Ql- Now Inl>I];g.

Since the change in Vxy has been small, the col-
lector current of Q. will depend principally on
its base current rather than on its collector voltage.
Then Ic. decreases directly with the decrease in
Ip», and Ic: decreases more than the increase in
I, roughly by a factor of g It follows then, that
I, has decreased (point ¢’ on V-I curve).

If leakage currents are neglected, the peak cur-
rent is equal to BIx and the valley current is equal
to Ix/B8. Measured values of peak current varied

from 1.2 microamperes (where Q; = Q. = 2N2218)
to 7.0 amperes (Q1 = Q. = 2NI1314). The valley
voltage is about 0.15V for germanium transistors
and 0.55V for silicon transistors.

This circuit is adaptable to integrated circuit
techniques and in this form, could make simu-
lated tunnel-diode logic economically practical. Im-
plementing tunnel diodes in microcircuits is an
cxpensive process.
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Volt-ampere characteristics at terminals X-Y are
similar to the V| characteristics of a tunnel
diode. Peak point current of this simulated tunnel
diode can be adjusted from 1.2 microamps to 7.0
amps by varying the current Ix.
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Solid state

FET detects alpha particles
better and more precisely

Applied as a detector and amplifier, the FET improves signal-to-noise

ratios at least tenfold, allowing more precise measurements

By Charles R. Seashore and Clement D. O'Brien

Honeywell, Inc., St. Paul, Minn.

Since the field-effect transistor is built with a thin
silicon-monoxide layer over its active areas, it can
serve as a delicate radiation detector, more efficient
than the pn-junction diode sometimes used for
counting alpha particles. When the top of its TO-5
can is removed, the FET will dctect alpha particles
as they impinge on the near gate of the FET
(2N2386) structure gencrating a current across the
gate-channel junction. Oscilloscope observations
show that the signal-to-noise ratio of a p-channel
FET is more than 10 times higher than a conven-
tional diode detector in this application.

In the FET, the alpha particles penetrate the
thin protective layer of silicon monoxide without
loss of encrgy to produce a uniform output that
is not dependent on the encrgy of the nuclear
particles. In the junction diode, on the other hand,
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the barrier region is so wide that alpha particles
lose some of their initial energy. The output of
the device then depends on the cnergy of the
particles.

This difference in operation betwecen the FET
and the junction diode can be seen on a pulse
height analyzer. The wave shape for the FET is
uniform; for the diode it is dependent on the energy
distribution of the alphas (see figure, page 65).

In a Honeywell dew-point hygrometer (which
measures atmospheric dew point in a balloon at
high altitudes) the FET has already demonstrated
its superiority over the junction diode as a de-
tector. This instrument is a closed-loop system
which can determine precisely the dew point by
measuring the number of alpha particles impinging
on the detector.

Signal processing

In the hygrometer circuitry the FET has some
other advantages. For example the FET detector
supplies a uniform pulse count even if gain changes
occur in the pulse amplifier. The junction diode
detector does not; in fact, it yields a random output
pulse with a change in amplifier gain (see p. 66).

In a hygromcter application if the pulse dis-
criminator level shifts even a small amount, the
discriminator total output count shrinks because
the diode detector produces a random amplitude
energy distribution. The FET detector, however,
will produce the desired uniform output count
despite any shift in discriminator pulse level.

Detector-amplifiers compared

Comparing the detector-amplifier that uses an
FET with one that has a pn-junction diode (see
opposite page), you learn the biggest advantage
accrues only if the FET appears in both the de-
tector and amplifier stages. In fact, a tabulation
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Diode detector

FET detector

Comparison of single-pulse output waveforms generated by the junction diode and FET detectors.

FET device is superior because it reduces signal-to-noise ratio more than 10 times.
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A basic circuit for alpha-particle detection has a pn-junction diode followed by amplifier stages.
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Alpha-particle detector circuit with a 2N2386 p-channel field-effect transistor; the top
of the transistor housing is removed and the exposed FET is used as the detector element.
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Removing the top of the 2N2386 case (a TO-5 package)
exposes the gate of the FET to bombardment by alpha
particles and makes it a sensitive radiation detector.
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Plots of energy distribution of alpha particles
transduced by detectors shows that the diode
detector’s output (A) depends on the energy, but the
output of the FET detector (B) is uniform.
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FET detector supplies a uniform output pulse
count despite changes in pulse amplifier gain.
A change in gain of the amplifier affects the
magnitude of the diode detector signal.

of the measured-signal-to-noise ratio (see table
above) proves there is nothing to be gained by
putting the FET only in the first amplifier stage.

When the FET's are used in both circuits, the
great improvement—15 times—in signal-to-noise
ratio shows up from the single-pulse outputs of
both detector-amplifier configurations.

One explanatory word is necessary about this
circuit. The detector and its bias circuits are located
away from the amplifying devices Q. and Q; in
this experiment. Remote operation requires the ad-
dition of a 33-picofarad capacitor from the gate
to the drain of Q. to offset the detector-cable
voltage drop. In this circuit, the FET units are
p-channel and are operated in an inverted drain
configuration to be compatible with a positive
power supply and high gain npn device Q.
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Signal-to-noise ratios of
alpha-particle detector circuits

Amplifier Signal-to-

Detector (First stage) noise ratio
pn-junction diode npn transistor type 4:1

type APD-C 2N930
pn-junction diode FET type 6:1

type APD-C 2N2386
FET type FET type 67:1

2N2386 2N2386

More advantages of FET

Operation of the FET with its top surface ex-
posed as a radiation detector combines the circuit
and device characteristics of a radiation-sensitive
diode and a high-impedance low-noise amplifier in
onc device. This consolidation eliminates signal
transmission loss from detector to preamplifier.
Then the FET transconductance provides an out-
put-pulse spectrum increased in amplitude.

The fundamental advantages of the FET alpha-
particle detector are: improved signal-to-noise ratio
duc to the intrinsic FET gain mechanism, and an
absence of an energy-sensitive characteristic in its
output spectrum. Thesc results are based on ob-
servations made during the hygrometer develop-
ment. An analytical treatment of the FET as an
alpha-particle detector has not been made.

Other advantages of using the FET radiation
detector are its small size and low voltage require-
ment. This last is very attractive compared to the
700-volt anode potential developed from an inverter
circuit in a miniature radiation-counter tube.

The table above shows the significant increase
of a factor of 11 in signal-to-noise ratio when the
FET 2N2386 device is used both as the detector
and as the first-stage amplifier. However the con-
ventional circuit (the one in which the pn-junction
diode was used as a detector) was examined with
an FET as a first-stage amplifier and only a slight
improvement in signal-to-noise ratio was observed.
From the table it can be seen that the measured
signal-to-noise ratio of the diode detector and the
FET amplifier configuration was 6 to 1 while that
of the diode detector and npn amplifier was 4 to 1.

The FET is not without limitations. A major dis-
advantage may be short operating life as a result
of gate-degradation caused by the bombardment
of high-energy alpha-particles. However the gate
lead provides a means for compensating gate de-
gradation with an external control voltage.
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Manufacturing

Laminates and cribbage boards
connect integrated circuits

Multifunction mounting board and 5-mil-thick laminate connect a dozen

flatpacks. Photochemical processing enables design to move toward

flexible wiring and arrays of unpackaged integrated-circuit chips

By John Marley

ITT Federal Laboratories, a division of the International Telephone and Telegraph Corp., Nutley, N. J.

The ideal subassembly for complex microelectronic
systems, froin the manufacturers’ point of view,
would be one that could use simple, standardized
techniques to make and interconnect a wide variety
of modules.

Developing such a subassembly has been a prob-
lem. Now it has been solved by engineers at the
ITT Federal Laboratories, who have come up with
a manufacturing and packaging system that can be
used in many types of equipment that ITTFL is
now making or likely to make.

The system developed for this subsidiary of the
International Telephone and Telegraph Corp. is
based on prefabrication and photoetching. Mechan-
ical, electrical and fabrication functions conumon to
most assemblies are prefabricated. Interconnection
wirings, which differ, are isolated and produced by
photoetching.

The basic building blocks of the plug-in inte-
grated-circuit assemblics illustrated here are called
microcomponent boards. They are made from two
parts: a tiny, prefabricated board—1% inches
square—that carries up to 12 flatpacks of integrated
circuits, and a partially prefabricated etched circuit
that interconnects the flatpacks.

Each hoard is made of plastic, glass-filled diallyl
phthalate. The connectors and welding pins are
molded in place. The etched circuit is welded to
one side of the board; flatpacks or other ribbon-
lead components are welded to the other side, as
shown on page 68. Such an assembly weighs only
about ¥4 ounce.

With these microcomponent boards, it is possible
to automate the production of integrated-circuit or
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1/
Prototype module, only a few inches long, contains 10
plug-in microcomponent boards. Each board has up to 12
integrated-circuit flatpacks. Below, module is

turned on side to show the double-sided printed circuit
board into which the microcomponent boards are plugged.
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hybrid subassemblies, and simplify the intercon-
nection and packaging of the subassemblies into
systems.

Complex and expensive interconnections, such as
a multilayer printed-circuit motherboard, normally
required for high-density packaging of subsystems
are no longer nceded. (See “The packaging
squecze”, p. 69). Each microcomponent board can
interconnect a dozen flatpacks with the required
crossover wiring. And each flatpack can contain
several independent circuit functions—four to six
logic gates, for example. In effeet, cach microcom-
ponent board assembly can be the equivalent of a
subsystem made with discrete components.

Large numbers of microcomponent boards—36
in one system—can bc interconnected through a
conventional two-sided printed circuit board.

The ctched interconnections for a board assembly
can go from layout, through photoetching, to pro-
duction in as little as two hours. Speed is important
in producing microelectronics systems that require
many different subassemblies.

On the average, the same design of microcom-
ponent board assembly will be used no more than
10 times in each system, since each is a combina-
tion of several circuit functions. In addition, each
interconnection may be subject to modification
during prototype and initial production.

ITT’s microcomponent boards meet military re-
quirements for cost, life, and reliability after being
repaired. It is estimated that the microcomponent
board assembly, complete with integrated circuits,
will cost about $1 for cach 10,000 hours of mean
time between failures (MTBF) in operational use—
the military’s rule of thumib for replaceable elec-
tronic modules.

The assemblies are made by photoetching and
microwelding; these techniques lend themselves to
machine control and arc compatible with computer-
assisted design and drafting mcthods, mechanized
assembly and automated production testing.

Equally important, ITT’s modular design can
handle more advanced packaging, such as the as-
sembly of arrays of unpackaged integrated circuits,
with no change in the basic processes.

Circuits and cribbage boards

The prefabricated board takes care of such func-
tions as mechanical support, plug-in connection,
component mounting, heat dissipation and insertion
guidance. In addition, it is an assembly and test
fixture.

In contrast to the custom handling required to
connect both sides of a conventional two-sided
printed circuit board, the new design uses prefabri-
cated feedthroughs and a new laminate. More than
50% of the circuit is prefabricated with the lami-
nate material.

Although etching defines the interconnections on
a conventional printed circuit board, the board is
not a universal structurc; other functions must be
designed and fabricated board by board. For ex-
ample, plug-in connectors must be added and lead-
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Laminate, etched circuits and
microcomponent boards

Plated riser laminate with three riser patterns. The
risers are prefabricated feedthroughs and weld pins.

Two sets of circuits etched from the laminate. In each
case, the lighter lines are wiring on the reverse side.
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Back of microcomponent board, unassembled and assembled.
Circuit is welded to the board by means of the risers.

. -u‘n‘no'u-

Front of board, unassembled and assembled. The maximum
number of flatpacks, 12, have been welded in place.
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insertion holes punched. Thc holes in two-sided
boards must also be plated or eyeletted.

For the interconnection wiring the printed circuit
is stripped down to the bare essentials: one-ounce
copper foils are laminated to each side of a 2-mil
(0.002 inch) film of Mylar, making a laminate ap-
proximately 5 mils thick, and joined by feed-through
conr, _ctors.

The feedthroughs, which also weld the wiring to
the board, are 178 nickel-alloy plugs or lands, called
risers. They are preplated into the laminate in a
regular pattern, usually 6 vertical rows with 23
risers each and 2 horizontal rows with 20 risers
each. This plated riser laminate meets the require-
ments for a wiring matrix that is nearly universal
since a wide variety of interconnection patterns can
be formed by photoetching.

The molded board is nicknamed the “cribbage
board” because of the pin pattern on its back
surface, which corresponds to the riser pattern. Of

the 178 weldable nickel-alloy pins, 138 pass through
the plastic to the front surface of the board so flat-
packs and other components with ribbon leads can
be welded to them. Twenty pins terminate in
Micropin contacts at the bottom edge of the board
(Micropins are flexible male contact pins made by
ITT Cannon Electric Inc.). The other 20 pins termi-
nate in test-probe receptacles at the top edge of the
board (page 70).

Prefabricating the laminate

After they arc laminated, the copper foils are
coated with photoresist. A pattern of 178 holes
each 10 mils in diameter, is etched in the top foil
Using the top foil and its undeveloped photoresist
as a mask, holes are etched through the Mylar and
laminating adhesive. Etchant undercutting makes
these holes about 15 mils in diameter, so they ex-
tend under the top foil, as illustrated on p. 70.

The Mylar etchant mildly attacks copper, so it

The packaging squeeze

Merely packing more and more cir-
cuits onto conventional printed cir-
cuit boards—or into cordwood
modules that plug into motherboards
—does not take full advantage of the
savings in design and manufacturing

costs that are offered by integrated -

circuits.

The only virtue of these traditional
approaches has been expediency—
they have permitted the production
of integrated-circuit systems to begin
before the search for better methods
paid off.

Craftsmanship

Surface wiring on a printed circuit
card cannot cope with all the cross-
overs required in a high-density
interconnection pattern. In many in-
stances the wiring does no more
than extend the leads of the inte-
grated-circuit package.

The designer has a solution that’'s
easy to specify: mount the packages
on a motherboard made of many
layers of printed circuits laminated
together.

But the solution creates a costly
production bottleneck. A high degree
of craftsmanship is required to make
reliable multilayer boards and few
draftsmen can visualize wiring pat-
terns in multiple planes; also, few
production personnel can make
them.

To keep engineering costs within
bounds requires computer assistance
in design layout and rigid restrictions
on geometry. Engineering must be
completed before fabrication can
begin.
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Greater diversification

The most significant trend in
microsystem manufacturing is less
and less use of identical subas-
semblies. Even a fairly large discrete-
component assembly can be boiled
down at present into an integrated-
circuit flatpack containing up to six
independent circuit functions.

This shifts the assembly operation
from the circuit to the subsystem
level. Therefore, equipment produc-
tion requires smaller quantities of
larger varieties of assembilies, rather
than ilarge quantities of relatively
few types of identical assemblies.

Too tiny to handle

Microelectronics already defies
conventional bench assembly. As-
sembly under a microscope is rapidly
becoming unsatisfactory as a sub-
stitute. Flatpack leads are now
spaced 20 to the inch (50-mil cen-
ters). The density of signal wire
terminations is high. It will go
higher.

All of these factors add up to
the core of the problem: how can
the equipment manufacturer per-
form his main job, -interconnection
and packaging of components into a
system, when the interconnection is
becoming too complex and too
minute for manual assembly
methods? °

He must substitute standardized
processes for inadequate manual
skills. The processes selected for use
today must also be applicabie to
future modules, so there won't have
to be an upheaval in production

methods with each advance in

microelectronics.

Chemofacture, not manufacture

This analysis of the problem
underlies the microcomponent-board
assembly described in this articie.

“Chemofacture’” has replaced
manufacture. Photochemical pro-
cesses—the use of pictures and
juices—are employed whenever a
variable appears. Photography is the
simplest way to describe compiex
information and to effect design
changes, and chemistry is the
simplest way to produce designs.

This has already been demon-
strated in the conventional printed
circuit and in the ‘master slice’”
approach to custom integrated cir-
cuits. A collection of standard parts
is provided with a unique intercon-
nection pattern by photochemical
processes.

The microcomponent board design
is one of several microelectronic
techniques developed under a
special program established more
than two years ago at ITTFL. This
program, called Chico (Coordina-
tion of Hybrid and Integrated Cir-
cuit Operations), is responsible for
the continued improvement of micro-
electronics design, interconnection,
assembly and packaging methods.

To assure use of improved meth-
ods, ITTFL has aiso formed a Micro-
electronic Technology Department
which provides services, advises on
and monitors microeiectronic appli-
cations in the various ITTFL equip-
ment-design and production groups.
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at the top right. Lower right sketch shows how flatpack leads, pins and risers are welded (color).
Also shown in color is developmental plan for plating board alleys with bus bars.

chemically cleans the exposed surface of the lower
foil and rounds the edges of the top foil. Erosion
of the photoresist on the top foil around the hole
leaves a chemically clean surface there, too.

With the bottom foil as an electrode, a nickel
alloy is electroplated into the hole. When the plat-
ing grows up to the top foil, the top foil becomes
an electrode and the riser grows over it. The nickel
spreads in a ring around the top of the hole, solidly
joining the riser to both foils.

As the ring grows it robs nickel from the center
of the hole, leaving a slight depression in the riser.
Tests indicate the depression may help concentrate
the pressure of the welding clectrodes when the
risers are later welded to the pins in the board.

The risers have several advantages over the
plated-through holes or eyelets used as feed-
throughs in printed circuit boards:

= Chemical batch processing avoids the manual
punching or drilling of holes and the quality control
problems of particles and burrs. The chemical
process is also cheaper than eyelet insertion and
the electrical bond is better.

* The nickel under and over the top foil locks
the riser securely in the laminate.

= A reliable bond between the nickel and copper
is assured because the copper is chemically
cleaned. In contrast, when electroless plating is
used on thick boards, chemicals are used to sensi-
tize the plating surfaces, resulting in an additional
chemical and metallurgical interface between the
metals.

» The process is cheaper than electroplating
holes in thick boards, primarily because the geom-
etry is more favorable and yicld is higher. Current-
focusing pins are not needed to get even plating
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inside the riser holes because they are about six
times as wide as they are deep.

Registration holes, needed to align the circuit
and connector during subsequent assembly, are
etched in the top foil and the Mylar at the same
time the riser holes are etched. Nickel plugs fill the
holes during plating, but fall out when the support-
ing foils are dissolved during circuit etching.

At present, the plated riser laminates are pre-
fabricated in strips five inches long with thrce
matrix arrays. Continuous strip forms arc being
devcloped so large numbers of circuits can be
etched in a continuous operation.

Spray etching, rather than tank etching, is used
throughout the processing to obtain better process
control. Only fresh etchant contacts the foil. Spe-
cialized apparatus is required for precise registra-
tion of etched patterns and control of dirt particles.

Microcomponent-board design

The cribbage board is a printed-circuit-card
connector that is altered in form so it functions
as a card as well. It is thicker than a conventional
card in proportion to its surface area and more
rigid. Ridges on the front surface (diagram above)
make it still more rigid.

The ridges look like a square wave with rounded
corners. Ribbon leads fit snugly into the depres-
sions in the ridges and contact the welding-pins.

The present design has six rows of 23 pins
spaced 50 mils apart. Components nest in five
depressed-surface channels, called alleys, between
the rows. There is room in the alleys for strain-
relieving crimps in the leads.

Flatpacks usually go into the first, third and fifth
alleys to keep interconnection layout simple. Four
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10-lead flatpacks, spaced one pin apart, or three
14-lead flatpacks fit in each alley. Components too
large to fit in the alleys can be mounted on a
miniature printed-circuit card that fits into a
molded frame the size of a board.

When the board is molded, nickel pins are pre-
positioned in the molding form in attached rows,
like combs. After the plastic sets, the combs’ back-
bones are removed.

The board has access openings at the end of each
alley. The test-probe and Micropin contact assem-
blies are inserted through these openings into 20
open tubes or wells that go to the outside edges of
the molded form and protect the contacts. These
parts are prewelded at right angles to their pins.
Epoxy is used to fill the access holes, locking the
pins in place.

This construction meets military reliability re-
quirements, yet is inexpensive enough for use with
integrated circuits, which are expected to become
very low in cost. The Micropins plug into a mating
connector, so the board assembly can be removed
from the module without desoldering.

For commercial use, an easy-to-mold plastic such
as phenolic could be used. Longer weldable pins,
bent at right angles and molded in place as leads
extending beyond the board edge, could be sol-
dered into a printed-circuit board.

Engineering cycle

To lay out the etched-wiring pattern, the drafts-
men work from a layout, prepared by engineers, of
the circuit functions. The engineers use adhesive
symbols to mark the flatpacks by catalogue number,
circuit type and signal lead positions. Then they
sketch the wiring paths between leads (this meets
MIL-STD-806B on functional diagrams).
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Worst-case test pattern for etched circuit is scribed on
a coordinate drafting machine. Note registration-hole
pattern around edge of circuit pattern.

The draftsmen draw the interconnection layout
on a geometrical form at four times scale. Numbers
are used to identify the riser/pin locations, contact
pins and test probes. Solid lines represent the
etching pattern for onc side of the laminate and
dotted lines the other side.

The layout is traced on master artwork sheets
that already have land patterns corresponding to
the riser array. The artwork is scribed or taped on
the type of stable plastic film used to make artwork

| \

Welding the assembly. At left, an opposed-electrode resistance welder welds the risers to the board pins.
At right, parallel-gap electrodes weld component leads to the board. This board design, different
from the one on page 68, is used when large, ribbon-lead components must be mounted. The alleys are wider.
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masters for conventional printed circuits.
Interconnection matrix topology

The dimensional standards for the wiring matrix
are: area, 1.40 inch wide by 1.28 inch tall; land
spacing, 50 mil centers: land diameter, 23 to 25
mils; minimum line width and spacing, 7 mils.

An average assembly of 10 flatpacks requires
only 100 to 110 wires for full interconnection and
input/output and test leads. Crossovers average
about 30%.

Two rules of topology are followed:

1. An independent conductor can be between
adjacent nodes on either or hoth surfaces. If two
wires go to neighboring risers, a third wire can be
threaded between them and around either riser.

2. Each riser is a feedthrough. The draftsman
has 178 opportunities to get out of a dead end or
avoid crossover on one surface by going to the
opposite surface.

At present, these rules are flexible enough for a
large range of useful networks, with little trial and
crror in layout. Extra rows of nodes can be added
for higher connection density.

The photograph on page 71 shows the top surface
of a worst-case test pattern—one with the longest
practical wiring run and most risers—being scribed
with a coordinate drafting machine. The bottom
surface is a mirror image. This pattern demon-
strates the technique’s ability to solve crosstown
traffic problems. It is also used as the master for
process quality control and to test series resistance.

The array has six test loops, interwoven into
isolated pairs where the conductors of one loop
independently thread around the feedthrough lands
of the other loop.

Series resistance of each loop, including 12
inches of wiring, 17 risers and two contact pins
and sockets, is 960 milliohms. The low impedance
in ground and power paths avoids mutual coupling
or “ground noise” buildup.

Welding the wiring matrix

Connectors are plugged into the Micropin and
test-probe receptacles and the board is oriented in
a cavity fixture. A thin film of B-stage epoxy (cured

._,E___l_?_gt_ r,o niqs The cover

One microcomponent-
board assembly looks
like a satellite

floating in space.

This effect was obtained
by positioning the
assembly in a corner of
front-surface mirrors.
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to the dry, solid state, but not thermoset) pre-
punched at land locations is placed between the
back of the board and the circuit. This film, when
thermoset after the welded circuit is tested, will
provide a bond and act as a moisture and contami-
nant barrier. It is set by a rubber-blanket heater.

The registration holes in the circuit and pins in
the fixture orient the board and circuit. A frame
that fits over the unused Mylar locks the circuit
in place. Registration tolerance is about 1 mil, more
than ample since the nickel riser lands which con-
tact the welding pins are 15 mils in diameter.

A resistance welder, like those used to make
cordwood modules, but with opposing clectrodes,
welds the risers to feedthrough weld pins. A dy-
namically controlled weld cycle maintains weld
quality.

The operator positions the top electrode over the
copper lands above the risers (sce photo on p. 71),
by moving the fixture. The bottom clectrode centers
itself in the serrations on the board face and the
weld is made.

Test point and plug contact conncctions are
welded through the fixture pins. or through access
holes that are left in the board until after the welds
are tested.

Electrical network test

The board-cirenit assembly is “buzzed out” with
needle probes. This is done from the component
side of the hoard, so weld-pin continuity is checked
along with weld joint and etched wiring continuity.
Anticontinuity tests are also made, to detect un-
etched bridges, and to make sure the tiny gaps
between wiring are not shorted by foreign particles.

The test is similar to conventional high-potential
testing, except that only 50 volts rmns is used.

If faults are found, the assembly is discarded,
since investment in it is low until the flatpacks
are welded in place. Good circuits are scaled with
a conformal film of epoxy or adhesive Mylar.

Final microcomponent assembly

The opposing-clectrode welder could be used to
weld flatpack leads and the etched circuit to the
weld pins simultaneously. But a high-resistance
weld could cause current surges to enter the inte-
grated circuit and damage it. Moreover, that would
be contrary to the design concept since it would
complicate assembly and prevent testing of the
board and matrix as a subassembly.

Therefore, the component leads are welded with
a dynamically controlled parallel-gap welder. This
type of resistance welder is commonly used to weld
flatpack leads to printed circuit board surfaces,
since the weld pulse and weld heat are confined tn
a small area on the lead (sec photo on page 71).

The completed assembly is generally tested for
electronic performance in the actual equipment
environment.

Repairability and reliability

During prototype development, engineering or
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6

Packaging design for a microelectronic system composed of modules containing large numbers of boards.

OPTIONAL FOIL SHIELD AND SEPARATOR\
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Second-generation design. Flatpacks are still welded to the laminate, but the laminate is foided
accordion-style into a housing. Risers and metallic circuit elements are shown in color.
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assembly crrors may make it necessary to replace
welded components. For removal, leads are cut
near the weld with a small, razor-blade knife. The
end of the lead is pulled off with a pair of tweezers.
The pin surface is scraped clear with the knife.

Because indents lock the pins in the plastic,
they do not readily loosen. Leads have been re-
moved and replaced as many as four times. This
repairability is a decided advantage in production,
and also allows the customer to make emergency
repairs. Replacing components welded to conven-
tional printed wiring is difficult because the etched
wiring may be pulled loose or stressed.

Among the reliability considerations built into
the design (besides the choice of materials) are
the avoidance of mechanical stresses on the com-
ponents during production and use. For example,
there are no significant production stresses because
components are added last.

Ounce for ounce, the board-and-circuit assembly
is stronger than conventional laminates. No thermal
shock problems have been found, for two reasons:
the laminate dielectric is thin compared to riser
height and the pins are locked in the plastic. The
maximum thermal expansion differential between
the metal and plastic members is around ¥ mil,
more than absorbed by the materials’ resiliency.

Heat dissipation is no problem, either, since an
average microcomponent-board assembly dissipates
only around %5 watt.

Second-generation assemblies

Under development is a technique for welding
packaged integrated circuits directly to weldable
risers, as indicated on page 73. after the custom
interconnection matrix is tested and bonded to a
mechanical-support sheet. High yicld and other ad-
vantages of the basic processes are retained, but
packaging density rises.

The technique will not be used until there is suffi-
cient confidence in the reliability of the construc-
tion. It is not probable that devices can be replaced
and the desired reliability retained. The technique
appears most suitable for equipment with very long
MTBF’s and with designs that are “frozen.”

The laminate-etching process is being modified
so that conductors can be etched between riser pat-
terns. This will allow subassemblies to be as-
sembled continnously on strips. For heat-sinking,
anodized aluminum squares can be attached to the
back of each assembly, the strip folded like an
accordion and tucked into a housing. Another ap-
proach is to spiral-wrap the film around a fluid-
cooled pipe.

Also under development are techniques of using
a flexible printed circuit to interconnect unpack-
aged integrated-circuit chips.

Mechanizing assembly operations

The assembly procedures are being mechanized
to overcome a problem that became apparent dur-
ing development. No matter how competent an
operator is, he cannot maintain the concentration
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required to make perfect welds, centered at each
of the 178 risers on a matrix. Yet welds centered
within 1 mil are needed for highest probability of
reliability.

A new automated welder steps the welding fix-
ture so cach pin in a row is positioned under the
electrode, at a rate of about two welds per second.
The bed plate moves in 50-mil increments along
the X axis. Movement in the Y axis is still manual:
the operator positions the electrode at the first pin
in each row.

For high-volume production, a machine with a
10-inch bed and automatic stepping in both the X
and Y direction is being designed. This will enable
five board assemblies to be welded in one setup.

Laminates can be mechanized in long strips, simi-
lar to 70-millimeter movie film. The sprocket holes
in the film will keep the strip in registration
throughout processing. The Western Electric Co. is
now using such a process to make identical etched
circuits on single-sided laminate strip (sce Western
Electric Engineer, July, 1964, p. 2).

ITTFL is working on a mecthod of etching a se-
quence of different double-sided interconnection
patterns. The pattern sequence could be scheduled
by using a setup similar to an automatic slide pro-
jector to expose the photoresist.

After the patterns are etched in a continuous
process, the series of etched circuits could be fed
into programed positioning fixtures for assembly.

Future automation

The development program for the microcom-
ponent boards included an intensive study of auto-
mation possibilities. The present design incorpo-
rates the most likely of these.

Because the assembly and wiring matrices are
standardized, circuit and system cngineers can
readily use computers to assist design of optimum
layouts. The computer output, fed into coordinate
drafting machines, will draw the artwork masters.

Available drafting machines are being evaluated
for production of the wiring pattern representation
on tape or punched-cards to automate the inter-
connection-continuity test set.

The manual needle-probe test, done now by a
technician. is slow and prone to human error. An
automated test sct is being specified. It will use
clusters of probes similar to those now used by
integrated-circuit manufacturers to test integrated
circuits before they are diced from the silicon slice.
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Communications

Laser-television system developed
with off-the-shelf equipment

Signals are transmitted in atmosphere for more than a mile. Inexpensive system
may be used for tv link among 11 buildings during the day and night

By C. J. Peters, R. F. Lucy, K. T. Lang, E. L. McGann and G. Ratcliffe

Applied Research Laboratory, Sylvania Eilectronics Systems Division of Sylvania Electric Products, Inc.,
Waltham, Mass., a subsidiary of General Telephone & Electronics Corp.

A relatively inexpensive gas laser television system
using off-the-shelf equipment has been developed
to transmit through the atmosphere during the day
or the night.

Excellent picture definition has been achieved
in an cxperiment with the system over a 6,000-foot
transmission link. The developer, Sylvania Electric
Products, Inc., is considering using the television
svstem to interconnect an 1l-building complex in
a 12-mile diameter circle in Waltham, Mass.

The key to the laser-tv system is a video modu-
Jator developed by Sylvania’s Applied Research
Laboratory. The type S2A device is clectrically and
optically similar to a device described at the 1964
Northeast Research and Engincering Meeting’ in
Boston, except that the S2A is not a traveling-
wave type of structure. Such a structure isn’t re-
quired in this system because the bandwidth for
the simple video link is relatively narrow. The
electro-optic effect on which the S2A depends for
its operation is a variation in the index of refrac-
tion along a particular axis of the crystal material
used, in response to an electric field, in this case
the applied video signal.

Previous attempts

The laser-tv experiment over the 6,000-foot link
is not the first time that a tv signal was imposed
on a laser beam. S.M. Stone and L.R. Bloom* at
the laboratories of Sylvania’s parent company, the
General Telephone & Electronics Corp., demon-
strated transmission and detection of a three-giga-
cvcle microwave subcarrier superimposed on a laser
beam to carry tv and audio modulation.

Nor is it the first time such a signal has been
received® over an atmospheric path. However, it
is the first time that television has been trans-
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mitted over a long path using a small laser system
constructed of readily available components.

In the first step of the tv-laser experiment, the
laser link was operated over a path that included
a mirror and a remote receiver. The mirror was
used to achieve a long path and to show that the
laser beam could be successfully reflected at an
angle.

A retroreflector—similar to a radar corner-re-
flector—comprising three mirrors mutually inter-
secting at right angles, was used in the final ex-
periment so that the sending and receiving
terminals were at the same place to simplify evalua-
tion of the received picture.

The television signal is imposed on the beam
from the laser in the form of video amplitude
modulation as shown in the diagram on page 77.
The signal is obtained from one of the video stages
of a television receiver, amplified by a commercial

Coherent-light optical modulator is inserted between
laser beam source and output of the laser transmitter.
Modulation is usually limited to 30%, requiring an
applied voltage of 110 volts.
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Table of experimental details

6,328 angstroms
500 microwatts
14 milliradian

Laser wavelength
Laser output power
Transmitted beam width

Retroreflector diameter 21/ inches
Effective receiver aperture 5 inches
Receiver optical filter 50 angstroms
Photomuitiplier type 7265
Modulation a-m
Transmitter optics none

video amplifier and placed on the laser beam using
the S2A video modulator shown on page 75.

At the receiver, the signal is collected with in-
expensive optical equipment, passed through a
narrow-band optical filter and field stop and de-
tected by a photomultiplier. Two simple devices,
the narrow-band filter and the field stop, are es-
sential for daytime operation. The output from
the photomultiplier after video amplification is in-
jected into the picture tube of a second television
receiver. Comparison of the pictures is on page
77. The excellent definition of the laser-trans-
mitted picture indicates good transient response
of the modulator and associated electronic circuits.
The lack of “snow” indicates a qualitative idca
of the good signal-to-noisc performance of the
system. Part of the noise results from the laser
and part from the intense daylight background.
The relative noise contributions from these two
sources is not known precisely, but it is expected
that the laser noise will be negligible in a final
system design. A comparatively wideband optical
filter (50 angstroms) is used in this receiver. If

necessary, daylight discrimination can be improved
substantially with a narrower band optical filter.

Effects of weather

Fog and rain, of course, attenuate transmission
over the system. But records of visibility in the
area where the system may be constructed indicate
that it can operate more than 98% of the time. Such
performance is acceptable for the purposes en-
visioned—interplant conferences during the day
and surveillance at gates after dark.

Optical systems also appear attractive for re-
entry communications applications and for trans-
mitting vast amounts of data within a short period
between an orbiting satellite and the earth. Al.
though the transmitter portion is now available, it
seems likely that an optical superheterodyne re-
ceiver will be needed to cope with intense back-
ground light encountered in both these applications.

A satellite’s battery power can be conserved by
using pulse-code modulation for the tv trans-
mission. This digital approach requires a more
elaborate system than the analog system described
here. However, it is justified when prime power
is at a premium. Polarization modulation of the
laser beam should be used in the pem system to
get increased range and to reduce atmospheric
effects. A model S2P modulator would be used for
the polarization modulation. The S2P is electrically
identical to the S2A.

Amplitude modulator

The new amplitude modulator requires com-
paratively small drive voltages. Previously a Pockels
cell, in which the modulation voltage is applied
to an clectro-optic crystal along the direction of
the light travel, was used for amplitude modulation.
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Audio driver circuit illustrates simplicity of equipment needed to

actuate the optical modulator for a laser-television system.
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Television broadcast picture used for test is shown on the screen at the left. The picture received through the
laser system is displayed at the right, showing that, despite deterioration, resolution is adequate and noise low.
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TV
RECEIVER

VIDEO
AMPLIFIER

Experimental laser-television link uses home tv receivers as inexpensive input
and output devices. The entire system contains off-the-shelf equipment.

It is difficult to generate the kilovolt signals at video
bandwidths to drive the Pockels cell and to dis-
sipate the heat generated within the cell as a result
of the high voltage. The S2A modulator requires
approximately a 10th the voltage of the Pockels
cell, so the power levels are reduced by 100.

The active clement in this modulator is KDP
(potassium dihydrogen phosphate), which has good
optical transmission from about 0.2 to 1.5 microns.
However, as is usnal in optical modulators, this
one contains a quarter-wave plate and other wave-
length-sensitive optical elements so that any one
modulator is at its peak performance over a com-
paratively narrow wavelength interval of perhaps
1,000 angstroms.

Since the drive voltage needed to produce a
given level of modulation increases proportionately
with the optical aperture, a small aperture is de-
sirable. The output beam from a gas laser can

Electronics | February 8, 1965

casily be collimated to a diameter of about 1 mm
(0.04 inch). The modulator aperture of 0.1 inch
was chosen to provide a generous tolerance on
alignment and centering of the modulator and to
accommodate the spreading of the beam caused
by diffraction. For ruggedness, the modulator is
contained in an aluminum body 1.5 inches in
diameter and 3.5 inches long.

The operating characteristics of the modulator
can be described in terms of the circuits required
to drive it for various applications. The factor of
100 reduction in drive power mentioned earlier is
best illustrated by the simplicity of the audio driver
circuit on page 76. The input power to this circuit
is approximately 50 milliamperes at 18 volts. The
only novel feature of the circuit design is its
step-up output transformer that produces approxi-
mately 300 volts peak to peak.

Optical radars sometimes use a sinusoidal am-
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plitude modulation of the light beam to measure
range. For accuracy, this modulation frequency
is chosen to be as high as possible. Because the
KDP crystal has low loss, the 20-picofarad input
capacitance of the modulator can be resonated
with an inductance at frequencies up to at least
30 megacycles to obtain high-frequency operation
at low power.

Such a modulator is ideally suited to pulse-
modulation applications, because its frequency re-
sponse extends down to zero. There is no definite
limitation on the upper frequency response. For
high duty cycle applications, the bandwidth of this
modulator is determined by the internal heating of
the crystal. Except for this factor, pulse response
equivalent to a bandwidth of 200 megacycles should
be realized at a low duty cycle. The time constant
of the modulator in parallel with a 200-ohm im-
pedance, which is equal to the output impedance
of a Hewlett-Packard 460BR wide-bandwidth am-
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Amplitude-modulator and phototube system

produces a transfer function (above) that relates
photomultiplier output current to modulator input
voltage. Third-harmonic distortion (lower curve) is

not appreciable until depth of modulation exceeds 75%.
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plifier, works out to a value of approximately 4
nanoseconds.

Although this modulator uses KDP crystals in
an unusual orientation to reduce modulation volt-
age, the modulator and the Pockels cell have a
similar nonlinear relationship between modulation
voltage and light intensity. A photomultiplier, when
used as a power detector, is also a nonlinear device
and to a certain extent these two nonlinearities
compensate cach other.

The relationship between the instantaneous volt-
age applied to the modulator and the instantaneous
current out of the photomultiplier is shown in the
diagram below. The slight curvature of this transfer
function produces harmonic distortion in the photo-
multiplier current. The magnitude of the third-
harmonic distortion as a function of the depth of
modulation* is shown in the lower curve. The
third-harmonic distortion, as shown, is negligible
below 75% amplitude modulation.
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Space electronics

Navigational satellites:
beacons for ships and planes

Recent advances in space electronics make possible techniques

for determining a craft’s position, for controlling

crowded traffic lanes and for communications

By E. S. Keats

Manager of display and navigation systems of Westinghouse Electric Corp.'s Electronics Division, Baltimore

“Where are we?"” has been the question posed by
captains since the early days of sailing and more
recently by the commanders of high-speed jets.
Traditional navigational techniques, using the sun
or the stars or the more modern radio aids, have
serious limitations, so that navigators usually can
only report to the captain: “Here is about where
we were a while ago.”

Today researchers are looking to satellites to
provide both reliable communications and beacons
across thousands of miles of ocean.

A satellitc navigational system could automati-
cally calculate the position of an aircraft or ship.
The position, accurate to within onc mile, could be
displayed at frequent intervals in the craft within a
second after it is measured. And the position could
also be displayed simultancously at a traffic-control
center and furnished to rescue services if needed.

Air-traffic control centers would have a con-
tinuously updated plot of all craft. Control over
the oceans would be as precise as though the
entire area were under radar surveillance.

Communication link

Traffic-control instructions, weather information
and warnings of hazards could be sent to aircraft
and ships by the communication link that the sys-
tem could provide. Routine and emergency mes-
sages could also be handled on the very-high-
frequency band with line-of-sight reliability.

Before examining the systems that could be de-
veloped for navigation, it would be valuable to
look at the limitations of the current systems.

The obvious obstacle to navigation is weather:
clouds block out celestial sightings and bad
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weather and atmospheric disturbances hinder com-
munications.

Time is a serious problem for fast-moving craft,
such as a jetliner: by the time a fix is obtained, the
planc is miles from that location; and the ground
base knows of the jet's location only when the
navigator reports the data.

Because of these shortcomings, the heavily
traveled air corridors must be widely spaced for
safety. As air traffic grows, the requirement for
more efficient use of air space becomes more im-
mediate.

Choice of systems

Before designing navigational equipment for the
satellite, broad decisions must be made:

» Should the navigator transmit to the satellite?

» If the navigator transmits, should the measure-
ments be made on the craft or in the satellite?

» Should the measurements be made on command
or pcriodically?

* What should be measured—distance, direction,
or both?

* Should the navigational system use one satel-
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lite or several simultaneously?
Following are some trade-offs that have led vari-
ous groups to recommend different systems,

To transmit or not?

Military aircraft and ships would not have to
give away their location with a nontransmitting
system, but they pay the penalty of having to carry
costly and complex equipment. In such a system
all necessary signals for navigation must be radiated
from the satellite and each aircraft and ship must
carry sensitive measuring equipment. The craft
must also carry computing equipment to process
the data. The satellite must continuously transmit
the signals that enable the user to make measure-
ments. These signals include:

* Data on the location of the satellite in any
convenient coordinate system.

* And a carrier at a level sufficient to provide
the signal-to-noise ratio required for accurate
measurements.

One type of system in which the craft does not
transmit is based on using the satellite as if it
were a reference star and making measurements of
altitude and azimuth with respect to it. Such a
system is conceptually attractive because the posi-
tion can be computed by the same techniques
used in conventional celestial navigation. On the
other hand, this system requires many satellites,
because at any one time and at any place on
earth at least two must be visible to the naviga-
tor at elevations about 10° but below 80° and
separated by more than 30° in azimuth. In addi-

tion, the need for accurate, narrow-beam antennas
makes the system expensive for ships and imprac-
tical for aircraft.

Another technique in which the user need not
transmit is the measurement of the doppler shift
of a stable frequency signal broadcast by the
satellite. The United States Navy’s navigational
satellite, Transit, is used in such a system. Transit
uses currently available high-stability frequency
generators and counters but requires every user
to have complex and relatively expensive equip-
ment. The high cost of the Navy system can be
justified because warships’ position must be con-
cealed, but a system for commercial and private
operators should be more economical. Money can
be saved by not using measuring and computing
equipment on the user’s craft, but instead, having
the user transmit,

Who measures: satellite or user?

In an active navigational satellite system, where
the craft transmits, the computation of position
may be made either on the craft or in the satel-
lite. Making measurements in the satellite requires
special equipment only in the satellite, while mak-
ing measurements on the craft requires each user
to carry special equipment.

If the user transmits and receives a response
from the satellite, then the measurements could be
made and calculations performed on the craft. But
this would be as complex and as costly as a system
in which the user remains concealed.

The user could also send the measurements to

Where we stand

The use of satellites as a navigational too! for ships and
for airplanes that span oceans has been widely discussed
and studied over the past few years.

The following studies have been paid for either by the
government or private industry:
» Pairs of satellites orbiting at synchronous altitude to
determine positions of aircraft were recommended in a
study by the University of Michigan in December, 1963.
The study of trans-ocean air-traffic control was prepared
for the Federai Aviation Agency.
s Medium-altitude satellites to determine a craft's location
by measuring distance simultaneously from two satellites
were recommended by the General Electric Co. This study
in February, 1964, was made under contract to the Na-
tional Aeronautics and Space Administration.
a The Univac division of the Sperry Rand Corp. studied
the computing requirements of navigational satellite sys-
tems under contract to NASA. The division submitted a
feasibility report in February, 1964.
» The Westinghouse Electric Corp. recommended that
medium-altitude satellites determine position by measure-
ment of distance and direction. This NASA study in Jan-
uary, 1964, investigated the feasibility of a navigational-
satellite system for worldwide navigation and traffic con-
trol for commercial and private aircraft and ships. A
follow-on contract for additional study, in October, 1964,
recommended the use of synchronous-altitude satellites
for these measurements.
« The Navy has been developing a navigational-satellite
system called Transit for warships. Information published

80

up to about a year and a half ago disclosed that it was
based on low-altitude satellites broadcasting a radio signal
with a stable frequency and that position was determined
by measurement of the doppler shift of the radio signal
as the satellite passed over the ship.

= Several groups have said that they have studied adapta-
tions of the doppler-shift principle for commercial and
private vessels, In April, 1962, the Applied Physics Labor-
atory of Johns Hopkins University said that it was working
in this area. In June, 1964, the Radio Corp. of America
proposed the use of medium-altitude satellites with a
worldwide tracking network. Westinghouse has also
worked in this area.

® The Collins Radio Co., in a series of presentations to
the Institute of Navigation from 1961 to 1964, has de-
scribed studies involving measurements of the altitude
and azimuth of satellites by radio sextants in a technique
similar to celestial navigation.

= The Cubic Corp. suggested an adaptation of the Secor
geodetic satellite, which measures distance from the satel-
lite to three known points and one unknown point, for
navigational purposes.

A Joint Navigation Satellite Committee, with representa-
tives from NASA, the Federal Aviation Agency and the
Departments of Defense, Commerce, Interior and Treas-
ury, was organized in October, 1964, to evaluate re-
quirements and costs for improved navigation, traffic con-
trol and search-and-rescue services. If the committee de-
cides in favor of the system, it will recommend that NASA
und